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Preface to the First Edition

The rapid and substantial progress made in Pharmacy
within the last. decade has created a

necessity for a work

treating of the improved apparatus, the revised processes,
and the recently introduced preparations of the age.

The vast. advances made in theoretical and applied chem-

istry and physics have much to do with the developmentof

pharmaceutical science, and these have been reflected in all
the revised editions of the Pharmacopoeias which have been

recently published. When the author was elected in 1874 to

the chair of Theory and Practice of Pharmacyin the Phila-

delphia College of Pharmacy, the outlines of study which
had beenso

carefully prepared for the classes by his eminent

predecessors, Professor William Procter, Jr, and Professor
kedward Parrish,

were found to be not strictly in accord,
either in their arrangementofthe subjects

or in their method
of treatment. Desiring

to preserve the distinctive charac-
teristics of each, an effort was at once made to frame a

system which should embody their valuable features, em-

brace new
subjects,

andstill retain that harmonyof plan and

proper sequence which are
absolutely essential to the suc-

cess of any system.
The strictly alphabetical classification of subjects whichis

now universally adopled by pharmacopoeias and dispensa-
tories, although admirable in works of reference, presents

an

effectual sturabling block to the acquisition of pharmaceuti-
cal knowledge through syslematic study; the vast accumula-
tion of facts collected under each head being arranged lexi-

cally, they necessarily have no connection with one another,
and thus the saving of labor effected by considering similar
groups together, and the valueof the association of kindred

subjects,
are lost to the student. In the method of grouping

the subjects which is herein adopted, the constant aim has
been to arrange the latter in such a mannerthat the reader
shall be gradually led from the consideration of elementary
subjects to those which involve more advanced knowledge,
whilst the groups themselves are so

placed
as to follow one

anotherin a natural sequence.
The work is divided into six parts. Part I is devoted to

detailed descriptions of apparatus and definitions and com-

ments on
general pharmaceutical processes.

The Official Preparations alone are considered in Part II.
Due weight and prominence

are thus given
to the Pharmaco-

poeia, the National authority, which is now so
thoroughly

recognized.
in orderto suit the convenience of pharmacists whoprefer

to weighsolids and measure
liquids, the official formulas are

expressed, in addition to parts by weight, in avoirdupois
weight and apothecaries’

measure. These equivalents
are

4

printed in bold type
near the margin, and arrangedso as to

fit themfor quick and accurate reference.
Part IH treats of Inorganic Chemical Substances. Prece-

denceis of course
given

to official preparation inthese. The

descriptions, solubilities, and tests for identity and impuri-
ties of each substance are

systematically tabulated underits
propertitle. It is confidently believed that by this method
of arrangement the valuable descriptive features of the

Pharmacopoeia will be more
prominently developed, ready

referencefacilitated, and close study of the details rendered
easy. Each chemical operation is accompanied by equa-

tions, whilst the reactionis, in addition, explained in words.
The Carbon Compounds,

or
Organic Chemical Sub-

stances, are considered in Part TV. These are
naturally

grouped according to ihe physical and medical properties of
their principal constituents, beginning with simple bedies
like cellulin, gum, etc, and progressing

to the most highly
organized alkaloids, ete.

Part V is devoted to
xtemporaneous Pharmacy. Care

has been takento treat of the practice which would be best

adapted for the needs of the many pharmacists who conduct.

operations upon a moderate seale, rather than for those of
the few who manage verylarge establishments. In this, as

well as in other parts of the work, operations
are illustrated

which are conducted by manufacturing pharmacists.
Part VI contains a

formulary of Pharmaceutical Prepara-
tions which have not been recognized by the Pharmacopoeia.
The recipes selected are

chiefly those which have heen here-
tofore rather difficult of acceas to most

pharmacists, yet such
as are

likely to be in request. Many private formulas are

embraced in the collection; and such of the preparations of
the old Pharmacopoeias

as have not been included in the
new edition, but are still in use, have been inserted.

In conclusion, the author ventures 10 express the hope
that the work will prove anefficient help lo the pharmaceu-
tical student as well as to the pharmacist and the physician.
Although the laber has been mainly performed amidstthe

harassing
cares of active professional duties, and perfection

is known to be unattainable,
no

pains have been spared to
discover and correct errors and omissions in the text. The
aulhor’s warmest acknowledgments, are tendered to Mr AB

Taylor, Mr Joseph McCreery, and Mr George M Smith for
their valuable assistance in revising the proof sheets, and to
the latter especially for his work on the index. The outline

illustrations, by My John Collins,
were drawneither from the

actual objects
or from photographs taken by the author.

Philadelphia, October, [885 JPR,

xii
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 Preface to the Eighteenth
Edition

In anticipation of setting forth this Preface and prior
to

gathering thoughts
on paper (or

more
accurately, the word

processor!), this Editor paused to reread the preface to the
first edition of Remington, published in 1885. Since it ap-
pears on the preceding page of this book it is recommended

highly. The first paragraph would he just
as suitable today

as penned by Professor Remington 105 years ago.
Each decade transcendsthe previous

one and the pharma-
ceutical and health sciences are not laggards. Ivery revi-
sion of Remington has encompassed

new
viewpoints, ideas,

doctrines or
principles which, perhaps,

were inconceivable
for the previous edition. It is a tribute to the authors and
editors that they have kept abreast of the burgeoning litera-
ture in their respective fields of expertise.

Change not withstanding, the organization of this edition
is similarto its immediate predecessors, being divided inte 9

Parts, each subdivided into several. chapters. Every chapter
has been culled, revised and rewritten to update the material

presented.
Two new chapters

are
evident; Biotechnology and Drugs

(Chapter 74) and Drug Education (Chapter 99), Three

chapters
ofthe previous edition, which embraced Interfacial

and Particle Phenomena and Colloidal and Coarse Disper-
sions have been winnowed and combined intoa single chap-
ter entitled, Disperse Systems (Chapter 19).

The current revision contains an additional 21 pages. A

large amount of space {about 19 pages) gleaned from the
review and condensation process, coupled with the extra

pages, have been devoted primarily to expanding the con-

tents of Part 6, Pharmaceutical and Medicinal Agents and
Part 9, Pharmaceutical Practice.

Excessive duplication of text is the bane of any editor

dealing with a multitude of authors. While some
duplica-

tion in the discussion of rudimentary concepts is beneficial,
there has been a

special effort to cross-reference and elimi-
nate unnecessary repetition. Space is at such a

premium
that it is hoped the reader will not be offended by being
diverted to a different section of the text in order to obtain

supplementary information.

Photographs which depicted the typical] “black box” have
been eliminated almost completely and replaced by line

drawings
or schematic diagrams whichare instructive rather

than picturesque.
Most of the drug monographs have been revamped not

only
as a meansofupdating, but to gain

a
degree of uniformi-

ty. All structural formulas are now in the standard USAN
form. Duplication of chemical names has been minimized
and the inclusion of trade names increased. No attempt has
been madeto ferret out every trade name

by which a preduct
is known, and only the most commonare mentioned. The
standard format for the major monographs is: Official

Name, chemical name
(CAS——inverted}, trade name(s} and

manufacturer(s), structural formula, CAS (Chemical Ab-
stracts System} registry numher (in brackets), molecular
formula and formula weight (in parenthesis), This is fol-
lowed by the method of preparation (or a reference if the
method is lengthy), physical description, solubility, uses,
dose and dosage forms.

The number of authors remains at 97, however, 36 new

authors have joined
as contributors to Remington. As the

credentials of the new authors touch upon many areas of

pharmacy, every section of the book has been invigorated by
the incorporation of updated and fresh concepts.

As one
primarily responsible for the production of a com-

prehensive text devoted to the science and practice of phar-
macy, the wisdom of Dr Erie Martin, editer of the 13th

Edition, in creating
an Editorial Board to share the enor-

mous
burden, has been evident constantly. Each of the

section editors labored diligently to complywiththelogistics
of maintaining

a smooth flow of manuscripts and proofs.
Also, each section editor doubled as an authoror coauthorof
one or more chapters. EL would be remiss not to extend

special mentionto this group of dedicated people.
Four memhers of the [ditorial Board are

serving for the
first time after having been authors for several editions. Dr
Ara DerMarderosian of PCP&S, Editorfor Part 1, Dr Daniel

Hussar, also of PCP&S, Part 9; Dr Edward Rippie of the

University of Minnesota, Part 2; and Dr Joseph Schwarta of

PCP&S, Part 8, Bach ofthe new membersliterally “jumped
into the fray,” gave much of their precious time and have
become “blooded” membersof the staff.

The stalwarts of the Editorial Board surviving thetrihula-
tions of one or more

previous editions of this work demand

singular attention. Dr Grafton Chase of PCP&S for Part. 5,
Radioisotopes in Pharmacy & Medicine, Dr Thomas Med-
wick of Rutgers University for Part 3, Pharmacettical

Chemistry and Part 4, Testing and Analysis; and Dr Gilbert
@ink of PCP&S for Part 7, Biological Products,

Two dauntless, prolific contributors claim special recogni-
tion. Drs Stewart Harvey and Ewart Swinyard, both of the

University of Utah, have served on the Editorial Board for

twenty and twenty-five years respectively. They bear the
burden of Part 6, Pharmaceutical & Medicinal Agents,
which comprises

over one-third of the book. Their diligence
and meticulous attention to detail has eased the task of this
Editor. Ourrelationship

over the past several decades has
been one of exceptional pleasure.

The Mack Publishing Company, through Messers Paul
Mack and David Palmer, continuesits unrelenting support,
which has endured through many, many editions of this

publication, Special commendation must be extended to
Ms Nancy Smolock,of the Mack organization,

as she was the
person who interfaced with the Editorial Board. She was

competent, cooperative and much too tolerant of the many

requests made of her.
As with any publication

a few ofthe editorial staff bearthe
hrunt of the unglamorous, but absolutely essential, chores
associated with the production of this voluminous tome. It
mandates a close working relationship and, at times,

re-

straint and concession to sustain the harmony necessary to
function efficiently. One often encounters the aphorism
usually attributed to administrators, “When three managers
meet to discuss a

problem there arise four points-of-view.”
Fortunately, this dilemmadid not surface in the association
of this Editor with Mr John Hoover and Ms Bonnie Packer.

After shepherding this publication throughfoureditions,
the Twelfth to Fifteenth, following

a short hiatus for the

Sixteenth, Mr Hooverreturned in a lesser capacity with the
Seventeenth revision. With the current edition he reas-
sumes the role of Managing Editor and his experience in

pharmacy, journalism and the publishing business, have

provided the capabilities needed to translate a
disarranged

manuscript into a format, acceptable hy the publisher and

pleasing to the reader,
Ms Packer accepted the assignmentof scrutinizing every

word of text in the proof stages. Combining herskills in the

xiii
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health and social sciences, she assumed the charge of reading

primarily for comprehension and clarity of presentation,
while concurrently uncovering typographical, spelling and

grammatical
errors which, although unpardonable,are ever-

present. Ags a consequence of her deliberations, passages
were often rephrased and refined to portray

a conceptfrom

the viewpointof the student, Cor whomthis work primarily is

directed.
The Index was

developed by Mr Hoover, with the assis-

 tance of Ms Packer. Much use was madeof the computer in

ensuring thal a
complete, practical and useful index was

created. lt is the opinion of this Editor that a
major weak-

ness encountered in most reference books is a
perfunctory,

casual index which amounts tolittle more than an
expanded

table of contents. Users of the index of this bookwill find it

“friendiy.”

Philadelphia, February, 7990 ARG

xiv
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CHAPTER 16

Solutions and Phase Equilibria 

Theodore D Sokoloski, PhD
Professor of Pharmocy, College of Pharmacy
Ohio State University
Columbus, OH 43210

 

Solutions and Solubility
A solution is a chemically and physically homogeneous

mixture of lwo or more substances. The term solution gen-

erally denotes a
homogeneous mixture that is Hquid

even

thoughit is possible
to have homogeneous mixtures which

are solid or gaseous. Thus, it is possible to have solutions of
solids in liquids, liquids in liquids, gases in liquids, gases in

gases andsolids in solids. The firet three of these are most

important in pharmacy and ensuing discussions will be con-

cerned primarily with them.
In pharmacy different kinds of liquid dosage forms are

used and all consist of the dispersion of some substance or

substances in a
Hquid phase. Depending

onthe size of the

dispersed particle they
are classified as true salutions, col-

loidal solutions or
suspensions. if sugar is dissolved in

water, it is supposed that the ultimate sugar particle is of

molecular dimensions and that a true solution is formed.

On the other hand, if very fine sand is mixed with water, ¢

suspension of comparatively large particles, each consisting
of many molecules, is obtained. Between these two ex-

tremes lie colloidal solutions, the dispersed particles of
whichare

larger than those of true solutions but smailer Chan
the particles present in suspensions. In this chapter only
true solutions will be discussed.

It is possible
to classify broadly all sclutions as one of twa

types.

In thefirst type, although there may be a lesser or greater interaction
betweenthe dispersed substance (he solute) andthe dispersing medium
{the solvent), Gie solution phase contains the same chemical entily as

found in the solid phase and, thus, upon removal of the solvent, Use
solute is recovered unchanged. One example would be sugar disselved
in water where,in the presence ofsugar in excess ofits solubility, thereis
an equilibrium between sugar molecules in the solid phase with sugar
molecules in the solution phase. A second example would be dissolving
silver chloride in water. Admitted]y, the solubility of this salt in wateris
low, butit is finite. In this case the solvent contains silver and chloride
ions aad the solid phase contains the same material. ‘The removal ofthe
solyent yields initial solute.

In the second type the solvent conlains a compound whichis different
from that in the solid phase. ‘Phe difference between the compound in
the solid phase and solution is due generally to some chemical reaction
that. has occurred in the solvent. An example wouldbe dissolving aspi-
rin in an aqueous solvent containing some basic material capable of

reacting with (he acid aspirin. Nowthe species in solution would nol

only be undissociated aspirin, but aspirin also as its anion, whereas the

species in the solid phaseis aspirin in only its undisseciated acid form.
In this situation, if {he solvent were removed, part of the substance
obtained {the salt of aspizin) would be different from what was present.
initially in the solid.

Solutions of Sotids in Liquids

Reversible Solubility without Chemical Reaetion
—From a

pharmaceutical standpoint solutions of solids in

liquids, with or without accompanying chemical reaction in
 

‘The
author acknowledges the kind assistance of Dr Gordon L Flyan,

University of Michigan, in the revision of parts of Ghis chapter.

the solvent, are of the greatest importance, and many quan-
titative data on the behavior and properties of such solutions
areavailable, ‘This discussion will be concerned with defini-
tions ofsolubility, the rate at which substances go into solu-
tion and with temperature and ather factors which contro}

solubility.
Solubility--When

an excess of a solid is brought into
contact with a

liquid, molecules of the former are removed
from its surface until equilibriumis established hetween the
molecules leaving the solid and those returning to it. ‘The

resulting solution is said to be saturatedat. the temperature
of the experiment, and the extent to which the solute dis-
solves is referred toas its solubility. The extent ofsolubility
of different substances varies from almost imperceptible
amounts to relatively large quantities, but for any given
solute the solubility has a constant value at constant tem-

perature.
Undercertain conditions it is possible to prepare a solu-

tion containing
a

larger
amountof solute than is necessary to

form a saturated solution. This may occur when a solution
is saturated at one temperature, the excess of solid solute
removed and the solution cooled, The solute present in

solution, even
though it. may be less-soluble at the lower

temperature, does not always separate fromthe solution and
there is produced

a
supersaturated solution, Such solu-

tions, formed by sodium thiosulfate or
potassium acetate,

for example, may be made to deposit. their excess ofsolute by

vigorous shaking, scratching the side ofthevessel in contact
with the sofution or

introducing into the solution a small

erystai of the solute,
Methods of Expressing Solubility--When quantitative

data are available, solubilities may be expressed in many
ways. For example, the solubility of sedium chloride in
water at. 25° may be stated as

2. Lgefsodiqinchloride dissolves in 2.786 mL of water. (An approx-
imation of this method is used by the USP.)

2, 35.89 ¢ of sodiumchloride dissolves in 100 ml of water.
3. 100 ml. of a saturated solution of sediiun chloride in water con-

fains 8171 of solute.
4. 100 ¢ of a saturatedsolution of sodiumchloride in water contains

26.47 g af solute.
6. 3+ L ofa saturated solution of sodium chloride in water contains

5.425 males of solute. ‘This also maybe stated as a saturated solution of
sodium chloride ins wateris 5.425 molar with respect. to the solute.

Tn order to calculate 3 from J or 2 it is necessary to know
the density of the solution, in this ease 1.198 g/mL. To
calculate 5, the number of grams of solute in L000 mL of
solution {obtained by multiplying the data in (3) by ten) is

divided by the molecular weight of sodium chloride, namely,
58.45.

Several other concentration expressions
are used. Molal-

ity is the numberof moles of solute in 1000 g of solventancl
could be calewlated from the data in 7 hy subtracting grams

207
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Table
|Descriptive

Terms for
Solubtlity
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2
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of solute from grams of solution to obtain gramsofsolvent,

relating this Lo 1000 g of solvent and dividing by molecular

weight to obiain moles.
Molefraction is the fraction of the total numberof moles

present which are moles of one component. Mole % may be
obtained by multiplying mole fraction by 100, Normality
yefers to the numberof gram equivalent weights of solute
digselved in 1000 mL of solution.

In pharmacy,
use also is madeof three other concentration

expressions. Percent by weight (%w/w) is the number of

grams of solute per 100 g of sofulion andis exemplified ly 4

above. Percent weight in volume (% i/o} is the numberof
grams ofsolute per £00 ml, of solution andis exemplified by
Babove. Percent by volume (% #/v) is the number of millHi-
ters of solute in 160 mLofsolution, referring Lo solutions of

liquids in liquids. ‘The USP indicates that the term “per-
cent,” when unqualified,

means percent weight in valumefor
solutions of solids in liquids and percent by volume for
solutions of liquids in liquids.

When, in pharmacopeial texts, it has not een possible,
or

in some instances nol desirable, to indicate exact. solubility,
a

descriptive term has been used. ‘Table | indicates the

meaning of such terms.
Rate of Solution-~I. is possible to define quantitatively

the rate at which a solute goes inte solution. ‘The simplest
treatmentig based on a model depicted in Fig 16-1. A solid

particle dispersed in a solventis surrounded by
a thin layer

of solvent having
a finite thickness, din em. Thelayeris

an

integral partof the solid and, thus,is referred Co characteris-

tically
as the “stagnant Jayer.” This means that regardless

of how fast the bulk solution is stirred the stagnant layer
remains a partof the surface of the solid, moving wherever
the particle

moves. The thickness of this layer may get
smalleras the stirring of the bulk solution increases, Inut itis

important
to recognize that this layer will always have a

(nite thickness however small il mayget.
Using Fick’s First Law of Diffusion the rate of solution of

the solid can be explained, in the simplestcase, as the rate at

which a disselved solute particle diffuses through the stag-
nant layer to the bulk solution. The driving force behind
the movement of the solute molecule through the stagnant.
layer is the difference in concentration that exists between
the concentration of the solute, C), in the stagnantlayer at
the surface of the solid and its concentration, Ce,

on the
farthest side of the stagnantlayer (see Diffusionin Liquids,
page 221). The greater this difference in concentration (C,—

Cy), the faster the rate of solution.

 
 

 

“15
013

cy,
ie

in

Fig 16-1. Physical medel representing the dissolution process.

According to Fick’s Law, therate ofsolutionalsais direct-

ly proportional to the area ofthe solid, A in cm*, exposed
fo

solventand inversely proportional te the length of the path
through which the dissolved solute molecule must diffuse.

Mathematically, then, the rate of solution of the solid is

given by

JA te,
=

Cy) ()Rateof solution
= ~

where D is a
proportionality constant called the diffusion

coefficient in cm*/sec. In measuring the rate of solution

experimentally, the concentration Cy is maintained al a low
value compared

to C) and hence consideredto have a
negligi-

ble effect on the rate. Furthermore, C, most often is the
saturation solubility of the solute, Henee Ig 1 is simplified
1a

Rate of solution =

ae
(saturation solubility) (2}

Bquation 2 quantitatively explains manyof the phenomena
commonly observed that affect the rate at which materiais
dissolve.

1. Small particles go into solution Casler than large particles. Fora

given mass of solute, as the particle size becomes smaller, the surface
area per usit mass of solid increases; Eq 2 shows that as area increases,
the rate must increase proportionately. Hence, ifa pharmacist wishes to
increase the raie of solution of a drug, its parucle size should be de-
creased, :

2, Stirring a selution increases the rate at which a solid dissolv
This is because the Chickaess af the

stagnantlayer depends on howfas
the bulk solution is stirred; as stirring rate inereases, the length of the
diffusional path deereases. Since the rate of solution is proportional
inverselyto the Jengt: of the diffusional path, the faster the solution is
slirred, the faster the solute will go inte solution.

3. The more soluble the solute, Une faster is its rate of solution.
Again,gq 2 predicts that the larger Use saturation solubility, the faster
the rale.

4, With a viscous Hquid the rite of sclulion is decreased. ‘This is
because the diffusion coefficient is proportional inversely totheviscosity
of the medium; the more viscous the solvent, the slower the rate of
sohition,

 

 
 
 

Heat of Solution and Temperature Dependency—

Turning from the kinetic aspects of dissolution, this dis-
cussion will be concerned with the situation where there is

thermodynamic equilibrium hetween solute in its solid

phase
andthe solute in solution, (Itis assumedthat thereis

an amountof selid material in excess of the amountthat can

go inta solution; hence, a solid phase is always present.) As
defined earlier, the concentration of solute in salution at

equilibriumis the saturation solubility of the substance,
Whena solid (Solute A) dissolves in some solvent two

steps may be considered as
occurring: the solid absorbs

energy to becomealiquid and then the liquid dissolves,

A eutit) cd
Adiquia)

= A olution)

For the overall dissolution the equilibrium existing between
solute molecules in the solid and solute molecules in solution
may be treated as any equilibrium. Thus, for Salute A in

equilibrium withits solution

A solid) = A cetutivn)

Using the Law of Mass Action an
equilibrium constant for

this sysiem can be defined, just
as any equilibrium constant

may he written as

K
=

Aisolution)
 

Tisohidl

where @ denotes the activity of the solute in each phase.
Since the activity ofa solid is defined as unity

Kay

=
solution)
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Because the activity of a
compound in dilute solution is

approximated byits concentration and, becausethis concen-

Uration is the saturation solubility, Ks, the van’t Hoff Equa-
tion (for

a more complete treatment, see Ref 1, page 113}
may be used, which defines the relationship between an

equilibrium constant (here, solubility) and absolute tem-

perature,
d log Ky AH

aT
a.aRT®

where d log Ks/dTis the change of log Ky with a unit change
of absolute temperature, 7; AH is a constant which in this

situation is the heat of solution for the overall process (solid
it

liquid
= solution); and FR is the gas constant, 1.99 cal/

mole/deg, Equation 3, a
differential, may be solved togive

(3)

“barr
t? “)

where isa conatant. A more useful form of this equationis

og

t.=<_ A(T,~Ti) (5)

FKer,
 23RT,T,

where
Ks.p,

is the saturation solubility at absolute tempera-
ture T, and Kg, is the solubility al temperature Ty.
Through the use of Iig 5, if AH and the solubility at one

temperature
are

known, the solubility at any other tempera-
ture can be calculated.

Effect of Temperature-—As is evident from Eq 4, the

solubility of a solid in a
liquid depends

on the temperature.
If, in the process ofsolution, heat is absorbed (as evidenced

by
a reduction in

temperature), AH is by convention positive
and the solubility of the solute will increase with increasing
temperature. Suchis the case for most sails,

as is shown in

Fig 16-2, in which the solubility of the soluteis plotted
as the

ordinate and the temperature
as the abscissa, and the line

joining the experimental points represents the solubility
curve for that solute.

if a solute gives off heat during the process of solution (as
evidenced by

an increase in temperature), AH is, by
conven-

tion, negative and solubility decreases with an increase in

temperature. This is the case with calcium hydroxide and,
at higher temperatures, with caicium sulfate. (Because ofthe

slight solubility of these substances their solubility
curves

are not included.) When heat. is neither absorbednor given

log Kg
=

SOLUBILITY,GAS.OFSALTIN1OOGMSOFWATER

 lov 20" 30° 4of 40° oo 7" 8 go*
TEAPERATURE

Effect of haat on solubility.Flg 16-2,
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Fig 16-3. Typified relationship between the logarithm of the satura-
tion sojubiity and the reciprocal of the absolute temperature.

off, the solubility is not affected by variation of temperature
as is nearly the case with sodium chloride,

Solubility
curves

usually
are continuous as

long
as the

chemical composition of the solid phase in contact with the
solution remains unchanged, but if there is a transition of
the solid phase from one form to another,

a break will be
found in the curve. Such is the case with NaSO,

-
10H,0,

which dissolves with absorption of heat up to a temperature
of 39.4°, at which point there is a transition of the solid phase
to anhydrous sodium sulfate, NaySO,, which dissolves with
evolution of heat. This change is evidenced by increased

solubility of the hydrated salt up to 32.4°, but above this

demperature the solubility decreases.
These temperature effects are what would be predicted

from Eq 4. When the heatof solutionis negative, signifying
that energy is released during dissolution, the relation be-
tween log Ks and I/Tis typified in Fig 16-3 (Curve A), where
as 1/T' increases, log Ky increases. It can be seen that with

increasing temperature (Titself actually increases proceed-
ing left in Fig 16-3, A) there is a decrease in solubility. On
the other hand, when the heatofsolutionis positive-—thatis,
when heat is absorbed in the solution process-—the relation
between jog Ks and I/Tis typified in Fig 16-3, B. Tere, as

temperature increases (1/T' decreases), the solubility in-
creases.

Effect of Salts—The solubility of a
nonelectrolyte, in

water, either is decreased orincreased generally by the addi-
tion of an

electrolyte; it is only rarely that the sohuhility is
not altered. When the solubility of the nonelectrolyte is

decreased, the effect is referred to as
salting-out; if it is

increased, it is described as
salting-in. Inorganic electro-

lytes commonly decrease solubility, though there are some

exceptiona
to the generalization.

Salting-out occurs because the ions of the added electro-

lyte interact with water molecules and, thus, in a sense re-
dace the amount of wateravailable forsolution

of the non-

electrolyte. (Refer to the section on
Thermodynamics of

the Solution Process, page 215, for another view.) The

greater the degree of hydration of the ions, the more the

solubility of the nonelectrolyte is decreased. If, for exam-

ple,
one compares the effect of equivalent

amounts oflithi-
um chloride, sodium chloride, potassium chloride, rubidium
chloride and cesium chloride (all of which belong to the

family of alkali metals andare of the same valence type),itis
observed thatlithium chleride decreases the solubility of a

nonelectrolyLe to the greatest extent and that the salting-out
effect decreases in the order given. ‘This is also the order of
the degree of hydration of the cations; lithium ion, being the
smallest. ion and, therefore, having the greatest density of

positive charge per unit of surface area
(see also Chapter 13

under Electronegativity Values), is the most extensively
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hydrated of the cations while cesium ion is hydrated the
least. Salting-outis encountered frequently in pharmaceu-
tica] operations.

Salting-in, commonly
occurs wheneither the salts of vari-

ous
organic acids or

organic-substituted ammoniumsalts are

added to aqueous solutions of nonelectrolytes. In thefirst.
case the solubilizing effect is associated with the anion and
in the second, with the cation. In both cases the solubility
increases as the concentration of added salt is increased.
The solubility increase may he relatively great, sometimes

amounting to several times the solubility of the nonelectro-

lyte in water.

Solubility of Solutes Containing Two or More Species
—in cases where Lhe solute phase consists of two or more

species (as in an ionizable inorganic salt}, when the solute
goes into solution, the solution phase often contains each of
these species

as discrete entities. For some such substance,
AB,the following relationship for the solution process may
be written.

ABatid) it
Agotuion}

+
Brontion)

Since there js an
equilibrium betweenthe solute andsaturat-

ed solution phases, theaw of Mass Action defines an
equi-

Wbriuin constant, Kyy

Kea
= @ atsotution)

* 9 Rigolution)
(6)

8 AR(olid)

Where @a(soaution@Htsolution) and a, Bigolid) ALE the activities of A

and # in solution and of ABin the solid phase. Recall from
the earlier discussion that. the activily of a solid is defined as

unity, and that in a very dilute solution {eg, for a
slightly

soluble salt), concentrations may be substituted for activi-
ties and Iq 6 then becomes

Kua =C,Cy

where Ca and Cy are the concentrations of A and B in
solution. Inthis situation ,, has a

special name, the solu-

bility product, Ksp. Thus

Kyp
=

0,Cy (7)

This equation will hold true theoretically onlyfor slightly
soluble salts,

As an
exampleofthis Lype of solution, consider the solu-

bility of silver chloride

Kgp
=

[Ag[CI]

where the brackets |] designate concentrations.
At 25° the solubility product has a value of 1.56 * 107!°,

the concentration ofsilver and chloride ions being expressed
in moles/liter. The same numerical value applies also Lo
solutions of silver chloride containing

an excess of either
silver or chloride ions. If the silver-ion concentration is
increased by the addition of a soluble silver salt, the chlo-
ride-ion concentration must decrease until the product of
the two concentrations again is equal numerically

to the

solubility product. In order to effect the decrease in chlo-
ride-ion concentration, silver chloride is precipitated and,
hence, its solubility is decreased. In a similar manner an

increase in chloride-jon concentration by the addition of a

soluble chloride effects a decrease in the silver-ion concen-

tration until the numerical value of the solubility productis
attained, Again, this decreaseinsilver-ion concentrationis

brought about by the precipitation of silver chloride.
The solubility of silver chloride in a saturated aqueous

solution of the salt may be calculated by assuming that the
concentration of silver ion is the same as the concentration
of chloride ion, both expressed

in moles/liter, and that ihe
concentration of dissolved silver chloride is numerically the

 

same since each silver chloride inolecule gives rise to one

silver ion and one chloride ion, Since

[dissolved AgC]}
=

fAg*]
=

[C17]
the solubility of AgClis equal to 1.56 X 107", which is 1.25
* 107 mole/liter. Multiplying this by the molecular weight
of silver chloride (143)

we obtain a solubility of approxi-
mately 1.8

mg/liter.
For a salt of the type PbCl, the solubility product expres-

sion takes the form

[Pby[CI]?
=

Ken

while for AsoSy it would be

[AsYS?-]"
=

Kap

becruse from the Law of Mass Action

POCpeanay
&

PD?
gsotation

+ 2CVGotation)
and a et le qaee

AS
Sgrantid) 2As (solulicn) +35 {solution}

For further details of methods of using solubility-preduct
calculations, the readeris referred to books on

qualitative
or

quantitative analysis
or

physical chemistry.
Recal} that the solubility-product principle is valid for

aqueous solutions of slighily soluble salts, provided the con-

centration of addedsalt. is not too great. Where the concen-

trations are
bigh, deviations from the theory

occur and these
have been explained by assuming that in such solutions the
nature of the solvent has been changed. Frequently, devi-
ations also may occuras the result of the formation of com-

plexes between the two salls. An exampleof increased solu-

bility, by virtue of complex-ion formation, is seen in the
effect of solutions of soluble iodides on mercuric iodide.

According to the solubility-product principle it might be

expected thal soluble iadides would decrease the solubility
of mercuric iodide, but because of the formation of the more

soluble complex salt Keg], which dissociates as follows

K
Hel,

=
2K" +

(He1,)"
the iodide ion no

longer functions as a commenion.
Practical applications of the solubility-product principleare foundin qualitative and quantitative analysis whenever

an excess of a
precipitant is added in order to diminish, by

common-ion effeet, the solubility of the precipitate.
IL is possihle to formulate some generalrules regarding the

effect of the additionof saluble salts to stightly soluble salts
where the added salt does not have an ion common to the

slightly soluble salt. If the ions of the added soliblesalt are

not highly hydrated (see Effect of Salts on the Solubility of
Nonelectrolytes, page 209), the solubility product of the

slightly soluble salt will increase because the ions of the
added salt tend to decrease the interionic attraction between
the ions ofthe slightly soluble salt. On the other hand,if the
ions of the added soluble salt are

hydrated, water molecules
becomeless available and the interionic atiraction between
the ions ofthe slightly soluble salt: increases with a resultant
decrease in solubility product. Another way of considering
this effect is discussed later (Thermodynamics of the Salu-
tion Process, page 215).

The effect of temperature is, in general, what would be

expected; increasing the temperature of the solution results
in an increase of the solubility product.

Solubilily Following
a Chemical Reaction—Thus far

in this chapter the discussion has been concerned with solu-

bility that comes about because ofinterplay ofentirely phys-
ical forces. ‘The dissolution of some substance resulted from

overcoming the physical interactions between solute mole-
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 cules and solvent molecules by the energy produced whena

solute molecule interacted physically with a solvent mole-
cule. The solution process, however, can be facilitated also

by
a chemical reaction. Almost always the chemical en-

hancement of solubility in aqueous systems is due to the
formation of a salt following

an acid—base reaction.
An alkaloidal base,

or any other nitrogenous base ofrela-

tively high molecular weight, generally is slightly soluble in

water, but if the pH of the mediumis reducedby addition of

acid, the solubility of the base is increased, considerably so,
as the pH continues to be reduced. ‘The reason for this
increase in solubility is that the base is converted to a salt,
whichis relatively soluble in water. Conversely, the solubil-

ity of a salt of an alkaloid or other nitrogenous base is re-

duced as
pH is increased by addition of alkali,

The solubility ofslightly soluble acid substancesis, on the
other hand, increased as the pH is increased by additionof

alkali, the reason again being that a
salt, relatively soluble in

water, is formed. Exampies of acid substances whose solu-

bility is thus increased are
aspirin, theophylline and the

penicillins, cephalosporins and barbiturates. Conversely,
the soluhility of salts of the same substances is decreased as

the pH decreases.

Among
some

inorganic compounds
a somewhat similar

hehavior is observed. Tribasic calcium phosphate,
Ca3(PO4)s, for example, is almost insoluble in waler, but if
an acid is added its solubility increases rapidly with a de-
crease in pH. Tbis is because hydrogen ions have such a

strongaffinity for phosphate ions forming nonionized phos-

phoric acid, that the calcium phosphate is dissolved in order
to release phosphate ions. Or, stated in another way, the
solubilization is an

example of a reaction in which a strong
acid (the source of the hydrogenions) displaces

a weak acid.
In all of these examples soluhilization occurs as tbe result

of an interactionof the solute with anacid or a base and that
the species in solution is nat the same as the undissolved
solute. Compounds which do not react with either acids or

bases are
slightly,

or notat ail, influenced in their aqueous

solubility by variations of pH. Sucheffects as may he ob-
served are

generally due to ionic salt effects.
It is possible

to analyze quantitatively the solubility fol-

lowing an acid—base reaction by considering it as a two-step
process. The first example is an

organic acid, designated
as

HA, that is relatively insoluble in water. Its two-step disso-
lution can be represented

as

HAgeotiay = HA feotution)

foliowed by — ut
HA Gotution) 2H (solution) +A (solution)

The equilibrium
constantfor the first stepis the solubility of

HA (Ks
=

[HAl]sctution), Just
a8 was

developed earlier when no

chemical reaction took place, and the equilibrium constant

for the second stepis the dissociation constantof the acid is

=
AA)

ice’)

Since the total amount of compoundtn solution. is the sum of
nonionizec and ionized formsof the acid, the total solubility
may be designated

as
SiH),

oF

Sra)
=

[HA] + [Ay]
= [HA] + K,

in|
(8)

Since Ks
=

[HA}, Eq 8 becomes

K
8

#
Kf 1+— (9

ttA)
a)

)

Equation 9 is very useful since it equates the total solubility
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of an acid drug with the hydrogen-ion concentration of the
solvent. If the water solubility, Ks, and the dissociation

constant, X,,
are

known, the total solubility of the acid can

be calculated at various hydrogen-ion concentrations.

Equation 9 demonstrates quantitatively how the total solu-

bility of the acid increases as the hydrogen-ion concentra-
tion decreases (thatis,

as the pH increases).
It is possible

to develop
an

equationsimilar to liq 9 for the

solubility of a basic drug, 8, such as a
relatively insoluble

nitrogenous base (an alkaloid, for example), at various hy-
drogen-ion concentrations, The solubility of the base in
water may be represented in two steps, as

Beeotiay Bisolution}4 -

Beokation)
= BH (solution) + OH (solution)

Again,if Igis the solubility of the free hase in water and Ky,
is its dissociation constant

K,= ([BH*}[OH7]
(B]

the total solubility of the hase in waterS,()3) is given by
.

K,{B]
Sng

=
[BI + ([BH*]

=
(B] + —2— =voy

=

[B]

+

| ]

=

(B} OW)

K,Ko[1+—-- 16

o( os)
(10)

It is convenient to rewrite Eq 10 in terms of hydrogen-ion
concentration by making

use of the dissociation constant for
water

Ky
=

fHt]{OH"]
=

1X 1074

Equation 10 tben becomes

Ky K,|H*]Sig
=

ef 1 tHBg (1 te |

i(B)
o( iain) (

Ky

Equation
11

quantitaLlively shows how the total solubility of
the base increases as the hydrogen-ion concentrationof the
solvent increases. If Kg and Ky, are known, it is possible

to

calculate the total solubility of a basic drug al various hydro-

gen-ion concentrations using this equation.
Equations 9 and 11 have assumed that the salt. formed

following
a chemical reaction is infinitely soluble. This, of

course, is not an acceptable assumption
as

suggested and

demonstrated by Kramer and Flynn.* Rather, for an acidic
or basic drug there should be a

pH at which maximum

solubiliéy
occurs where this soluhility remains the sum of the

solution concentrations of the free and salt forms of the drug
at that pH. Using

a basic drug, B, as the example, this

would mean that a solution of B, at pH values greater than

the pH of maximumsolubility, would be saturated with free-
base form but not with the salt form and the use of fq 11

would be valid for the prediction of solubility. On the other

hand, at pH values less than the pH of maximum soluhility,
the solution would be saturated with salt form and Eq 11 is
no

longer really valid. Since in this situation the total solu-

bility of the base, 91.7, is

Siu

=
[B]

+
{BH*},

where the subscript, s, designates
a solution saturated with

salt, the correct equation to use at pH values less than the

pH maximum would be -
K

San
#

/BHt [OH"]\ Ht etvon

=

IBH
(a+

K,

7

BM
aa

(42)
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A relationshipsimilar to Eq £2 likewise can be developed for
an acidic drug al ps greater than its pH of maximum

solubility.
Effecting Solution of Solids in the Preseription Lab-

oratory---The method usually employed by the pharmacist
when soluble compounds

are to be dissolved in water in

compounding
a

prescription requires the use of the mortar
and pestle. The ordinary practice is to crush the substance
into fragments in the mortar with the pestle and pourthe
solvent on

it, meanwhile stirring with the pestle until selu-
tion is effected. If definite quantities

are
used, and the

wholeof the solvent is required
to dissolve the given weight

of the salt, only
a

portionof the solventshould be addedfirst

and, whenthis is saturated, tbe solution is poured off and a

fresh portion of solvent added. This operation is repeated
until the solid is dissolved entirely and all the portions com-

bined. Other methodsof effecting solution are to shake the
solid with the liquid in a bottle orflask orto apply heat. to the
substances in a suitable vessel. Substances vary greatly

in

the rate at. which they dissolve; some are
capable of produc-

ing
a saturated solution quickly, others require several hours

to attain saturation. All too often, in their haste to prepare
a saturated solution, pharmacists fail to obtain the required
degree of solution ofsolute.

With hygroscopic substances like pepsin, silver protein

compounds and some others, the best method of effecting
solution in wateris to place the substance directly upon the
surface of the water andthenstir vigorously with a

glass rod.
if the ordinary procedure, such as

using
a mortar and pestle,

is employed with these substances, gummy lumps
are

formed which are
exceedingly difficult to dissolve.

The solubility of chemicals and the misctbilléy of liquids
are

important physical factors for the pharmacist. to know, as

they often have a
bearing

on
intelligently and properly filling

prescriptions. Mainty for the information of the pharma-
cist, the USP provides tabular data indicating the degree of

solubility
or

miscibility of manyofficial substances.
Determination of Solubility—For the pharmacist and

pharmaceutical chemist the questionof solubility is of para-
mount importance. Not only is it necessary to know solu-
bilities when preparing and dispensing medicines, but such
informationis necessary to effect separation of subslances in

qualitative and quantitative analysis. Furthermore, the ac-
curate determinationof the solubility of a substance is one of
the best. methods for determining ils purity.

The details of the determination of the solubility are af-
fected markedly by the physical and chemical characteris-
ties of the solute andsolvent and also by the temperature at
which the solubility is to be determined. Accordingly, it is
not. possible

to describe a
universally applicable method but,

in general, Lhe following rules must be observed in solubility
determinations.

1. ‘The purity of both the dissolved substance and the sclvent. is
essential, since Impurities in either affect the solubility.

oA constancy of Lenyperature mustbe maintained accurately during
the course of the delermination.

3. Complete saturation must be attained.
4. Accurate analysis of the saturated solution and correct expression

of the resulis are
imperative.

Consideration shouldbe given also to the varying rates of
solution of different compounds and to the markedeffect of
the degree of fineness of the particles

on the time required
for the saturation of the solution.

Manyofthe solubility data of USP have been determined
with regard

to the exacting requirements mentionedahove.

Phase-Solubility Analysis-—'Phis procedure is one of the
most useful and accurate methods for the determination of
the purity of a substance. It Involves the application of

precise solubility methods to the principle that constancy of

solubility, in the same manneras constancyof melting point,

indicates that a material is pure orfree from foreign admix-
ture. [tisportant Lo recognize thatthe technique

can be

used to obtain the exact
solubility of the pure substance

without the necessity of the experimental material itself

being pure.
The method is based on the thermodynamic principles of

heterogeneous equilibria which are among the soundest of
theoretical concepts of chemistry, ‘Thus, it does not depend
on any assumptions regarding kinetics or structure of mat-

ter, but. is applicable
toall species of molecules, and is suffi-

ciently sensitive to distinguish between optical isomers.
The requirements for an

analysis
are

simple, since the equip-
ment needed is basic to most laboratories and the quantities
of substances required

are small.
The standard solubility method consists of five steps:
1. Mixing, in separate systems, increasing amounts of a substance

with measured amounts of a solvent.
2, Establishment of equilibrium for each system at identical con-

slant temperature and pressure.
3. Separationof the solid phase from the solutions.
4. Determination ef the concentration of Ure material dissolved in

the various solutions.
5. Plotting the concentration of the dissolved material per unit of

solvent (y-axis,
or solution concentration) against the mass of material

per unit of solvent (a-axis or system concentration).

The solubility method has been established on the sound
theoretical principles of the Gibbs phase rule: F

=
C

-
P+

2, which relates C, the number of components, /*, the degrees
of freedom (pressure, temperature and concentration) and

P, the numberof phases for a
heterogeneous equilibrium.

Since solubility analyses are carried out at constant tem-

perature and pressure, a pure solid in solution would show

oply
one

degree of freedom, because only
one phase is

present at concentrations below saturation. Tbis is repre-
sented by section 428 in Wig 16-4. For a pure solid in a

saturated solution at equilibrium(Fig 16-4, BC), two phases
are present, solid and solution; there is no variation in con-

centration and thus, at constant temperature and pressure,
no

degrees of freedom.
The curve ABC of Fig 16-4 represents the type of solubili-

ty diagram obtained for: (1} a pure material, (2) equal
amounts of two or more materials having identical solubili-
ties or (83) a mixture of two or more materials present in the

NTRATION,
mo/mi

SOLUTION
CONC

 A SYSTEM CONCENTRATION, ing ¢mL

Phasa-solublilty diagram for a pure substance,Fig 16-4.
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SOLUTIONCONCENTRATION,
mg/mL

  

SYSTEM CONCENTRATION, mg /mi.

Fig 16-5. Type of solubillty curve obtained when a substance con-
tains one impurity.

unique ralio of their solubilities. ‘These latter two cases are
rare and often may be detected by

a
change in solvent sys-

tem.
Line segment BCofPig 16-4, since it. has no

slope, usually
indicates purity. I, however, this section does exhibit a

slope, its numerical value indicates the fraction of impurity
present. Line segment BC, extrapolatedto the yaxis at),is
the actual sclubility of the pure substance.

A representative type of solubility curve, which is ob-
tained whena substance contains one

impurity, is illustrated
in Fig 16-5. Here,at 8, the solution hecomes saturated with

onecomponent. From # to C there are two phases present:
a solution saturated with Component I (usually the major
component) containing also some

Component Ti (usually the
minor component), and a solid phase of Component I. ‘Phe
one

degree of freedom revealed by the slope of the line

segment BCis the concentration of Component H, whichis
the impurity (usually the minor component). A mixture of
d and isomers could have such a curve, as would any siinple
mixtures in which the solubilities are

independent of each
other,

The section CD indicates that the solvent is saturated
with both components of the two-component mixture.

Here, three phases
are present: a solution saturated with

both components and the two solid phases. No variation of
concentration is possible, hence,

no
degree of freedomis

possible (indicated by the lack of slope of section CD). The
distance AI on the ordinate represents the solubility of the

major component, and the distance £F, the solubility of the
minor component.

The fact that the equilibration process is time-consuming,
requiring

as
long

as 3 weeks in certain cases, is offset by the
fact that all of the sample

can be recovered after a determi-
nation. This adds to the general uscfulness of the method,
particularly in cases where the substance is expensive

or

difficult to obtain. A use for the method other than the
determination of purity

orof solubility is to obtain especially
pure samples by recovering the solic residues al system
concentration corresponding to points

on section BC in Fig
16-5. Thus, the methodis useful not only as a

quantitative
analytical tool, but also for purification.
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Solutions of Liquids in Liquids

Binary Systems-—-Onderthis title the following types of

liquid-pairs may be recognized.
1, ‘Phose which are soluble completely in each other in all propor-

tions, Examples: alcohol and water; glycerin and water; alcohol and

glycerin.2. ‘Those whieh are soluble in eucl: other in definite proportions.
Examples: phenol and walter; other and water; nicotine and water,

3. Those which are
imperceptibly soluble by each other in any pre-

portion. Examples: castor oi) and water; liquid petrolatamand water,

The mutual sofubiily of liquid pairs of ‘Type
2 has been

studied extensively and found to show interesting regulari-
ties. If a series of tubes containing varying, but known,
percentages of pheno] and water are heated (or cooled, if

necessary) just to the paint of formation of a
homogeneous

solution, and the temperatures at such points noted, there
wil be obtained, upon plotting the results, a curve similar to
that in Fig 16-6... On this graph the area inside the curve

represents the region where mixtures of phenol and water

will separate into two layers, while in the region outside of
the curve homogeneous solutions will be obtained. The
maximum temperature

on this curve is called the critical
solution temperature, that is, the temperature above which
a

homogeneoussolution occurs
regardless of the composition

of the mixture. For phenol and water the critical solution

temperature occurs al a composition of 34.5% phenol in
water.

‘Temperature
versus composition curves, as

depicted in

Fig 16-6, provide much useful information in the prepara-
Lion of homogeneous mixtures of substances showing mutu-

al-solubility behavior. At room temperature (here assumed
to be 25°), by drawing

a line parallel to the abscissa at 25°,
we find that we actually can prepare two sets of homoge-
neous solutions, one

containing from0 to about 7.5%phenol
and the other containing phenol from 72 to about 95%{its
limit. of solubility), At compositions between 7.5 and 72%

phenol at 25° two liquid layers or
phases will separate. In

sample tubes contaiming
a concentration of phenol in this

two-dayer region at 25° one
layer always will be phenol-rich

and always contain 72%phenol while the other layerwill be
water-rich and always contain 7.5% phenol. These valucs
are obtained by interpolation of the iwo points of inlersec-
tion of the line drawn at 25° with the experimental

curve.

As it may be deduced, at other temperatures, the composi-
tion of the two layers in the two-layer region is determined

by the points of intersection of the curve with a Hne (called

HOMOGE NEOUS
SOLUTION

REGION
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Fig 18-6. Phenol-water sotubility.”
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the “tie line’) drawn parallel to the abscissa at that tempera-
ture, The relative amounts of the two layers

or
phases,

phenol-rich and water-rich in this example, will depend
on

the concentration of phenol added. As expected, the pro-

portion of phenol-rich layer relative to the water-rich layer
increases as the concentration of phenol added increases.

For example, at 20% phenol in waler at 25° there would be
more of the water-rich layer than of the phenol-rich layer,
while at 50% phenol in water there would be more ofthe

phenol-rich layer. The relative proportion of each layer
maybe calculated from suchtie lines al any temperature and

composition
as weil as the amountof phenol present in each

of the two phases. ‘T'o determine how these calculations are

made and for further discussion of this topic the student
should consult Ref1, page 79.

A simple and practical advaniage in the use of phase
diagramsis pointed outin Refi. Based on

diagrams such as

Fig 16-6, they point
out that the most concentrated stock

sohution of phenol that perhaps should be used by pharma-
cists is one

contaming 76% w/w phenol in water (equivalent
to 80% w/v). Atroom temperature this mixture is a

homoge-
neous solution and will remain homogeneous

to around3.5°,
at which temperature freezing

occurs. Jt should be noted
that Liquefied Phenol USP contains 90% w/i phenol and
freezes at 17°C. This means that if the storage area in the

pharmacy falls to about 63°F, the preparation will freeze,
resulting in a stock salution no

longer convenientto use.

In the case of pheno] and water the mutual solubility
increases with increase in temperature and the critical solu-
tion temperature

occurs at a
relatively high point. In a

certain numberof cases, however, the mutual solubility in-
creases with decrease in temperature and the critical solu-
tion temperature occurs at a

relatively low value. Mostof
the substances which showlowercritica? solution tempera-
tures are amines as, for example, triethylamine with water.

In addition to pairs of liquids which showeéher upperor

lower critical solution temperatures, there are other pairs
which sbow both upper and lowercritical solution tempera-
tures and the mutual solubility

curve is of the closed type.
An example ofthis type of liquid pair is found in the case of
nicotine and water (Fig 16-7). Mixtures of nicotine and
water represented by points within the curve will separate
into two layers, but mixtures represented by points outside
of the curve are

perfeetly miscible with each other,
In a discussion of solutions of Hquids in liquidsit is evi-

dent that the distinction between the terms solute and sal-

=

MOPERATURTE.

 peeeererect nea wee beerrheeatinabetal 7; . ‘
aeio 30 4G 40 60 Jo bo 40 Fig

16
7, WNicotine-water

HICOTINE PERCENT solubitity.

vent loses its significance. For example, in a solution of
water and

glycerin, which shall be consideredto be the solute
and which the solvent? Again, when twoliquids

are soluble

only partially in each other the distinction between solute
and solvent might be reversed easily. In such cases the term

solvent usually is given to the constituent present in larger
quantity,

Ternary Systems—The addition of a third liquid
to 4

binary liquid system to produce
a ternary

or three-campo-
nent system can result in several possible combinations.

If the third liquid is soluble in only
oneof the twooriginal

liquids
orif its solubility in the two original liquids is mark-

edly different, the mutual solubility of the original pair will
be decreased. An uppercritical solution temperature will
be elevated and a lowercritical solution temperature low-
ered. On the other hand, the addition of a

Hquid having
roughly the same

solubility in both components afthe origi-
nal pair will result in an increase in their mutual solubility,
An uppercritical solution temperature then will be lowered
and a lowereritical solulian temperature clevated.

An equilateral-triangle graph may be used to represent
the situation in which a third liguid is added to a

partially
miscible liquid pair, the thirdliquid being miscible with each

memberofthe original pair. In this type of graph, each side
ofthe triangle represents 0%of one of the components and
the apex opposite that side represents 100%of that compo-
nent, The readeris referred to textbooks on

experimental
physical chemistry for details of the construction and use of

graphs ofthis type.
Two other possibilities exist in ternary liquid systems:

that in which two components are
completely miscible and

the third is partially miscible with each, and that in which all
combinations of two-of the three components are

only par-

tially miscible.

Solutions of Gases in Liquids

Nearly all gases are more orless soluble in liquids. One
has but to recall the solubility of carbon dioxide, hydrogen
sulfide or air in wafer as common

examples.
‘Phe amountof gas dissolvedin a

liquid in general follows

Henry's law, which states that the weight of gas dissolved by
a

given amount of
a

liquid
ata given temperatureis propor-

tional fo its pressure. Thus, if the pressure is doubled,
twice as much gas will dissolve as at the initial pressure,
The extent to which a gas is dissolved in a

liquid, at a
given

leraperature, may be expressed in terms of the soludility
coefficient, which is the volume of gas measured under the
conditions of the experiment, thatis, absorbed by

one vol-
umeof the liquid. ‘The degree of solubility also is expressed
sometimes in terms of the absorption coefficient, whichis
the volumeofgas, reducedto standard conditions, dissolved

by
one volumeof

liquid undera pressure of one
atmosphere.

Although Henry’s law expressesfairly accurately the solu-

bility of slightly soluble gases, it deviates considerably in the
case of very soluble gases such as

hydrogen chloride and
ammenia. Such deviations most frequently

are due to

chemical interaction of solute and solvent.
The solubility of gases in liquids decreases wilh a rise in

temperature and,in general, also whensalts are added to the

solvent, the latter effect being referred to as (he salting-out
of the gas.

Solutions ofgases potentially
are

dangerous when exposed
to warm Lemperatures because of the liberation and expan-
sion of the dissolved gas which may cause the container to
burst. Battles containing such solutions(eg, strong amme-

nia solution) should be cooled before opening, if practical,
and the stopper should be covered with a cloth before at-

tempting ifs removal.
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Thermodynamics of the Solution Process

In the discussions under this heading the solute is as-

sumed to be in the liquid state, hence, the heat of solution

(AH’) is a term different from that in Hg 3 (AH). The heat
ofsolution for a solid solute going into solution as definedin

Eq 3 is the net heat effect for the overall dissolution

A atia) ent A dignity
o

Afsolation}

Considering only the process

A giquid)
=

Avsatusion)

and assuming that the solute is a
liquid (or

a
supercooled

liquid in the case ofa solid) at a
temperature close to room

temperature, where the enerzy needed for melting (heat. of

fusion} is not being considered,
For a

physical
or chemical reaction to occur

spontaneously
at a constant temperature and pressure, Lhe net

free-energy
change, AG, for the reaction should be negative (see Ther-

modynamies, Chapter 15). Furthermore, it is known that.
the free-energy change depends

on heat-related enthalpy
(AHandorder-related entropy (AS) factors as seen in

AG
=

AH’
—~

TAS (13)

where T' is the temperature, Recall, also, that the relation

_between
free energy and the equilibrium constant, K, for a

reactionis given by

AG
=

-RTInk (14}

Equations 13 and 14 certainly applytothe solution ofa drug.
Since the solubility is, in reality,

an
equilibrium constant, Eq

14 indicates that the greater the negative value of AG, the

greater the solubility.
The interplay of these two factors, AH’ and AS in Eq 13,

determines the free-energy change and, hence, whether or

not dissolution of a
drug will occur

spontaneously. Thus,if
in the solution process AH’ is negative and AS positive,
dissolution is favored since AG will be negative.

As the heat of solution is quite significantin the dissolu-
tion process one must. look atits arigin. (For an excellent
and more

complete discussion of the interactions and driv-

ing forces underlying the dissolution process, see
Higuchi.*}

The mechanism of solubility involves severing of the bonds
that hold together the ions or molecules of a solute, the

separation of molecules of solvent to create a space in the
solvent into which the solute can be fitted and the ultimate
response of solute and solvent to whateverforces ofinterac-
tion may exist between them. In order to sever the bonds
between molecules or ions of solute in the liquid state, ener-

gy must be supplied,
as is the case also when molecules of

solvent are to be separated. If heatis the source of energy it
is apparent that both processes require the absorption of
heat.

Solute-solvent interaction, on the other hand, generally is

accompanied by the evolution of heat since the process oc-
curs

spontaneously. In effecting solution there is, accord-

ingly,
a

heat-absorbing effect and a heat-releasing effect Lo
be considered beyond those required to melt a solid. If
there is no, or very little, interaction between solute and

solvent, the only effect will be that of absorption ofheat toa

produce the necessary separationsof solute and solvent mot-
ecules or ions. If there is a

significant interaction between
solute and solvent, the amount cf heat in excess of that

required to overcome the solute-solute and the sol-
vent—solvent forces is liberated. Hthe opposing heateffects
are

equal, there will be no
change of temperature.

When AM’is zero, and there is no volume change,
an ideal

solution is said to exist since the solute—sclute, solvent~sol-
vent andsolute-solvent interactions are the same. For such
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an ideal solution, the solubility of a solid can be predicted
from its heat of fusion (the energy needed to melt. the solid)
at temperatures below its melting point. The student is
referred to Ref 1, page 281 lo see how this calculation is
made,

Whenthe heatof solution has a
positive (energy absorbed)

or
negative (energy liberated} value, the solutionis said to be

a nonideal solution. A negative heat of solution favors

solubility while a positive heat works against dissolution.
The magnitude of the various attractive forces involved

between solute, solvent and solute-solvent molecules may
vary greatly and thus could Jead to varying degrees af

posi-tive or
negative enthalpy changes in the solution process,

The reason for this is that the molecular structure of the
various solutes and solvents determining the interactions
can themselves vary greatly. {For a discussion of these

effects,
see Ref 1, page 41.)

The solute~solute interaction that must be overcome can

vary from the strong ion—ioninteraction(as in a salt), to the
weaker dipole-dipole interaction (as in nearly all organic
medicinals that are not. salts), to the weakest induced dipale-
induceddipole interaction (as with naphthalene).

Theattractive forces in the solvent that must be overcome

are, mostfrequently, the dipole-dipole interaction(as found
in water or acetone} and the induced dipole-induced dipole
interaction (as in liquid petrolatum).

The energy-releasing solute-solvent interactions that
must be taken into account may be one of four types. In

decreasing energy of interaction these are
ton—dipole inter-

actions (eg,
a sodium ion interacting with water), dipole~di-

pole interactions (eg,
an

organic acid dissolved in water),

dipole—induceddipole interaction, to be discussedlater {eg,
an organic acid dissolved in carbon tetrachloride) and in-
duced dipole-induced dipole interactions (eg, naphthalene
dissolved in benzene}.

Since the energy-releasing solute~solvent interaction
should approximate the energy needed to overcome thesol-
ute-solute and solvent-solvent interactions, it should be ap-

parent why it is not possible to dissolve a salt like sodium

chloride in benzene. The interaction belweenthe ions and
benzene does not supply enough energy to overcome the
interaction betweenthe ions in the solute and therefore gives
rise to a positive heat of solution, On the other hand, the
interactionof sodium and chloride ions with water molecules

does provide
an amountof energy approximating the energy

needed to separate the ions in the solute and the molecules
in the solvent.

Consideration must next be given to entropy effects in

dissolution processes. Entropyis
an indicator ofthe disor-

der or randomness of a system. ‘The more
positive the en-

tropy change (AS) is, the greater the degree of randomness
or disorder of the reaction syatem and the more

favorably
disposed is the reaction. Unlike AH’, the entropy change
(an entropy of mixing) in an ideal solution, is not zero, but
has some

positive value since there is an increase in the
disorderliness or

entropy of the system upon dissolution.

Thus, in an ideal solution with AH’ zero and AS positive, AG
would have a

negative value and the process, therefore,
would be spontaneous.

in anonideal solution, on the other hand, where AFis not

zero, AS can be equal fo, greater thanor Jess than the entro-

py of mixing found for the ideal solution. A nonideal solu-
tion with an entropy of mixing equal to that of the ideal
solutionis called a

“regular solution.” These solutions usu-

ally occur with nonpolar
or

weakly polar selutes and sol-
vents. Such solutions are

accompanied by
a

positive enthal-

py change, implying that the solute~solvent molecular inter-

action is less than the solute-solute and solvent—solvent
molecular interactions. Regular solutions are amenable to

rigorous physical chemical analysis which will not be covered
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in this chapter but which can be foundin outline form in Ref

i, page 282.
The possibilily exists in a nonideal solution that the entro-

py change is greater than for an ideal solution. Such a

solution occurs whenthere is an association among solute or

soivent molecules. In essence, then, the dissolution process
oceurs whenone

begins at a relatively ordered (low entropy)
state and progresses to a disorderly (high entropy) state.
The overall entropy change is positive, greater than that of
the ideal case, and favorable to dissolution. As may be

expected, the enthalpy change in such a solutionis positive
since association in a solute or solvent must he overcome.

The facilitated solubility of citric acid (an unsymmetrical
molecule),

as
compared

to inositol (a symmetrical molecule),
may be explained

on the basis of such a favorable entropy

change.!
The solubility of citric acid is greater than that of

inositol,
yet, on the basis of their heats of solution, inositol should be
more soluble. One may regard this phenomenon in another
way. The reason for the higher solubility of citric acid is
that althoughthere is no hindrance in the transferof a citric
acid molecule as it goes fromthe solute to the solution phase,
whenthe structurally unsymmetrical citric acid attempts 1o
return to the solute phase from solution, it must assume an

orientation that will allow ready interaction with poiar
groups already oriented. Lf it does not have the required
orientation, it will not return readily to the solute, but it will
remain ix sotution, thus bringing about a

solubility larger
than expected

on the basis of heat of solution.
On the other hand, the structurally symmetrical inositol,

as it leaves the solution phase,
can interact with the solute

phase without requiring
a definite orientation; all orienta-

tions are
equivalent. Hence, inositol can enter the solute

phase without hindrance and, therefore, no facilitation of its

solubility is observed.
In general, unsymmetrical molecules tend to be more solu-

ble than symmetrical molecules.
Anothertype of nonideal solution occurs where there is an

entropy change less than that expected of an ideal solution,
Such nonideal behavior can occur with polar solutes and
solvents. Ina nonidea! solution of this type there is signifi-
cant interaction hetween solute and solvent. As may be

expected, the enthalpy change (AA’) in such a solution is

negative and favors dissolution, but this effect is tempered
by the unfavorable entropy change occurring

at the same

time, The reason for the lower-than-ideal entropy change
can be visualized where the equilibrium system is more or-

derly and has a lower entropy than that expected for an ideal
solution. The overall entropy change of solution, thus,
would be less and not favorable to dissolution. One may
rationalize the lower-than-expected solubility of lithiumflu-
oride on the basis of this phenomenon. Compared with
otheralkali halides, it has a

solubility lower than would be

expected basedsolely
on

enthalpy changes. Because of the
small size of ions in this salt there may be considerable

ordering of water
molecules

in the solution. This effect

must, of course, lead to a lowered entropy and an unfavor-
able effect on

solubility. The effect of soluble salts on the

solubility of nonelectrolytes (page 209)
or

slightly soluble
salts (page 210) may be considered a reault of an unfavorable

entropy effect.

Pharmaceutical Solvents

The discussion will focus now on solvents available to

pharmacists and, in particular,
on their interactions and

preperties of these solvents. It is most important that the

pharmacist obtain an understanding of the possible differ-
ences in solubility of a

given solute in various solvents since

 
he most often is called on to select a solvent which will
dissolve the solute. A knowledge of the properties of sol-
vents will allow the intelligent selection of suitable selvents,

Molecular Interactions
The solvent-aolvent interaction is, in pharmaceutical sol-

vents, always made up of a
dipole-dipole interaction (Kee-

som
Force) and an induced dipole-incuced dipole interac-

tion (London Force). It is important to keep in mind that
both forces are always present; the contribution that each of
these forces makes toward the overall attractive force de-

pends
on the structure of the solvent molecule. Some sol-

vents have interactions which predominantly involve the
Keesom Force (eg, water), while others are

predominantly
composed of the London Force (eg, chloroform); usually,
both forces will be found.

Dipole-Dipole Forces—-The unequal sharing of the elec-
tron pair between two atoms due to a difference in their

electronegativity brings about a
separation of the positive

and negative centers of electricity in the molecule, causing it
to become polarized; thatis, to assume a

partial ionic charac-
ter. The molecule thenis said to be a permanent dipole and
the substance described as

being
a

polar compound.
The greater the difference in the clectronegativities of the

constituent atoms, the greater the inequality of sharing of
the electron pair, the greater the distance between the posi-
tive and negative centers ofelectricity in the molecuie and
the more

polar the resulting molecule. As the character of
the bonds are intermediate between those existing in nonpo-
lar compounds and those occurring in ionic salts, it is to be

expected that the properties of polar compounds should be
inlermediate between those of the two other classes. Such,
in fact, generally is the case.

Coordinate covalent compoundsall are very strongly polar
beeause both of the electrons constituting the bonding pair
have been contributed by

a donor atomwhich, in effect, loses
an electran and becomespositively charged, while the accep-
tor atom may be considered to gain

an electron and become

negatively charged.
While,in general, the electronegativities of different kinds

of atoms are
different, and the expectationis, therefore, that

all molecules containing
two or more different atomswill be

polar, many such molecules actually
are

nonpolar. Thus,
while the electronegativity of chlorine is appreciably differ-
ent from that of carbon, the molecule of carbon tetrachlo-

ride, CCl,, is nonpolar because the symmetrical arrangement
of chlorine atoms about the carbon atomis such as to cancel
the effects of the difference in the electronegativity of the
constituent atoms, The sameis true in the case of methane,
CH4,, and for hydrocarbons generally. But the molecules

CHCl, CHeCly and CHC], definitely
are

polar because of the

unsymmetrical distribution of the forces within the mole-
cule,

A knowledgeof the degree
of
polarity of various molecules

usually is available in the measurement of the dipole
mo-

ment, z, of the molecules. This quantity is defined as the

product of one of the charges
on the molecule and the dis-

tance between the two average centers of positive and nega-
tive electricity. Measurements of the dipole

momentof a

substance are
made, when possible,

on the vapor of the
substance but, when not possibile,

a dilute solution of the
substance in a

nonpolar solvent is employed. ‘Fable 1lists
the values of the dipole

momentfor a numberof substances.
As stated previously, the molecules of nonpolar sub-

stances are characterized by weak atlraclions for one anoth-
er, while molecules of polar substances exhibit a

relatively
strong attraction, whichis all the more

powerful the greater
the dipole moment. The reasonforthis is readily apparent;
the dipoles tend to align themselves so that the opposite
charges of two different molecules are

adjacent. They affect
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Table II-Dipole Moments 

Substonce 
E10ctrosto.tlc Units 

(11 X 10 10) 

Water 
Acetone 
Methyl ulcohol 
Ethyl alcohol 
Plu,;nol 
Ethyl ether 
Aniline 
Nitrobenzene 
o-Dinit.robenzene
m -Oinit.robenzenc 
p-Dini trobenzcM
Benzene
Met.bane
Chloromet.hane
Dich loromethane
Chloroform
Carbon tetrnchloride
Carbon monoxide
Carbon dioxide
Oxygen
Hydro1::en
J-Iydroi-:en chloride
Hydrogen bromide
Hydrogen iodide
Hydror,cn sulfide
Hydrogen cyanide
Ammonia

l.8f>
2.8
l.G8
1 .70
1.70
1 . 14
1 .51
4 .19
6.0
3.8
O.:J
0
0
l.86
1.58
1 .05
0
0. 1 1
0
0
0
1 .03
0.78
O.:lB
0.95
2.0:i
1 .49

each other in somewhat the same manner as do two bar 
magnets, the opposite polef:l of which are adjacent.. While 
thermal agitation tends Lo break up the alignment or associ­
ation of the dipoles, there is, nevert.hcless, a resultant signifi­
cant intermolecular force present.. 

Induced Dipole-Induced Dipole lt'orces--•It is of inter­
est. to inquire at this point what force does exist bet.ween the 
molecules of compounds which are non polar, eg, those which 
have zero dipole moment. If some attractive force did not 
exist, the molecules could not be expected to cling together, 
as in the solid and liquid stat.es. Although the attraction is 
relatively slight, there is a force that arises from momentary 
polarizat,ion of the molecules because of electronic oscilla­
tions which are laking place continuously within the mole­
cules. The temporary dipoles thus produced induce oppo­
site polarizut.ions in adjacent molecules and the net. effect is 
t.lrnt there is a small but definite attractive force between the
molecules to keep them t.ogethe1· in the liquid and solid
states. This attraction resulting from mutual polarization
commonly is referred to as the London Poree and as an
induced dipole-induced dipole force.

The Hydrogen Bond-The at.tract.ion between opposite­
ly charged ends of two dipoles is accentuated when the posi­
tive end of one dipole contains a hydrogen atom and the 
negative end of the other dipole contains an atom of fluorine, 
oxygen or nitrogen. In such instances the nucleus of the 
hydrogen atom-which is a prnton-appears to be able t.o 
bind together the negative end of the molecule, of which it is 
a part, with the negat.ive end of the adjacen t. molecule, This 
may be represented by Fig 16-8. 

Since the proton is the smallest positively charged atomic 
particle, it. can draw together two negatively charged ntorns 

��- p,oloo (+)

( (- · )  ) 
'---�" 

Fig 16�8. Hydrogen bonding. 
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or ions more closely than can any ot.Jwr•--and necessarily 
larger-positively charg(�d particle. Not more than two 
negative at.oms are capable of being attracted at. any given 
instant, as is evident from Fig lG-8, where a third negative 
at.om is shown to be rnst.rictcd physically from direct. cont.act. 
with the prnton. Wat.er is an excellent example of a sub­
stance, t.he molecules of which are associated through the 
formation of such a hond•-.. -called the hydrogen bond, An 
illustration of such bonding in the case of water may be 
represented as 

O-H···o-- n···()···H

I I I 
H II H 

Each dotted line representB the bond or "bridge" established 
by the hydrogen atom of one water molecule wit.h the oxygen 
atom of anothe1-, It is to be noted t.hat. the miter molecule is 
pict.ured as an angular, ratlwr than as a l inear, molecule 
(H-0-H). This is in accord with the bond angles imposed 
by t.he d irectional character of t.he bonding orbitals making 
up the molecule (see Chapter 22), By virtue of its kernel 
containing six unneut.rnlized protons, not. only the valence 
electrons of t.he oxygen at.om, but also those of t.he hydrogen 
atoms are attracted so strongly to the oxygen at.om as Lo 
make the lat.t.er charged negatively, while the rest. of the 
molecule is charged positively. 

The hydrogen bond is not a strong bond, but- it. plays an 
im portant role in determining the properties of l-:iUbstances 
in which it occurn, F'or example1 it primarily is responsible 
for the unusual properties of water. If t.he subst.ance 1·120 
followed t.he course of t.he related substances H2Te, t-bSe 
and H2S, in so far as the physical properties of these latter 
substances arc concerned, tbc freezing point of wat.er would 
be about. -100° and it.s boiling point about. -80° . The 
unexpectedly high values actually observed are att.ribut.ed to 
hydrogen bonding between molecules of wat.er. 'l'o break 
such bonds, as for example in vaporizing water in the form of 
single H20 molecules during the process of boiling, more 
energy is required than would be necessary if t.he water 
molecules were not linked by hydrngen bonds. 

The molecules of at. least t.he low-molecular-weight alco­
hols similarly nre joined by hydrogen bonds t.o form a lattice­
like structure. 

Another example of the manner in which the hydrogen 
bond functions is seen in the case of carboxylic acids. Such 
acids usually exist in dimeric form, the two molecules being 
joined by hydrogen bonding, which may be depicted as 

on ....... o 

/ ¾ 
RC CH 

¾ / 
Q •••. •• Ho 

This tendency is so pronounced in the case of acetic acid that 
even in the vapor state the substance exist.s in dimeric aggre­
gation. 

Classification 

On the basis of the forces of interaction occurring in sol­
vents one may broadly classify solvents as one of three types: 

L Polar so/vent.�--those made up ofst.rong tlipolar molecules having 
hydrogen bondini: (water or hydrog(m peroxide}. 

2. Semipola1· so/vents--ihose also mnde up of strong dipolar mole­
cules bui which do not form hydrog(m bonds (acetone or pent.yl alcohol). 

3. Nonpolar �·olven/ .. �--•i\10sc mude up of molecules having n sn11 1ll or
no dipolnr chnrncter (benzene, vegctuble oil or mineral oil).

Naturally, there are many solvents t.hat. may fit. into more 
than one of these broad classes; for t�xample, chloroform is a 
weak dipolar compound but generally is considered nonpo-

l 
i
; 
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lay in character, and glycerin could be considered a
polar

or

semipolar solvent even
thoughit is capable of forming hy-

drogen bonds.

Types

Water—Waterisa unique solvent. Besides being
a

high-
ly associatedliquid, giving rise to its high boiling point,it has
another very important property,

a
high dielectric constant.

The dielectric constant (indicates the effect that a sub-
stance has, whenit acts as a medium,

on the ease with which
two oppositely charged jons may be separated. The higher
the dielectrie constant of a

medium, the easier itis to sepa-
rate two

oppositely charged species in thal medium. ‘The
dielectric constants of a numberof

liquids
are

given in Table
Til. The values listed are relative to a vacuum which, by
definition, has a dielectric constant of unity. According to

Coulemb’s Law the force of attraction (7°) between two op-

positely charged ions is

alr
er

f=
 

(15)

where Z; and Z, are the charges
on the ions, ris the distance

separating the oppositely charged ionsand¢ is the dielectric
constant of the medium. Equation 15 indicates that the
force of interaction between the oppositely charged ions is

proportional inversely to the dielectric constant of the medi-
um.

‘Thus, the interactive force belween a sodiumand chlo-
ride ion in water at a distance r would be ay that of the same

ions in a vacuum separated the same distance. Looking at
this exampie in another way, Coulomb’s Law suggests that it
is much easier to

keep sodium and chloride ions apart in
water than ina vacuum. Consider another example: the
relative case with which the ions of sodium chloride may he

kept apart the sameclislance in water, as compared to alive

oil, would occur in the ratio of 86/3.1, thatis, iLis 80/3.1 times
easier to keep these ions apart i: water thanitis in oliveoil.
‘The ease of solubilizing salts in solvents like water and giyc-
erin can be explained

on the basis of their high dielectric
constant. In general, also, the more

polar the selvent, the

greater its dielectric constant.
There is a very close relationship between dielectric con-

stant and the two types
ofinteractions foundin ail solvents;

that is, the dipole-dipole interaction (Keesom) and the in-
duced dipole—induced dipole interaction (London). Thedi-
electric constant is related to these two forces through

a

quantity called fatal molar polarization, P, which is a mea-
sure of the relative ease with which a

charge separation may
be made within a molecule. The total molar polarization is

given by

Tabie Ili--Dielectric Constants (at 20°}

Hydrogen cyanide
...... 0.000 sees 116

Water... ceca c cece e tere eee
80

Gdyeertn
cccece ee ees

46
Ethylene glycol...

ee 4h
Methylalechol

oo... 00... c cuca
33

Iethyl alcohol...
6. ccc cece eee eee 25

n-Propyl alcohol...
0.00... eee 22

Acelone
20... eect eee e cere eee 23

Aniline...
0... eee cree eee nae

7.0
Chloroform

oo... cece ec eee 5.0
Castor O3)

6. cee eee eee eee
4.6

Iethyl ether .........0..0.-0 00a eee
4.3

Octyl aloohal
... 0.6.0.0. cee ee eae 3.4

Olive ofl
ooocece eee

3.1
Benzene... 0. ccc eee eas 2.2

Turpentine off. 0.0.0... 0.0 2.2
Sarbon tetrachloride...

0 ce eee
2.2

Qetone
oooceeeee

1.9

afc
l
Me+2 D

ry  
(16)

where ¢ is the dielectric constant of the substance, M is the
molecular weight and Dis the density. (for further details,
see Ref 1, page 114.) Total molar polarization is in turn

composed of two terms
2

4 a

{

..
3 kT

where P,
=

4/3 we is the contribution due to induced

polarization (the London contribution), and where

4
of

wetan
(5)3

is the contribution due to the permanentdipole (the Keesom

contribution), Nis Avogadro’s Number, « is a constant

called the polarizability (related to the induced dipole), p is
the dipole moment, & is the Boltzmann constant (1.38 X

10718 erg/mole/deg) and T is the absolute temperature.

Grouping all constant terms,il is possible
to rewrite Eg 17 as

P=A+B/T

P= Pot P=
‘

aNa + (17)

 

Pls

and substituting Eq 16, yields
e~1 M_ At B
e+2 D T

The first term on the right-hand side is the contribution to

the dielectric constant of the London dispersions; it is nat

temperature-dependent. The second term on the right-
handside is the contribution to the dielectric constant of the

Keesom dispersions. This latter contribution is tempera-

ture-dependent because the contribution from the perma-
nent dipole depends

on the dipotes aligning themselves,
which tendency is opposed by thermal agitation. ‘Thus,it is

apparent from Eq 18 (and fram common sense) that as

temperature increases, the dielectric constant of dipolarsol-
vents will tend to decrease.

Equation 18 also indicates that solvents which have large

dipole moments tend to have large dielectric constants be-
cause of the contribution of the P,

term (Bq 17). Water,
which has a very large dielectric constant, is estimated to

have %of its molecular interaction due to a
dipole-dipole

interaction and 44 due to the induced dipole—induced dipole
interaction. On the other hand, compounds such as ben-
zene, with a

dipole
moment ofzero, will have smalldielectric

constants since the contribution by the P,
term will drop out

of Eq 18.
Thereis an

important concept that should be considered
which has been introduced to pharmaceutical systems.? It
must be recognized that. pharmacists frequently

are con-

cerned with dissolving relatively nonpolar drugs in aqueous
or mixed polar aqueous solvents. To understand whal may
be happening in such cases, factors concerned with the en-

tropic effects arising from interactions originating with the

nonpolar solutes must be considered. Previously it had
heen noted that the favorable entropic effect on dissolution
was due to the disruption of associations occurring among
solute or sclvent molecules. Now, consider the effects on

solubility due to solute interactions in the solution phase.
Since the solutes under discussion are relatively nonpolar,
the interactions are of the London Force type or a

hydropho-
bic association. This hydrophobic association in aqueous
solutions may cause

significant structuring of water with a

resullant ordered or Jow-entropy system, unfavorable to so-

lution, As is known, the solution of an
essentially nonpolar

molecule in water is not a favorable process. LH. should be

stressed that this is due to net only
an unfavorable enthalpy

change but also an unfavorable entropy change generated by

(18)
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water-structuring. Such an unfavorable entropy changeis
quite significant in the solution process. As an

exampleof
this effect, the aqueous solubility of a series of alkyl] p-
aminobenzvoates shows a ten million-fold decrease in sotubil-
ity in going from the 1-carbon analog to the 12-carbon ana-

log. These findings demonstrate clearly the considerable
effect that hydrophobic associations can have.

Alcohols-—thanol,
as a

salvent, is next in importance to
water. An advantage is that growth of microorganisms does
not occur in sclutions containing alcoho! in a reasonabie
concentration.

Resins, volatile oils, alkaloids, glycosides,etc are dissolved

by alcohol, while many therapeutically inert principles, such
as gums, albumin and

starch,
are

insoluble, which makesit
more useful as a “selective” solvent. Mixtures of water and

alcohol, in proportions varying to suit specific cases, are used

extensively, They
are often referred to as

hydroaleoholic
solvents.

Glycerinis
an excellent solvent, although ils range js not

as extensive as that of water or alcohol. In higher concentra-

tions it has preservative action. It dissolves the fixed alka-

lies, a
large numberofsalts, vegetable acids, pepsin, tannin,

some active principles of plants, ete, but it also dissolves
gums, soluble carbohydrates, starch, ete. It is also of special
value as a

simple solvent,
as in phenol glycerite,

or where the

major portion of the glycerin simply is added ag a preserva-
tive and stabilizer of solutions that have been prepared with
othersolvents (see Glycerines, Chapter 84).

Propyleneglycol, which has been used widely
as a substi-

tute for glycerin, is miscible with water, acetone or chiora-

form in all proportions. IL is soluble in ether and will dis-
solve many essential ails but is immiscible withfixed oils. It
is claimed to be aa effective as

ethyl alcohel in its power of

inhibiting mold growth and fermentation.

Isopropyl alcohol possesses solvent properties similar to

those of ethyl alcohol and is used instead of the latter in a

number of pharmaceutical manufacturing operations. It
has the advantage in that the commonly available product
contains not over 1% of water, while ethyl alcohol contains
aboul 5% water, often a

disadvantage. Isopropy] alcoholis

employed in some inimentandlotion formulations. It can-

not be taken internally.
General Properties-~-Low-molecular-weight and polyhy-

droxy alcohols form associatedstructures through hydrogen
bonds just.as in water. When the carbon-atom contentof an

alcohol rises above five, generally only
monomers then are

present in the pure solvent. Although alcohols have high
dielectric constants, compared

to other Lypes of solvents,

they
are small compared

to water. As has been discussed,
the soluhility of salts in a solvent should be paralleled by its

dielectric constant. That. is, as the dielectric constant. ofa

series of solvents increases, the probability of dissolving
a

salt in the solvent increases. ‘This behavioris observed for
the alcohols. Table IV, taken from Higuchi,’ shows how the

sohthility of salts follows the dielectric constant of the alco-
hols.

As mentioned eartier, absolute alcoholrarely is used phar-
maceutically. However, hydroaleoholic mixtures such as

elixirs and spirits frequently
are encountered. A yery useful

generalization is that the dielectric properties of a mixed

solvent, such as water and alcohol, can be approximated
as

the weighted average of the properties of the pure compo-
nents. Thus,

a mixture of 60% aicohol (by weight) in water

should have a dielectric constant approximated by
=

0.6
(Gpateahat

+ DA CE
sater))Conixture)

~~

0.6(25) + 0.4(80)
=

47fonixture)
=

The dielectric constant of G0% alechol in water is found
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Table 1V—Solubilities of Potassium lodide and Sedium
Chioride In Several Alcohols and Acetone’
 

 
g Kt g Natl?

Solvent 160 g Solvent 100 9 Soivent

Water 148 Bao

Glycerin
a

8.3 (20°)
Propylene Glycol 50 1 (30°)
Methanol 17 1.4
Acetone 2.9 tee

Ethanel 1.88 0.068

1-Propanal O44 0.01.24

2-Propanal 0.18 0.008
1-Butanol 0.20 0.005
1-Pentanal] 0.089 0.0078

©
All moasurements are al 26°C unless otherwise indicated.

experimentally to be 43, which is in close agreement with
that just caleulated. The dielectric constant of glycerin is
46, close to the 60%alcohol mixture. One would, therefore,
expect

a salt like sodium chloride to have about the same

solubility in glycerin
as in 60% alcohol. ‘The solubility of

sodium chloride in glycerin is 8.3 ¢/100 g of solvent and in
60% alcohol about. 6.3 ¢/100 g of solvent. This agreement
would be even closerif compariaons

were made on a volume
rather than weight basis. At Jeast qualitatively it can be
said that the solubility of a salt in a solyent or a mixed
solvent very closely follows the dielectric constant of the
mediumor, conversely, that the polarity of mixedsolvents is

paralleled by their dielectric constant, based onsalt solubili-
by.

Although the dielectric constant is useful in interpreting
the effect of mixed solvents on salt solubility, it cannot be

applied properly to the effect of mixed solvents on the solu-

bility of nonelectrolytes. It was seen earlier that unfavor-
able entropic effects can occur upon dissolutionof relatively
nonpolar nonelectrotyles in water. Such an effect due to

hydrophobic association considerably affects solubility.
Yalkowsky® studied the ability of cosolvent systems to in-
crease the solubility of nonelectrolytes in polar solvents
where the cosolvent system essentially brings about a reduc-
tion in structuring of solvent. Thus, by increasing, in a

positive sense, the entropy of solution by using cosolvents,it
was

possible to increase the solubility of the nonpolar mole-
cule. Using

as an
example the solubility of alkyl p-amino-

benzeates in propylene glycoi-water systems, Yalkowsky*
reported that it is possible Lo increase the solubility of the

nonelectrolyte by several orders of magnitude hy increasing
the fraction of propylene glycol in the aqueous system.
Sometimes, it is found that,

as a
good first. approximation,

the logarithm of the soluhility is related linearly tothe frac-
tionof propylene glycol added by

log Sy

=
log Syoy

+ of

where Sy
is the solubility in the mixed aqueous system con-

taining the volume fraction f of nonaqueous cosolvent, Sj<0
is the solubility tn water and ¢ ia a constant (not dielectric

constant) characteristic of the system understudy. Specifi-
cally, when a 50% solution of propylene glycol in wateris

used, there is a 1000-fold increase in solubility of dodecyl p-
aminohensoate, in comparison to pure water.

In a series of studies, Martin et af§ have made attempts to

predict. solubility in mixed solvent systems through
an ex-

tensionof the “regular solution” theory. The equations
ave

logarithmic
in nature and can reduce in form to the equa-

tions of Yalkowsky.
Aectone and Related Semipolar Materials—Even

though acetone has a very high dipole
moment(2.8 X 10738

esu), as a pure solvent it does not form associated structures.
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»
Hl TCH,

Fig 16-9. Tha charge separation in acetone.

This is evidenced by its low boiling point (87°) in compari-
son with the boiling point of the lewer-molecular-weight
water (100°) and ethanol (78°}. ‘The reason whyit does not

associate is because the positive charge in its dipole does not
reside in a

hydrogen atom (Fig 16-9), precluding the possi-
bility of its forming

a
hydrogen bond. However, if some

substance which is capable of forming hydragen bonds, such
as water or alcohol, is acided to acetone, a very strong inter-
action through bydrogen bonding will occur (see Mechanism

of Solvent Action below}. Some substances whichare semi-

polar and sianilar to acetone are
aldehydes, low-molecular-

weight esters, other ketones and nitro-containing
com-

pounds.
NonpolarSolvenis-—-This class of solyents includes fixed

oils such as
vegelabie of], petroleum ether(ligroin}, carbon

tetrachloride, benzene and chloroform. Qnarelative basis
there is a wide range of polarity among these solvents; for

example, benzene has no
dipole moment while that of chio-

roform is 1.05 X 107" esu. But even the polarity of these

compounds normally classified as
nonpolar is still in line

with the dielectrie constant of the solvent. The relation
between these quantities is seen best through

a
quantity

called melarrefraction. The molarrefraction (or refracttyi-
ty), #, of a compoundis given by

ni
M

Ra
2
a 19n+ D a9)

where nis the refractive index of the liquid, M is its molecu-
lar weight and Dis its density. The similarity between [tq
19 and Eq 16 is to be noted and, indeed, in refractive index
measurements using very long wavelengthsof light, n®

= «.

Thus, molar refraction under these conditions approximates
total molar polarization, Since, in the more

nonpolarsol-
vents there is generally

no
dipole moment, pz, total molar

polarization reflects polarization due only to the induced

dipoles possible. Thus

(20)

itis evidentfrom this that the refractive index of a
nonpolar

compoundreflects iis relative polarity. For example, the

more-polar benzene {¢
=

2.2) has a
higher refractive index,

1.501, than the less-polar hexane (¢
=

1.9), whose refractive
index is 1.375.

It should be emphasized again that whena solvent (such
as chloroform) has highly electronegative halogen atomsat-

tached Lo a carbon atom also containing at least one
hydro-

gen atom, such a solvent will be capable of forming strong
hydrogen bends wilh solutes which are

polar in character.

Thus, through the formation of hydrogen bonds such sol-
vents will digselve polar sohites, For example, iis possibie
to dissolve alkaloids in chloroform.

Mechanism of Solvent Action

A solvent may function in one, or more, of several ways.
When anionic salt is dissolved, eg, by water, the process of
solution involves separation of the cations and anions ofthe
salt with attendant orientation of molecules of the solvent
about the ions. Such orientation of solvent molecules about
the ions of the solute-—-a process called solvation (hydration,
if the solvent is water)—is possible only when the solvent is

highly polar, whereby, the dipoles ofthe solventare attract-
ed to and held by the ions of the solute. The solventalso

 
must possess the ability ta keep Lhe salvated, charged ions

apart. with minimal energy. ‘The role of the dielectric con-

stant in keeping this energy Lo a minimum has been dis-
cussed earlier.

A polar liquid such as water may exhibit solvent action
also by virtue ofits ability to break a covalent bond in the
solute and bring about ionization of the latter. For example,
hydrogen chloride dissolves in water and functions as anacid
as a result of

HCI +
H,0

-

H,0*
+ CI-

The ions formed bythis preliminaryreaction of breaking the
covalent. bond subsequently

are maintained in solution by
the same mechanism as ionic salts.

Stilt another mechanism by which a
polar liquid mayact

as a solventis that. involved when the solvent andsolute are

capable ofbeing coupled through hydrogen-bondformation.
The solubility of the low-molecuiar-weight alcohols in water,
for example, is attributed to the ability of the alechol mole-
cules to become part of a water-alcahol association complex.

ii R H R

| | | |
HemQeQeOe0

As the molecular weight ofthe alcohol increases, it becomes

progressivelyless polar and less abie to compete with water

molecules for a
place in the lattice-like arrangement formed

through hydrogen bonding; high-molecular-weight. alcohols

are, therefore, poorly soluble or insoluble in water. When
the numberof carbon atoms in a normal alcohol reaches five,
its solubility in water is reduced materially.

When the number of kydroxy] groups in the alcohol is

increased, its solubility in water generally is increased great-
ly; ii is principally, if not entirely, for this reason that such

high-molecular-weight compounds
as sugars, gums, many

glycosides and synthetic compounds, suchas the polyethyl-
ene

glycols,
are very soluble in water.

The solubility of ethers, aldehydes, ketones, acids and

anhydrides in water, and in other polar solvents, also is

attributable jJargely
to the formation of an association com-

plex between salute and solvent by means of the hydrogen
bond. The molecules of ethers, aldehydes and ketones, un-

like those of alcohols,
are not associated themselves, because

of the absence of a hydrogen atom whichis capahle of form-

ing the characteristic hydrogen bond. Notwithstanding,
these substances are more or less polar because of the pres-
ence of a

strongly electroncgative oxygen atom, which is

capable of association with water through hydrogen-bond
formation. Acetone, for example, dissolves in water, in all

likelihood, principally because of the following type of asso-

ciation:
H

|
(CHg.CO + Ho

>
(CH3).CO--H--O

The maximum numberof carbon atoms which may be

present per molecule possessing
a

hydrogen-bondable
group, while still retaining watersolubility, is approximately
the sameas forthe alcohols.

Althoughnitrogenis less electronegative than oxygen and,
thus, tends to form weaker hydrogen bonds, it is observed
that amines are at Jeast as soluble as alcohols containing

an

equivalent chain length. The reasonfor this is that aleohols
form two hydrogen bonds with a net interaction of 12 keal/
mole. Primary amines can form three hydrogen bonds; two
amine protons are shared with the oxygens of two water

molecules, and the nitrogen accepts one water proton. The
net interaction for the primary amine is between 12 and 13
keai/mole and, hence, it shows an

equal
or greater solubility

compared with
corresponding

alcohols.
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The solvent action of nonpolar liquids involves a some-

what different mechanism. Because tbey
are unable to form

dipoles with which to overcome the attractions between ions
of anionic salt,

or to break a covalent bond to produce
an

ionic compound
orform association complexes with a salute,

nonpolar liquids
are

incapable of dissolving polar
com-

pounds. They only
can

dissolve, in general, other nonpolar
substances in which the bonds between molecules are weak.
The forces involved usually

are of the induced di-

pole-induced dipole type. Suchis the case when one hydro-
carbonis dissolved in another,

oranoil or a fat is dissolved in

petroleum ether. Sometimes it is ohserved that a
polar

substance, such as alcohol, will dissolve in a
nonpolarliquid,

such as benzene. ‘This apparent exception to the preceding
generalization may be explained by the assumption that. the
aleohol molecule induces a temporary dipole in the benzene
molecule which forms an association complex with the sol-
vent molecules. A binding force of this kind is referred to as
a permanent dipole-induced dipole force.

Some Useful Genoralizations—Phe preceding diseussion indicates
that enoughis known abeut the mechanism of selubility to he able to
formulate some pencralizations concerning this important physical
property of substances. Beeause ofthe greater importanceof organic
substances in the field of medicinal chemistry, certain of the more useful
veneralizations with respect. to organic chemicals are

presented here in
summary form. It should be remembered, however, that the phenome-non of solubility usually involves several variables, and there may be
exceptions 1o general rules.

One general maxim which holds true in most instances is: Le greater
the structural similartiy between solute and solvent, dhe greater fhe
solubility. As often stated to the student, “like dissolves like.” ‘Thus,
phenel is almost insoluble in petroleum ether but. is very soluble in

glycerin.
Organic compounds containing polar greups capable of forming hy-

drogen bonds with water are soluble in water, providing that the molecu-
lar weight of the compoundis not too great. Jt is demonstrated easily
that. the pelor groups OH, CHO, COH, CHOH, CH,OH, COOH, NOQ,,
CO, NH, and $O.H Lend to increase the solubility of an

organic
com-

pound in water. Onthe other hand, nonpolar
or very weak polar groups,

sueh os the various hydrocarhon radicals, reduce sotubility; the grenter
the numberof carbon atoms in the radical, the greater the decrease in
solubility. Introduction of halogen atoms into a molecule in general
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Table V-—Demonstration of Solubility Rules

Chemical Compound Solubitily"

Aniline, CoH,NUs 28.6
Benzene, Cy, 1430
Benzoic acid, CgH,C00H 2%h

Benzy! alcohol, Cg,CH,OH 25

1-Butanal, C,4eOH 12

t-Butyl alcohol, (CH3);3COH Miscible
varhon tetrachloride, CCl, 2000

Chloroform, CHCl, 200
Fumaricacid, truns-buienedioie acid 150

Hydroguinone, Cy{OH}, 14
Maleicacid, e7s-butenedioic acid 5

Phenol, CgH,0H 18

Pyrocatechol, CgHy{OH), 2.3

Pyrognllol, Cala(OH), 17

Resorcinol, CyH,(OH}, 09  
“The number of mLof water required to digsalve 1 of sohite.

tends to decrease solubility because of an increased molecular weight.
without a proportionate increase in polarity.

The greater the number of polar groups contained per molecule, the
greater thesolubility of a compound, provided that the size ofthe rest. of
the molecule is not altered; thus, pyrogailal is much more soluble in
water than phenol. ‘The reledive positions of the groups in the molecule
also influence solubility; thus, in water, resorcinol (m-dihydrexyben-
zone} is more soluble Shan ealechol (o-dihydroxybengene), and the latter
is more soluble than hydroquinone (p-dihydroxybenzene).

Polymers and compounds of bigh molecular weight. generally are insol-
uble or only very slightly soluble.

High melting points frequently are indicative of tow solubility for
organic compounds. One reason for high melting points is the associa-
tien ef molecules andthis cohesive force tends lo prevent. dispersion of
the soluie in the solvent.

The cis form of an isomeris more soluble Uinn the trans form, See
Table V.

Solvation, which is evidence of the existence of a strong aitraclive
foree between solute and solvent, enhances the solubility of the solute,
providedthereis not a marked ordering of the selvent. molecules in the
solution phase.

Acids, especially strong acids, usually produce water-soluble salts
when rencted with nitrogen-conLaining organic bases.

Colligative Properties
of Solutions

Up to this point
concern has been with dissalving

a solute
in a solvent. Having brought about the dissolution, the

solution, quite naturally, has a numberof properties which
are different from that of the pure solvent. Of very great
importance

are the colligative properties which a solution
possesses.

The colligative propertics of a solution are those that

depend
on the numberof solute particles in solution, irre-

spective of whether these are molecules or
ions, large

or

small. Ideally, the effect of a solute particle of one
species is

considered to be the same as that of an
entirely different

kind of
particle, at least in dilute solution. Practically, there

may be differences which may become substantial as the
concentration of the solutionis increased.

The colligative properties which will be considered are:

1. Osmetic pressure.
2, Vapor-pressure lowering.
&  Boiling-point elevation.
4, Freezing-point depression.

Of these four, all of which are related, osmotic pressure
bas the greatest direct importance in the pharmaceutical
sciences. It is the property that largely determines the

physiological acceptability of a
variety of solutions used [or

therapeutic purposes.

Osmotic-Pressure Elevation

Diffusion in Liquids—Although the property of diffu-
sion is rapid in gaseous systems, it is not limited to such

aystems. That molecules or ions in liquid systems possess
this same freedom of movement may be demonstrated by
placing carefully

a
layer of water on a concentrated aqueous

solution of any salt. In time it will be ohserved that the

boundary between solvent and solution widens gradually
since salt moves

into the water layer and water
migrates

from its layerinto the salt solution below. Eventually, the

composition of the new solution will become uniform

throughout. This experiment indicates that substances
tend to moveor

diffuse fromregions of higher concentration
io regions of lower concentrations so that differences in
concentration eventually disappear.

Osmosis—In carrying out the experimentjust described,
it is impossible to distinguish between the diffusion of the
solute and that of the solvent. Towever, by separating the
solution and the selvent by

means of a membrane that is

permeable to the solvent, but not to the solute (such a menn-

brane is referred to as a
semipermeable membrane), it is

possible to demonstrate visibly the diffusion of solventinto
the concentrated solution, since volume changes will occur.

In a similar manner,if iweosolutions of different concentra-
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tion are
separated by

a membrane, the solvent will move

from the solution of lower solute concentration to the solu-
tion of higher solute concentration. This diffusion of sol-
vent through

a membraneis called osmosts.
There is a difference between the activity

or
escaping

tendencyof the water melecules found in the solvent and
salt solution separated by the semipermeable membrane.
Since activity, which is related Lo water concentration, is

higher
on the pure solvent side, water moves from solvent to

solution in arder to equalize escaping-tendency differences.
The difference in escaping-Lendency gives rise to what is

referred to as the osmotic pressure of the solution, which

might be visualized as follows. A semipermeable membrane
is placed

over the end of a tube and a small amountof sallt.
solution placed

over the membrane in the tube. The tube
{hen is immersedin a

trough of pure waterso that the upper
level of the salt solution initially is at the same !evel as the
water in the trough. With time, solvent molecules will move

from solventinto the tube. ‘The height of the solution will

rise until the hydrostalie pressure exerted by the columnof
solution is equal to the osmotic pressure.

Osmotic Pressure of Nonelectrolytes—I’rom quantita-
tive studies with solutions of varying concentration of a

solute that does not ionize, if has been demonstrated that
osmotic pressure is proportional

to the concentration af the

solute; ie, Lwice the concentration of a
given nonelectrolyte

will produce twice the osmotic pressure in a
given solvent.

(Phis is not strictly true in solutions of fairly high solute

concentration, but does hold quite well for dilute solutions.)
Furthermore, the osmotic pressures of solutions ofdiffer-

ent nonelectrolytes
are

proportional
to the numberof mole-

cules in each solution. Stated in another manner, the os-

motic pressures of two nonelectrolyte solutions of the same

molal concentration are identical. ‘Thus,
a solution contain-

ing 34.2 g of sucrose (mol wt 342) in 1000 g of water has the
same osmotic pressure as a solution containing 18.0 g of

anhydrous dextrose (mol wt 180} in 1000 g of water. ‘These
solutions are said to be fseosmotic with each other because

they have identical osmotic pressures,
A study of the results of osmotic-pressure measurements

on different. substances led the Dutch chemist Jacobus Hen-
ricus van’t Hoff, in 1885, to suggest that the solute in a

solution may be considered as being analogous to the mole-
cules of a gas and the osmotic pressure as

being produced by
the bomhardment of the semipermeable membrane by the
molecules of solute, According to van't Hoft’s theory the
osmatic pressure of a solution is equal to the pressure which
the dissolved substance would exertin the gaseous state if it

occupied
a volume equal to the volume of the solution.

Fromthis it follows that, just
as in the case of a gas, there isa

proportionality between pressure and concentration of dis-
solved substance. This proportionality is Ulustrated well by
the values of the osmotic pressure of solutions of sucroseat
0° as determined by the Bari of Berkeley and GJ Hartley
and shown in Table VI.

In column PY of Table VF a
quantitative confirmation, at

least for fairly dilute solutions, of van’t Hoff’s oversimplified

Table VI—Osmotic Pressure of Sucrose Solutions  

 

Val Ink
in Which 19 Pressuro

Mole is in Atmos
Cone, (g/L}, Dissolved, ¥" Pp P/G PY

16.00 84.2 0,65 0.065 22.2
20.00 17.1 1.27 0.064 217
45,00 7.60 2.94 0.065 22.4
93.75 3.65 6.23 0.067 22.7 

«These figures were obtained by calculating the volumeofsolutionin which
342 Gal wet) ¢ of sucrose would he dissalved.

though useful generalization is shown by the constancy of
the values of the product PV. Recall that the productof the

pressure andthe volumeof'a gas, al constant temperature, is
likewise constant (Boyle’s law).

Van't Hoff also deduced that the osmotic pressure mustbe

proportional
to the absolute temperature, just

as in Charles’
law for gases, which deduction was confirmed by the experi-
ments of several workers, From this it follows that the

equation PV
=

n&Tis valid for dilute solutions of nonelec-

trolytes just
as a similar equationis valid for gases, Howev-

er, even as
Boyle’s law does not apply

to gases under high
pressures and at low temperatures, so van’t Hoff's equation
for osmotic pressure does not apply in concentrated solu-

tions,
Osmotic Pressure of Electrolytes—-In discussing the

generalizations concerning the osmotic pressure ofsolutions
of nonclectrolytes it was slated thalthe osmotic pressures of
two solutions of the same molal concentration are identical.
This generalization, however, cannot be made for solutions
ofelectrolytes, ie, acids, alkalies and salts (see Chapter 17).

For example, sodiumchloride is assumedto ionize as

NaCl
>

Na®-F Civ

It is evident that cach molecule of sodium chloride that
ionizes produces

two ions and, if sodium chloride is com-

pletely ionized, there will he twice as many particles
as

would be the case if it were not ionized at al Furthermore,
if each ion has the same effect on osmotic pressure as a

molecule, it might be expected that the osmotic pressure of
the solution would be twice thatof a solution containing the
same mola! concentration of nonionizing substance.

For solutions which yield
more than twoions as, for exam-

ple

K,80,
>

2K+
SO,"

FeCl,
>

Fe" + 301”

it is to be expected that the complete dissociation of the
molecules would give rise to osmotic pressures that are three
and four times, respectively, the pressure of solutions con-

taining an
equivalent quantity of a nonionized solute. Ac-

cordingly, the equation PV
=

nT, which may be employed
to calculate the osmotic pressure of a dilute solution ofa

nonelectrolyte, also may be applied to dilute solutions of

electrolytes if it is changed to PV
=
In, where the value of

i approaches the number ofions produced by the ionization
of the strong electrolytes cited in the preceding examples.
lor weak electrolytes { represents the total numberofparti-
eles, ions and molecules together, in the solution, divided hy
the numberof molecules that would be presentif the solute
did not ionize. The experimental evidence indicates Lhat in

dilute solutions, at least, the osmotic pressures approach the

predictedvalues. Jt should be emphasized, however, that in
more concentrated solutions of electrolytes the deviations
from this simple theory

are considerable, due to interionic

attraction, solvation and other factors.

Biological Aspects of Osmotic Pressure—Osmotic-
pressure experimentswere made as early as 1884 by the
Dutch botanist Hugo de Vries in his study of plasmelysis,
which term is applied to the contraction ofthe contents of

plant cells placed in svlutions of comparatively high osmotic

pressure. The phenomenon is caused hy the osmosis of
water out of the cell through the practically semipermeable
membrane surrounding the protoplasm. If suitable cells

(eg, the epidermalcells ofthe leaf of Tradescanta discolor)
are

placedin
a solution of higher osmotic pressure than that

of the cell contents, water fows out of the cell, causing the
contents to draw away from the cell wail. On the other

hand, if the cells are
placed in solutions of lower osmatic

pressure, water enters the ceil, producing
an expansion
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whichis limited by therigid cell wall. By immersingcells in
a series of solutions of varying solute concentration, a solu-
tion maybe found in which plasmolysis is barely detectable
or absent. The osmotic pressure of such a solution is then
the same, or very nearly the same, as that of the cell contents,
anditis then said that. the solution is isotonic with the cell
contents. Solutions of greater concenteation than this are

said to be /yypertonic and solutions of lower concentration,
hypotonic.

Red blood cells,
or

erythrocytes, have been studied simi-

larly by immersioninto solutions of varying concentration of
different solutes. When introduced into water or into sodi-
um chloride solutions containing less than 0.90 g of solute

per 100 mL, human erythrocytes swell, and often burst,
because of the diffusion of water into the cell and the fact
that the cell wall is not sufficientiy strong Lo resist the pres-
sure. This phenomenonis referred to as

hemolysis. Ifthe
cells are placed in solutions containing

more than 6.90 ¢ of
sodium chloride per 100 mL, they lose water and shrink. By
immersing the cells in a solution containing exactly 0.90 g af
sodium chloride in 100 mL,

no
change in the size of the cells

is observed; since in this solution the cells maintain their

“tone,” the solutionis said to be isotonic with human eryth-
rocytes. For the reasons indicated it is desirahle that solu-
tions to be injectec into the blood should be made isotonic
with erythrocytes. The mannerin which this may be done is
described in Chapter 79.

Distinction between Isoosmotic and Isotonic-—The
terms isoosmotic and isotonic are not to be considered as

equivalent, although
a solution often may be described as

being both isoosmotic and isotonic. If a
plant

or animal cell
is in contact with a solution that has the same osmotic

pressure as the cell contents, there will be no net gain
orloss

of water by either solution provided the cell membraneis

impermeableto all the solutes present. Since the volumeof
the cell contents remains unchanged, the “tone”,

or normal
state, of the cell is maintained, and the solution in contact

with the cell may be described not only
as

being isoosmotic
with the solution in the cell, but also as

being isotonic withit.

If, however, one or more of the solules in contact with the
membrane can pass throughthelatter,it is evident that. the
volume of the cell contents will change, thus altering the
“tone” of the cell; in this case the two solutions may be

iscosmotic, yet not be isotonic.
lt is possible that some substances used in an

injection
dosage form can cause

hemolysis of red blood cells, even

when their concentrations are such as Lo produce solutions

theoretically isoosmotic with the cells, because the solutes
diffuse through the membrane of the cells. For example,

a

£.8% solution of urea has the same osmotic pressure as a 0.9%
solution of sodium chloride, but the former solution pro-
duces hemolysis of red blood cells; obviously the urea solu-
tion is nol isotonic with the cells. To determineif asolution
is isotonic with erythrocytes, il is necessary to determine the
concentration of solute at whichthe cells retain their normal
size and shape. A simple method for doing this was devised

by Setnikar and Temelcou,’ who determined the concentra-
tion of a solution at which red blood cells maintained a

volume equal
to that occupied in an isotonic solution of

sodium chloride. The red celf volumes were determined by
centrifuging suspensions of them in different solutions, us-

ing
a hematocrit tube.

Vapor-Pressure Lowering

When a nonvolatile solute is dissolved in a
quid solvent.

the vaporpressure ofthe solventis lowered, ‘This ensily
can

be described qualitatively by visualizing solvent molecules
on the surface of the solvent, which normally could escape
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into the vapor, being replaced by solute molecules which
have Jittle if any vapor pressure of their own. For ideal
solutions of noneleetrolytes the vapor pressure ofthe solu-
lion follows Raoult’s law

Pre XP? (21)

where , is the vapor pressure of the solution, Pa° is the

vapor pressure of the pure solvent and X, is the molefrac-
tion of solvent. This relationshipstates that the vapor pres-
sure of the solution is proportional to the number of mele-
cules of solventin the solution. Rearranging Eq 21 gives

(22)

 
where Xp is the mole fraction of the salute. 'This equation
states that the lowering of vapor pressure in the solution
relative to Lhe vapor pressure of the pure solvent.—called

simply the relative vapor-pressure lowering-—is equal
Lo the

mole fraction of the solute. The absolute lowering of vapor
pressure of the solution is defined hy

Pye

~

Py
=

MX yPys? (23)

Example—-Calculate the loweriy of vapor pressure and (he vapor
pressure at. 20°, of a solution containing 50 g of anhydrous dextrose {mol
wt 180,16) in L000 g of water (mol we 18.02}, ‘Phe vapor pressure of waler
at 20°, in absenceof air, is 17.585 mm.

First, caleulale the lowering of vapor pressure, using Hg 23, in whieh
Xt is the mole fraction of dextrose, defined hyI

whereng is Lhe nuinber of moles of solvent.andny is the numberof moles
af solute, Substitoting numerical values

.
ty meee

=
0.278

$BQL2

=
1000 ans

hy 12.02
bao

0.278
=EEEa

0.00498BY
56.5 + 0,278

the lowering of vaper pressure is

Pyo
~

Py
=

0.00408 X 17.535
=

0.0873 mm

The vapor pressure ofthe solution is

Py
=

19.535
—

0.0878
=

17.448 mm

Boiling-Point Elevation

In consequence of the fact that the vapor pressure of any
solution of a nonvolatile solute is less than that of the sal-

vent, the boiling point of the solution—the temperature al.

which the vapor pressure is equal to the applied pressure

(commoniy 760 mm)---must be higher than that of the sol-
vent. This is clearly evidentin Fig 16-10.

The relationship between the elevation of boiling point
and the concentration of nonvolatile, nonelectrolyte solute

may be derived from the Clausius-Clapeyron equation (see

Chapter 15), whichis

ap
= P Al

vey £94)
dT RT?

Replacing the differential expression dP/dT by AP/AT,
where AP is the lowering of vapor pressure and AT, is the
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Fig 16-10. Vapor-pressure-tamperature diagram for water and an

aqueous solution,illustrating olevatlon of boiling point and ioworing of

freezing point of the latter.

elevation of boiling point, and introducing P,°, the vapor
pressure of the solvent at. ita boiling point Tp, results in

D OLA
T

AP
=

sea
(25)

AT, RT"

 

Since the lowering of vapor pressure in an ideal solutionis
uw Y pa

AP
=

XpP 5 {26)

suhstitution of this equation into [iq 25, with rearrangement
to provide

a solution for AT), gives

AT,
=~

(27)

‘This equation may be used to calculate the elevation ofthe

boiling point if the concentration of solute is expressed
as

the mole fraction. A more common
expression, however, is

in terms of the molality
m (the number of gram-moles of

sotute per 1000 g¢ of solvent), which relationshipis derivedas

Ny n m
Nyy

omteee
ee (28}

Bong tny  1000/M,
+m

~

1000/M,
In these equations M, is the molecular weightof the solvent.

Whenthe solutions are dilute,
so that mis smail, it may be

neglected in the denominator (but not in the numerator!) (o

give the approximate equivalentin liq 28. Substituting this

equivatent. into liq 27 gives

 

RT, Mm
=
oA (29)
LOQDAAay

Grouping the constants into a
single

termresults in

AT,
=

Kym (30)

where

RT IM

boa (31)
LOOO AH,vap

and is called the molal boiling- point elevation constant.
The value of this constant for water, which boils at 873.1°

K, has a heat of vaporization of 539.7
cal/g and a molecular

weight of 18.02,is

1g,
= 1:987.X878.1?X18.02

1000 X 18,02 539.7

Notwithstanding that Kj) is called a molal boiling-point
elevation constant, it should not be interpretedas the actual
rise of boiling point for a 1-molal solution. Such selations
are

generally tev concentrated to exhibit the ideal behavior

=
0,513° (32)

 

assumed in deriving the equationfor calculating the theoret-
ical value of the constant, In dilate solutions, however, the
actual boiling-point elevation, calculated 4a a 1-molal basis,

approaches the theoretical value, the closer the more dilute
the solution.

The elevation of boiling point of a difule solution of a

nonelectrolyte solute may be usedto calculate the mol wt of
the latter. In a solution containing wp g of solute of My in
tu, g of solvent the molality

mis

2 33i,May
(38)

substituting this into liq 30 and rearranging gives

Ki 1000 wa
B™ teeth

(34)
wrAT,

Freezing-Point Depression

The freezing point of a solventis defined as the tempera-
ture at which the solid and

liquid formsof the solvent coexist
in equilibrium at a fixed external pressure, commonly 1 atm

(760 mm of mercury), At this temperature the solid and

liquid forms of the solvent must have the same vaporpres-
sure, for if this were not so, the form having the higher vapor
pressure would change into that having the lower vapor
pressure.

The freezing point of a solution is the temperature at
which the solid form of the pure solvent coexists in equilidri-
um with the solution at a fixed external pressure, again
commonly 1 atm, Since the vapor pressure of a solutionis

lower thanthat of its selvent, it is obvious that solid soivent
and solution cannot coexistat the same temperature

assolid
solvent and Higuid solvent; only at some lower temperature,
where solid solvent and solution do have the same vapor
pressure, is equilihrium established. A schematic pres-
sure-temperature diagram for water and an aqueous solu-

tion, not drawnto scale and exaggerated for the purpose of
more effective illustration, shows the equilibrium conditions
involvedin both freezing-point depression

andboiling-point
elevation ("ig 16-10).

The freezing-point lowering of a solution may be quantita-
tively predicted for ideal solutions,

or dilute solutions which

obey Raoult’s Jaw, by mathematical operations similar to

(though somewhat more
complex than) those used in deriv-

ing the boiling-peint elevation constant. The equationfor

the freezing point lowering, AT;,is

RTGEMamAT.
= 2"=

K 35‘~
j000AH,,

(89)

where

RTM,Ky
8 eee

36* LOOOAHpus
(36)

The value of K; for water, which freezes at 273.1°K and has a

heatoffusion of 79.7 cal/g, is
2

ie
1.987 X 273.1" X 18.02 _ 1.86° (37)

1000 X 18,02 x 78.7

The molal freezing-point. depression constant is not in-
tended to represent the freezing-point depression for a 1-
molai solution, whichis too concentrated for the premise of
ideal behavior to be applicable. In dilute solutions the

freezing-point depression, calculated to a 1-molal basis, ap-

proaches the theoretical value, the agreement between ex-

periment and theory being the better the more dilute the
solution.
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The freezing point of a dilute solution of a
nonelectrolyte

solute may be used, as was the boiling point, to calcwate the
molecular weight of the sotute. The applicable equationis

_
Ky1000 Uy (38)'

w,AT,
The molecular weight of organic substances soluble in

moiten camphor may be determined hy observing the freez-

ing pointof a mixture of the substance with camphor. This

procedure, called tbe Rast method,
uses

camphorhecause it
has a very large molal freezing-point-depression constant,
about 40°. Since the “constant” may vary with different
lots of camphor and with variations of technique, the meth-
oc should be standardized using

a solute of known molecular

weight.
Freezing-point determinations of molecular weights have

the advantage
over

boiling-point determinations of greater
accuracy and precision byvirtue of the larger magnitude of
the freezing-point depression comparedto boiling-pointele-
vation. ‘Thus, in the case of water the molal freezing-point
depressionis approximately 3.5 times greater than the molal

boiling-point elevation.

 

Relationship between Osmotic Pressure and

Vapor-Pressure Depression

The lowering of vapor pressure and the development of
osmotic pressure in a solution are both manifestations of the
basic condition that the free energy of solvent. molecules in
the pure solventis greater than the free energy of solvent
molecules in the solution. Consequently, solvent molecules
will transfer spontaneously, if given

an
opportunity, from

solvent to solution until equilibrium conditions are estab-
lished. The transfer can take place cither through

a mem-

brane permeable only to solvent inoleculesor,
if such contact

between solvent and solution is nol available, by distillation
of solvent from pure solventto solution, if access through

a

vapor phase is provided.
If an

experiment is performed with two sets of vessels

containing solution and solvent, as illustrated in Fig 16-11,
differing only in that the long tube of one set has a

semiper-
meable membrane attached to its lower end, while in the
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Fig 16-11, Transfer of solvent to equal volumes: of solution. A:

Osmatically, through a semipermeable membrane separating soju-
tion and solvent. &: By distiliation, through a membrane separating
solution and solvent vapor.
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other a
hypothetical membrane separates the vapor phases,

in time thesaine
hydrostatic pressure should developin both

cases, For a definite volume, eg, &
mole, of solvent trans-

ferred to the solution by distillation the changeof free ener-

gy, AG, in the process is

(39)PyAG
=

RTin wo
Pa

where Py is the vapor pressureof the solution and P,° is the
vaporpressure of the solvent,

Forthe transfer of the same volume of solvent by osmosis
the free-energy change is

AG
=~

Var (40)

where V4 is the partial molal voluine ofsolvent (the velume
of 1 mole of solventin the solution) and x is the osmotic
pressure of Uhe solution, Since the free-energy changeis the
same in both processes

Pp
~Vyr

=
RT
In

(41)
Pa

rearranging the equation yields
yn 20

ge
AE yh.

(42)
Va Ps

With this equation the osmotic pressure ofa solution may
be calculated if its vapor pressure and the partial molal
volume of the solvent are known, not only when the solution
is sufficiently dilute that Raoult’s law is obeyed butalso
when the concentrationis so

high
as to introduce substantial

deviation from the law,
From Bq 42, which has some resemblance to var’t Hoff’s

empirical equation wV
=

ART for dilute solutions, the latter

equation may be derived as follows. Lf a solutionis suffi-

ciently dilute te correspond to Raoult’s law, then

Py=XPio =U Xp) Pa? (43)

and then Jig 42 may be written

xe
EE

in (1Xp) (44)
A

When Xyis small (as in a dilute solution), the term ~In(1
~

Xv)
can be shown to be approximately equal to Xp, so that

reilt x), (45)
A

In dilute solutions the approximations Xp
=

me/na Gvhere
my and na are the moles ofsolute and solvent, respectively)
and Va

=
V/ny, (where V is the volume of solution) may be

introduced, yielding
aV

=
mpi? (46)

whichis van't Hoff’s equation.

ideal Behavior and Deviations

Tn setting outto derive mathematical expressions forcolli-

gative properties, such phrases
as “Sor ideal solutions” or

“for dilute solutions” were used to indicate the limitations of
the expressions. Samuel Glasstone defines an ideal soiution
as “one which obeys Raoult’s law over the whole range of
concentration and atall temperatures” and gives

as
specific

characteristics of such solutions their formation only from
constituents which mix in the liquid state without heat

change and without volume change. These characteristics
reflect the fact that additionof a solute to a solvent. produces
no

change in the forces between mojecules of the solvent.
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Thus, the molecules have the same
escaping-tendencyin the

solutionas in the pure solvent andthe vapor pressure above
the solution is proportional to the ratio of the numberof
sofvent molecules in the surface of the solution to the num-

ber of the molecules in the surface of the solvent-—whichis

the basis for Raoult’s law.

Any cbange in intermolecular forces produced by mixing
the components of a solution may result in deviation from

ideality; such a deviation may be expected particularly in
solutions containing both a

polar and a
nonpolar substance.

Sohutions of electrolytes, except at high dilution, are espe-

cially prone Lo depart from ideal behavior,
even

though al-
Jowance is madefor the additional particles that resull from
ionization. When solute and solvent combine to farmsol-

vates, the escaping-tendency of the salvent may be reduced
in consequence of the reduction in the numberoffree mole-

cules ofsolvent; thus, a
negative deviation from Raoult’s law

is introduced. Onthe other hand, the escaping-tendency of
the solvent, in a solution of nonvolatile sclute, may be in-
creased because the cohesive forces between molecules of
solvent are reduced by the solute; this results in a

positive
deviation from Raoult’s law. Chapter 17 considers devi-
ations froin ideality in more detail,

While few solutions exhibit ideal behavior over a wide
range of concentration, most solutions behave ideally at

least in high dilution, where deviations from Raouit’s law are

negiigibie.
Comparison of Colligative Properties—In view of the

established interrelationshipsof the colligative properties of
ideal solutions or very dilute real solutions, if is possible to

predict, by caleulation, the magnitude
ofall these praperties

of such solutions if the concentration of the nonelectrolyte
solute is given. Also, if Lhe magnitude ofone of the proper-

ties, eg, the freezing point, is known for a solution of unspeci-
fied concentration, it is possible to calculate the vapor pres-
sure, boiling point and osmotic pressure, provided the solu-
tionis ideal or

sufficiently dilute to shownegligihle deviation
from ideality, ‘To what upper limit. of concentration a non-

ideal solution remains “sufficiently dilute” to show ideal
behavioris difficult Lo specify. The answer dependsatleast:
in part

on the degree of agreement expected between experi-
mental and theoretical values. Certainly,

a l-molal concen-

tration is much Loo concentrated for a nonideal sclution to

sbow conformance with ideal bebavior and evenin 0.1-molal

concentration, deviations are
significant and for some pur-

poses may be excessive.
In dealing with colligative properties of solutions which do

not behave ideally, caution should be exercised in attempt-
ing to

predict the magnitude of other colligative properties
from one that has been determined experimentally. farlier,
an equation was derived for calculating the vapor pressure of
asalution from its osmotic pressure, or vice versa, this equa-
tion being valid even with solutions showing substantial

departures from ideal behavior. ‘The equation is limited,
however, to a

comparison of these colligative properties
at.

the same temperature, The degree of deviation from ideal
bebaviorfor one

colligative property will be exactly the same

for another only when the temperature is the same for both.
it does not follow that the degree of deviation of the colliga-
tive properties af a

given nonideal solutionwill be the same

for all the properties since at least two of these {freezing
point and bailing point}

must be determinedat quite differ-
ent temperatures. While in dilute solutions the intermolec-
ular (and/or interionic) forees and interactions may change
little over the temperature interval between freezing and

boiling, in concentrated solutions the change may be
marked, In the absence of adequate knowledge about the
forces and interactions involved, only by experiment can one
establish the magnitude

ofthe colligative properties of other
thanvery dilute nonideal solutions. Fis importantto keep

 
this in mind in esLimating the osmotic pressure of a nonideal
solution at body temperature from a

freezing point deter-
mined some 37° lower, While in many cases-—possibly the

majority of them—such an estimate is warranted hy virtue
of essential constancy of the various forces andinteractions
over a wide range of temperature,this is nol always the case

and the estimate may be significantly inaccurate.

Colligative Properties of Electrolyte Solutions [See
Chapter 17]—Karlier

in this chapter attention was directed
to the increased osmotic pressure observed in solutions of

electrolytes, the enhanced effect being attributed to the
presence of ions, each of which acts, in general, in the same

way as a molecule in developing osmotic pressure. Similar

magnification of vapor-pressure lowering, boiling-point ele-
vation and

fyeezing-point depression
occurs in solutions of

electrolytes. Thus, at a
given constant temperature the

abnormaleffect of an electrolyte
on osmotic pressure is par-

alleled by abnormal lowering of vapor pressure; the other

colligative properties are, subject
ta variation of effect with

temperature, comparably intensified. In gencral the magni-
tude of eachcolligative property is proportionalto the total
numberof particles (molecules and/or ions) in solution.

Whiie in verydikute solutions the osmotic pressure, vapor-
pressure lowering, boiling-pointincrease and freezing-paint
depression of solutions of electrolytes would approach val-
ues 2, 3, 4, etc times greater for NaCl, NapSO, and NagPO,
than in solutions of the same

molality of a
nonelectrolyte,

two other effects are observed as the concentration of elec-

trolyteisincreased. Thefirst effect results in fess than 2-, 3-
or 4-fold intensification of a

colligative property, ‘This re-

duction is ascribed to interionic attraction between the posi-
tively and negatively charged ions, in consequence of which
the ions are not completely dissociated from each other and
do notexert their full effect in lowering vapor pressure, ete.
This deviation generally increases with increasing

concen-

tration of electrolyte. The secondeffectintensifies the col-

ligative properties and is attributed to the attractionofions
fer solvent molecules, which holds the solvent in solution
and reduces its escaping-tendency, with consequent en-

hancement of the vapor-pressure lowering. Solvation also
may reduce interionic attraction and thereby further lower
the vapor pressure. These factors (and possibly others)
combinetoeffect a

progressive reduction in the molal values
of colligative properties

as the concentration ofelectrolyte is
increased to 0.5 to I molal, beyond which the molal quanti-
ties either increase, sometimes quite ahruptly,

or remain
almost constant.

Activity and Activity Coefficient

Various mathematical expressions
are

employedto relate

properties of chemical systems (equilibrium constants, colli-

gative properties, pH, etc} to the stoichiometric concentra-
tion of one or more

molecular, atomic or ionic species. In

deriving such expressions it either is stated or
implied that

they
are valid only

so
long

as intermolecular, interatomic
and/or interionic forces may be ignored

or remain constant,
under which restriction the system may be expectedto be-
have ideally, But intermolecular, interatomic and/orinter-
ionie forces do exist, and not

only do they change
as a result.

of chemicalreaction but also with variationin the concentra-
tion or pressure of the molecules, atoms or ions under abser-
vation. In consequence, mathematical expressions involv-

ing stoichiometric concentrations or pressures generally
have limited applicability. The conventional concentration
terms, while providing

a count of molecules, atoms or ions
per unit volume, afford no indication of the physical

or

chemical activity of the species measured, and it is this

activity which determines the physical and chemical proper-
ties of the system.
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In recognition of this, GN Lewis introduced both the

quantitative concept and methodsfor evaluationof activity
ag a true measure of the physical

or chemical activity of

molecular, atomic or tonic species, whether in the state of
gas, liquid

or solid, or whether presentas a single species
or

in a mixture. Activity may be considered loosely
as a cor-

rected concentration or pressure which takes into account
not only the stoichiometric concentration or pressure but
also any intermolecular attractions, repulsions

or interac-
tions hetween solute and solvent in solution, association and
ionization. ‘Thus, activity

measures the net effectiveness of
a chemical species. Because only relative values of activity
may be determined,

o standard state must be chosen for

quantitative comparisons to be made. Indeed, because ac-

tivity measurements are needed for many different types of

systems, several standard states must be selected. Since
this discussion is concerned mainly with solutions, the stan-
dard state for the solventis pure solvent, while for the solute
it is a

hypothetical solution with free energy corresponding
to unit molality under conditions of ideal behavior of the
solution. The relationship of activity lo concentration is
measured in terms of an activity coefficient which is dis-
cussed in Chapter 17.

Practical Applications of Colligative Properties

One of the most important pharmaceutical applications of

colligative properties is in the preparation
ofisotonic intra-

venous and isotonic lacrimal solutions, the details of which
are discussed in Chapter 79.

Other applications of the colligative properties
are found

in experimental physiology. One such applicationis in the
immersionoftissues in salt solutions, which are isotonic with
the fluids of the tissue, in order to prevent changes

or
inju-

ries that may arise from osmosis.
The colligative properties of solutions also may be used in

determining the molecular weightof solutes or, in the case of

electrolytes, the extent of ionization. The method of deter-

mining molecular weight depends
onthe fact that eachof the

colligative properties is altered by
a constant value when a

definite number of molecules of solute is addedto a solvent

[See Chapter 17]. For example, in dilute solutions the freez-

ing point of wateris lowered at the rate of 1.855° for each
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gram-molecular weightof a nonelectrolyte dissolved in 1000
g of water.*

The constant 1.855° is commonly cailed the molal freez-
ing-point depression of water, ‘To find the molecular
weight of a

nonelectrolyte, therefore,all that is necessary is
to determine the freezing point of g dilute aqueous selution
of known concentration of the nonelectrolyte and, by pro-
portion, to calculate the quantity that would produce,

thea-

retically,
a

depression of 1.855° when 19000 g of wateris used
as the solvent. Ifthe substanceis insoluble in water, it may
he dissolved in anothersolvent, in which cage, however, the

freezing-point depression of a solution corresponding 40 a

gram-motecular weight of the solute in 1006 ¢ of solvent will
be some value other than 1.855°, In the case of benzene,for
example, this value is 5.12¢; carbon tetrachloride, 2.98°;
phenol, 7.27° and camphor, about 40° (see Freeaing- Point

Depression, in this chapter).
The boiling-point elevation may be used similarly for de-

termining molecujar weights. The boiling point of wateris
raisedal. the rate of0.52° for each gram-molecular weightof
solute dissolved in 1000 g of water,* the corresponding val-
ues for henzene, carbon tetrachloride and phenol heing
2.57°, 4.88° and 3.60°, respectively. The observation of
vapor-pressure lowering and osmotic pressure likewise may
be used to calculate molecular weights.

T'o determine the extent to which an
electrolyte is ionized,

it is necessary to know its molecular weight,
as determined

by
some other method, and then to measure one of the four

colligative properties. The deviation of the results from
similar values for nonelectrolytes thenis used in calculating
the extent of ionization.
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Electrolytes
In the preceding chapter, attention was directed to the

colligalive properties of nonelectrolytes,
or suhstances

whoge aqueous solutions do not conduct electricity. Sub-
stances whose aqueous solutions conduct electricity are

known ag
electrolytes, and are

typified by inorganic acids,
bases and salts. In addition to the property of electrical

conductivity, solutions of electrolytes exhibit: anomalous

colligative properties.

Colligative Properties

In general,for nonelectrolytes,
a

given colligative property
of two equimolal solutions will be identical. This general-
ization, however, cannot be made for solutions of electro-

lytes.
Van’t Hoff pointed out that the osmotic pressure of a

solution of an electrolyte is considerably greater than the
osmotic pressure of a solution of a

nonelectrolyte of the same

molal concentration. This anomaly remained unexplained
until] 1887 when Arrhenius proposed

a
hypothesis which

forma Uke basis for our modern theories of electrolyte solu-
lions.

This theory postulated that when electrolytes
are dis-

solved in water they split up into charged particles knownas

ions. Tach of these ions carries one or more electrical

charges, with the total charge
on the positive ions (cations)

being equalto the total charge
on the negative ions (anians).

Thus, although
a solution may contain charged particles, it

remains neutral, The increased osmotic pressure of such
solutions is due to the increased numberof

particles formed
in the process of ionization. For example, sodiumchlorideis
assumed to dissociate as

Natcy 225 Na* + Cl

It is evidentthat cach molecule of sodium chloride which is
dissociated produces

two ions and, if dissociation is com-

plete, there will he twice as many particles
as would be the

case if it were not dissociated at all. Furthermore, if each
ion has the same effect on osmotic pressure as a molecule, it
mightbe expected that the osmotic pressure of the solution
would be twice that of a solution containing the same malal
concentration of a

nonionizing solute.

Osmotic-pressure data indicate that, in very dilute solu-
tions of salts which yield {wo ions, the pressure is very nearly
double that of solutions of equimolal concentrations of non-

electrolytes. Similar magnification of vapor-pressure low-

ering, hoiling-point elevation and freezing-point depression
occurs in dilute solutions of electrolytes.

Van't Hoff defined a factor i as the ratio of the colligative
effect produced hy

a concentration m of electrolyte, divided

hy the effect observed for the same concentrationof nonelec-

trolyte,
or

aX =
_AP

SiR re SE nee
(1)

(r)q (AP}y {ATio {AT)y
in which x, AP, AT, and AT;

refer to the osmotic pressure,
vapor-pressure lowering, boiling-point elevation and freez-

ing-point depression, respectively, of the eleclrolyte. The
terms (r}y, etc refer to the nonelectrolyle of the same con-

centration. In general, with strong electrolytes (those as-

sumed to be 100% ionized}, the van’t Hoff factor is equal
to

the numher of ions praduced whenthe electrolyte goes into
solution (2 for NaCl and MgSQy, 3 for CaCly and NaSOy, 4

for FeCls and NagPO,, ete).
In very dilute solutions the osmotic pressure, vapor-pres-

sure
lowering, boiling-point elevation and freezing-point de-

pressionof solutions of electrolytes approachvalues2, 3, 4 or
more times greater (depending

on the type of strong electro-

lyte} than in solutionsof (he same
molality of nonelectrolyte,

thus confirming the hypothesis that an ion has the same

primary effect as a molecule on colligalive properties. It

bears repeating, however, that two othereffects are ohserved
as the concentration of electralvte is increased.

Thefirst effect results in less than 2-, 3- or 4-fold intensiti-
cation of a

colligative property. This reduction is ascribed
to interionic attraction betweenthe positively and negative-
iy charged ions, in consequence of which the ions are not

dissociated completely from each other and do not exert

their full effect on vapor pressure and other colligative prop-
erties. This deviation generally increases with increasing
concentration ofelectrolyte.

The second effect intensifies the coiligative properties and
is attributed to the attraction of ions for solvent molecules

{called solvation, or, if water is the solvent, hydration),
which holds the solvent in solution and reduces its escaping
tendency, with a consequent enhancement of the vapor-

pressure lowering. Solvation also reduces interionic attrac-
tion and, thereby, further lowers the vapor pressure,

Conductivily

The ahility of metals to conduct anelectric current results
from the mobility of electrons in the metals. This type of

conductivity is called metallic conductance. On the other

hand, various chemical compounds-—-notahly acids, bases
and salts-—-conductelectricity by virtue of ions present or

formed, rather than by electrons. ‘This is called electrolytic
conductance, and the conducting compounds

are electro-

lytes. While the fact that certain electrolytes conduct elec-

tricity in the molten state is important, their behavior when
dissolved in a solvent, particularly

im waler, is of greater
concern in pharmaceutical science.

The electrical conductivity (or conductance) of a solution
of an

electrolyte is merely the reciprocalof the resistance of
the solution. Hence, to measure conductivity is actually to

226
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Fig 17-1.

ductivity.
Alternating current Wheatstone bridge for measuring con-

measure electrical resistance, commonly with a Wheatstone-

bridge apparatus, and then to calculate the conductivity.
Fig 17-1 is a

representation of the component parts of the

apparatus.
The solution to be measured is placed in a

glass
or quartz

cell having
two inert electrodes, commonly made of plati-

num or
gold and coated wilh spongy platinum to absorb

frases, across which passes an
alternating current generated

by
an oscillaLor at a

frequency of about 1000 Hz, The reason

for using alternating current is to reverse the electrolysis
that occurs

during flow of current and which would cause

polarization of the electrodes and lead to abnormal results.
The size of the electrodes and their distance apart may be
varied to reduce very high resistance and increase very low
resistance in order to increase the accuracy and precision of
measurement. Thus, solutions of high conductance (low
resistance) are measured in cells having smal] electrodes

relatively far aparL, while solutions of low conductance (high
resistance)

are measured in cells with large electrodes placed
close to each other.

Electrolytic resistance, like metallic resistance, varies di-

rectly with the length of the conducting medium andin-

versely with its cross-sectional area, The knownresistance

required for the circuit is provided by
a resistance box con-

taining calibrated coils, Balancing of the bridge may be
achieved by sliding

o contact over a wire of uniform resis-
tance until no

(or minimum) current flows through thecir-

cuit, as detected either visually with a
cathode-ray oscillo-

scope or
audibly with earphones.

Theresistance, in ohins, is calculated by the simple proce-
dure used in the Wheatstone-bridge method. The recipro-
eal of the resistance is the conductivity, Uhe units of which
are

reciprocal ohms (also called mhos). As the numerical
value of the conductivity will vary with the dimensions ofthe

 4
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conductance cell, the value must be calculated in terms of

specific conductance, L, which is the conductanceina cell

having electrodes of 1-sq
cm cross-sectional area and 1] cm

apart. If Lhe dimensionsof the cell used in the experiment
were known, it would be possible to calculate the specific
conductance, but this information actually is not required,
becauseil is possible—and much more convenient—to cali-
braLe a cell by measuring in it the conductivity of a standard
solution of known specific conductance and then calculating
a “cell constant.” Since this constant ts a function only of
the dimensions of the cell, it can be used to convert all
measurements in that cell lo specific conductivity. Solu-
tions of known concentration of pure potassium chloride are

used as standard solutions for this purpose.

Equivalent Conductance—In studying the variation of
conductance of electrolytes with dilution it is essential to

make allowance for the degree of dilution in order that the

comparison of conductances may be made for identical
amounts of solute. This may be achieved by expressing
conductance measurements in terms of equivalent condue-

tance, A, which is obtained by multiplying the specific
con-

ductance, L, by the volume in milliliters, V,, of solution

containing 1 g-eg of salute, ‘Thus

000k,
C

where C is the concentration of electrolyte in the solution in

g-Eq/L,ie, the normality of the solution, Far example, the

equivalent conductance of 0.01 N potassium chloride solu-

tion, which has a
specific conductance of 0.001413 mho/cem

may be calculated in either of the following ways

A
=

0.001418 * 100,000
=

141.3 mho cm?/eq

A=
LV,= (2)

or

1000 * G.00T413 _
BR
rrte

Strong and Weak Electrolytes—It is customary to clas-

sify electrolytes broadly
as sfrong electrolytes and weak

electrolytes. The former category includes solutions of

strong acids, strong bases and most salts; the latter includes
weak acids and bases, primarily organic acids, amines and a

few salts. ‘The usual criterion for distinguishing between

strong and weak electrolytes is the extent of ionization, An

electrolyte existing entirely
or very largely

as ions is consid-
ered a strong electrolyte, while one that is a mixture of a

substantial proportion of molecular species along with ions
derivedtherefrom is a weak electrolyte. For the purposes of
tbis discussion, classification of electrolytes

as strong or

weak will be on the basis of cartain conductance characteris-
tics exhibited in aqueous soluticn.

The equivalent conductances of a numberof
electrolytes,

at different concentrations, are
given in Table I and for

certain of these electrolyles again in Fig 17-2, where the

TableEquivalent Conductances at 25°

 g-Eo/L Hot HAc NaCl KG Nal Kl NaAc

Inf dil 426.1 390,6° 126.5 149.9
426.9

160.3 91.0
0.0005 422.7 67.7 124.5 147.8 125.4 vas 89,2
0.001 4214 49.2 123.7 146.9 124.3 ves

88.5
0.005 415.8 22.9 120.6 143.5 121.3 144.4 85.7
0.01 412.9 16.3 118.5 141.3 319.2 142.2 83.8
0.02 407.2 11.6 115.8 138.3 116.7 139.5 B12
0.08 399.1 7.4 WaL1 133.4 112.8 135.0 76.9
0.3 391.3 6.2 106.7 129.0 108.8 131.1 72.8 

The equivalent conductanceat infinite dilutionfor aceticacid, a weak electrolyte,is obtained
by adding Uhe equivalent conductances of hydrochloric acid and sodiwunacetate and subtracting
that of sndium chleride (see text for explanation},
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Fig 17-2. Variation of equivalent conductance with square root of
concentration.

equivalent conductance is plotted against the square root of
concentration. By plotting the data in this mannera linear

relationship is observed for strong electrolytes, while a

steeply rising curve is noted for weakelectrolytes; this differ-
ence is a characteristic which distinguishes strong and weak

electrolytes. The interpretation of the steep rise in the

equivalent conductanee of weak electrolytes is tbat the de-
gree of ionization increases with dilution, becoming

com-~

plete at infinite dilution. Interionic interference effects

generally
have a minor role in the conductivity of weak

electrolytes. With strong electrolytes, which usually
are

completely ionized, the increase in equivalent conductance
results notfrom increased ionization but rather from dimin-
ished icnic interference as the solution is diluted, in conse-

quence of which ions have greater freedomof mobility, ic,
increased conductance.

The value of the equivalent conductance extrapolated
to

infinite dilution (zero concentration), designated by the

symbol Ao, has a
special significance. It represents the

equivalent. conductance of the completely ionized electro-

Jyte when the ions are so far apart that there is no interfer-
ence with their migration due to interionic interactions. It
has been shown, by Kohlrausch, that the equivalent conduc-
tance of an

electrolyte at infinite dilution is the sum of the

equivalent conductances of its component ions at infinite

dilution, expressed symbolically
as

anteANAARNEMERREEptnePAESSPEDRAINAEAHEEPA

NR

REDEN

EEO
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Table Il—Equivatent lonic Conductivities at Infinite Dilution,

 

at 25°

Cations ho Anions fy

H* 349.8 OM” 198.0
Lit 38.7 cr 76.3
Na! 60.1 Br- 78.4
KKr 73.8 iv 76.8

NH,* 61.9 Ac 40.9

Cnt 59.5 W804 79.8

pMg" 59.0

Ay
=

ig{cation)
+

fg(anion) (3)

The significance of Kohirausch’s aw is that each jon, at
infinite dilution, has a characteristic value of conductance
that is independent of the conductance of the oppositely
charged jon with whichit is associated. ‘Thus, if the equiva-
lent conductances of various ions are

known, the conduc-
tance of any electrolyte may be calculated simply by adding
the appropriate ionic conductances. Since the fraction of
current carried by cations (transference numberof the cat-

ions) and by anions (transference number of anions) in an

electrolyte may be determined readily by experiment, ionic
conductances are known. ‘Table Ii gives the equivalent ionic
conductances at infinite dilution of somecations andanions.
It is not necessaryto have this informationin orderta caleu-

late the equivalent conductance of an electrolyte, for Kohl-

rausch’s jaw permits the latter to be catculated by adding
and subtracting values of Ay for appropriate electrolytes.
For example, the value of Ag for acetic acid maybe calculat-
ed as

A,(CH,COOH)
=

A,(HCH
+

Agi(CH,COONa)

—

Ag(NaCl)

which is equivalent to

ig(H*)
+

ig(CH,COO7)
=

I(H*)
+

lp(Cl7)
+

2,(0Na*)
+

i(CH,COO™)

—

ig(Nat}

~

(C17)

This method is especially useful for calculating Ag for
weak electrolytes such as acetic acid. Asis evident from Fig
17-2, the Ag value for acetic acid cannot he determined accu-

rately by extrapolation because of the steep rise of conduc-
tance in dilute solutions. For strong electrolytes,

on the
other hand, the extrapolation

can be made very accurately.
Thus, in the example above, the values of Aq for HC],
CH;COONa and NaCl are determinedeasily by extrapola-
tion since the substances are strong electrolytes. Substitu-
tion of these extrapolated values, as

given in Table II, yields
a value of 390.6 for the value of Ag for CH;COOH.

Ionization of Weak Electrolytes-—-When Arrhenius in-

troduced his theory of ionization he proposed that the de-
gtee of ionization, a, of an

electrolyte is measured by the
ratio

a= A/Ag (4)

where A is the equivalent conductance ofthe electrolyte at
any specified concentration of solution and Ayis the equiva-
lent conductance at infinite dilution. As strong electrolytes
were not then recognized

as
being 100% ionized, and inter-

ionic interference effects had not been evaluated, he he-
lieved the equationto be applicable

to both strong and weak

electrolytes, Since it now is knownthat the apparent varia-
tion of ionization of strong electrolytes arises from a

change
in the mobility of ions at different concentrations, rather
than from varying ionization, the equation is not applicable
to strong electrolytes. It does provide, however, a

generally
acceptable approximation

ofthe degreeof ionization of weak
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electrolytes, for which deviations resulting from neglect. of

activily coefficients and of some change of ionic mohilitica

with concentration are, for most purposes, negligible. The

following example illustrates the use of the equation to cal-
culate the degree

of ionization of a
typical weak electrolyte.

Example—Calculate the degree of ionization of 1 X 1073 WV acetic acid,
the equivalent conductance of whichis 48.15 mho cm?/Eq. ‘The equiva-
lent conductanceat infinite dilutionis 390.6 mbo cm?/EEq.

_ 48.15=e =
0,

390.6

% ionization
=

100
=

[2%

‘The degree
ofdissociation also can he calculated using the

van't Hoff factor, i, and the following equation
t—I]o=—— (5)u-1

where v is the number of jons into which the electrolyte
dissociates.

Example—A 1.0 X 10°77 A solution of acetic acid has a van't Hoff
factor equal to 1.12. Caleulate the degree of dissociation of the acid at
this concentration.

wird ior
v-] 2-1

=
0.12 

This resultagrees with that obtained using equivalent condoctance and
faq 4.

Modern Theories

The Arrhenius theory explains why solutions ofelectro-

lytes conductelectricity, why they exhibit enhanced colliga-
tive properties and essentially is satisfactory for solutions of
weak electrolytes. Several deficiencies, however, do exist
whenit is applied

to solutionsof strong electrolytes. It does
not explainthe failure ofstrong electrolytes

to follow the law
of mass action as

applied
to ionization; discrepancies exist

between the degree of ionization calculated from the van't
Hoff factor and the conductivity ratio for strong electrolyte
solutions having concentrations greater than about 0.5 M.

These deficiencies can be explained hy the following ob-
servations

1. Inthe moltenstate, strong electrolytes
are excellent conductors of

electricity. ‘This suggests that these materials are alreadyionizedin the

crystalline state. Further supportfor this is given by X-ray atudies of
crystals, which indicate that the units comprising the basic lattice struc-
ture of strang electrolytes are ions.

3. Arrhenius neglected the fact that ious in solution, being oppasitely
charged, tend40 associate throughelectrostatic attraction, In solutions
of weak electrolytes, the numberofions is nat Jarge and itis net surpris-
ing that electrostatic altractions do not cause appreciable deviations
fren theory. Jn dilute solutions, in which strong electrolytes are as-
sumed to be 100% ionized, the number of jons is large, and interionic
aitractions become major factors in determining the chemical properties
of these solutions. These effects should, and do, become more pro-
nounced as the concentration of electrolyte or the valence of the jans is
increased.

It is not surprising, therefore, that the Arrhenius theory of

partial ionization involving the law of mass action and ne-

glecting ionic charge does not hold for solutions of strong
electrolytes, Neutral molecules of strong electrolytes, if

they do exist in solution, mual arise from interionic attrac-
tion rather than from incomplete ionization.

Activity and Activity Coefficients—Due to increased
electrostatic attractions as a solution becomes more concen-

trated, the concentration of an ion becomeslessefficient asa
measure of ils net effectiveness. A more efficient measure

of the physical
or chemical effectiveness of an ion is known

as its activity, which ia a measure of an ion’s concentration
related Lo its concentration al a universally adopted refer-
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ence-standard state. The relationship between the activity
and the concentration of an ion can he expressed

as

a= my (6)

where m is the molal concentration, + is the activity coeffi-
cient and a is the activity. The activity also can be ex-

pressed in terms of molar concentration, ¢, aa

a=fe (

where / is the activity coefficient on amolar scale. In dilute
solutions (below 0.01 M) the two activity coefficients are

identical, for all practical purposes.
The activity coefficient may be determined in various

ways, such as
measuring colligative properties, electromo-

tive force, solubility, distribution coefficients, etc. For a

strong electrolyte, the meanionic activity coefficient, ys, or

fa, provides
a measure of the deviation of the electrolyte

from ideal behavior. The mean ionic activity coefficients on
a molal basis for several strong electrolytes

are
given in

Tahle Ii. Ht ts characteristic of the electrolytes that the
coefficients at first decrease with increasing concentration,
pass through

a minimum andfinally increase wilh increasing
concentrationof electrolyte.

Tonic Strength—l{onic strength is a measure of the inten-

sity of the electricalfield in a solution and may be expressed
as

a=
'bZe2? (8)

where 2; is the valence of ion i. The meanionic activity
coefficient is a function of ionic strength

as are such diverse

phenomena
as solubilities of sparingly soluble substances,

rates of ionic reactions, effects of salts on
pH of buffers,

electrophoresis of proteins, etc.
The greater effectiveness of ions of higher charge type

on a

specific property, compared with the effectiveness of the
same numberof singly charged ions, generally coincides with
the ionic strength calculated by Eq 8. The variation of ionic

strength with the valence (charge) of the ions comprising
a

strong electrolyte should he noted.
For univalent cations and univalent anions (called uniuni-

valent or
1-1) electrolytes, the ionic strength is identical

with molarity. For bivalent cation and univalent anion

(biunivalent
or 2-1) electrolytes,

or univalent cation and
bivalent anion (unibivalent or 1-2} electrolytes, the ionic

strength is three times the molarity. For bivalent cation
and bivalent anion (bibivalent

or
2-2) electrolytes, the ionic

strengthis four times the molarity. These relationships
are

evident from the following example.

Example—Caleulate the ionic strength of 0.1 M solutions of NaCl,
NapSO., MeCly and MgSQy, respectively. For

NaCl w#
‘(PX+01x 14201

Na,SO,
#

MgCl, # =')(0.2X2?+0.2xX17=0.8

i

tt
4, (0.2% 12 +01 x 24

=
0.3

MgSO,
#
=) (1x 24+01x% 2= 04

The ionic strength of a solution containing
more than one

electrolyte is the suin of the ionic strengths
ofthe individual

salts comprising the solution. For example, the ionic

strength of a solution containing NaCl, Na,SO., MgCl, and

MgS0O,, each at a concentration of 0.1 M, is 1.1.

Debyo-Hickel Theory—The Dehye~Hiickel equations
which are

applicable only to very dilute solutions (about 0.02

#), may be extended to somewhat more concentrated solu-
tions (about 0.1 ,) in the simplified form

(9)
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CHAPTER 17

Table !li-—Values of Some Saiting-Out Constants for
Various Barbiturates at 25°

Barbiturate KCI KBr

_

NaCl NaDr

Amobarhitat (L168 0.095 O.212 0,143

Aprobarbital Q.136 0.062 O.184 0.120
Barbital 0,099 0.042 0.186 0.088
Phenobarbital 0.092 0.084 6,132 0.078
Vinbarbital 0.425 0.036 0.443 0,096 

The meanionic activity coefficient for aqueous solutions of

electrolytes at 25° can be expressed
as

O51 22
he

log {4
& — ae

(10)
a

in which z,. is the valence of the cation andz.. is the valence
of the anion, When the ionic strength of the solution be-
comes

high (approximately 0.8 to 0.5}, these equations be-
come

Inadequate
anda linear term in yz is added. This is

illustrated for the mean ionic activity coefficient

 

(11)

 in which K, is a
‘‘salting-out” constant ecbesen empirically

for each salt, This equation is valid for solutions with ionic

strength up to approximately 1.

Salting-Out Effect—The aqueous solubility of a
slightly

soluble organic substance generally is affected markedly by
the addition of an

electrolyte, ‘This effect particularly is
noticeable whenthe electrolyte concentration reaches 0.5 Mf
or

higher. if the aqueous solution of the organic substance
has a dielectric constant jower than that of pure water, its

solubility is decreased and the substance is “salted-out.”
The use of high concentrations of eiectrolyles, such as am-
monium sulfate or sodium sulfate, for the separation of pro-
teins by differential precipitation is perhaps the moststrik-

ing example of this effect. ‘The aqueous solutions of a few
substances such as

hydrocyanic acid, glycine and cystine
have a

higher dielectric constant than thal of pure water,
and these substances are “salted-in.” These phenomenacan be expressed empirically

as

log S
=

log Sy
t

Kym (12)

in which Sy represents the solubility of the organic substance
in pure water and

8
is the solubility in the electrolyte solu-

tion. The slope ofthe straight Hine obtained by plotting log
S versus mis positive for “salting-in” and negative for salt-

ing-out. In terms of ionic strength this equation becomes

log S
=

log Sy
+

K,’x (13)

where KX,’
=

If, for univalentsalts, K,’
=

K,/3 for unibivalent
salts and K,'

=
K,/4 for bivalent salts. ‘The sailing-out

constant depends
on the temperature as well as the nature of

both the organic substance and the electrolyte. The effect
of the electrolyte and the organic substance can be seen in
Table HI. In all instances, if the anion is constant, the
sodium cation has a greater salting-out effect than the patas-
sium cation, probably due to the higher charge density of the
former. Aithough the reasoning is less clear, it appears that
for a constant cation, chloride anion has a

greatereffect than
bromide anion upon the saiting-out phenomenon.

Acids and Bases

Arrhenius defined an acid as a substance that yields hy-
drogen jons in aqueous solution and a base as a substance

that yields hydroxy] ions in aqueous solution, lixcept for
the fact. that hydrogen ions neutralize hydroxyl ions Lo form

water, no
complementary relationship between acids and

bases (such as that between oxidants and reductants, for

example) is evident in Arrhenius’ definitions for these sub-

stances; rather, their oppositeness of character is empha-
sized. Moreover,

no account is taken of the behavior of
acids and bases in nonaqueous solvents. Also, while acidity
is associated with so

elementary
a

particle
as the proton

(hydrogen ion), basicity is attributed to so
relatively

com-

plex
an association of atams as the hydroxyl ion. It would

seemthat a
simpler concept. of a base could be devised.

Proton Concept—In pondering the objections to Arrhen-
ius’ definitions, Brénsted and Bjerrum in Denmark and

Lowry in England developed,
andin 1923 announced, a more

salisfactory, and more
general, theory of acids and bases.

According to this theory
an acid is a substance capable of

yielding
a proton (hydrogenion), while a base is a substance

capable of accepting
a proton. This complementary rela-

tionship may be expressed by the general equation

Aes Ht +B
acid base

The pair of substances thus related through mutual ability
to gain orlose a protonis called a

conjugate acid-base pair.
Specific examples of such pairs

are

Acid Base

HCl+ H* + CI"

OH,COOH
=

H* +
CH,COO”

NH,’ «WH! +
NH,

HCO,”
«=

Ht +
CO,"

H,PO,”
=

H* +
HPO,

H,Q« H* + OH”

H,0*
«=

H* +
HO

AI(H,O),2°
©

H* +
AL(H,0),0H"*

It ig apparent that not only molecules but also cations and
anions may function as acids or bases.

The complementary nature of the acid-basepairs listed is
reminiscent of the complementary relationship of pairs of
oxidants and reductants where, however, the ability to gainor lose one or more electrons—-rather than prolons—is the

distinguishing characteristic.

Oxidant Reductant

Fett + ev =
Pe”

Nat +e” =2 Na

Yoly
+e]

 

However, these examples of acid-base pairs and oxidant—
reductant pairs represent reactions that are

possible in prin-
ciple only. Ordinarily acids will not release free protons any
more than reductants will release free electrons. Thatis,
protons and electrons, respectively,

can be transferred only
from one substance (an ion, atom or molecule) to another.
Thus,itis a fundamentalfact of chemistry that oxidation of
one substance will occur

only if reduction of another sub-
stance occurs simultancously. Stated in another way, elec-
trons will be released from the rediuclant (oxidation) only if
an oxidant capable of accepting electrons (reduction) is

present. For this reason oxidation-reduction reactions
must iivelve two conjugate oxidant-reductant pairs of sub-
stances
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oxidant,
+

reductant,
=*

reductant,
+

oxidant,

where Subscript 1 represents one
conjugate oxidant-reduc-

tant pair and Subscript 2 represents the other.

Similarly,
an acid will not release a proton unless a base

capable of accepting it is present simultaneously. This
means that any actual manifestation of acid-base behavior
must involve interaction between twosets of conjugate acid—
base pairs, represented

as

Ar + By
=

B, + Ag
acid, base base, acid,

In such a reaction, which is called protolysis
or a

pratalytic
reaction, A, and B, constitute one

conjugate acid~base pair
and Ag and By the other; the proton given up by A; (which

thereby becomes B;) is transferred to By (which becomes

Ag).
Whenan

acid, such as
hydrochloric,is dissolved in water, a

protolytic reaction occurs.

HCl + HyQ
= Ch + H3O*

acid; Dasez Dnase; acids

The ionic species H307*, called hydronium
or oxonium ion,

always is formed when an acid is dissolved in water. Often,
for purposes of convenience,this is written simply

as Ht and
is called hydrogen-ion, although the “bare” ion practicallyis
nonexistent in solution,

Whena base, eg, ammonia,is dissolved in water the reac-

tion of protolysis is

NH; + H2O
«=

NH,y*t + OH7

base; acid, acid, base,

The proton theory of acid-base function makes the con-

cept of hydrolysis superfluous. When, for example, sodium
acetate is dissolyed in water, this acid—base interaction oc-
curs

CH,;COO- + HyO
=

CH;COOH + OH

base, acidy acid, base

In an aqueous solution of ammonium chloride the reactionis

NH,? + H,0
=

NH +
HyOt

neid, base base; ncids

Transfer of protons (protolysis) is not limited to dissimilar

conjugate acid-base pairs. In the preceding examples H2O
sometimes behaves as an acid and at other times as a base.
Such an

amphoteric substance is called, in Brdénsted’s
ter-

minology,
an

amphiprotic subsiance.
Electron-Pair Coneept—While the proton concept of

acids and bases provides
a inore

general definition for these

substances, it dues not indicate the basic reason for proton
transfer,

nor does it explain how such substances as sulfur

trioxide, horon trichloride, stannic chloride or carbon diox-
ide—none of which is capahle of donating

a preton—can
behave as acids. Both deficiencies of the proton theory are

avuided in the more inclusive definition of acida and bases

proposed by Lewis in 1923. In 1916 he proposed that shar-

ing of a
pair of electrons by two atoms established a bond

{covalent} between the atoms; therefore, an acid is a sub-
stance capable of sharing

a
pair of electrons made available

by anather substance called a base, thereby forming
a coor-

dinate covalent bond, The base is the substance that do-
nates a share in its electron pair to the acid, The following
equation illustrates how Lewis’ definitions explain the
transfer of a proton (hydrogen ion) to ammonia to form
ammoniumion.

IONIC SOLUTIONS AND ELECTROLYTIC EQUILIBRIA 233

H Hot

H+4.:N:H
o>]

Hine a

H H

The reaction of boron trichloride, which according
to the

Lewis theory is an
acid, with ammonia is similar, for the

boron lacks an electron pair if it is to attain a stable octet

configuration, while ammonia has a
pair of electrons which

may be shared, thus

cl H clH

Ci:B+:N:H
—

Cl: B:N:H

CO} H CLH

Leveling Effect of a Solvent--Whenthe strong acids
such as HCIOy, HySO,4, HCl or

HNOs
are dissolved in water

the solutions—if they
are of identical normality and are not

too concentrated—al) have about the same
hydrogen-ion

concentration, indicating the acids to be of about the same

strength. The reason forthis is that each one of the acids

undergoes practically complete protolysis in water.

HCl + HeO ~-Cl- + H30*
acid;  basez base; acids

This phenomenon,called the leveling effect of water, occurs

whenever the added acid is stronger than the hydronium ion.
Such a reaction inanifests the tendency of proton-transfer
reactions to

proceed spontaneously in the direction of forin-

ing
a weaker acid or weaker base.

Since the strongest acid that can exist in an
amphiprotic

solvent is the conjugate acid form of the solvent, any stron-

ger acid will undergo protolysis to the weaker solvent acid.
Since HC1O,, H2SO,, HCl or HNOgare all stronger acids
than the hydronium ion, they

are converted in water to the

bydroniumion.
Whenthe strong bases sodium hydride, sodium amide or

sodium ethoxide are dissolved in water, each reacts with
water to form sodium hydroxide. These reactions iHustrate
the leveling effect. of water on bases. Since the hydroxide
ion is the strongest base which can exist in water, any base

stronger than the hydroxide ion undergoes protolysis
Lo hy-

droxide.
Intrinsic differences in the acidity of acids become evident

if they
are dissolved in a

relatively poor proton acceptor such
as

anhydrous acetic acid. Perchloric acid (HC1O,),
a strong

acid, undergoes practically complete reaction with acetic
acid

HCIO, + CH3;COOH -*C1lO,~ + CHsCOOHst
acid; base base; acid,

(strong) (strong) (weak) {weak}

but sulfuric acid and bydrochloric acid behave as weakacids.
It is because perchloric acid is a very strong acid when dis-
solved in glacial acetic acid that it has found many important
applications in analytical chemistry

as a titrantfor a
variety

of substances which behave as bases in acetic acid. Because
ofits ability to differentiate the acidity of various acids,it is
called a

differentiating solvent for acids; this property
re-

sults from its relatively weak proton-acceptor tendency. A
solvent that differentiates basicity of different hases must
bave a weak proton-donor tendency;it is called a

different:-
ating solvent for bases. ‘Typical of solvents in this category
is iquid ammonia. Solvents that have both weak proton-
donor and proton-acceptor tendencies are called aprotic sol-
vents and may serve as

differentiating solvents for both
acids and bases; they havelittle if any action on solutes and
serve mainly

as inert
dispersion media for the solutes. Use-

ful aprotic solvents are
benzene, toluene or hexane.

Jonization of Acids and Bases-—-Acids and bases com-

monly
are classified as strong or weak acids and strong or
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weak bases depending
on whether they

are ionized exten-

sively
or

slightly in aqueous solutions. If, far example, 1 N

aqueous solutions of hydrechioric acid and acetic acid are

compared, it is found thatthe formeris a better conductorof

electricity, reacts much more
readily with metals, catalyzes

cerlain reactions more
efficiently and possesses a moreacid

taste than the latter. Both solutions, however, will neutral-
ize identical amounts ofalkali. A similar comparison of 1 N

solutions af sodium hydroxide and ammonia reveals the
former to be more “active” than the latter, although both
solutions will neutralize identical quantities of acid.

The differences in the properties of the two acids is attrib-
uted to differences in the concentration of hydrogen (more

accurately hydronium) ion, the hydrochloric acid being ion-

ized to a greater extent and, therefore, containing
a

higher
concentralion of hydrogen ion than acetic acid, Similarly,
most of the differences helween the sodium hydroxide and

ammonia solutions are allributed to the higher hydroxyl-ion
concentration in the former.

The ionization of incompletely ionized acids may be con-

sidered a reversible reaction of the type

HA =
Ht + AT

where HA is the molecular acid and AW is ils anion, An

equilibrium expression based on the lawof mass action may
be appliedto the reaction

~
IE{YASKy

=

rie
where J, is the ionization or dissociation constant, and the

brackets signify concentration. For any given acid in any

specified solvent and at any constant temperature, Kg
re-

mains relatively constant as the concentration of acid is

varied, provided the acid is weakly ionized. With increas-

ingly strongeracids, however, progressively larger deviations
occur.

Althoughthe strength of an acid commonlyis measured in
terms of the fonization or dissociation constant defined in

Iq 14, the process ofionization probably is neveras
siinple

asshown above. A proton simply will not detach itself from
one molecule unless it is accepted simultaneously by another

molecule. Whenan acid is dissolved in water, the iatter acts
as a base, accepting

a proton (Brdnsted’s definition of a

base) by donating
a share jn a

pair of electrons (Lewis’
definition of a base). ‘This reaction may be wrilten

HA + H2Q -A™ + H,0*
bases acidg

(14)

aeid; base,

Application of the law of mass action to this reaction gives
_

[4,07]
[Av]=

B
[HAI{H,0}

(15)

since [H2Q] is a constant this equation may be written

[H,07}[A7]Ko“
[HA]

(16)

This equation is identical with Eq 14 because [HyO*]
is

numerically equal to
[H*].

Acids which are capable of donating
more than one proton

are termed polyprotic. Theionization of a
polyprotic acid

cccurs in stages and can be illustrated by considering the

equilibria involved in the ionization of phosphoric acid

14,PO,
+

H,0
=

H,PO,”
+

H,0"

H,P0,”
+

H,0
=

HPO,
+

H,0"

HPO,2"
+

HO
=

PO,
+

H,0*

Application of the law of mass actionto this series of reac-

tions gives
=

(HLPO,"TIH,0")HPO
> 2- +

Ky INPOs”TH 0*] (18)
[H,PO,"]apy 3- +_

BOs}B,0°) 9)*

(HPO;]
if the three expressionsfor the ionization constants are mul-

tiplied together,
an overall ionization, 1, can be obtained

1PO,"] {H,07 }"K= KKK,
= ——

es
iH;PO,]

Eachof the successive ionizations is suppressed by the hy-
dronium ion formed from preceding stages according to Le

Chatelier’s principle. The successive dissociation constants

always decrease in value, since successive protons mustbe
removed from species that are

always
more

negatively
charged. This can be seen from the data in Table TV, in
which 4, fer phosphoric acidis approximately 100,000times

greater than Ks, which is in turn
approximately 100,000

times greater than Ky. Although successive dissociation
constants are

always smaller, the difference is not always
as

great as itis for phosphoric acid. Tartaric acid, for example,
has K,

=
9.12 * 107+ and Ky

=
4.27 X 107°,

Ionizationof a base canbe illustrated by using the specific
substance NH,for an

example. According to Brénsted and

Lewis, when the base NHyis dissolved in water, the latter
acts as an

acid, denating
a proton to NH3, which accepts it by

offering
a share in a

pair of electrons on the nitrogen atom.

This reaction is written

Nua + Ho.O
went

NH,?* +
base acid

(20)

OH-

The equilibrium expression for this reaction is

 

 

nth
(QU)

[NH,]{H,0}
with [HO]

constantthis expression may be written

NH,*)[OH™x,
=

NUS fon} (22)
iNH,}

Tonization of Water—-Althoughitis
a poor conductor of

electricity, pure water does ionize through
a process known

as
autoprotolysis, in the following

manner

2H,0
«+

H,0*
+ OH™

Application ofthe law of mass action to this reactiongives

ae {23)

where K is the equilibrium constantfor the reaction. Since
the concentration of H»O (molecular water) is very much

greater than either the hydronium-ion
or

hydroxyl-jon
con-

centrations, it can be considered to be constant and can be
combined with K to give

a new constant, K,., known as the
ion product of water, and Eg 23 becomes

Ky,
=

[H,O*}[OH™]
(24)

The numerical value of K,, varies with temperature; al. 25° it
is approximately equal to 1 x 10714,

Since the autoprotolysis of pure wateryields
one hydroni-

um ion for each hydroxyl ion produced, [H,O'] must be

equal to [OH™]. At 25° each has a value of 1 X 1077 moles/
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Table lV-oeeoclatlon coll3tant3 h Waler at 25o liter(l x 10-? x I x 10-? = K,= 1x 10-r{). Asolutionin
which [HO+l is equal to [OH-] is termed a neurol solution.

If anacid is added to water, the hydronium-ion concentra-
tion will be increased and the equilibrium between hydroni'
um and hydroryl ions will be dieturbed momentarily. To
restore equilibrium, some of the hydroxyl ions, originally
present in the water, will combine with a port of the added
irydronium ions to form nonionized water molecules, until
tlie product of the concentrations of the two ions has been

reduced to 1O-t'. When equilibrium again is restored, the
concentrations of the two ions no longer will be equal. If' for
example, tlle hydronium'ion concentration is I x l0-3 N
when-equilibrium ia eatablished, the concentration of hy-

droryl ion will be L x l0-rr (the product of-the two concen-

tratione being equal to lo-t')' since [Hso*l ia rr,ruch greater

than IOH-|. ihe solution is said to be ood ot acidic.
In a simiiar manner, the addition of an alkdi to pure water

momentarily disturbs the equilibrium between hydronium
and hydroxyt ions. To restore equilibrium, some of the
hydronium ions originally present in the water will combine
with part of the added hydroryl ions to form nonionized
wateimoleculee. The process continues until the product of
the hydronium and hydroxyl ion concentrations ggain is
equal-to 10-ra. Assuming that the final hydroxyl-ion con-
centration is I x t0-1 N, the concentration of bydronium ion
in the solution will be 1 x 10-10. Since [OH-l is much
greater than [H3O+], the solution is said to be bosic or alka'
line.

Relationehip of Ko end I(a-A particularly interesting
and useful relaiionship between the atrength ofan acid and
its conjugatc base, or a base and its conjugate acid, exists.

For illusiration, consider the atrength of the base NHs and
its conjugatc acid NHI+, in water. The behavior of NH3 as a

base is erpressed by

NH$+H2O=NH4++OH-

for which the equilibrium, as formulatpd earlier is

*o=EIl1lll19H-I. (2b)
lNHal

The behavior of NHa+ as an acid is represented by

NH4++H2O=NHs+HsO+

the equilibrium constant for which is

StDgtanoa K

Acetic
Acetylsalicylic
Barbital
Barbituric
Benzoic
Benzyl penicillin
Boric
Caffeine
Carbonic

cilric(rHO)

Dichloroacetic
Ethylenediaminetetra'

acetic acid (EDTA)

Formic
Glycerophosphoric

Glycine

Lactic
Mandelic
Monochloroacetic
Oxalic (2HzO)

Phenobarbital
Phenol
Phosphorrc

Picic
Propionic
Saccharin

Sulfadiazine
Sulfamerazine
Sulfapyridine
Sulfathiazole
Tartaric

Trichloroacetic

Acetanilide
Ammonia
Apomorphine
Atropine
Benzocaine
Caffeine
Cocaine
Codeine
Ephedrine
Morphine
Papaverine
Physootiturine

Pilocarpine

Procaine
Pyridine
Quinine

Reserpine
Strychnine

Theobromine
Thiourea
Urea

Weak Acids

Kr
Kt
Kt
Rt

1.?5 x l0-5
3.27 x l0-{
1.23 x 10-6
1.05 x l0-.
6.30 x l0-5
1.74 x 10-3
5.8 x 10-10
I X l0-1.
4.31 x l0-?
4.? x to-rl
7.0 x 10-.
1.8 x l0-5
4.0 x 10-?
5 x 10-2
I X 10-2
2.14 x l0-3
6.92 x 10-?
5.5 X lo-rt
1.?7 x 10-l
3.4 x l0-2
6.4 x l0-?
4.5 X 10-3
1.7 x l0-r0
1.39 x l0-.
4.29 x 10-.
1.4 x l0-3
5.5 x 10-2
5.3 x 10-6
3.9 X l0-8
I X l0-r0
?.5 x 10-3
6.2 x l0-8
2.1 x 10-13
4.2 x l0-r
1.34 x l0-5
2.5 x l0-2
1.06 x l0-r
6.1 x l0-5
2.9 x 10-6
3.3 x l0-?
8.7 x l0-8
3.6 x lo-e
?.6 x l0-8
9.6 X l0-.
4.4 X to-t
1.3 x l0-r

Kt

Kr
Kt
K1
Kz
Kt

Kr
Kz
Kt
Kt

K1
Kz

Kr
Kz
Ks

Kr
Kz

Sdicylic
Succinic

K
Kz

Weak Bases

K1
Rz

K1
Kt

(40o

(400

4.1
t.14
1.0
4.5
6.0
4.1
2.6
9
2.3
7.1
I
7.6
5.1

2
I

1.4
1.0
r.3
4

I
2
4.8
t.l
1.5

Kt
Kt
Kr
Kz

l0-1.
t0-5
10-r
l0-s
l0-t2
10-r{
10-6
l0-?
l0-5
l0-r
l0-e
l0-:
l0-13
l0-E
10-r3
10-0
l0-e
l0-6
l0-r0
10-6
l0-6
l0-r2
l0-rr
10-r5
l0-r{

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

*" =1"1',1,1f19t1 (26)

INHn*l
Multiplying Eqs 25 and 26

lNH3l lH3o+l [NH4*] [oH-]K#a=ffi e,t

It is obvious that the Product

K,= Ko.K6 (2E)

where K, is the ion product of water as defined in Eq 24'

The utility of this relationship, which is a general one for
any conjugate acid-baee pair, is evident from the following
deductioni: (1) the strerUth ofan acid may be expreEEd in
terms either of the Ko or the Ka of its conjugats base, or uice

uersa; (2) the I(o of an acid may be calculated if the Ko of it^s

conjugate base is known, or uice uerso and (3) the stronger an

acid ia, the weaker its conjugate base, or uice uersa.

Bases which ate capable of interacting with more than one
proton are termed polyacidic,and can be illustrated by

PO.3-+HO-HPO.2-+OH-

HPO.2- + H2O.= HePOr- + OH-

(400
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HPO,”
+

H,O
«=

HPO,
+ OH”

Applying the law of mass action to this series of reactions,
and using the concepts outlined in Eqs 25 to 28, it becomes
obvious that the relationship betweenthe various K, and Ky
values for phosphoric acid are

Ky,
=

Kay
&

Bag
=

Ka
®

Kyy
=

Kay
X

Ky (29)

where Ky), Kae and Ky; refer to the equilibria given by Eqs
17, 18 and 19, respectively; Ky, Ky: and Ki, refer to the
reaction of PO.!7, HPO” and HePO,4", respectively, with
water.

Blectronegativity and Dissociation Constants-—Table
IV gives the dissociation constants of several weak acids and
weak bases, in water, at 25°. As pointed out previously,
strong acids and strong bases do not

obey the law cf mass

action, so that. dissociation constants cannot be formulated
for these strong electrolytes.

From an
inspection of this table it is evident that great

variations occur in the strength of weak acids and weak
bases. ‘he effect of various substituents on the strength of
acids and bases depends

on the electronegativity of the sub-
slituent atom or radical. For example, the substitution of
one chlorine atom into the molecule of acetic acid increases
the degree of ionization of the acid. Substitution of two

chlorine aloms further increases the degree ofionization,
and introduction of three chlorine atoms produces

a still

stronger acid. Acetic acid ionizes primarily because the
oxygen atom adjacent

to the hydrogen atom of Lhe carhoxy}
group has a strongeraffinity for electrons than has the hy-
drogen atom. Thus, when acetic acid is dissolved in water
the polar molecules of the latter have a strongeraffinity for
the hydrogenofacetic acid than the latter, ‘The acetic acid
jonizes as a consequence of this difference in affinities.
When an atomof chlorine is introduced into the acetic acid

molecule, forming CHCH,COOH,the electrons in the inole-
cule are attracted very strongly to the chlorine becauseofits

relatively high electronegativity, the bond hetween the hy-
drogen and the oxygenin (he carboxyl group thereby weak-
ened and the degree of ionization increased. Introductionof
iwo, or three chlorine atoms weakens the bond further and
inereases the strength of the acid. On the other hand, sub-
slitution of chlorine into the molecule of ammonia reduces
the strength of the base because ofits decreased affinity for
the hydrogen ion.

lonic Strength and Dissociation Constants—Most so-

lutions of pharmaceutical interest are in a concentration
range such that Uhe ionic strengthof the solution may have a

markedeffeet on ionic equilibria and observed dissociation
constants. One method ofcorrecting dissociation constants
for solutions with an ionic strength up to about 0.3 is to

calculate an apparent dissociation constant, pi,’ as

pit,’
=

pK,
+oo (80)

in which pK, is the tabulated thermodynamic dissociation
constant, 4 is the charge

on the acid and x is the ionic

strength,
Hxample-—Caleulate pity’ for succinic acid al an ionic strength of0.1,

Assume that pie is 5.83. 'The charge on the acid species is ~1.
BY (m9 ~

1)

dT
pk,

= &63 4 O51
(-2~UG)1+ 04

=
§.60

—
O37

= 6.26

Determination of Dissociation Constants---Althouh
the dissociation constant of a weak acid or base can he
oblained in a wide variety of ways including conductivity
measurements, or ulraviolet or visible absorplion spectrom-

etry, the most widely used method is potentiometric pH
measurement (see Potentiometry, page 244}. The simplest
method involving potentiometric pH measurementia based
on the measurementof the hydronium-ion concenLration of
a solution containing equimolar concentrations of the acid
and a

strong-base salt of the acid. The principle of this
method is evident from an

inspection of Eq 16; when equi-
motar concentrations of HA (the acid) and A~(the salt) are

present, the dissociation constant, K,, numerically is equal
to the hydronium-ion concentration (also, the pK, of the
acid is equal to the pH ofthe solution). Although this
method is simple and rapid, the dissociation constant. ob-
tained is nol sufficiently accurate for many purposes.

In order to obLain the dissociation constant of a weakacid
with a

high degree of accuracy and precision,
a dilute solu-

tion of the acid (about 107? to 10°! M) is titrated with a

strong base, and the pH of the solution taken after each
addition of base. The resulting data can be handled in a

wide variety of ways, perhaps the hestof which is the method

proposed by Benet and Goyan.! The proton balance equa-
dion for a weak acid, HA, being titrated with a strong base
such as KOH,would be

(K*]
+

[H,0*]

=
[OH]

+
[A7} (33)

in which [K*]
is the concentrationof Lhe base added. Equa-

tion 31. can be rearrangedto give

2.= [Ay]
=

[K"]
+

[H,0"}

-

(OH7] (32)

When a weak monoprotic acid is added to water, il can exist
in the unionized form, HA, and in the ionized form, A”.
After equilibrium is estahlished, the sum of the concentra-
Lions of both species must he equal to C,, Uhe stoichiometric

(added) concentration of acid or

 

 

C,
=

HA]
+
[A’]

=
[HA]

+ 2% (38)

The term, [HA],
can be replaced using Ieq 16 to give

[H,O"Z
|

C= +h o4a
K,

F é ( }

which can be rearranged to

7(4,0"=C,~ !
K
“ (36)

it

According to
eq 35, if 4, which is obtained from the experi-

mental data using Hq 32, is pletted
versus the terms

Z(H30"},
a

straight Hine results with a
slope equal to 1/K,,

and an
intercept equal to C,. In addition to obtaining

an
accurate estimate for the dissociation constant, the stoichio-
metric concentration of the substance being titrated is ab-
tained also. This is of importance whenthe substance being
titrated cannot he purified,

or has an unknown degree of
solvation. Similar equations

can be developedfor ohtaining
the dissociation constant for a weak base.!

The dissociation constants for diprotic acids can be ch-
tained by defining P as the average numberof protons disso-
ciated per mole of acid or

P
=

Z/C, (36)

and
H,0*/*P K,[H,0°] G

—
P)1H,0"J'P =K,Ky+

KK,

[H,0"]Ge
~P)

(2- P)}

"

(2-1)

A plot of Eq 37 should yield
a

straightline with a
stope equal

to Ky and an
intercept of Ky; dividing the intercept by the

slope yields Ky,
Micro Dissociation Constants-~-The dissociation con-

stants for polyprotic acids, as determined hy potentiometric
titration,

are
generally known as macro, or titration con-

(37}
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stants. Since it is known that carboxyl groups are stronger
acids than protonated amino groups, thereis no

difficulty in

assigning K) and Ke, as determined by Eq 37 to the carboxyl
and amino groups, respectively, of a substance such as

gly-
cine hydrochloride. In other chemicals or

drugs such as

phenylpropanolamine,
in which the two acidic groups are

the phenolic and the protonated amino group, the assign-
ment of dissociation constants is more difficult. This is

because, in general, both groups have dissociation constants

of equal magnitude. Thus, there will be two ways of
losing

the first proton and two waysof
losing the second, resulting

in four possible species in solution. This can beillustrated

using the convention of assigning
a + toa positively charged

group, a 0 to an
uncharged group and a

—
to a

negatively
charged group. Thus, +0 would represent the fully proton-
ated phenylpropanolamine, +— the dipolar ion, 00 the un-

charged molecule and 0-, the anion. The total ionization
scheme,therefore,

can be written

IONIC SOLUTIONS ANO ELECTROLYTIC EQUILIBRIA 237

mot ky
a Sy

ne
a2

gos

+0 Q-

The micro constants are related to the macro constants as

Ky,
=

hy
+

Rg (38)

K
Ky

=
hy ky

=
holt, (39)

It can be seen from Eq 38 that unless k,
or fg is very much

smaller than the other, the observed macro constant is a

composite of the two and cannot he assigned
to one orthe

other acidic group in a
nonambiguous way.

Methods for determining kj
are

given by Riegelman?
and

Niebergall
et a? Once 2), K, and Ks have been determined,

all of the other micro constants can be obtained from Eqs 38
and 39,

pH

The numerical values of hydronium-ion concentration

may vary enormously; for a normal solution of a strong acid
the value is nearly 1, while for a normal solution ofa strong
base it is approximately 1 X 107; ie, a variation of

100,000,000,000,000 hetween these two limits. Because of
the inconvenience of dealing with such large numbers, S¢r-
enson, in 1909, proposed that hydronium-ion concentration
be expressed in terms ofthe logarithm (log)

of its reciprocal.
To this value he assigned the symbol pH. Mathematically it
is written

 l
pH

=
log (40)

[Hy07]
and since the logarithm

of1 is zero, the equation also may be
written

pH
= —

log/H,0*} {41}

from which it is evident that pH also may be defined as the

negative logarithin of the hydronium-ion concentration. In

general, this type of notationis used to indicate the negative
logarithm of the term that is preceded by the “p,” which

gives rise to the following

pOH
* ~

log [OH™] (42)

pk
=

—log K (433

Thus, taking logarithms of Eqs 26 and 28 gives

pk,
+

pk,
=

pK, (44)

pH + pOH
=

pK,, (45)

The relationship of pH to hydronium-ion and hydroxyl-ion
concentrations may be seen in Table V.

‘The following examplesillustrate the conversion from ex-

ponential
to “p” notation

J. Calculate the pH corresponding to a hydrenium-ion coneentration
of 1% 1074 g-ion/L.

Solution:

 I
oH

=
log

—~
}

Txz=
Jog 10,000 or log (1 X 107)

log (1 X 10")
=

44

pH
=

4

Tabie V-——Hydronlum-lon and Hydroxyl-ton Concentrations

Normality In Narmiatity in
Terms of Termsof

pH Hydroniurm fen Hydroxy! lon

0 ] 19°H
1 10"! 19-8

Increasing 2 10-2 197k

acidity 3 yo-3 10-1)
4 ios to"
5 1078 ig?
6 i0-6 i978

Neutral point 7 1077 10-7
8 10-8 ig-6
9 10-8 yg-e

Increasing 10 ig7e po-+

alkalinity 11 0-H ig?
12 2! 107?
13 pois 107}
14 Oc 1 

2 Calculate the pH corresponding
toa hydroniumion-concentration

of 0.000036 N Cor g-ion/L) (Note---This more frequentlyis wrillenas a
number multiplied by

a powerof 10, tus, 3.6 * 1075 for 0.000036.)

Soltetion

I

3.6 x 10%
=

Jog 28,000 or log (2.8 * 10%)

Jog (2.8 * 10+4)
=

log 2.8 + fog ig!

log 2.8
=

+0.44

pH
=

log

log 10'4
=

44.00
pH

=
«4.44

This problem mayalso be solved as follows

pH
=

~Jog (3.6 X 10°")

jog 3.6
=

+0.56

log EO7S
=

—6,00=
—4.44

=
log (3.6 X 1074)

pH
=

~(—4,44)
=

+4.44 = 4.44

The following examples illustrate the conversion of “pp”
no-

tation to exponential notation:

1. Calculate the hydronium-ion concentration correspanding toa pH
of 4.44,
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Solution

pH
=

log
~~
{HyOi'

=
log

--

iio"
|

I
=

antiloy of 4.44
=

28,000 Groundedoff}

1.oF

[H,0°]
=

SON

= 0.000036or 3.6 X 107°

This caleulation also may be made as

44.44
=

—log fH,0°)
or4.44 =

+log |H,07]

In finding the antilog of —4.44 it should be kept in mind that the
mantissa (the numberto the right of the decimal point) of a

log lo the
base 10 (the commonor

Briggsian logarithmbase) is always positive but
that the characteristic (the number to the leftof the decimal point) may
he positive or negative. As the entire log —444is negative, it is obvious
that one cannot fook up the antilog af -0.44. However, the number4.44 also may be written (-5.00 ++ 0.56) or, as more offen written, 5.56,
where the hay across the characleristic indicatesthat. it aloneis negative,while the rest of the namberis positive.

Looking
up

the antilog of 0.56iL
is found to be 3.6 and, as the anUlog of ~5.00 is

10"5, it follows Chat the
hydronium-jon concentration must be 4.6 X Ja°% molas/L..2, Caleuiate the hydronium-ion concentration carresponding toa pil
of FO.17.

Solution

10.17
=

log [H,0"|

~10.37
=

log [H,0"]

—10.37
=

(11,00 + 0.83)
=

F183

The antilog of 0.83
=

6.8
The antilog ef

-
11.00

=
10-#!

The hydrenium-ion concentration is therefore 6.8 X 10°" moles/l.

In the section on Jontzation of Waterit. was shown that
the hydronium-ion concentration of pure water, at 25°, is 1
* 107? N, corresponding toa pH of 7.* This figure, there-

fore, is designatedas the neutral point
andall values below a

pH of 7 represent aciclity; the smatler the number, the preat-
er the acidity. Values above 7 represent alkalinity; the larg-
er the number, the greater the alkalinity. The pH scaie

usually
runs from 0 to 14, but mathematically there is no

reason
why negative numbers or numbers above 14 should

not be used. In practice, however, such values are never

encountered hecause solutions which might he expected 1o
have such values are too concentrated to be ionized exten-

sively
or the intertonic attraction is so great

as to materially
reduce ionic activity,

It should be emphasized strongly that the generalizations
stated concerning neutrality, acidity and alkalinity hold ex-

actly only when (1) the solvent is water, (2) the temperature
is 25° and (3) there are no otherfactors 10 cause deviation
from the simply formulated equilibria underlying the defini-
tion of pH givenin the preceding discussion.

Species
Concentration

When a weakacid, H,A, is added to water, n + 1 species,
including the unionizedacid, can exist. After equilibriumis

*
‘The pH of the purest water obtainable, so-called “conductivity”

water, is 7.0 when the measurementis carefully made under conditions
to exclude carbon dioxide and prevent. errors inherentin the measuring
technique (suchas acidity ov

atkalinityof the indicator), Upon agitating
this water in (he presence of carbou dioxide in the atmosphere {equiltbr-umwater) the value drops rapidly to 5,7, which is the pH ofnearlyail
distiled waters Ghat. have been exposed to the almosphere for even a
short Lime,

established, the sumof the concentrationsofall species must

be equal to C,, the stoichiometric (added) concentration of
acid. Thus, for a

triprotic acid H3A

C,
=

|HjA]
+

JHA]
+

(HA?)
+

[A*]
In addition, the concentrations of all acidic and basic species
in solution vary with pH, and can be representedsolely in
terms of equilibrium constants and the hydronium-ion

con-

(46)

centration, These relationships may be expressed
as

|H,,4]

=
[H,0"}" C,/D (47)

[H,,.,A7]

=
[H,O*}"7K)... KjC,/D

(48)

in which 7 represents the total numberof dissociable hydro-
gens in the parent acid, }is the numberof protons dissaciat-

ed, C, is the stoichiometric concentration of acid and K

represents the acid dissociation constants. The term Disa
powerseries in

[H,0"] and X,starting witb [HyO*] raised to

the nth power. The last term is the product ofall the
dissociation constants. The intermediate terms can be gen-
erated from the last term by substituting [H307] for Ky to
obtain the next-to-last term, then substituting {H3,07]

for

Kk; to obtain the next term, etc, until the first term is
reached, The following examples showthe denominator, D,
to be used for various types of acids

HyA: D
=

(H,0°)*
+

K,[H,O*]?
+

K,K,[H,0°]
+

KKK, (49)

HA: D
=

(H,0"]*
+

K,[H,07]
+

KK, (50)

HA*:; PD
=

[H,O")
+

K, (61)

The numerator, in all instances, is C, multiplied by the term
from the denominator that. has

[H,0*] raised io the n
-

J
power. Thus, for diprotic acids such as carbonic, succinic,
tartaric, etc

H,OTHC,HHA]
=
THOT

(52)
[H,0'?

+
K,fH,07]

+
KK,

K,[H,07]C,[HA™]
=
KHONCe (53)
14,0")

+
K,[H,0*]

+
KK,

‘
KyKC,

[A2]
=mone

(54)
[H,0*7+ K,[H,0*]

+
KK,

Example—-Caleulate the concentrations of all succinic acid species in
al.0X* 10-7 Msolution of succinic acid at pH 6.0. Assuraethat 4)

= 6.4
* 10and Ky

= 2.3 x 10-6

Eqs 52-54 have the same denominator, D, which can be
calculated as

D=
(H,0"]?

+
K,[H,07]

+
KK,

10x 107% 46.4 107? & 1.0% 1078 + 6.4 x

107° x 2.3 x 1078

=10x 1074 64 107% 4.14.7 x 107!
=

249x197)

Therefore

 

1.0%107"

X

1.0X10"pox iol
= 4.7 X 10° M
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aay
=

Hlbha0"1Ca
D

-11 —3
6.4 X10" X1.0X 109 _

gg y 19-5 ag
21,2 x 107!

K,ALC
AZ

=_ ihova =
[ae]

=

=e
1h) -d

14,7 X 1074 X 1.0 X10
ogg yg y

21.2% 107!)

Proton Balance Equation

In the
Brénsted-Lowry system the total numberof pro-

tons released by acidic species
must. equal the total number

of protons
consumed

by basic species. ‘This results in a very
useful relationship known as the proten balance equation
(PBE}, in which the sum of the concentration terms for

species that form by proton consumptionis equated to the
sum of the concentration terms for species that are formed

by the release of protons. The PBE forms the basis of a

unified approach to pH calculations, since it is an exact

accounting
ofall proton transfers occurring in solution.

When HC] is added to water, for example, it dissociates

yielding
one Cl- for each proton released. Thus, Clq is a

species formed by the release of a proton, In the same

solution, and actually in all aqueous solutions

2H,0
=

H,0*
+ OH7

where H;0* is formed by proton consumption and OH™is
formed by proton release. Thus, the PBE is

{H,0*}
=

[OH7]
+

(CI7] (55)

In general, the PBE can be formed in the following
man-

ner

1. Start with the species added to water.
2. Place ail species that can form when protons are released on the

right side of the equation.3. Place all species that can form when protons are consumed onthe
left side of the equation.4, Add (H,0*] to the left side of the equation and [OH™] to the right
side of the equation. These result from the interaction of two molecules
of water as shown above.

Example-—When HPQ, is added to water, the species H,PO," forms
with the release of one proton, HPO" forms with the release of two
protons and PO,?~ forms with the release of three protons to give the
fallowing PBE

{H,0*]
=

{0H™] +
[H,PO,”] +

2[HPO,2"]
+

3{PO,"} Ge)

Example-—When NagHPO, is added to water,it dissociates into twa
Na‘ and one HPO,*-, The sodium ionis neglected in the PREsinceit is
not. formed from the release or

consumption of protons. The species
HPO42", however, may react with water to give HePO,7 with the con-

sumption of one proton, HyPO, with the consumption of two protons,
and PO,4> with the release of one proton to give the following PBE

1H,07]
+ [H.PO,"] + 2[H,PO,]

=
[OH]

+
[PO,*] 67)

Calculations

The pH of solutions of acids, bases and salts may be
calculated using the concepts presented in the preceding
sections.

Strong Acids or Bases

When a strong acid such as HC] is added to water, the

following reactions occur

IONIC SOLUTIONS AND ELECTROLYTIC EQUILIBRIA 239

HCl +
H,O

->
H,O*

+ Cir

2H,0
=

H,0*
+ OH”

The proton balance equation for this system would be

{H,0°]

=
[OH™]

+
[Cl] (58)

In most instances (C, > 4.5 X 107? M) the [OH™7] would be

negligible compared to the [Cl~] and the equation simplifies
to

jH,0*] =[Cl] =C, (59)

Thus, the hydronium-ion concentration of a solution of a

strong acid would be equal to the stoichiometric concentra-
tion of the acid. This would be anticipated, since strong
acids generally

are assumed to be 100%ionized.
The pH of a 0.005 M solution of HCl] thereforeis calculat-

ed as

pH
=

—log 0.005
=

2.30

In a similar manner the hydroxyi-ion concentration for a

solution of a strong base such as NaOH would be

[OH7}
=

[Nat] =C, (60)

and the pH of00.005 M solution of NaOH would be

pOH
=

—log 0.005
=

2.30

pH
=

pK,,

—
pOH

=
14.00

-
2.30

=
11.70

 
Weak Acids or Bases

If a weak acid, HA, is added to water, it will equilibrate
with its conjugate base, A~,

as

HA +
H,0

=
H,O*

+ AX

Accounting for the ionization of water gives the following
proton balance equation for tbis system

{H,07}

=
[OH7}

4+
[A7] (61)

The concentration of A™ as a function of hydronium-ion
concentration can be obtained as shown previously to give  [H,0*]

=
[OH-]

+2-4
(62)

Algebraic simptification yields

(C,

~

[H,07]
+

[OH™})

{[H;0*]

—

[OH™])
In most instances for solutions of weak acids, [H;O*]

>>

[OH~] and the equation simplifies to give

[H,0*]?
+

K,[H,0*] -K,C,
=

0 (64)

This is a
quadratic equation* which yields

(H,0*] =K, (63)

-K,
+

JK,+4K,C,
 

[H,0*]

=
(65)2

since [1,0]
can never be negative. Furthermore, if [H;0*]

is less than 5% of C,, Eq 64 is simplified further to give

Phe eneral solution Lo a
quadratic equationof the form

aX? 4+bX +c=0

x
=
ht

Vb

=dae
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[H,07]
=

(KC
It generally is preferable to use the simplest equation

to

calculate [H,O0"]. However, when [H,0"] is caleulated, it
must be compared Lo C, in order to determine whether the

assumption C, >>
[HyO*]

is vatid. If the assumptionis
not

valid, the quadratic equation should be used.

(66)

Example--Caloulate the pHof a 5.00 1074 M solution of aweak acid

having
a K,

=
£90 x 1074

[H,07]
=

VC
3.90 x 107 x 5.00 x 1074

2
3.08 x 1078 M

Since C, 5.00
* 107? Ad}] is not much greater than[HsO*)], the quadrat-

ic equation (2q 65) should be used

[14,0*)
=

ft

=
296 xX 107° M

1.90x10°?+(0.90 x107)"+441.90X}

tration and simplifying, in the same manneras shownfor a

weak acid, gives

  

 
 

{OH
Ed

Ky,

secratuesteetrtrteyee~insiteoeenema
(G8)

(JOH ]

-

[H,O")
If (OL-j

>>
[HyO*],

as is true generally

{OH+ K,[OH]

-

K,C,
=

0 (69)

whichis a
quadratic with the following solution

Ky +

I

Ky +AKC,[OH™]
= what

BES
Ae (70)

If C; >
{OH "], the quadratic equation simplifies

to

3.00109)
2

[OH]
=

Vii;
(71)

pH
=

log (2.26 *
10)

=
4.65

Note that. the assumption [HyO*] » [OHo]is valid. ‘The hydranium-ion
concentration calculated from Eq 66 has a relative error of 36%when
comparedto thecorrect value obtained from dq 65.

When a salt obtained from a strong acid and a weak

base---e.g., ammonium chiaride, morphine sulfate, pilocar-
pine hydrochloride, ete—-is dissolved in water,it dissociates
as

Bux> But +X”

in which BH*is the protonated formof the base B, and %”is

the anion of astrong acid. Since X™is the anion of a strong

acid, it is too weak a base to undergo anyfurther reaction
with water. The protonated base, however, can act as a

weakacid to give

BH* +
H,0

= B+
H,07

Thus, Eqs 65 and 66 are valid, with C, being equal
Lo the

concentrationof the salt in solution. If K, for the protonat-
edbaseis nol available, it can be obtained by dividing K, for
the base B, into Ky.

Example—Caleulate the pH of a 0.086 Ad solution of ammonium
chloride, Assume that J, fey ammonia is 1.74 * 107" and dH, is 1.00 X
oN, 4ee

95 xX 107"
 

 
[HjO"]

=

YRC,=

5.75
x10x 26x 10"

=
3.87 x 1079 M

pH
=

—log (3.87 X
1079)

=
5.41

Since Cq is much greater than [Hy40+] and {4,0"] is much greater than

JO1~], the assumptions arg valid and the value enleulated for pl is

sulficientiy accurate.

Weak Bases

When a weak base, 2, is dissolved in waterit. ionizes to give
the conjugate acid as

B+
H,Q

= BHT + OH”

The proton balance equationfor this sysieinis

[BH"]
+

[H,0*]

=
{OH™]

Substitating [8H"]
as a function of hydronium-ion

concen-

(67)

Once {OH7] is calculated, it can he converted to pOH, which
can be subtracted from pi, to give pH.

Example—-Caleulate Use pHof a 4.50 X 107 Msalution of a weakbase

having Kp,
= 2.00 X10. Assumethal Ky

=
1.00 x 10°04,

JOH}
=

GRC,
=

$2.00
x 1079 x 4.50 x10°?

=
9.00 x 107

=
3.00 x 1078 Af

Both assumptions
are valid.

pOH
*

~log 3.00 X 10°?
=

2.52

pH
=

14,00
—

2,52
=

11.48

Whensalts obtained from strong bases and weak acids (eg,
sodium acetate, sodium sulfathiazole, sodium benzoate, etc}
are dissolved in water, they dissociate as

Natay “> Nat + A”

in which Avis the conjugate base of the weak acid,HA. The
Nat undergoes

no further reaction with water. ‘The Av,
however, acts as a Weak base to give

Av
+H,0

«2 HA + OH”

‘Thus, Eigs 70 and 71 are
valid, with Cy, being equal to the

concentration of the salt in solution. ‘The value for ,
can

be obtained bydividing K, for the conjugate acid, HA, into

Keiia
Example--Caleulate the pli of a 0,05 M solution of sodiumacetate.

AssumeUhal i, for acetic acid
=

1.75 X L075 and WN,
=

3.00% Foc4,

Ky
_

3.00x 107"

Ky, 495 x107°

q
Ki,

=
571 x 197"

OH7 =
JRC,

=
v5.71x107"X 5.0x10

=
5.34 107° Ad

Both assumptions
are valid

pOH
=

—log (5.34 % 10°S)
=

5.27

pH= 14.00
~

5.27
=

8.73
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Amphotytes

Substances such as
NaHCOs and NaH»PO, are termed

ampholytes, and are
capable of functioning both as acids

and hases. When an
ampholyte of the type NaHAis dis-

solved in water, the following series of reactions can occur

Na*HA” “25 Nat + HA”

HA~ +
H,O

=
A®” +

H,0*

WA+ H,O
=

H,A
+ OH™

2H,0
=

HyO"
+ OH™

The total proton balance equation (PBE) for the systemis

[H,O*]
+

[H,A}
=

|OH™]
+

[A°7] (72)

Substituting both [HeA] and [A®-]
as a function of

[H3,07]
(see Eqs 52 and 54), yields

[H,0*}" C,

 

H,0*] +--+

2]

__—_ =(40°)
(H,0*]? + K,[H,0*] + KK,

Ke KK,C,+
- FeALA

[H,0*]  {H,0*]*
+

K,[H,0*]
+

KK,

This gives
a fourth-order equation in [H30*], which can be

shnplified using certain judicious assumptions to

BIC.
4) atitte™s

rie1,0"
ve

+e, (73)

In most instances, C, >> K, and the equation further simpli-
fies to

[H,0")
=

VRiK,
74)

and [H,0*) becomes independentof the concentration of
the sait. A special property of ampholytes is that the con-

centration of the species HA™ is maximumat the pH
carre-

sponding to Kq 74.
When tbe simplest aminoacid salt, glycine hydrochloride,

is dissolved in water, il acts as a
dipratic acid andionizes as

*NH,CH,COOH
+ H,0

=
*NH,CH,COO”

+
H,0*

*NH,CH,COO”
+

H,0
«=

NH,CH,COO”
+

H,0*

The form, *NHgCHgCOO-, is an
ampholyte since it also can

act as a weak base

*NH,CH,COO”
+

H,O
=

*NH,CH,COOH
+ OH™

This type of substance, which carries both a
charged acidic

and a
charged basic moiety

on the same moteculeis termed a

zwitterion and, since the two charges balance eachother, the
molecule asts essentially as a neutral molecule. The pH at
which the zwiéterion concentration is maximum is knownas

the isoelectric point, which can be calculated from Eq 74,
On the acid side of the isoelectric point, amino acids and

proteins are cationic and incompatible with anionic materi-
als such as the naturally occurring gums used as

suspending
and/or emulsifying agents. On the alkalineside of the iso-

electric point, amino acids and proteins
are anionic and

incompatible with cationic materials such as benzalkoniun
chloride.

Salts of Weak Acids and Weak Bases

Whena salt such as ammonium acetate (which is derived
from a weak acid and a weak base) is dissolved in water, it

Undergoes the following reactions

BHtA™ "> BH* + Aq

IONIC SOLUTIONS AND ELECTROLYTIC EQUILIBRIA 241

BH*+ H,0
== B+

H,07
Av

+H,0
= HA+ 0H”

The total PBIfor this systemis

[H,0*]
+

{HA]
=

[OH"]
+

[B] (75)

Replacing [HA)
and [B}

as a function of [HyO*], gives

HON,
KC,

[H,0*} 4OG [OH] + ‘1 (76)
[H,07]

+
K, [H,07]

+.
K,’

in which C, is the concentration of salt, K, is the ionization
constant. of the conjugate acid formed fromthe reaction
between A~ and water and K,’ is the ionization constant for
the protonated base, BH*. In general, [HyO+], [OH], K,
andK,,’ usually

are smallerthan C, and the equation simpii-
fies to

[H;0*]
=

RK
(77)

kxampte—Calculate the pH of a 0.01 Msolution of ammoniumace-
tate. The ammoniumion has a K, equal to 6.75 X 107!which repre-
senls K,'in ig 77, Acetic acid has a K, of 1.75 * 1074, which represents
K, in Iéq 77

[H,O*]
=

1.95x107x6.75x10°"
=

1.05 x £07

pH
=

-log (1.05 X 1077)
=

6.98

All of the assumptions
are valid.

Buffers

The terms buffer, buffer solution and buffered solution,
whenused with reference to hydrogen-ion concentration or

pH,refer to the ability of a system, particularly
an aqueous

solution, to resist a
change of pH

on addingacid
oralkali, or

on dilution with a solvent.
If an acid or base is added to water, the pH

ofthelatteris

changed markedly, for water has no
ability to resist change

of pH;it is completely devoid of buffer action. Even a very
weak acid such as carbon dioxide changes the pH of water,

decreasing it from 7 to 5,7 when the smail concentration of
carbondioxide presentin airis equilibrated with pure water.
‘This extreme susceptibility of distilled water to a

change of

pH
on

adding very sinall amountsof acid or baseis often of

great
concern in pharmaceutical operations. Solutions of

neutral salts, such as sodiuin chloride, similarly jack ability
to resist change of pH

on addingacid
or base; such solutions

are called unbuffered:
Characteristic of buffered solutions, which undergo small

changes of pH
on addition ofacid or

base, is the presence
either of o weak acid and a salt of the weakacid,

or a weak

base and a salt of the weak base. An example of the former

system is acetic acid and sodiumacetate; of the latter,
am-

monium hydroxide and ammonium chloride, Fromthe pro-
ton concept of acids and bases discussed earlier, it is appar-
ent that such buffer action involves 4 conjugate acid—base

pair in the solution. It will be recalled that acetate ionis the

conjugate base of acetic acid, and that ammoniunn jonis the

conjugate acid of ammenia (the principal constituent of
what commonlyis called ammonium hydroxide).

The mechanism of action of the acetic acid-sodium ace-

tate buffer pairis that the acid, which exists largely in molec-

ular (nonionized) form, combines with hydroxyl ion that

may be added to form acetate ion and water, thus

CH,COOH
+ OH™

+
CH,COO™

+
H,0

while the acetate ion, whichis a base, coinbines with hydro-
gen (more exactly hydronium) ion that may be added to
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form essentially nonionized acetic acid and water, represent-
ed as

CH,COO™
+

H,0*
-»

CH,COOH
+

HO

As will be Hlustrated later by
an

example, the changeof pHis

slight.
as

long
as the amount. of hydronium

or
hydroxyl ion

added does not exceed the capacity of the buffer system to

neutralize it.
The ammonia-ammenium chloride pair functions as a

buffer because the ammonia combines with hydronium ion
that may be added to form ammonivin jon andwater, thus

NH,
+

H,0'

->
NH,*

+
H,0

Ammonium jon, which is an
acid, combines with added hy-

droxyl ion to form aimmenia and water, as

NH,*
-+ OH”

->
NH,

+
H,O

Again, the change of pH is slight if the amount of added

hydronium
or

hydroxylion is notin excess of the capacity of

the system to neutralize it,
Besides these two general types of buffers,

a third appears
to exist. ‘This is the buffer system composed of two salts, as

monobasic potassium phosphate, KH 2PO,, and dibasic po-
tassium phosphate, KzHPO,. ‘This is not, howeyer, a new

type of buffer; it is actually
a

weak-acid-conjugate-base
buffer in which an ion, HaPO,~,

serves as the weakacid, and

HPO,?> is its conjugate hase. When hydroxyl ion is added
to this buffer the following reaction takes place

H,PO,”
+ OH

-+

HPO?"
+

H,0

and when hydronium ion is added

HPO,?
+

H,07
+

H,PO,
+

HO

It is apparent that the mechanism of action of this type of

bufferis essentially the sameas thatof the weak-acid-conju-
gate-base buffer composed of acetic acid and sodium ace-

tate.
Calculations—A buffer system composedof a conjugate

acid—base pair, NaA
~

HA (such as sodium acetate and
acetic acid), would have a PBE of

[H,0*]
+

[HA)
=

[OH™]
+

[A7] (78)

Replacing [HA] and [A~]
as a function of hydronium-ion

concentration gives

H,o*}e KC,[H,0']
+ HOC

=
{OH"] +". (79)

[H,0*]
+

K, fH,07]
+

K,
where Cy is the concentration of the salt, NaA, and C,is the
concentration of the weak acid, HA, This equation

can be

rearranged to give

(C,

~

[H,O*]
+

[OH7)*

(C,
+

[H,0*]

~
[OND

In general, both €, and C, are much greater than [H.0*],
which is in turn much greater than

[OH™], and the equation
simplifies to

[H,0}

=
K.

K
W.0t]

=272 81[H,0°] C,
(81)

or, expressed in terms of pH,as

C,pH
=

pk, + log a
(82)a

‘This equation is generally called the Henterson--Hassel-
baich equation, Jt applies

to all buffer systems formed from

asingle conjugate acid--basepair, regardless of the nature of
the salts. For example, it applies equally well Lo the follow-

ing buffer systems: ammonia-ammonium chloride, mono-

sodium phosphate-disedium phosphate, phenabarbital—so-
dium phenobarbital, etc. In the ammonia-ammoninmchlo-
vide system, ammonia is obviously the base and the
ammoniumion is the acid (Cy equal to the concentration of
the salt). In the phosphate system, monosodium phosphate
is the acid and disodium phosphate is the base. For the

phenabarbital buffer system, phenobarbital is the acid and
the phenobarbital anion is the base (Cy, equal

to the concen-

tration of sodium phenobarbital).
As an

example of the application of this equation, the pH
of a buffer solution containing acetic acid and sodiumace-

tate, each in 0.1 M concentration, may be calculated. The

K, of acetic acid,
as defined above, is 1.8 * 1075, at 25°.

Solutian
First, the pi, of acetic acid is calcuiated

pk,
=~

log K,
= —

log 18 xX 10?
= —

log 1.8
—

log 207°
=

0.26
~

(~5)
=

44.74

Substituting this value into Hq 82

01 + A,74
=

44,74
01

 
pH

=
log

The Henderson—Hasselbalch equation predicts that any
solutions containing the same molar concentration of acetic
acid as of sodium acetate will have the same

pH. Thus, a

solution of 0.01 M concentration of each will have the same

pH, 4.74, as one of0.1 M concentration of each component.
Actually, there will be some difference in the pH of the

solutions, for the activity coefficient of the components var-

ies with concentration. For most practical purposes, howev-
er, Che approximate values of plcalculated by the equation
are

satisfactory. It should be pointed out, however, that the
buffer of higher concentration of each componentwill have a

much greater cnpacily for neutralizing added acid or base

and this point will be discussed further under Buffer Capac-
iy.

The Henderson—Hasselbalch equation is useful also for

calculating the ratio of molar concentrations of a buffer

system required to produce
a solutionof specific pH. As an

example, suppose that an acetic acid-sodiumacetate buffer
of pH 4.5 is to be prepared. Whatratio of the buffer compo-
nents should be used?

Solution

Rearranging JSq 82, whichis used to calculate the pHof weak acid-
salt type buffers, gives

base] ,
[base]

=
pH

~
pkOg

facid]
Pp PEt

= 45
—~

4.76
=

—0.24
=

(9.76
—

10)

{base}
=

antilog of (9.76
—

10)
=

0.575
|acid}

The interpretation of this result is that the proportion of
sodium neelate to acetic acid should be 0.575 mole of the
former to 1 mole of the laiter to produce

a
pH of 4.5. A

solution containing 0.0575 mole of sodium acetate and 0.1
mole of acetic acid per liter would meetthis requirement,

as

would also one
containing 0.00575 mole of sodiumacetate

and 0.01 mole of acetic acid perliter.
The actual concentra-

tion selected would depend chiefly on the desired buffer

capacity.
Buffer Capacity-——The ability of a buffer solution to re-

sist changes in pH upon addition of acid or alkali may be
measured in terms of buffer capacity.

In the preceding
discussion of buffers, it has been

seen that, in a
general way,

the concentration of acid in a
weak-acid-conjugate-base

buffer determines the capacity to “neutralize” added base,

MYLANINST. EXHIBIT 1013 PAGE 51



MYLAN INST. EXHIBIT 1013 PAGE 52

 

while the concentration ofsalt of the weak acid determines
the capacity lo neutralize added acid. Similarly, in a weak-

base-conjugate-acid buffer the concentration of the weak
base establishes the buffer capacity toward added acid,
while the concentration of the conjugate acid of the weak
base determines the capacily toward added base. When the
buffer is equimolar in the concentrations of weak acid and

conjugate base, or of weak base and conjugate acid, it- has

equal buffer capacity toward added strong acid or strong
base.

Van Slyke, the biochemist, introduced a
quantitative

ex-

pression for evaluating buffer capacity, ‘This may le de-
fined as the amount, in gram-equivalents (g-liq) per liter, of

strong acid or strong base, required to be added to a solution
to change its pH by 1 unit;

a solution has a buffer capacity of
1 when | LL requires 1

g-Eq of strong base or acid to change
the pH 1 unit (in practice, considerably smaller increments
are measured, expressed

as the ratio ofacid or base addedto
the change of pH produced}. From this definition it is

apparentthat the smaller the pH change in a solution caused

by the addition of a
specified quantity of acid or aikali, the

greater the buffer capacity of the solution.
The following numerical examples ilusatrate certain basic

principles and calculations concerning buffer action and
buffer capacity.

Example }-—Whatis the change of pH
on

adding 0.01 mole of NaOH
10 11, of 0.10 M acetic acid?

(a) Caleulate the pHof a 0.10 molarsolutionofacetic acid

[H,O7}
=

(aCe
= 375 X10X10x107! = 1.33x10-8

pH
=

—log 1.83 * 10°?
=

2.88

(bh) On adding 0.01 mole of NaOH toaliter of this solution, 0.03 mole
of acetic acid is converted to 6.01 mole of sodium acetate, thereby de-

creasing Cy lo09 M, and Cy
= 1.4% 10°? Af) Using the Henderson-

Hasselbach equation gives
0.01

DH
=

4.76 -b log
= =

4.76
—

0.95
=

3.818
0.08

The pH changeis, therefore, 0.93 unit. The buffer capacity as defined
above is calculated fo be

molesofNaQHadded
~ : =

(L011
change

in
pH

Example 2.--Whatis Use change of pl]
on adding 0.1 mole of NaQHto

1 Lofbuffer selation 0.4 AY in acetic acid and 0.1 Af in sodiumacetate?
fa) ‘The pHof uke buffer solution before adding NaOH! is

pH
=

Jog 2284
4 pik,

{acid]
a]=

lop <b 4.76
=

4.76oF
1

5

(lL) On adding 0.01 mole of NaOH perliter to this buffer solution,
0.01 mole of acetic acid is converted ta 6.01 mote of sodium acetate,
thereby deercasing the concentration ofacid to 0.09 Mf andincreasing Che
concentrationof base to 0.11 Af. The pHis calculated as

. 0.11
pH

=
lag

oo
4 4.76

=
0.086 + 4.76

=
4.85

"She change of pHin this caseis only0.09 unit, about “ig the changein the

preceding example. The buffer capacity is calculated as

molesofNaOH
added _

0.01
change of pH

~

0.08

Thus, the buffer capacity of the acetic acid—-sodiumacetate buffer sofu-
tion is approximately 10 times tat of the acetic acid solution.

= (11

As is in part evident from these examples, and may be
further evidenced by calculations of pH changes in other
systems, the degree of buffer action and, therefore, the buff-
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er
capacity, depend

on the kind and concentration ofthe

buffer components,
the pH region involved andthe kind of

acid or alkali added.
trong Acidg and Bases as “Buffers”.—-In the foregoing

discussion, buffer action was attributed to systems of (1)
weak acids and their conjugate bases, (2) weak bases and
their conjugate acids and (3) certain acid-base pairs which
can function in the mannereither of System 1 or2,

Theability to resist change in pH
on

adding acid oralkali
is possessed also by relatively concentrated solutions of

strong acids and strong bases. If to 1 L of pure water having
apH of 7.0 is added 1 mL of 0.01 M hydrochloric acid, the pH
is reduced to about 5.0. If the same volumeof the acid is

added to 1 Lof 0.001 M hydrochloric acid, which has a
pH of

about 3, the hydronium-ion concentration is increased only
about 1% and the pHis reduced hardly at ali. The nature of
this buffer action is quile different. from that of the true

buffer solutions, ‘The very simple explanation is that when
1mL of 0.01 M HCl, which represents0.00001 g-Eq of hydro-
nium ions,is addedto the 0.0000001 g-Eg of hydroniumions
in 1 L of pure waler, the hydronium-ion concentration is
increased 100-fold (equivalent

te 2 pli units), but when the
same amount is added to the 0.001 g-Eq of hydroniumions in
1 Lof 0.001 44 HCI, the increase is only 1/100 the concentra-

tion already present. Similarly, if 1 mI. of 06.01 M NaOHis
added to 1 Lof pure water, the pHis increased to 9, while if
the same volume is added to [ J of 6.001 molar NaOH, the

pHis increased almost immeasurably.
In general, solutions of strong acids of pH 3 or less, and

solutions of strong bases of pH 11 or more, exhibit this kind
of buffer action by virtue of the relatively high concentration
of hydronium

or
hydroxyl ions present. The USP ineludes

among its Standard Buffer Solutions a series of hydrochlo-
ric acid buffers, covering the pH range 1.2 to 2.2, which also
contain potassium chloride. The salt does not participate in
the buffering mechanism,

as is the case with salts of weak

acids; instead, it serves as a nonreaclive constiluent required
to maintain the properelectrolyte environment.of the solu-
tions,

,

Determination of pH

Colorimetry

A relatively simple and inexpensive methodfor determin-

ing the approximate pH of a solution depends
on the fact

that some
conjugate acid base pairs (indicators) possess one

color in the acid form and anothercclor in the base form.
Assume that the acid form of a

particular indicatoris red,
while the base form is yellow. The color of a solution of this
indicator will range from red, whenit is sufficientlyacid, to

yellow, whenit is sufficiently atkaline. In the intermediate

pHrange {the transition interval) the color will be a hlend of
red and yellow depending upon the ratio of the base to the
acid form. In general, although there are

slight differences
betweenindicators, color changes apparentto the eye cannot.
be discerned whenthe ratio of base to acid form, or acid to
base form exceeds 10:1. The use of Eq 82 indicates that the
transition range of mostindicatars is equal

to Lhe pK, of the
indicator 4:1 pH unit, or a useful range of approximately 2

pH units. Standard indicator solutions can be made at
known pH values within the transition range of the indica-
tar, and the pH of an unknown solution determined by
adding the indicator to if and comparing the resulting color
with the standard solutions. Details of this procedure

can

be found in RPS-14. Another method for using these indi-
cators is to apply them to thinstrips

offilter paper. A drop
of the unknownsojutionis placed

on a
piece of the indicator

paper and the resulting color compared
to a colar chart

supplied with Lhe indicator paper. ‘These papers are avail-
able in a wide variety of pH ranges.
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Potentiometry

Electrometric methods for the determination of pH
are

based on the fact that the difference of electrical potential
between twosuitable electrodes dipping into a solution con-

taining hydronium ions depends
on the concentration (or

activity) of the latter. The developmentofa potential dif-
ference is not a specific property of hydronium ions. A

solution of any ion will develop
a

potential proportional
to

the concentrationof that.ion if a suitable pairof electrodes is

placed in the solution.
The relationship between the potential difference and

concentration of an ion in equilibrium with the electrodes

may be derived as follows. Whena metalis immersedinto a

solution ofoneofits salts, there is a tendency [or the metalto

go into solution in the form ofions. This tendency is known
as the solution pressure of the metal and is comparable

to

the tendency of sugar molecules, for example, to dissolve in
water, The metallic ions in solutiontend,

on the other hand,
to become discbarged by forming atoms, this effect being

proportional
to the osmotic pressure of the ions. In order

for an atom of a metal Lo go into solution as a
positive ion,

electrons, equal in numberto the charge
on the ion, must be

lefl behind on the metal electrode with the result that the
latter becomes negatively charged. The positively charged
ions in solution, however, may become discharged

as aloms

by taking wp electrons from the metal electrode. Depending
on which effect predominates, the electrical charge

on the

electrode will be either positive
or

negative and may be

quantitatively expressed by the following equation proposed
by Nernst in 1889

(83)

where # is the potential difference or electromative force,
is the gas constant(8.316 joules), J’ is the absolute tempera-
ture, nis the valence of the ion, Fis the Faradayof electricity
(96,500 coulombs), p is the osmotic pressure of the ions and
P is the solution pressure of the metai.

Inasmuch as it is impossible to measure the potential
difference between one electrode and a solution with any

degreeof certainty, it is customary touse two electrodes and
to measure the potential difference between them. If two

electrodes, both of the same
metal,

are immersed separately
in solutions containing ions of that metal, at osmotic pres-
sure p, and pg, respectively, and connected hy

means of a

tube containing
a nonreactingsait solution (a so-called “salt-

bridge”), the potential developed
across the two electrodes

will be equal to the difference between the potential differ-
ences of the individualelectrodes; thus

+ os . RT, Py RE Ps1 = ft a ft Tr nrtaeee eee ee ieee
B=E,- E, i In

Po nk In
i

Since both electrodes are of the same
metal, P, =P, and the

equation may be simplified to

(84)

 RT RT RT, Pyye a] 1
oe I

85nit a? nF
1 Pe nk in

Ds (85)

In place of osmotic pressures it is permissible, for dilute

sohutions, to substitute the concentrations c, and eg which
were found (see Chapter 16, page 222) to be proportional to

py, and py. The equation then becomes
»
AT, cy
=

BF
In ~~rn ty

=
 

I (86)

If either c; or ¢s is known, it is obvious that the value of the
other may be found if the potential difference, J, of this cell
can be measured,

for the determination of hydronium-ion concentration or

pH, an electrode at which an
equilibrium between hydrogen

 Fig 17-38. Hydrogen-ion concentration chain.

gas and hydronium ion can be established must be used in

place of metallic electrodes. Such anelectrode may be made

by electrolytically coating
a

strip of platinum,
orother noble

metal, with platinum black and saturating the latter with
pure hydrogen gas. This device functions as a

hydrogen
electrode, ‘Two suchelectrodes maybe assembled as shown
in Fig 17-3.

In this diagram
one electrode dips into Solution A, con-

taining
a known hydronium-ion concentration, and the oth-

er electrode dips into Solution B, containing
an unknown

hydronium-ion concentration. The two electrodes and so-

lutions, sometimes cafled half-cells, then are connected hy
a

bridge ofneutral salt solution, which has no
significant effect

on the solutions it connects. The potential difference across

the two electrodes is measured by means of a
potentiometer,

P. Ifthe concentration, ¢;, of hydronium ion in Solution A is
LN,Ieq 86 simplifies to

r=
RP

n i {87}
nl es

or in terms of Briggsian logarithms
RY 1

(88)
hom DE seer 7= 2.303 ar loz yy

c,

If for logyo I/cz there is substituted its equivalent pH, the

equation becomes

B= 2390382 pu (89)
nk

and finally by substituting numerical values for &, 1, T and

F, and assuming the temperature to be 26°, the following
simple relationship is derived

= 0.0581 pH or pH
=
a,
0.0581

The hydrogen electrode dipping into a solution of known

hydronium-ion concentration, called the reference elec-

trode, may be replaced by
a calome!electrode,

one type of
which is shown in Fig 17-4, The elements of a calomel
electrode are mercury and calomel in an aqueous solution of

potassium chloride. The potential of this electrode is con-

stant, regardiess of the hydronium-ion concentration of the
solution into which it dips. ‘The pctential depends

on the

equilibrium whichis set. up between mercury and mercurous

ions from the calome}, but the concentration ofthe latteris

governed, according
to the solubility-product principle, by

the concentration of chloride ions, which are derived mainly
from the potassium chloride in the solution. Therefore, the

potential of this electrode varies with the concentration of

potassium chloride in the electrolyte.
Because the calome! electrode always indicates voltages

which are
higher, by

a constant value, than those obtained

{90)
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Fig 17-4, Caiomelelectrode.

when the norma! hydrogenelectrode chain shownin Fig 17-3
is used, it is necessary to subtract the potential due to the
calomel electrode itself from the observed voltage.

As the

magnitude of this voltage depends
on the concentration of

potassium chloride in the calomel-electrode electrolyte, it is
necessary to know the concentration of the former. For
most purposes 4 saturated potassium chloride solution is
used which preduces potential difference of 0.2488 v. Ac-

cordingly, before using Eq 85 for the calculation of pH from
the voltage of a cell made up of a calomel and a

hydrogen
electrode dipping into the solution ta be tested, 0.2488 v
must. be subtracted from the observed potential difference.

Iexpressed mathematically, fg 91 is usedfor calculating pH
from the potential difference of such a cell,

(91)

 
In measuring the potentia] difference between the elec-

trodes, it is imperative that very lite current be drawnfrom
the cell, for with current flowing the voltage changes, owing
to polarization effects at the electrode. Because ofthisitis
not possible to make accurate measurements with a voltme-
ter which requires appreciable

current to operate it. Inits

place
a

potentiometeris used which does not draw a current
fromthe cell being measured.

There are many limitations to the use of the hydrogen
electrode:

Iveannotbe used in solutions containing strong oxidants such as ferri¢
iron, dichromates, nitric acid, peroxide

or chlorine or reductants, suchas
sulfurous acid and hydrogensulfide.

Ii is affeeted by the presence of organie compounds which are fairly
easily reduced.

ILeannot be used successfully in solutions containing cations thatfall
helowhydrogen in the electrochemical series.

Erratic results are obtained in the measurement of unbuffered solu-
tions untess special precatttions are Laken.

It is troublesome Lo prepare and maintain.

Since other electrodes more convenient Lo use now are avail-

able, the hydrogenelectrode today is used rarely. Neverthe-
less,if is the ultimate standard for pH measurements.

To avoid some ofthe difficulties with the hydragen elec-
trode, the guinhydrone electrode was introduced and was

popular for a
long thne, particularly for measurements of

acid solutions,
The unusual feature of this electrode is that

IL consists ofa piece of gold
or

platinum wire orfoil dipping
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into the solution
4o be tested, in which has been dissolved a

small quantity of quinhydrene, A calomel electrode may be
used for reference, just

as in determinations with the hydro-
gen electrode,

Quinhydrone consists of an
eguimolecular mixture of qui-

none and hydroquinone; the relationship between these sub-
stances and hydrogen-ion concentration is

Quinone
+ 2 hydrogen ions + 2 electrons =

hydroquinone
In a solution containing hydrogen ions the potential of the

guinbydrone electrode is related logarithmically to
hydroni-

um-ion concentration if the ratie of the hydroquinone
con-

centration to that of quinone is constant and practically
egual to one. This ratio is maintained in an acid solution

containing
an excess of quinhydrone, and measurements

may be made quickly and accurately; however, quinhydrone
cannot be used in solutions more alkaline than pH 8.

Anelectrode which, because ofits simplicity of operation
andfreedom from contamination or

change of the solution

being tested, has replaced both the hydrogen and quinhy-
drone electrodes is the glass electrode. 14 functions by vir-
tue of the fact that when a thin membrane of a

special
compositionof glass separates Lwo solutions ofdifferent. pH
there is developed

across the membrane a
potential differ-

ence which depends
on the pH of both soiutions. Hf the pH

of one of the solutions is known, the other maybe calculated
from the potential difference. In practice, the glass elec-

trode usually consists of a bulb of the special glass fused to

the end ofa tube of ordinary glass. Inside the bulb is placed
a solution of known pH, in contact with an internal silver~
silver chloride or other electrode. This glass electrode and
another reference electrode are immersedin the solution to

be tested and the potential difference is measured. A poten-
tiometer providing electronic amplification of the sraall cur-

rent producedis employed. ‘The moderninstruments avail-
able permit reading the pH directly and provide also for

compensation of variations due to temperature in the range
of 0-50° and to the small but variable asymmetry potential
inherent in the glass electrode.

Pharmaceutical Significance

Tn the broad realm of knowledge concerning the prepara-
tion and action of drugs few, if any, variabjes are so

impar-
-

tantas pH. Forthe purpose of this presentation, four prin-
cipal types of pH-dependence of drug systems will be dis-
cussed: solubility, stability, activity and absorption.

Drug Solubility

Ifasalt, NaA, is addedto waterto give a concentration C,,
the following reactions occur

11,0)
Nata”> Nat + Av

Ay +
H,0

«3 HA + OH™

If the pH of the solution is lowered,
more of the Av would be

converted to the unionized acid, HA, in accordance with Le
Chatelier’s principle. Eventually,

a
pl will be obtained,

below which the arnountof HA formedexceeds its aqueous

solubility, So, and the acid will precipitate fromsolution; this

pHi
can be designated

as
pH.

At this point, at which the
amount of HA formedjust equals Sp,

a mass balance on the
total amount of drug in solution yields

C,= [HA]
+

[AX]
=

Sy
+

[AY (92)

Replacing [Av]
as a function of hydronium-ion concentra-

tion gives
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K,C,
C,

=
Sy

+
eee (93)
[H,0 lp

+ K,

where I, is the ionization constant for the conjugate acid,

HA, and
[H30*],

refers to the hydronium-ion concentration
above whichprecipilation will occur. ‘This equation can be

rearranged Lo give

(94)

 
Taking logarithms gives

C,- 8,
pH,

=
pk, + log

~~ (95)
By

Thus, the pH below which precipitation
occurs is a function

of the amountofsalt. addedinitially, the p, and the solubil-

ity of the free acid formed from the salt.
The analogous equation Lor salts of weak bases and strong

acids (suchas pilocarpine hydrochloride, cocaine hydrochlo-
ride or codeine phosphate} would be

“

Sy
pH,

=
pk,

+
log-~—

C.- So

in which pX,refers to the protonated form of the weak base.

Example—-Relow whatpli will free phenobarbital hegin to precipitate
from a solution initially eantaining 1.8 ¢ of sodium phenoharbital/100
mL at 25°? 'She molar solubilily of phenobarbital is 0.0050 andits pK,
is 7-41. The molecular weight of sodium phenobarbital is 254.

‘Phe molar concentrationof saltinitially addedis

gL 18
molwt 254

0.051 ~6.005
pH,

=
7.41 + log8O08

=
7,4] + 0.96

=
8.37

(96)

s =
0.051 M

 

Example—-Above what. pH will free cocaine begin to precipitate from
asolution initially containing 0.0294 mole of cocaine hydrochloride/L?
The pH, of cocaine is 5.59, and its molar solubitity is §.60 X 1074,

pit,
=

pk,

—
pity

=
14.00

~
5.59

=
8.41

0.0086
5H.

= 8.44 + logpee
0.0294

~
0.0056

=
84 + (+0.68)

=
7,78

Drug Stability

One of the most diversified and fruitful areas of study is
the invesLligationof the effect of hydrogen-ion concentration
on the stability or, in more

general terms, the reactivity of

pharmaceutical systems. The evidence for enhanced stabil-

ity of systems when these are maintained within a narrow

range of pH,
as weil as of progressively decreasing stability

as the pH departs from the optimum range, is abundant.

Stability (or instability) of a system mayresult from gain
or

loss of a proton (hydrogenion) by
a substrate molecule—of-

ten accompanied by an electronic rearrangement-—which
reduces (or increases) the reactivity of the molecule. Insta-

bility resulis when the substance desired to remain un-

changed is converted to one or more other, unwanted, sub-
stances. In aqueous solution, instability may arise through
the catalytic effect of acids or

bases, the former by transfer-

ring
a proton to the substrate molecule, the latter by accept-

ing
a proton.

Specific illustrations of the effect of hydrogen-ion
cancen-

{ration on the stability of medicinals are myriad; only
a few

will be given here, these being chosen Lo show the impor-
tance of pHadjustinentof solutions that require steriliza-
tion.

Morphine solutions are not decomposed during
a 60-min

exposure al a
temperature of 100° if the »His less than 5.5;

neutral and alkaline solutions, however, are
highly unstable.

Minimum hydrolytic decomposition of solutions of cocaine
oceurs in the range of pH of 2 to 5; in one

study
a solution of

cocaine hydrochloride, initially at a
pH of 5.7, remained

stable during 2 months (although the pH dropped to 4.2 in

this time), while another solution buffered to about pH 6

underwent approximately
30% hydrolysis in the same time.

Similarly, solutions of procaine hydrochioride containing
some

hydrochloric acid showed 10
appreciable decomposi-

tion; when dissolved in water alone, 5% of the procaine hy-
drochloride hydrolyzed, while when bufferedto pH 6.5, from
19 lo 35% underwent decomposition by hydrolysis. Solu-
tions of thiamine hydrochloride may be sterilized by

auto-

claving without appreciable decomposition if the pH is be-

low 5; above this, thiamine hydrochlorideis unstable.
The stability of many disperse systems, and especially of

certain emulsions, is offen pH-dependent. Information

concerning specific emulsion systems,
andthe effect of pH

upon them, may be found in Chapter 79.

Drug Activity

Drugs that are weak acids or weak bases, and hence may
exist In ionized or nonionized form (or a mixture of both),
may be active in one form but not in the other; offen such

drugs have an
optimuim pH range for maximum activity.

Thus, mandelic acid, benzoic acid or
salicylic acid have pro-

nounced antibacterial activity in nonionized form but have

practically
no such activity in fonized form. Accordingly,

these substances require
an acid environment to function

effectively
as antibacterial agents. For example, sodium

benzoateis effective as a
preservative in 4% concentration al

pH 7.0, in 0.06 to 0.1% concentration at pH 3.5 to 4.0 and in
0.02 to 0.03%concentration at pH 2.3 to 2.4. Other antibac-
terial agents, on the other hand,

are active principally, if not

entirely, in cationic form. Included inthis category
are the

acridines and quaternary ammonium compounds.

Drug Absorption

Thedegree ofionization and
lipoid solubility of a

drug
are

two important factors that determine the rate of absorption
of drugs from the gastrointestinal tract and, indeed, their

passage through cellular inembranes generally. Drugs
which are weak organic acids or bases, and which in nonion-
ized form are soluble in lipids, apparently

are absorbed

throughcellular membranes by virtue of the lipoidal nature

of the membranes. Completely ionized drugs,
on the other

hand,
are absorbedpoorly, ifatail. Rates of absorptionof a

variety of drugs
are related to their ionization constants and

in many cases may he predicted quantitatively
on the basis

of this relationship, Thus, not only the degree of the acidic
or basic character of a

drug but consequentlyalso the pH of

the physiological medium (gastric
or intestinal! fluid, pias-

ma, cerebrospinal fluid, etc) in which a
drug is dissolved or

dispersed—since this pH determines the extent to which the

drug will be converted to ionic or nonionic ferm—become

important parameters of drug absorption, Further infor-
mation on

drug absorptionis given in Chapter38.
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lnterfacial Phenomena

vorv ofter it is desirable or necessary in the development

.r ofr"1.l..utical dosage forms to produce multiphasic dis-

:'"[il t" mixing together two or more ingredients which

i',, ""Jrnitualy 
miscible and capable of forming homoge-

i"."s solutions.- Examples of such dispersions include sus-

;;ffi; (solid in liquid), emulsions (liquid in liquid) and

Ioams (vapor in liquids). Because these systems are not

iro.og...out and thermodynamically stable, over time they

*ifi.fir* some tendency to separate on standing to produce

the minimum possible surface area of contact between

o1".... Thus, iuspended particles agglomerate and sedi-

Iient, emulsified diopleLs cream and coalesce and the bub-

bler dispersed in foams collapse, to produce unstable and

nonuniflrm dosage forms. In this chapter the fundamental
physical chemical properties of dispersed systems will be

discusged, along with the principles of interfacial and colloi-
dal physics and chemistry which underly these properties.

lnterlacial Forces and Energetacs

In the bulk portion ofeach phase, molecules are attracted
to each other equally in all directions, such that no resultant
forces are acting on any one molecule. The strength of these
forces determines whether a substance exists as a vapor,
liquid or solid at a particular temperature and pressure.

At the boundarybetween phases, however, molecules are
acted upon unequally since they are in contact with other
molecules exhibiting different forces of attraction. For ex-
ample, the primarv intermolecular forces in water are due to
hydrogen btnds, whereas those responsible for intermolecu-
tar bonding in hydrocarbon liquids, such as mineral oil, are
ttue to London disoersion forces.

Because of this. molecules situated at the interface con-
tain pohntial forces of interaction which are not satisfied
relative to the situation in each bulk phase. tn liquid sys-
tems such unbalanced forces can be satisfied by spontaneous
movement of molecules from the interface into the bulk
Phase. This leaves fewer molecules per unit area at the
tnterface (greater intermolecular distance) and reduces the
aftual contact area between dissimilar molecules.

^oAnY 
attempt to reverse this process by increasing the area

ur contact between phases, ie, bringing more molecules into
rne inhrface, causes the i.rierface t"o rJsist expansion and to-__---_
o!|.losrafi authored the section on Interfacial Phenomena. Dr
't4o-'t ilrthored the section on Colloidal Dispersions. Dr Su,arbrickqutrtot€d 

the section on Particle Phenomena a.rd Coarse Diepersions.

behave as though it is under a tension everywhere in a tan-
gential direction. The force of this tension per unit length
of interface generally is called the interfacial tension, except
when dealing with the air-liquid interface, where the terms
surface and surface tension are used.

To illustrate the presence of a tension in the interface,
consider an experiment where a circular metal frame, with a
Iooped piece of thread loosely tied to it, is dipped into a

tiquia. 
-Wtren 

removed and exposed to the air, a fiIm of
liquid will be stretched entirely across the circular frame, as

*hen orre uses such a frame to blow soap bubbles. Under
these conditions (Fig 19-1,4.), the thread will remain col-

lapsed. If now a heated needle is used to puncture and
remove the liquid film from within the loop (Fig 19-18), the
Ioop will stretch spontaneously into a circular shape.

The result of this experiment demonstrates the spontane-
ous reduction of interfacial contact between air and the
liquid remaining and, indeed, that a tension causing the loop

to remain extcnded exists parallel to the interface. The
circular shape of the loop indicates that the tension in the
plane of the interface exists at right angles or normal to every
p".t of tne looped thread. The total force on the entire loop

divided by the circumference of the circle, therefore, repre-

sents the tension per unit distance of surface, or the surface
tension.

Just as work is required to extend a spring under tension,
work should be required to reverse the process seen in Figs

19-1A and B, thus bringing more molecules to the interface'
This may be seen quantitatively by considering an.experi-
ment wliere tension and work may be measured directly'
Assume that we have a rectangular wire with one movable
side (Fig 19-2). Assume further that by dipping this wire
into a liquid, a film of liquid will form within the frame when

it is removed and expoaed to the air. As seen earlier in Fig

19-1, since it comes in contact with air, the liquid surface will
tend to contract with a force, F, as molecules leave the
surface for the bulk. To keep the movable side in equilibri-
um, am equal force must be applied to oppose this tension in
the surfaie. We then may define the surface tension, 'y, of
the liquid as Fl2l, where 2l is the distance of surface over
which F is operating (21 since there are two surfaces, top and
bottom). Il the surface is expanded by a very small dis-

tance, Ar, one can then estimate that the work done is

W = FAx (1)

and therefore

1ry = 12lAt Q)

257
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A,
Fig 19-'1. A circular wire frame with a loop ol thread loosely tied to
it: (A) a liquid film on the wir€ trame with a loop in it; (8) the film

inside the loop is broken.l

Fig 19-2. A rnovable wir6 frame containing a film of liquid being
expanded with a force, F.

Since

A,A = 2lAt (3)

where AA is the change in area due to the expansion of the
surface, we may conclude that

1tr1= 1AA (4)

Thue, the work required to create a unit area of surface,
known as the surface free energy/unit area, is equivalent to
the surface tension of a liquid system, and the greater the
area of interfacial contact between phases, the greater the
free-energy increase for the total system. Since a prime
requisite for equilibrium is that the free energy of a system
be at a minimum, it ia not surprising to observe that phases
in contact tend to reduce area of contact spontaneously.

Liquids, being mobile, may assume spherical shapes
(smallest interfacial area for a given volume), as when eject-
ed from an orifice into air or when dispersed into another
immiecible liquid. If a large number of drops are formed,
further reduction in area can occur by having the drops
coalesce, as when a fonm collapses or when the liquid phases
making up an emulsion separate.

Surface tension is expressed in units of dynee/cm, while
surface free energy is expressed in ergs/cm2. Since an erg is
a dyne-cm, both sets of units are equivalent.

Valuee for the surface tension of a variety of liquids are
given in Table I, while interfacial tcnaion values for various
liquids against water are given in Table II. Other combina-
tions of immiscible phases could be given but moet heteroge-
neous systems encountered in pharmacy usually contain wa-
tcr. Values for these tensions are expressed for a particular
temperature. Since an increased temperature increases the
thermal energy of molecules, the work required to bring
molecules to the interface should be less, and thus the sur-
face and interfacial tension will be reduced. For example,
the surface tension of water at 0o is ?6.5 dynes/cm and 63.5
dynes/cm at75o.

As would be expectcd from the discussion so far, the rela-
tive values for surface tension should reflect the nature of
intermolecular forces present; hence, the relatively large val-
ues for mercury (metallic bonds) and water (hydroger
bonda), and the lower values for benzene, chloroform, carbon
tetrachloride and the n-alkanes. Benzene with r electrons

Table l-Surlace Tenslon ol Varlous Llqulds at 20o

Substanc€
Surlace tension,

dyn€s/cm

I j

Mercury
Water
Glycerin
Oleic acid
Benzene
Chloroform
Carbon tetrachloride
1-Octanol
Hexadecane
Dodecane
Decane
Octane
Heptane
Hexane
Perfluoroheptane
Nitrogen (at 75"K)

476
72.8
63.4
32.5
28.9
27.t
26.8
26.5
27.4
23.4
23.9
2r.8
19.?
18.0
11.0

9_4

Table ll-lnterlaclal Tenslon ol Varlous Llqulds agalnst
Waler at 20o

Substanc€
lnt6rlacial t6nsion,

dynes/cm

Decane
Octane
Herane
Carbon tetrachloride
Chloroform
Benzene
Mercury
Oleic acid
1-Octanol

exhibits a higher surface teneion than the alkanes of compa-
rable molecular weight, but increasing the molecular weight
of the alkanes (and hence intermolecular attraction) in-
creases their surface tension closer to that of benzene. The
Iower values for the more nonpolar substances, perfluoro-
heptane and liquid nitrogen, demonstrate this point even
more strongly.

Values of interfacial tension should reflect the differences
in chemical structure of the two phases involved; the greater
the tendency to interact, the less the interfacial tension.
The 20-dynes/cm difference between air-water tension and
that at the octane-water interface reflects the small but
significant interaction between octane molecules and water
moleculee at the intcrface. This is seen also in Table II, by
comparing values for octene and octanol, oleic acid and the
alkanes, or chloroform and carbon tetrachloride.

In each caee the preeence of chemical groups capable of
hydrogen bonding with water markedly reduces the interfa-
cial tension, presumably by satisfying the unbalanced forces
at the interface. Theee observations strongly suggest that
molecules at an interface arrnnge themselves or orient so as

to minimize differencee between bulk phases.
That this occurs even at the air-liquid interface is seen

when one notes the relatively low surface-tension values of
very different chemical structures such as the n-alkanea,
octanol, oleic acid, benzene and chloroform. Presumably, in
each case, the similar nonpolar g?oups are oriented toward
the air with any polar groups oriented away toward the bulk
phase. Thie tendency for molecules to orient at an interface
is a basic factor in interfacial phenomena and will be dis-
cussed more fully in succeeding sections.

Solid subetances such as metals, metal oxides, silicates
and salts, all containing polar groups exposed at their sur-
face, may be classified as high-energy solids, whereas nonpo'

52.3
5r.7
50.8
45.0
32.8
35.0

428
15.6
8.51

s
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Fig 19-3. Adipic acid crystal showing various faces.2

Table lll-Values ol 1., lor Solids ol Varylng Polarlty

Solid 7r, (dynes/cm)

Teflon
Paraffin
Polyethylene
Polymethyl methacrylate
Nylon
lndomethacin
Griseofulvin
Hydrocortisone
Sodium Chloride
Copper

19.0
25.5
37.6
45.4
50.8
61.8
62.2
68.7
155

1300

lar solids such as carbon, sulfur, glyceryl tristearate, polyeth-
ylene and polytetra-fluoroethylene (Teflon) may be classi-
fied as low-energy solids. It is of interest to measure the
surface free energy of solids; however, the lack of mobility of
molecules at the surface of solids prevents the observation
and direct measurement of a surface tension. It is possible
to measure the work required to create new solid surface by
cleaving a crystal and measuring the work involved. How-
ever, this work not only represents free energy due to ex-
posed groups but also takes into account the mechanical
energy associated with the crystal (ie, plastic and elastic
deformation and strain energies due to crystal structure and
imperfections in that structure).

Also contributing to the complexity of a solid surface is the
heterogeneous behavior due to the exposure of different
crystal faces, each having a different surface free energy/unit
area. For example, adipic acid, HOOC(CH2)4COOH, crys-
tallizes from water as thin hexagonal plates with three dif-
ferent faces, as shown in Fig 19-3. Each unit cell of such a
crystal contains adipic acid molecules oriented such that the
hexagonal planes (faces) contain exposed carboxyl groups,
while the sides and edgee (A and B faces) represent the side
view of the carboxyl and alkyl groupe, and thus are quite
nonpolar. Indeed, interactions involving these different
faces reflect the differing surface free energies.2

Other complexities associated with solid surfaces include
surface roughness, porosity and the defects and contamina-
tion produced during a recrystallization or comminution of
the solid. In view of all these complications, surface free
energy values for solids, when reported, should be regarded
as average values, often dependent on the method used and
not necessarily the same for other samples of the srme sub-
stance,

In Table III are listed some approximate average values of
"ym for a variety of solids, ranging in polarity from Teflon to
copper, obtained by various indirect techniques.
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exhibit a tendency to spread and cover the surface of this
Iiquid or solid.

Based upon concepts developed to this point, it is appar-
ent that the individual phases will exhibit a tendency to
minimize the area of contact with other phases, thus leading
to phase separation. On the other hand, the tendency for
interaction between molecules at the new interface will off-
set this to some extent and give rise to the spontaneous
spreading of one substance over the other.

In essence, therefore, phase affinity is increased as the
forces of attraction between different phases (adhesional
forces) become greater than the forces ofattraction between
molecules of the same phase (cohesional forces). If these
adhesional forces become great enough, miscibility will oc-
cur and the interface will disappear. The present discussion
is concerned only with systems of limited phase affinity,
where an interface still exists.

A convenient approach used to express these forces quan-
titatively involves the use of the te rms work of adhesion and
work of cohesion.

The work of adhesion, Wo, is defined as the energy per cm2
required to separate two phases at their boundary and is
equal but opposite in sign to the free energy/cm2 released
when the interface is formed. In an analogous manner the
work of cohesion for a pure substance, 17", is the work/cm2
required to produce two new surfaces, as when separating
different phases, but now both surfaces contain the same
molecules. This is equal and opposite in sign to the free
energy/cm2 released when the same two pure li(uid surfaces
are brought together and eliminated.

By convention, when the work of adhesion between two
substances, A and B, exceeds the work of cohesion for one
substance, eg, B, spontaneous spreading of B over the sur-
face of A should occur with a net loss of free energy equal to
the difference between Wo and W". If W. exceeds I7o, no
spontaneous spreading of B over A can occur. The differ-
ence between Wo and I7. is known as the spreading coeffi-
cient, S; only when S is positive will spreading occur.

The values for [,I/o and lV. (and hence S) may be expressed
in terms of surface and interfacial tensions, when one con-
siders that upon separation of two phases, A and B, ^t AB etgs
of interfacial free energy/cm2 (interfacial tension) are lost,
but that ?e and 1 B etgs/cm2 of energy (surface tensions of A
and B) are gained; upon separation of bulk phase molecules
in an analogous manner, 211or 2lsergs/cm2 will be gained.
Thus

Wo= ^te|.ra- 1ea (5)

and

W" = 2y 1 or 21s (6)

For B spreading on the surface of A, therefore

Sa=?e +18-.rn-21a (?)

or

Sa=?a -(tatteil (8)

Utilizing Eq 8 and values of surface and interfacial tension
given in Tables I and II, S can be calculated for three repre-
sentative substances-decane, benzene, and oleic acid-on
water at 20o.

Decane: S=72.8-(23.9+52.3) =-3.4
Benzene: S=72.8-(28.9+35.0) = 8.9

Oleicacid: S=72.8 - (32.5+ 15.6) = 24.7

As expected, relatively nonpolar substances such as decane
exhibit negative values of S, whereas the more polar materi-
als leld positive values; the greater the polarity of the mole-

Adhesional and Cotresimat Forces

Of prime importance to those dealing with heterogeneous
systems is the question of how two phases will behave when
nrought in contact with each other. It is well known, for
instance, that some liquide, when placed in contact with
other liquid or solid surfaces, will remain retracted in the
Iorm of a drop (known ae a lens), while other liquids may

"c" FACE
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cule, the more positive the value of S. The importance of
the cohesive energy of the spreading liquid may be noted
also by comparing the spreading coefficients for hexane on
water and water on hexane:

Saru= ?2'8 - (18'0 +50'8) = 4'0

Swtu= 18'0 - (?2'8 + 50'8) = -105'6

Here, despite the fact that both liquids are the same, the
high cohesion and air-liquid tension of water prevents

spreading on the low-energy hexane surface, while the very
Iow valuJfor hexane allows spreading on the water surface.
This also is seen when comparing the positive spreading
coefficient of hexane to the negative value for decane on
water.

To see whether spreading does or does not occur, a powder

such as talc or charcoal can be sprinkled over the surface of
water such that it floats; then, a drop of each liquid is placed

on this surface. As predicted, decane will remain as an
intact drop, while hexane, benzene and oleic acid will spread
out, as shown by the rapid movement of solid particles away
from the point where the liquid drop was placed originally.

An apparent contradiction to these observations may be

noted for hexane, benzene and oleic acid when more of each

substance is added, in that lenses now appear to form even

though initial spreading occurred. Thus, in effect a sub-
stance does not appear to spread over itself.

It is now established that the spreading substance forms a

monomolecular film which creates a new surface having a

Iower surface free energy than pure water. This arises be-

cause of the apparent orientation of the molecules in such a
film so that their most hydrophobic portion is oriented to-
wards the spreading phase. [t is the lack of affinity between
this exposed portion of the spread molecules and the polar
portion of the remaining molecules which prevents further
spreading.

This may be seen by calculating a final spreading coeffi-
cient where the new surface tension of water plus monomo-
lecular film is used. For example, the presence of benzene
reduces the surface tension of water to 62.2 dynes/cm so that
the final spreading coefficient, Sr, is

S p = 62.2 - (28.9 + 35.0) = -1.7

The lack of spreading exhibited by oleic acid should be

reflected in an even more negative final spreading coeffi-
cient, since the very polar carboxyl groups should have very
little affinity for the exposed alkyl chain of the oleic acid
filrn. Spreading so as to form a second layer with polar
groups eiposed to the air would also seem very unlikely, thus
leading to the formation of a lens.

Wetting Phenomena

In the experiment described above it was shown that talc
or charcoal sprinkled onto the surface of water float despite
the fact that their densities are much gxeater than that of
water. In order for immersion of the solid to occur, the
liquid must displace air and spread over the surface of the
solid; when liquids cannot spread over a solid surface spon-
taneously, and, therefore, S, the spreading coefficient, is
negative, we say that the solid is not wetted.

An important parameter which reflects the degree of wet-
ting is the angle which the liquid makes with the solid sur-
faci at the point of contact (Fig 19-4). By convention, when
wetting is complete, the contact angle is zero; in nonwetting
situations it theoretically can increase to a value of 180o,

where a spherical droplet makes contact with solid at only
one point.

VAPOR r[,

S L D

Fig 19-4. Forces acting on a nonwetting liquid drop exhibiting a

contact angle of d.3

Table lV-Contact Angle on Parallin and Nylon lor Various
Llqulds ol Dtflerlng Surlace Tension

In order to express contact angle in terms of solid-liquid-
air equilibria, one can balance forces parallel to the solid
surface at the point of contact between all three phases (Fig
19-4), as expressed in

?sY = ?st * 71Y cos d (9)

where ?sy, ?sl, and ?ry represent the surface free ener-
gylunit area of the solid-air, solid-liquid, and liquid-air
interfaces, respectively. Although difficult to use quantita-
tively because of uncertainties with "y5y and lsl measure-
menis, conceptually the equation, known as the Young
equation, is useful because it shows that the loss of free
energy due to elimination of the air-solid interface by wet-
ting 1s offset by the increased solid-liquid and liquid-air
area of contact as the drop spreads out.

The ?rv cos d term arises as the horizontal vectorial com-
ponent of the force acting along the.surface of the drop, as

iepresented by t Lr,. Factors tending to reduce 'y4v and "y51,

thirefore, will favor wetting, while the greater the value of
'y5y the greater the chance for wetting to occur. This is seen

in Table IV for the wetting of a low-energy surface, paraffin
(hydrocarbon), and a higher energy surface, nylon, (polyhex-
amethylene adipamide). Here, the lower the surface ten-
sion ofa liquid, the smaller the contact angle on agiven solid,
and the more polar the solid, the smaller the contact angle
with the same liquid.

With Eq 9 in mind and looking at Fig 19-5' it is now
possible to understand how the forces acting at the solid-

Substance
Surface tenston,

dynes/cm
Contact angle

Parallrn Nylon

Water
Glycerin
Formamide
Methylene iodide
a-Bromonaphthalene
tert -Butylnaphthalene
Benzene
Dodecane
Decane
Nonane

72.8
63.4
58.2
50.8
44.6
33.7
28.9
25.4
23.9
22.9

1050
96"
91"
660
4'.1"

380
24"
17"
7"

spreads

?00
600
500
4lo
160

spreads

/sy VAPOR

Yw

0

Ltout0

Fig 19-5. Forces acting on a nonwettable solid at the airf liquidtso-
lid interface: contact angle d greater than 90o.
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Table V-Critlcal Surlace Tenslons ol Various Polymerlc
Sollds

'l c'

Polymeric Solid Dynes/cm at 20o
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Fig 19-6. Capillary rise lor a liquid exhibiting zero contact angle I

Fig 19-7. Capillary fall for a liquid exhibiting a contact angle, d,

which is greater than 900.1

only will the meniscus be inverted (see Fig 19-7), but the
level of the mercury in the capillary will be lower than in the
beaker. ln this case one does not expect mercury or other
nonwetting liquids to easily penetrate pores unless external
forces are applied.

To quantitate the factors giving rise to the phenomsnon of
capilhlity, let us consider the case of a liquid which rises to a
height, h, above the bulk liquid in a capillary having a radius,
r. tf (as shown in Fig 19-6) the contact angle of water on

glass is zero, a force, F, will act upward and vertically along

Ihe circle of liquid-glass contact. Based upon the definition
of surface tension this force wilt be equal to the surface
tension, 'y, multiplied by the circumference of the circle, 2nr.
Thus

P =72rr (10)

This force upward must support the column of water, and

since the mais, m, of the column is equal to the density, d,

multiplied by the volume of the column, rr2h, the force [7
opposing the movement upward will be

W = mg = nr2dgh (11)

where g is the gravity constant.
Equating the two *::::;;::,;::,"- *,*. 

(12)

so that

t, = 2! (18)
rdg

Thus, the greater the surface tension and the finer the capil-
tary radius, the greater the rise of liquid in the capillary' 

-.Ii the contacfangle of liquid is not zero (as shown in Fig
19-8), the same relationship may be developed, except the

Fig 19-8. Capillary rise for a liquid exhibiting a contact angle, d

which is greater than zero but less than 900.1

,r

Polymethacrylic ester of d''octanol
Polyhexafl uoroProPYlene
Polytetrafl uoroethYlene
PolytrifluoroethYlene
Poly(vinylidene fl uoride)
Poly(vinyl fluoride)
Polyethylene
Polytrifl uorochloroethYlene
Polystyrene
Poly(vinyl alcohol)
Poly(methyl methacrYlate)
Poty(vinyl chloride)
Poly(vinylidene chloride)
Poly(ethylene terephthalate)
Poly(hexamethylene adipamide)

10.6
16.2
18.5
22
25
28
31
31
33
37
39
39
40
43
46

Iiquid-air interface can cause a dense nonwetted solid to
float if "ys1 a^d I Lv are large enough relative to ?sv.

The significance of reducing "'tLv was first developed em-
pirically by Zisman when he plotted cos d vs the surface

iension of a series of liquids and found that a linear relation-
ship, dependent on the solid, was obtained. When such
plots are extrapolated to cos d equal to one or a zero contact
angle, a value ofsurface tension required tojust cause com-
plete wetting is obtained. Doing this for a number of solids,
it was shown that this surface tension (known as the critical
surface tension, t") parallels expected solid surface energy

?sy,'the lower 7", the more nonpolar the surface.
Table V indicates some of these 7" values for different

surface groups. indicating such a trend. Thus, water with a
surface tension of about 72 dynes/cm will not wet polyethyl-
ene (7. = 31 dynes/cm), but heptane with a surface tension
of about 20 dynes/cm will. Likewise, Teflon (polytetrafluo-
roethylene) (y. = t9) is not wetted by heptane but is wetted
by peifluoroheptane with a surface tension of 11 dynes/cm.

One complication associated with the wetting of high-
energy surfaces is the lack of wetting after the initial forma-
tion of a monomolecular fihn by the spreading substance.
As in the case of oleic acid spreading on the surface of water,
the remaining liquid retracts because of the low-energy sur-
face produced by the oriented film. This phenomenon, of-
ten called autophobic behavior, is an important factor in
many systems of pharmaceutical interest since many solids,
expected to be wetted easily by water, may be rendered
hydrophobic if other molecules dissolved in the water can
form these monomolecular films at the solid surface.

Capillarity

Because water shows a strong tendency to spread out over
a polar surface such as clean glass (contact angle 0o), one
would expect to observe the meniscus which forms when
water is contained in a glass vessel such as a pipet or buret.
This behavior is accentuated dramatically if a fine-bore cap-
illary tube is placed into the liquid (Fig 19-6); not only will
the wetting of the glass produce a more highly curved menis-
cus, but the level of the tiquid in the tube will be appreciably
higher than the level of the water in the beaker.

The spontaneous movement of a liquid into a capillary or
narrow tube due to surface forces is defined as capillarity
and is responsible for a number of important processes in-
volving the penetration of liquids into porous solids. In
contrast to water in contact with glass, if the same capillary
ts placed into mercury (contact angle on glass: 130"). not

F
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I
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I
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vertical component of F which opposes the weight of the
column is f'cos d and, therefore

Table V!-Ratlo ol Observed Vapor Pressure to Expected
Vapor Pressure ol Water at 25" wllh Varying Droplet Size

ilP'e Droplet srze, pm(14)

This indicates the very important fact that if d is less than
90o, but greater than 0o, the value of h will decrease with
increasing contact angle until at 90" (cos d = 0), h = 0.
Above 90o, values of h will be negative, as indicated in Fig
19-7 for mercury. Thus, based on these equations we may
conclude that capillarity will occur spontaneously in a cylin-
drical pore even if the contact angle is greater than zero, but
it will not occur at all if the contact angle becomes 90o or
more. In solids with irregularly shaped pores the relation-
ships between parameters in Eq 14 will be the same, but they
will be more difficult to quantitate because of nonuniform
changes in pore radius throughout the porous structure.

Pressure Dillerences across Curved Surlace

From the preceding discussion of capillarity another im-
portant concept follows. In order for the liquid in a capil-
lary to rise spontaneously it must develop a higher pressure
than the lower level of the liquid in the beaker. However,
since the system is open to the atmosphere, both surfaces are
in equilibrium with the atmospheric pressure. In order to
be raised above the level of liquid in the beaker and produce
a hydrostatic pressure equal to hgd, the pressure just below
the liquid meniscus, in the capillar!, P1, must be less than
that just below the flat liquid surface, Ps,by hgd, and there-
fore

Pr- P, = hgd (15)

Since, according to Eq 14

, 2t cos?n= 
,ra

then

, 2t cos1
h=L

rdg

p, - p, - 2"Y cos o (16)
r

of zero, where the radius of the capillary
hemisphere making up the meniscus,

Po-Pr= 2t (17)

'P is the obaerved vapor pressure and P'rs the erpected value for "bulk"
water

clouds to remain uncondensed despite their close proximity
to one another.

This sam6 behavior may be seen when measuring the
solubility of very fine solid particles since both vapor pres-
sure and solubility are measures of the escaping tendency of
molecules from a surface. Indeed, the equilibrium solubili-
ty of extremely small particles has been shown to be greater
than the usual value noted for coarser particles; the greater
the surface energy and smaller the particles, the greater this
effect.

Adsorption

Vapor Ad,sorption on Solid Surfaces

It was suggested earlier that a high surface or interfacial
free energy may exist at a solid surface if the unbalanced
forces at the surface and the area ofexposed groups are quite
great.

Substances such as metals, metal oxides, silicates, and
salts-all containing exposed polar groups-may be classi-
fied as high-energy or hydrophilic solids; nonpolar solids
such as carbon, sulfur, polyethylene, or Teflon (polytetraflu-
oroethylene) may be classified as low-energy or hydrophobic
solids (Table III). Whereas liquids satisfy their unbalanced
surface forces by changes in shape, pure solids (which exhib-
it negligible surface mobility) must rely on reaction with
molecules either in the vapor state or in a solution which
comes in contact with the solid surface to accomplish this.

Vapor adsorption is the simplest model demonstrating
how solids reduce their surface free energy in this manner.

Depending on the chemical nature of the adsorbent (solid)
and the adsorbate (vapor), the strength of interaction be-
tween the two species may vary from strong specific chemi-
cal bonding to interactions produced by the weaker more
nonspecific London dispersion forces. Ordinarily, these lat-
ter forces are those responsible for the condensation of rela-
tively nonpolar substances such as Nz, Oz, COz or hydrocar-
bons.

When chemical reaction occurs, the process is called che-
mieorption; when dispersion forces predominate, the term
physisorption is used. Physisorption occurs at tempera-
tures approaching the liquefaction temperature of the va-
por, whereas, for chemisorption, temperatures depend on
the particular reaction involved. Water-vapor adsorption
to various polar solids can occur at room temperature
through hydrogen-bonding, with binding energies interme-
diate to physisorption and chemisorption.

In order to study the adsorption of vapors onto solid sur-
faces one must measure the amount of gas adsorbed/unit
Euea or unit mass of solid, at different pressures of gas.
Since such studies usually are conducted at constant tem-
perature, plots of volume adsorbed vs pressure are refemed
to as adsorption isotherms. If the physical or chemical
adsorption process is monomolecular, the adsorption iso-

1.001
1.01
1.1
2.0
3.0
4.2
5.2

1

0.1
0.01
0.005
0.001
0.00065
0.00060

For a contact angle
is the radius of the

r
The consequences ofthis relationship (known as the Laplace
equation) are important for any curved surface when r be-
comes very small and 7 is relatively significant. For exam-
ple, a spherical droplet of air formed in a bulk liquid and
having a radius, r, will have a greater pressure on the inner
concave surface than on the convex side, as expressed in Eq
L7,

Another direct consequence of what Eq 17 expresses is the
fact that very small droplets of liquid, having highly curved
surfaces, will exhibit a higher vapor pressure. P, than that
observed over a flat surface of the same liquid at P. The
equation (Eq. 18) expressing the ratio of P/P to droplet
radius, r, and surface tension, T, is called the Kelvin equa-
tion where

rogp/p = =3{^ (18)
2.303RTpr

and M is the molecular weight, R the gas constant in ergs per
mole per degree, ? ie temperature and p is the density in
g/cm3. Values for the ratio of vapor pressures are given in
Table VI for water droplets of varying size. Such ratios
indicate why it is possible for very fine water droplets in
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Fig 19-9 Adsorption isotherms for ammonia on charcoal.4
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Relotivc Pressure
Fig 19-10. Typical plot for multilayer physical adsorption of a vapor
on a solid surface.

A significant development along these lines was intro-
duced by Langmuir when he proposed his theory of mono-
molecular adsorption. He postulated that for adsorption to
occur a solid must contain uniform adsorption sites, each
capable of holding a gas molecule. Molecules colliding with
the surface may bounce off elastically or they may remain in
contact for a period of time. It is this contact over a period
of time that Langmuir termed adsorption.

Two major assumptions were made in deriving the equa-
tion: (1) only those molecules striking an empty site can be

adsorbed, hence, only monomolecular adsorption occurs,

and (2) the forces of interaction between adsorbed molecules
are negligible and, therefore, the probability of a molecule
adsorbing onto or desorbing from any site is independent of
the surrounding sites.

The derivation of the equation is based upon the relation-
ship between the rate of adsorption and desorption, since at
equilibrium the two rates must be equal. Let p equal the
number of molecules striking each sq cm of surface/sec.
From the kinetic theory ofgases

y= __L_ (19)
(2rmkT)t/2

where p is the gas pressure, rn is the mass of the molecule, & is

the Boltzmann gas constant, and ? is the absolute tempera-
ture. Thus, the greater p, the greater the number of colli-
sions. Let a equal the fraction of molecules which will be

held by the surface; then ap is equal to the rate of adsorption
on the bare surface. However, if d is-the fraction of the
surface already covered, the rate of adsorption actually will
be

Ro= ap(l - 0) (20)

ln a similar manner the rate of molecules leaving the surface
can be expressed as

Ra = "v0 (21)

where'y is the rate at which molecules can leave the surface
and d represents the number of molecules available to de-
sorb. The value of 7 strongly depends on the energy associ'
ated with adsorption; the greater the binding energy, the
lower the value of 7. At equilibriuh, E, = .Ra and

fi = apt(t _ 0) (22)

Isolating the variable term, p, and combining all constants
into &, the equation can be written as

o = kP, (28)
l+hp

and, since d may be expressed as

^voo=i: e4)

where Vo is the volume of gas adsorbed and V- is the volume
of gas covering all of the sites, Eq. 23 may be written as

v- = 
v^kP 

(2b)'o l+hp
A test of fit to this equation can be made by expressing it in
linear form

P=l +Pvo v^k v^

DISPERSE SYSTEMS 263

(26)

The value of A is, in effect, the equilibrium constant and may
be used to compare affinities of different substances for the
solid surface. The value of V. is valuable since it indicates
the maximum number of sites available for adsorption. In
the case of physisorption the maximum number of sites is

o

therm ehould took like those shown in Fig 19-9. Note the
significant increase in adsorption with increasing pressure,

fo-llowed by a leveling off. This leveling off is due either to a

saturation-of available specific chemical groups, as in chemi-
sorption, or to the entire available surface being covered by
physically adsorbed molecules. Note also the reduction in
adsorption with increasing temperature which occurs be-

cause the adsorption process is exothermic. Often in the
case of physical adsorption at low temperatures, after ad-
sorption levels off, a marked increase in adsorption occurs'
presumably due to multilayered adsorption. In this case

vapor molecules essentially condense upon themselves as

the liquefaction pressure of the vapor is approached. Figure
19-10 illustrates one type of isotherm generally seen with
multilayered physisorption.

In order to have some quantitative understanding of the
adsorption process and to be able to compare different sys-
tems, two factors must be evaluated; it is important to know
what the capacity of the solid is or what the maximum
amount of adsorption is under a given set of conditions and
what the affinity ofa given substance is for the solid surface
or how readily does it adsorb for a given amount of pressure?
In effect, this second term is the equilibrium constant for the
process.
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actually the total surface area of the solid and, therefore, the
value of V^ can be used to estimate surface area if the
volume and area/molecule of vapor are known.

Since physisorption most often involves some multilay-
ered adsorption, an equation, based on the Langmuir equa-
tion, the B.E.T. equation, is normally used to determine Vn,
and solid surface areas. Equation2T is the B.E.T. equation:

vo=, -v^'l , e7)" (po _ p)[t + (C _ Lt(p/po]

where c is a constant and po is the vapor pressure of the
adsorbing substance.s The most widely used vapor for this
purpose is nitrogen, which adsorbs nonspecifically on most
solids near its boiling point at - 195o and appears to occupy
about l6 A2/molecule on a solid surface.

Adsorption from Solution

By far one of the most important aspects of interfacial
phenomena encountered in pharmaceutical systems is the
tendency for substances dissolved in a liquid to adsorb to
various interfaces. Adsorption from solution is generally
more complex than that from the vapor state because of the
influence of the solvent and any other solutes dissolved in
the solvent. Although such adsorption is generally limited
to one molecular layer, the presence ofother molecules often
makes the interpretation of adsorption mechanisms much
more difficult than for chemisorption or physisorption of a
vapor. Since monomolecular adsorption from solution is so
widespread at all interfaces, we will first discuss the nature
of monomolecular films and then return to a discussion of
adsorption from solution.

I nso lub le Monomo lecular F il ms

It was suggested above that molecules exhibiting a ten-
dency to spread out at an interface might be expected to
orient so as to reduce the interfacial free energy produced by
the presence of the interface. Direct evidence for molecular
orientation has been obtained from studies dealing with the
spreading on water of insoluble polar substances containing
Iong hydrocarbon chains, eg, fatty acids.

In the late 19th century Pockels and Rayleigh showed that
a very small amount of olive or castor oil-when placed on
the surface of water-spreads out, as discussed above. If
the amount of material was less than could physically cover
the entire surface only a slight reduction in the surface
tension of water was noted. However, if the surface was
compressed between barriers, as shown in Fig 19-11, the
surface tension was reduced considerably.

Devaux extended the use of this technique by dissolving
small amounts of solid in volatile solvents and dropping the
solution onto a water surface. After assisting the water-
insoluble molecules to spread, the solvent evaporated, leav-
ing a surface film containing a known amount of solute.

Compression and measurement of surface tension indicat-
ed that a maximum reduction of surface was reached when
the number of molecules/unit area was reduced to a value
corresponding to complete coverage of the surface. This
suggested that a monomolecular film forms and that surface

f,lm covcrad
A Clrrn

Fig 19-11. lnsoluble monomolecular film compressed between a
fixed barrier, B, and a movable barrier, 4.6

tension is reduced upon compression because contact k^
tween air and water is reduced by the presence uf th.-n^il'
molecules. Beyond the point of closest packins th; ;i3
apparently collapses very much as a layer of cork. fr";;;r]:T
water would be disrupted when laterally compressed bdill
the point of initial physical contact.

Using a refined quantitative technique based on th^^-
studies, Langmuir? spread films of pure fitty acids, ;id"T
and esters on the surface of water. Comparing 

" 
...i"""1"i

saturated fatty acids, differing only in chain length, hu to]]#
that the area/molecule at collapse was independent of ctrlil
length, corresponding to the cross-sectional area of a m"-il'
cule oriented in a vertical position (see Fig 19-11). He r,,l-
ther concluded that this molecular orientation involvedis-
sociation of the polar carboxyl group with the water p[[.
and the nonpolar acyl chain out towards the vapor phisel"

In addition to the evidence for molecular orientatin.
Langmuir's work with surface films revealed that each sut
stance exhibits film properties which reflect the interactio."
between molecules in the surface film. This is best seen t,,
plotting the difference in surface tension of the clean sri'-
face, "ys, and that of the surface covered with the film, t, vs
the arealmolecule, A, produced by film compression (to6j
area + the number of molecules). The difference in surface
tension is called the surface pressure, zr, and thus

r=?o-?. (28)

Figure 19-12 depicts such a plot for a typica-l fatty acid
monomolecular film. At areas greater than 50 A2/molecule
the molecules are far apart and do not cover enough surface
to reduce the surface tension of the clean surface to any
extent and thus the lack of appreciable surface pressure.
Since the molecules in the film are quite free to move lateral-
ly in the surface, they are said to be in a two-dimensional
"gaseous" or "vapor" state.

As the intermolecular distance is reduced upon compres-
sion, the surface pressure rises because the air-water surface
is being covered to a greater extent. The rate of change in r
with A, however, will depend on the extent of interaction
between film molecules; the greater the rate of change, the
more "condensed" the state of the film.

In Fig t9-12, from S0 A2 to 30 A2lmolecule, the curve
shows a steady increase in r, representative of a two-dimen-
sional "liquid" film, where the molecules become more re-
stricted in their freedom of movement because of interac-
tions. Below 30 A2/molecule the increase in ?r occurs over a
narrow range of A, characteristic of closest packing and a
two-dimensional "solid" film.

Any factor tending to increase polarity or bulkiness of the
molecule-such as increased charge, number of polar
groups, reduction in chain length, or the introduction of

D

c

B

20 70
arGA prr mortcur: ti2t

Fig 19-12. A surtace pressure-aroa curve lor an insoluble mono'
molecular film: Region A, "gaseous" film; Region B, "liquid" film;
Region C, "solid" film; Region D, film collapse
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,.- -;6ds side chains, and double bonds-should re-

e#'J"l::.,,fl ,f"':f ffi:;.i,j;:HiX15:;.'ff ""HI'"'.i1:
# lffijl",i;;ri tht lttongtr the extent of interaction in

tn. fit''

Soluble Fitrns and Adsorption from Solution

ffiffiffifififfiffffi
;'lil,'"'#lj:'i3ll"i".""o to the laurate ion, or ira shorter

***ti*1*i'm..,,,:'ti}*f llf i;:ti':'.T.'ff
liiiri,ii;itgt er the arealmolecule where a constant surface

"ATHiff:lfl. .av be t*plained bv assuming that polar

,oiJ..f.. form monomolecular films when spread on water

il,rt tfrrt, upon compression, they are caused to enter the

,.r*".'Urit solution rather than to remain as an intact

inlirrur" tittr. The constant surface pressure with in-

ai.r..a compression arises because a constant number of

.of..of.Vutiit area remain at the surface in equilibrium
*itn ai..otrea molecules. The extent of such behavior will
be-greate. for substances exhibiting weaker intermolecular

intJraction and greater water solubility'
Starting from the other direction. it can be shown that

short-chain ar:iCs and alcohols (when dissolved in water)
reduce the surface tension of water, thus producing a surface
pressure, jr-rst as with insoluble films (see Eq 28). That
dissolved molecules are accumulating at the interface in the
form of a monomolecular film is suggested from the similar-
ity in behavior to systems where slightly soluble molecules
are spread on the surface. For example, compressing the
surface of a solution containing "surface-active" molecules
has no effect on the initial surface pressure, whereas increas-
ing bulk-solution concentration tends to increase surface
pressure, presumably by shifting the equilibrium between
surface and bulk molecules.

At this point we may ask, why should water-soluble mole-
cules leave an aqueous phase and accumulate or "adsorb" at
an air-solution interface? Since any process will occur
sponlaneously if it results in a net loss in free energy, such
must be the case for the process of adsorption.
. A number of factors will produce such a favorable change
ln tree energy. First, the presence of the oriented monomo-
tecular film reduces the surface free energy of the air-water
Pfdacg. Second, the hydrophobic group on the molecule
ts tn a.lower state of energy at the inteiface, where it no
longer is as surrounded by wliter molecules, than when it is in
:|e bulk-solution phase. Increased interaction between
ntm molecules also will contribute to this process.

,^A 
turther reduction in free energy o.cu.. ,pon adsorption

:,t^:1!t9 cf the gain in entropy as"sociated with a change inwahr,structu.e. 
Water -oiec,rles, in the presen.. of-di.-uotved,alkyl chains are more highly organized or "ice-like"

ll^"I th.v are as a pure bulk p"hase; hince, the entropy ofsucn structured watlr is lower ihan that of bulk water.
a+"r,ne 

process of adsorption requires that the "ice-like"
i'"'lj}* "melt" as the chains go io the interface and, thus,
;i'jT|t"l. in the entropy of witer occurs. The adsorption
"t,roolecules dissolved in oit can occur but it is not influenced
d#r,i,l':H'ffi:lffifi#1, hence, onrv the first factors
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It is very rare that significant adsorption can occur at the
hydrocarbon-air interface since little loss in free energy can
occur by bringing hydrocarbon chains with polar groups
attached to this interface; however, at oil-water interfaces
the polar portions of the molecule can interact with water at
the interface, leading to significant adsorption.

Thus, whereas water-soluble fatty acid salts are adsorbed
from water to air-water and oil-water interfaces, their un-
dissociated counterparts, the free fatty acids, which are wa-
ter insoluble, form insoluble films at the air-water interface,
are not adsorbed from oil solution to an oil-air interface, but
show significant adsorption at the oil-water interface when
dissolved in oil.

From this discussion it is possible also to conclude that
adsorption from aqueous solution requires a lower solute
concentration to obtain the same level of adsorption if the
hydrophobic chain length is increased or if the polar portion
of the molecule is less hydrophilic. On the other hand,
adsorption from nonpolar solvents is favored when the sol-
ute is quite polar.

Since soluble or adsorbed films cannot be compressed,
there is no simple direct way to estimate the number of
molecules/unit area coming to the surface under a given set
of conditions. For relatively simple systems it is possible to
estimate this value by application of the Gibbs equation,
which relates surface concentration to the surface-tension
change produced at different solute activities. The deriva-
tion of this equation is beyond the scope of this discussion,
but it arises from a classical thermodynamic treatment of
the change in free energy when molecules concentrate at the
boundary between two phases. The equation may be ex-
pressed as

r=_!=h (29)
RT da

where I is the moles of solute adsorbed/unit area, R is the
gas constant, ? is the absolute temperature and d7 is the
change in surface tension with a change in solute activity, do.
at activity o. For dilute solutions of nonelectrolytes, or for
electrolytes when the Debye-Htickel equation for activity
coefficient is applicable, the value of o may be replaced by
solute concentration, c. Since the term dc/c is equal to d ln
c, the Gibbs equation is often wtitten as

| = - -r- ,71 (30)
RT dlnc

In this way the slope of a plot of 7 vs ln c multiplied by 1/ft?
should give I at a particular value ofc. Figure 19-13 depicts
typical plots for a series of water-soluble surface-active
agents differing only in the alkyl chain length. Note the
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Fig 19-13. The eft6ct of increasing chain length on the surface

activity ol a surlactant at the air-aqueous solution interface (each

figure depicted to differ by two methylene groups with A, the longest

chain, and q the shortest).

.4

toc c

L
MYLAN INST. EXHIBIT 1013 PAGE 64



266 CHAPTER 19

greater reduction of surface tension that occurs at lower
concentrations for longer chain-length compounds. In ad-
dition, note the greater slopes with increasing concentration,
indicating more adsorption (Eq 30), and the abrupt leveling
ofsurface tension at higher concentrations. This latter be-
havior reflects the self-association of surface-active agent to
form micelles which exhibit no further tendency to reduce
surface tension. The topic of micelles will be discussed later
on page 268.

If one plots the valuee of surface concentration, l, vs
concentration, c, for substances adsorbing to the vapor-liq-
uid and liquid-liquid interfaces, using data such as those
given in Fig 19-13, one generally obtains an adsorption iso-
therm shaped like those in Fig 19-9 for vapor adsorption.
lndeed, it can be shown that the Langmuir equation (Eq 25)
can be fitted to such data when written in the form

r = f.i',1't (31)l*k'c
where .1.", is the maximum surface concentration attained
with increasing concentration and /a'is related to & in Eq 25.
Combining Eqs 29 and 31 leads to a widely used relationship
between surface tension change II (see Eq 28) and solute
concentration, c, known as the Syszkowski equation:

[ = l.r, RT ln (L + h'c) (32)

Mixed Films

It would seem reasonable to expect that the properties of a
surface film could be varied greatly if a mixture of surface-
active agents were in the film. As an example, consider that
a mixture of short- and long-chain fatty acids would be
expected to show a degree of "condensation" varying from
the "gaseous" state, when the short-chain substance is used
in high amount, to a highly condensed state when the longer
chain substance predominates. Thus, each component in
such a case would operate independently by bringing a pro-
portional amount of film behavior to the system.

More often, the ingredients of a surface film do not behave
independently, but, rather, interact to produce a new surface
film. An obvious example would be the combination of
organic amines and acids which are oppositcly charged and
would be expected to interact strongly.

In addition to such polar-group interactions, chain-chain
interaction will strongly favor mixed condensed films. An
important example of such a case occurs when a long-chain
alcohol is introduced along with an ionized long-chain sub-
stance. Together the molecules form a highly condensed
film despite the presence of a high number of like charges.
Presumably this occurs as seen in Fig 19-14, by arranging the
molecules so that ionic groups alternate with alcohol groups;
however, if chain-chain interactions are not strong, the ionic
species often will be displaced by the more nonpolar union-
ized species and "desorb" into the bulk solution.

On the other hand, sometimes the more soluble surface-
active agent produces surface pressures in excess of the col-
Iapse pressure of the insoluble film and displaces it from the
surface. This is an important concept because it is the
underlying principle behind cell lysis by surface-active
agents and some drugs, and behind the important process of
detergency.

Fig 19-14. A mixed monomolecular film. E: a long-chain ion; O
a long-chain nonionic compound.

Ad,sorption on Solid. Surfaces From Solution

Adsorption to solid surfaces from solution may occur if
dissolved molecules and the solid surface have chern
groups capable of interaccing. Nonspecific adsorption
will occur if the solute is surface active and if the surface i
of the solid is high. This latter case would be the sam,
occurs at the vapor-liquid and liquid-liquid interfaces.
with adsorption to liquid interfaces, adsorption to solid 

r

faces from solution generally leads to a monomolecular
er, often described by the Langmuir equation or by
empirical, yet related, Freundlich equation

x/M = kc"

where r is the grams of solute adsorbed by M grams of s
in equilibrium with a solute concentration of c. The terr
and n are empirical constants. However, as Giles8
pointed out, the variety of combinations of solutes and
ids, and, hence the variety of possible mechanisms of ads,
tion, can lead to a number of more complex isotherms.
particular, adsorption of surfactants and polymers, of g
importance in a number of pharmaceutical systems, ii
not well understood on a fundamental level, and ma,
some situations even be multilayered.

Adsorption from solution may be measured by separa
solid and solution and either estimating the amount of
sorbate adhering to the solid or the loss in concentratio
adsorbate from solution.

ln view of the possibility of solvent adsorption, the la
approach really only gives an apparent adsorption.
example, if solvent adsorption is great enough, it is pose
to end up with an increased concentration of solute a

contact with the solid; here, the term negative adsorptic
used.

Solvent not only influences adsorption by competing
the surface but, as discussed in connection with adsorp
at liquid surfaces, the solvent will determine the escal
tendency of a solute; eg, the more polar the molecu.le, the
the adsorption that occurs from water. This is seen in
19-15, where adsorption of various fatty acids from w,
onto charcoal increaees with increasing alkyl chain lengt
nonpolarity. It is difficult to predict these effects bul
general, the more chemically unlike the solute and soh
and the more alike the solid surface groups and solute,

o
or23

Coaccateotlon. llolar pcr Lltr
Fig 19-15. The relation between adsorption and molecular wei€
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Table Vll-Eflect ol Aerosol OT Goncentrataon on lhe
Surlace Tenslon ot Waler and the Contact Angle ol Water

with Magnesium Slearate

Concentratton,
mX 106 0

120'
1 130

104"
89"
800
?10
630
540
50"

o

t

Adronb.d (M

o-5r -6

60. r
49.8
45.1
40.6
38.6
3?.9
35.0
32.4
29.5

1.0
3.0
5.0
8.0

10.0
12.0
15.0
20.0
25.0

o-o-x

o
o

Salsl ron I

o

Multivalent ions, such as calcium and magnesium' pro-
duce marked water insolubility, even at lower alkyl chain
Iengths; thus, soaps are not useful in hard water which is

hig-h in conient of these ions. Soaps, being salts of weak

acids, are subject also to hydrolysis and the formation of free

acid plus hydroxide ion, particularly when in more concen-
trated solution.

To offset some of the disadvantages of soaps, a number of
long-alkyl-chain sulfonates, as well as alkyl aryl sulfonates
.r.h as sodium dodecylbenzene sulfonate, may be used; the
sulfonate ion is Iess subject to hydrolysis and precipitation in
the presence of multivalent ions. A popular group of sulfo-
nates, widely used in pharmaceutical systems, are the dial-
kyl sodium sulfosuccinates, particularly sodium bis-(2-
elhylhexyl)sulfosuccinate, best known as Aerosol OT or do-

cusate sodium. This compound is unique in that it is both
oil and water soluble and hence forms micelles in both
phases. [t reduces surface and interfacial tension to low
values and acts as an excellent wetting agent in many types

of solid doaage forms (see Table VII).
A number ofalkyl sulfates are available as surfactants, but

by far the most popular member of this group is sodium
lauryl sulfate, which is widety used as an emulsifier and

solu-bilizer in pharmaceutical systems. Unlike the sulfo-
nates, sulfates are susceptible to hydrolysis which leads to
the formation of the long-chain alcohol, so that pH control is

most important for sulfate solutions.
Cationic Agents-A number of long-chain cations, such

as amine salts and quaternary ammonium salts, are often
used as surface-active agents when dissolved in water; how-

ever, their use in pharmaceutical preparations is limited to
that of antimicrobial preservation rather than as surfac-
tants. This arises because the cations adsorb so readily at
cell membrane structures in a nonspecific manner, Ieading

to cell lysis (eg, hemolysis), as do anionics to a lesser extent.
It is in ihis way that they act to destroy bacteria and fungi'

Since anionic and nonionic agents are not as effective as

preservatives, one must conclude that the positive charge of
ihe." .o-po,rnds is important; however. the extent of sur-
face activity has been shown to determine the amount of
material .reld"d for a given amount of preservation. Qua-
ternary ammonium salts are preferable to free amine salts
since they are not subject to effect by pH in any way; howev-

er, the piesence of organic anions such as dyes and natural
polyelectrolytes is an important source of incompatibility
and such a combination should be avoided.

Amphoteric Agents-The major group of molecules fall-
ing into this category are those c<lntaining carboxylate or
phosphate groups as the anion and amino or quaternary
ammonium groups as the cation. The former group is repre-

sented by varioui polypeptides, proteins, and the alkyl beta-
ines, while the latier group consist of natural phospholipids
such as the lecithins ind cephalins. In general, long-chain
amphoterics which exist in solution in zwitterionic form are
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-,- 10-16 The adsorption of a cationic surlactant' LN+' onto a

Itr*",, "n"rned 
silrca or glass surface' exposing a hydrophobic

lff"; tne sotia is exposed to air'ro

fl :::t'ff LlTi,:i."tff llffi .rtli'11",i:'?{l::tilt
Injiei;;;'ly"s. will stronglv adsorb oip.ositelv charged sol-

5ll-^ ii'i. is similar to the strong specific binding seen in

I*".fr..iotption and it is characterized by significant

ililr"-frv., adsorption at very low concentrations of solute'

S.. Figi9-tA for an example of such adsorption'

Surlace'Active Agents

Throughout the discussion so far, examples of surface-

active agEnts (surfactants) have been restricted primarily to

fatty acids and their salts. It has been shown that both a
hydiophobic portion (alkyl chain) and a hydrophilic portion
(carboxyl and carboxylate groups) are required for their
eurface activity, the relative degree of polarity determining
the tendency [o accumulate at interfaces. It now becomes
important to look at some of the specific types of surfactants
available and to see what structural features are required for
different pharmaceutical applications.

The classification of surfactants is quite arbitrary, but one
based on chemical structure appears best as a means of
introducing the topic. It is generally convenient to catego-
rize surfactants aciording to their polar portions since the
nonpolar portion is usuafy made up of alkyl or aryl groups.
The majot Dolar srouos found in most surfactants may be
divided as followsl anionic, cationic, amphoteric and non-
tonic- fu we shall see, the last group is the largest and most
wtdely used for pharmaceutical systems, so that it will be
emphasized in the discussion that follows.

Types

. Anionic Agents-The most commonly used anionic sur-

:::lt"E are those containing carboxylate, sulfonate, and
sulthte ions. Those containin'g carboiylate ions are known
as soaps-and are generally preplred byihe saponification of
qaLural thtty acid elvcerides in alkaline solution. The mostQton cations alsociated with soaps are sodium, potassi-*q'.ammonium, 

and triethanolamine, while the chain
Gn$h of the fatty acids ranges from 12 to 18.

t"j} dig..u of water solubllity is greatly influenced by the

i"asn of the alkyl chain and the piese.,ce of double bonds.
^ ur example, .odiu. stearate is quite insoluble in water at

"IlT. Fmp..uture. whereas sodium oleate under the same
'uuqltlons is quite water soluble.

rt ol
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more surface-active than ionic surfactants having the same
hydrophobic group since in effect the oppositely charged
ions are neutralized. However, when compared to nonion-
ics, they appear somewhere between ionic and nonionic.

Nonionic Agents-The major class of compounds used
in pharmaceutical systems are the nonionic surfactants since
their advantages with respect to compatibility, stability, and
potential toxicity are quite significant. [t is convenient to
divide these compounds into those that are relatively water
insoluble and those that are quite water soluble.

The major type of compounds making up this first group
are the long-chain fatty acids and their water-insoluble de-
rivatives. These include (1) fatty alcohols such as lauryl,
cetyl (16 carbons) and stearyl alcohols; (2) glyceryl esters
such as the naturally occurring mono-, di- and triglycerides;
and (3) fatty acid esters of fatty alcohole and other alcohols
such as propylene glycol, polyethylene glycol, sorbitan, su-
crose and cholesterol. Included also in this general class of
nonionic water-insoluble compounds are the free steroidal
alcohols such as cholesterol.

To increase the water solubility of these compounds and
to form the second group of nonionic agents, polyoxyethy-
lene groups are added through an ether linkage with one of
their alcohol groups. The list of derivatives available is
much too long to cover completely, but a few general c tego-
ries will be given.

The most widely used compounds are the polyoxyethylene
sorbitan fatty acid esters which are found in both internal
and external pharmaceutical formulations. Closely related
compounds include polyoxyethylene glyceryl, and steroidal
esters, as well as the comparable polyoxypropylene esters.
It is also possible to have a direct ether linkage with the
hydrophobic group {rs with a polyoxyethylene-stearyl ether
or a polyoxyethylene-alkyl phenol. These ethers offer ad-
vantages since, unlike the esters, they are quite resistant to
acidic or alkaline hydrolysis.

Besides the classification of surfactants according to their
polar portion, it is useful to have a method that categorizes
them in a manner that reflects their interfacial activity and
their ability to function as wetting agents, emulsifiers, solu-
bilizers, etc. Since variation in the relative polarity or non-
polarity of a surfactant significantly influences its interfacial
behavior, some measure of polarity or nonpolarity should be
useful as a means of classification.

One such approach assigns a hydrophile-lipophile balance
number (HLB) for each surfactant and, although developed
by a commercial supplier of one group of surfactants, the
method has received wide-spread application. The HLB
value, as originally conceived for nonionic surfactants, is
merely the percentage weight of the hydrophilic group divid-
ed by five in order to reduce the range of values. On a molar
basis, thereforc, a 100?o hydrophilic molecule (polyethylene
glycol) would have a value of20.

Thus, an increase in polyoxyethylene chain length in-
creases polarity and, hence, the HLB value; at constant polar
chain length, an increase in alkyl chain length or number of
fatty acid groups decreases polarity and the HLB value.
One immediate advantage of this system is that to a first
approximation one can compare any chemical type of surfac-
tant to another type when both polar and nonpolar groups
are different.

HLB values for nonionics are calculable on the basis of the
proportion of polyoxyethylene chain present; however, in
order to determine values for other types ofsurfactants it is
necessary to compare physical chemical properties reflecting
polarity with those surfactants having known HLB values.

Relationships between HLB and phenomena such as wa-
ter solubility, interfacial tension, and dielectric constant
have been used in this regard. Those surfactants exhibiting
values greater than 20 (eg, sodium lauryl sulfate) demon-

strate hydrophilic behavior in excess of the polyoxyethylene
goups alone. Table XIX, page 304, presents HLB values
for a variety of surface-active agents.

Surlactant Properties in Solutim and Micelle
Formatim

As seen in Fig 19-13, increasing the concentration of sur-
face-active agents in aqueous solution causes a decrease in
the surface tension of the solution until a certain concentra-
tion where it then becomes essentially constant with increas-
ing concentration. That this change is associated with
changes also taking place in the bulk solution rather than
just at the surface can be seen in Fig 19-1?, which shows the
same abrupt change in bulk solution properties such as solu-
bility, equivalent conductance and osmotic pressure as with
surface properties. The most reasonable explanation for
these effects is that the solute molecules self-associate to
form soluble aggregates which exhibit markedly different
properties from the monomers in solution. Such aggregates
(Fig 19-18A) appear to exhibit no tendency to adsorb to the
surface since the surface and interfacial tension above this
solute concentration do not change to any significant extent.
Such aggregates, known as micelles, form over such a very
narrow range of concentrations that one can speak of a criti-
cal micellization concentration (cmc). These micelles form
for essentially the same reasons that cause molecules to be
adsorbed; the lack of affinity of the hydrophobic chains for
water molecules and the tendency for strong hydrophobic
chain-chain interactions when the chains are oriented close-
ly together in the micelle, coupled with the gain in entropy
due to the loss of the ice-like structure of water when the
chains are separated from water, Iead to a favorable free
energy change for micellization. The longer the hydrophobic
chain or the less the polarity of the polar group, the greater
the tendency for monomers to "escape" from the water to
form micelles and, hence the lower the cmc (see Fig 19-LB).

In dilute solution (still above the cmc) the micelles can be
considered to be approximately spherical in shape (Fig 19-

18A and B), while at higher concentrations they become
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Fig 19-17. Effect of surfactant concentration and micelle formation

on various properlies of the aqueous solution of an ionic surfactant'
A: Surface tension: 8.' interfacial tension; C: osmotic pressure; D:

equivalent conductivity; E: solubility ol compound with very low

solubility in pure water 1r

\

MYLAN INST. EXHIBIT 1013 PAGE 67



J7
DISPERSE SYSTEMS 269

\,!

w\Awww
*w,.s * w

$ *w *

w@

r}rO

Os,

w@w
w\A\a

@
@Ow

\l\^,*[

\A w.w
\}

ww
o

ow

o
@

* ow Ow

@

BA

*** *

I
,/\
\-ll-
7t
/-

ar)

-
/

\\\
\

E

Spherical micelle of arr anionic surfactant; 8.' spherical micelle of a nonionic surfactant; A
lamellar micelle of an ionic surfactant; E' revorse micelle of an anionic surfactant in oil.11

II
c

UVfaae surfac...ctiv. anion

O Counterion

tD Wat r molccule
L Oil molccula

Fig 19-18. Different types of micelles. Al
cylindrical micelle of an ionic surfactant; D.'

more asymmetric and eventually assume cylindrical (Fig 19-
18C) or l,mellar (Fig 19-18D) sfructures. It is important to
recognize that equilibrium, and hence reversibility, exists
between the monomers and the various types of micelles.
The sizes of such micelles depend on the numbe. of mono-
mets per micelle and the size and molecular shape of the
mdividual monomers. In Table VIII are given the cmc and
numLrer of monomers per micelle for diffeient types of sur-
tactants. Note for the nonionic surfactants that the longer
the.polyoxyethylene chain, and hence the more polar and
nulkier the molecule, the higher the cmc, ie the less the
te1{encv for micelle formati6n. It is also possible for oil-
soluble surfactants to show a tendency to seif-associate into
. 
relerse micelles in nonpolar solvents, as depicted in Fig 19-

ruz, with their polar groups all oriented away from the
sotvent. [n general these micelles tended to be smaller and
to aggregate over a wider range of concentrations than seen
tn water, and therefore, to exf,ibit no well-defined cmc.

Micellar Solubilizatim

As seen in Fig 19-18, the intcrior of surfactant micelles
formed in aqueous media consists of hydrocarbon "tails" in
liquid-like disorder. The micelles, therefore, resemble min-
iscule pools of liquid hydrocarbon surrounded by shells of
polar "head groups." Compounds which are poorly soluble
in water but soluble in hydrocarbon solvents, can be dis-
solved inside these micelles, ie, they are brought homoge-
neously into an overall aqueous medium.

Being hydrophobic and oleophilic, the solubilized mole-
cules are located primarily in the hydrocarbon core of the
micelles (see Fig 19-19A). Even water-insoluble drugs usu-
ally contain polar functional groups such as hydroxyl,
carbonyl, ether, amino, amide, and cyano. Upon solubiliza-
tion, these hydrophilic groups locate on the periphery of the
micelle amorg the polar headgroups of the surfactant in
order to become hydrated (see Fig 19-198). For instance,
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Table vlll-Griilcal Mice[e concentralions and Micellar Aggregation Numbers ol varlous Surlaclanls in water at Room

Temperature

Name CMC, mMlL

Surlactant
mol6cules/

mtcell6
Structuae

n-CuHrrCOOK
n-C6H17SO3Na
n-CroHsrSOrNa
n-CrzHrsSOrNa
n-CrrHrsOSOrNa
n-Cr:HesOSOrNa

Potassium laurate
Sodium octant sulfonate
Sodium decane sulfonate
Sodium dodecane sulfonate
Sodium lauryl sulfate
Sodium lauryl sulfateo
Sodium di-2-ethylhexyl sulfosuccinate
Decyltrimethylammonium bromide
Dod-ecyltrimethylammonium bromide
Tetradecyltrimethylammonium bromide
Tetradecyltrimethylammonium chloride
Dodecylammonium chloride
Octaoiyethylene glycol monododecyl ether

Dodecaoxyethylene glycol monododecyl ether

50
28
40
54
62
96
48
36
50
75
u
55

L32
301

78
116
100

24
150
40
I
8
1

5

63
l4

3

3
13

n-CroHrrN(CHr)sBr
n-CuHrsN(CHr)rBr
n-CrrHggN(CHr)rBr
n-CuHzgN(CHu)rCl
n-C12H25NH3CI
n-CrrHzso(CHICHTO)sH
n-CrzHzsO(CHzCHIO)aHb
n-C r.zHzs(CHTCHzO) rrH
n-CuHrsO(CHzCHzO) rrHb
,-CeHri-CsHr-O(CHzCHuO) g :H Decaoxyethylene glycol mono-P,t -octylphenyl ether (octoxynol 9)

0.13
0.10
0.14
0.091
0.27

a Interpolated for physiologrc satine,0 154 M NaCt'
6 Ar 55' instead of 20".

c
SURFACE ACTIVE AGENT

- 
POLYOXYETHYLENE CHAIN

- 
HYOROCAREON CHAIN

o'^'^ o....-
I

SOLUBILIZATE
SURFACE SOLUBILIZATE
ACTIVE
AGENT

Fig 1g-1g. The locations ot solubilizates in spherical micelles. A: lonic surfactant (solubilizod molecule has no hydrophilic groups); B:

ioiic surfactant (solubilized molecule has a hydrophilic group); C: nonionic surlactant (polar solubilizate) 12

BA

:

when cholesterol or dodecanol is solubilized by sodium lau-

ryl sulfate, their hydroxyl groups penetrate between sulfate
ions and are even tound to them by hydrogen bonds, while

their hydrocarbon portions are immersed among the dodecyl

tails ofihe surfactant which make up the core of the micelle'
Micelles of polyoxyethylated nonionic surfactants consist

of an outer shelLof hydrated polyethylene glycol moieties

anJ a core of hydrocaibon moieties. Compounds like phe-

nol, cresol, benzoic acid, salicylic acid, and esters of p-

hydroxy and p-aminobenzoic acids have some solubility in
*"t". -a in oils but considerable solubility in liquids of
intermediate polarity like ethanol, propylene glycol or aque-

ous solutions of polyethylene glycols. When solubilized by

nonionic micelles, [hey are located in the hydrated outer
polyethylene glycol shell as shown in Fig 19-19C' Since

ih.." .o-por.rnds have hydroxyl or amino groups' they fre-

quently form complexes with the ether oxygens of the sur-

factant by hydrogen bonding.
Solubilizaiion is generally nonspecific: any drug which is

appreciably solublJ in oils can be solubilized. Each has a

solubillzation limit, comparable to a limit of solubility,
which depends on temperature and on the nature and con-

centration of the surfactant. Hartley distinguishes two cat-

egories of solubilizates. The first consists of comparatively
la"rge, as5rmmetrical and rigid molecules forming crystalline
.ot"ias, .o.tt as steroids and dyes. These do not blend in with
the normal paraffin tails which make up the micellar core;

because of dissimilarity in structure, they remain distinct as

solute molecules. They are sparingly sotubilized by surfac-

tant solutions, a few molecules/micelle at saturation (see

Table IX). The number of carbon atoms in the micellar
trya.o"".Uon core required to solubilize a molecule of steroid
or dye at saturation is of the same order of magnitude as the

rrrlnib". of carbon atoms of bulk liquid dodecane or hexade-

cane per molecule of steroid or dye in their saturated solu-

tions in these liquids.
Since solubilization depends on the presence of micelles, it

ao". not t"t" place below the cmc. It ian, therefore, be used

to determine ih".^c, particularly when the solubilizate is a

dye or another compound easy toassay. llg!-ti"g the maxi-
mum amount of a water-insoluble dye solubilized by aque-

ous surfactant, or the absorbance of its saturated solutions'
versus the surfactant concentration produces a straight line
which intersects the surfactant concentration axis at the

cmc. Above the cmc, the amount of solubilized dye is direct-
Iy proportional to the number of micelles and, therefore'
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rabbrX-Mr*li'r::H,[',Xl"lolSl3fjtn"ororterent Iight), microemulsions scatter little light and are, therefore'
transparent or at least translucent.

Emulsions have very broad droplet size distributions.
Only the smallest droplets, with diameters of about 1000 to
2000 A, are below the resolving power of the light micro-
scope. The upper size limit is 25 or 50 pm (250,000 or
500,000 A). Because emulsion droplets are comparable in
size, or larger than the wavelength of visible light, they
scatter it more or less strongly depending on the difference
in refractive index between oil and water. Thus, most emul-
sions are opaque.

The three disperse systems-micellar solutions, microe-
mulsions, and emulsions-can be of the OAM (oil-in-water)
or WO type. Aqueous micellar surfactant solutions can
solubilize oils and lipid-soluble drugs in the core formed by
their hydrocarbon chains. Likewise, oil-soluble surfactants
Iike sorbitan monooleate and docusate sodium form "reverse
micelles" in oils (Fig 19-18.E) capable of solubilizing water in
the polar center. The solubilized oil in the former micelles
and the solubilized water in the latter may in turn enhance
the micellar solubilization of oil-soluble and water-soluble
drugs, respectively.

Oil-soluble drugs have been incorporated into O/W emul-
sions by dissolving them in the oil phase before emulsifica-
tion.rs By the same token, it may be possible to dissolve
oil-soluble drugs in a vegetable oil and make an oral or
parenteral OAI microemulsion. The advantage of such mi-
croemulsion systems over conventional emulsions is their
smaller droplet size and superior shelf stability. Aqueous
micellar solutionste and OAtr microemulsions2o have both
been used as aqueous reaction media for oil-soluble com-
pounds.

Emulsions and micellar solutions of oils solubilized in
aqueous surfactant solutions consist of three components,
oil, water and surfactant. Microemulsions generally require
a fourth component, called. cosurfactant. Commonly used
cosurfactants are linear alcohols of medium chain length,
which are sparingly miscible with water. Since the cosurfac-
tants as well as the surfactants are surface-active, they pro-
mote the generation of extensive interfaces through the
spontaneous dispersion of oil in water, or vice-versa, result-
ing in the formation of microemulsions. The large interfa-
cial area between oil and water permits the extensive forma-
tion of a mixed interfacial film consisting of surfactant and
cosurfactant. This film is called the "interphase" because it
is thicker than the surfactant monolayers formed at oil-
water interfaces in emulsions. The interfacial tension at the
oil-water interface in microemulsions approaches zero,
which also contributes to their spontaneous formation. Ac-
cording to another viewpoint, microemulsions are regarded
as micelles extensively swollen by large amounts of solubi-
Iized oil.

Typical formulations for an OAM and a W/O microemul-
sion are shown in Table X. The ratio, g surfactant/g solubi'
lized or emulsified oil or water is in the range of 2 to 20 for
micellar solutions and 0.01 to 0.1 for emulsions. Microemul-
sions have intermediate values: The ratios for the formula'
tions in Table X are near unity. In industrial formulations,
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Table X-Microemulslon Formulatlons

Content in
microemulsions, 96

Compound Function o/w w/o

Surlactant

Concentration
rang6. molarity

Temp,
oc

Mol6s
surlactant/

mole
solubiliz6d

estrone

Sodium laurate
Sodium oleate
Sodium lauryl sdtat€
Sodium cholate-

Sodium deoxYchotate
|iamyl sodium sulfosuccinate

bioctyl sodium sulfosuccrnate

Tetradecyltrimethylammonlum
hromide

HexadecYlPYridinium chloride

0.025-0.023
0.002-0.35
0.004-0.15
0.09-0.23
0.00?-0.36
0.08-0.4
0.002-0.05

91
53
7t

238
476
833
196

45
32

161
83

40
40
40
20
20
40
40

20
20
20
20

PolYsorbatr
PolYsorbate

20
60

0.005-0.08
0.001-0.1
0.002-0.15
0.000M.11

oroportional to the overall surfactant concentration. Below

[h.i.., no solubilization takes place. This is represented

bv Curve E of Fig 19-1?.-The 
second category of compounds to be solubilized are

often liquid at room temperature and consist of relatively
small, symmetrical, and/or flexible molecules such as many
constituents of essential oils. These molecules mix and
blend in freely with the hydrocarbon portions of the surfac-
tants in the core of the micelles' so as to become indistin-
guiahable from them. Such compounds are extensively sol-
ubitized and in the process usually swell the micelles: they
augment the volume of the hydrocarbon core and increase
the number of surfactant molecules per micelle. Their solu-
bilization frequently lowers the cmc.

Microemulsionsl4-I6

Miooemulsions are liquid dispersions of water and oil
that are made homogeneous, traneparent, and stable by the
addition of relatively large amounts of a surfactant and a
cosurfactant. Oil is defined as a liquid of low polarity and
low miscibility with water, eg, toluene, cyclohexane, mineral
or vegetable oils.

Microemulsions are intermediate in properties between
micelles containing solubilized oils and emulsions. While
emulsions are lyophobic and unstable, microemulsions are
on the borderline between lyophobic and lyophilic colloids.
True microemulsions are thermodynamically stable.l?
Therefore, they are formed spontaneously when oil, water,
surfactants, and cosurfactants are mixed together. The un-
stable emulsions require input of considerable mechanical
energy for their preparation, which may be supplied by col-
loid mills, homogenizers or ultrasonic generators.

Both emulsions and microemulsions may contain high
volume fractions of the internal phase. For instance, some
OAV systems contain 7}Vo (vlvl oi oil dispersed in 257o water,
although lower internal phase volume fractions are more
common.

At low surfactant concentrations, viz, low multiples of the
cmc, micelles are spheres (Fig 19-18A, B and E) or ellipsoids.
when an oil is solubilized by micelles in water, it blends into
the-micellar core formed by the hydrocarbon tails of the
surfactant molecules (Fig 19-19) and ewells the micelles.

Spherical or etlipsoidi micelies are nearly monodispers-e,
and their mean diameters are in the range of 25 to 60 A.
Microemulsion droplets also have 

" 
,r"..oi droplet size dis-

utbution with a mean diameter range of approximately 60 to
1000 A. Since the droplet diamete.-rs arsllss than VrLf the
wavelength of light (4i00 A for violet and 6600 A for red

Sodium lauryl sulfate
1-Pentanol
Xylene
Water

Surfactant
Cosurfactant
oil

10
25
50
15

13
8
8

7t
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the ratios are closer to 0.1 to reduce costs. Microemulsions
are used in such diverse applications as floor polish and
agricultural pesticide formulations and in tertiary petro-

leum recovery. The use of O/W microemulsions as aqueous
vehicles for oil-soluble drugs to be administered by the per-
cutaneous, oral or parenteral route is being investigated.

Colloidal Dispersions
Historical Background of Colloids

The term colloid, derived from the Greek word for glue,
was applied co 1850 by the British chemist Thomas Graham
to polypeptides such as albumin and gelatin, to vegetable
gums such as acacia, starch and dextrin, and to inorganic
compounds such as gelatinous metal hydroxides and Prus-
sian blue (ferric ferrocyanide). These compounds did not
crystallize, and diffused very slowly when dissolved or dis-
persed in water. They could be separated from ordinary
solutes such as salts and sugar, called "crystalloids,,,as thl
latter diffused through the fine pores of dialysis membranes
made from animal gut which retained the "colloids." "Crys-
talloids" crystallized readily from solution.2l'22

Von Weimarn was the first to identify colloidality as a
state of subdivision of matter rather than as a category of
substances. Many of Graham's "colloids," especially pro-
teins, have been crystallized. Moreover, von Weimarn was
able to prepare all "crystalloids" investigated in the colloidal
state. Colloidal dispersions by the condensation method
resulted from high relative supersaturation, which produced
a large number of small nuclei.21-23'28 For instance, clear,
transparent solidified jellies were prepared by cooling aque-
ous solutions of CaCI2, Ba(SCN)z and AIB(SOr)3, and aque-
ous-alcoholic solutions of NaCI, KCl, NH4CI, KSCN, NaBr
and NHaNO3 which were nearly saturated at room tempera-
ture.28

Colloid chemistry became a science in its own right around
1906, when Wolfgang Ostwald wrote the booklet ,,The

World of the Neglected Dimensions." In it, he focused on
colloidal systems as a state of matter that has disperse
phases intermediate in size between small molecules or ions
in solution and large, visible particles in suspension. Ost-
wald became the first editor of the journal Kolloid-Zeitsch-
rift in 1907. The studies of colloidal systems and surface or
interfacial phenomena are intimately related. The proper-
ties of colloidal dispersions are largely governed by the na-
ture of the surface of their particles. The division of the
American Chemical Society specializing in colloidal systems
and interfaces is called the "Division of Colloid and Surface
Chemistry," while the pertinent session of the Gordon Re-
search Conferences is called "Chemistry at Interfaces.,,

Colloid and surface chemistry deals with an unusually
wide variety of industrial and biological systems. A few
examples are catalysts, lubricants, adhesives, latexes for
paints, rubbers and plastics, soaps and detergents, clays,
packaging films, cigarette smoke, Iiquid crystals, cell mem-
branes, mucous secretions and aqueous humors.

Delinitions and Classilications

Colloidal Systems and Interfaces

Colloidal dispersions consist of at least two discrete
phases, namely, one or more disperse, dispersed or internal
phases and a continuous or external phase called the disper-
sion rnedium or uehicle. What distinguishes colloidal dis-
persions from solutions and coarse dispersions is the particle
size of the disperse phase. Systems in the colloidal state
contain one or more substances that have at least one dimen-
sion in the range of 10 to 100 A (1 Angstrom unit = 10-8 cm =

10-10 m) or 1-10 nm (1 nanometer = 10-e m) at the lower
end,.and a few micrometers (pm) at the upper end (1 prn =
10a A = 10-6 m). Thus blood, cell membranes, the thinner
nerve fibers, milk, rubber latex, fog and beer foam are colloi-
dal systems. Some types of materia,ls, such as many emul-
sions, and oral suspensions of most organic drugs, are coarser
than true colloidal systems but exhibit similar behavior.
Even though serum albumin, acacia and povidone form true
or molecular solutions in water, the size of the individual
solute molecules place-s such solutions in the colloidal range
(particle size ) 10 A7.zt-z't

The following features distinguish colloidal dispersions
from coarse suspensions. Disperse particles in the colloidal
range are usually too fine to be visible in a light microscope,
because at least one dimension measures 1 pm or less. They
are often visible in the ultramicroscope and always in the
electron microscope. Coarse suspended particles are fre-
quently visible to the naked eye and always in the light
microscope. Colloidal particles, as opposed to coarse parti-
cles, pass through ordinary filter paper but are retained by
dialysis or ultrafiltration membranes. Because of their
small size, colloidal dispersions undergo little or no sedimen-
tation or creaming: Brownian motion maintains the dis-
perse particles in suspension (see below).

Except for high polymers, most soluble substances can be
prepared either as low-molecular-weight solutions, or as col-
loidal dispersions or coarse suspensions depending on the
choice of the dispersion medium and the dispersion tech-
niqus.2o'za

Because of the small size of colloidal particles, appreciable
fractions of their atoms, ions or molecules are located in the
boundary layer between a particle and air (surface) or be-
tween a particle and a liquid or solid (interface). The ions in
the surface of a sodium chloride crystal and the water mole-
cules in the surface of a rain drop are subjected to unbal-
anced forces of attraction, whereas the ions or molecules in
the interior of the materials are surrounded by similar ions
or molecules on all sides, with balanced force fields. Thus a
surface free energy component is added to the total free
energy of colloidal particles, which becomes relatively more
important as the particles become smaller, ie, as greater
fractions of their ions, atoms or molecules are located in their
surface or interfacial region. Hence the solubility of very
fine solid particles and the vapor pressure of very small
liquid droplets are larger than the corresponding values of
coarse particles and lar6e drops of the same materials. re-
spectively.

Specific Surface Area-Decreasing particle size in-
creases the surface-to-volume ratio, which is expressed as

the specific surface area A"r, namely, the area A (cm2) per
unit volume V (1 cm3) or per unit mass M (1 gram). For a

sphere, A=4r-r2 and V= 4/3rr3. If thedensity,d,ofthe
material is expressed in g/cm3, the specific surface area is

A""= 4 = \.n",= 1.-r/.-, = 
3 

cm-r'v4/Srrurr

L

or

o",=#=#=ffi,=\" ,re
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table Xl-Ellect ol Comminutlon on Specilic Surlace Area
Lil vorrr" ol 4rl3 cm3, olvlded lnlo Unilorm Spheres ol

Radlus R

Interaction Betuteen Disperse phase and, Dispersion
Mediurn

A second useful classification of colloidal dispersions,
originated by Ostwald, is based on the affinity or inieraction
betw-een the disperse phase and the dispersion medium.2,3,8
It refers mostly to solid-in-liquid dispersions- According to
this classification, colroidal dispersions 

"." 
diuid"d intoihe

two broad categories of lyophilic and lyophobic. Some solu_
ble, low-molecular-weight-substancei have molecules with
both tgndencies, forming a third category called association
colloids.

Lyophilic Dispersions-Where there is considerable at-
traction between the disperse phase and the liquid vehicle,
ie, extensive solvation, the system is said u L" ty,opiiiti(solvent-loving). If the dispersion medium is w;te;, ;h;
system is said to be hydrophiljc. Such solids as bentonite,
starch, gelatin, acacia and povidone swell, disperse or dis-
solve spontaneously in water.

- Hydrophilic colloidal dispersions can be subdivided fur-
ther as follows:

. True solutions, formed by water-soluble polymers (acacia and povi-
done).

Gelled solutions, gels or jelhes rf the polymers are present at highconcentrations and/or at temperatures where their waie. sotubiiiiy'isIow 
, 
Examples of such. hydrogels are .elriirely .in"err-t.rt"a solutions

or gelattn and starch, whrch set to gels on coohng. or of methylcellulose,
whrch gel on heating.

.. Particulate dispersions, where the solids do not form molecular s.lu-
r,lons but remain as discrete though minute particles. Bentonite andmicrocrystalline cellulose form suc-h hydrosols'.

^. 
Lipophilic or,oleophilic substances have pronounced af_finity for oils. Oils are nonpolar liquids consisting mainiyof

hydrocarbons, with few polar g.oup. ana tow aieLctric con-.!1"tf: Examples are mineral oii, benzene, carbon tetra-
chloride, vegetable oils (cottonseed or peanuioil) and essen-
tial oils -(lemon or peppermint oil). Substances which form
oleophilic colloidal dispersions include polymers like poly-
styrene and unvulcanized or gum rub6erj which dissolve
m-ofegularlv in benzene, magnesium or aluminum stearate or
which dissolve or disperseln cottonseed oil, and activated
charcoal, which forms sols or particulate dispersions in all
oils.

..Because of the high affinity or attraction between the
dispersion medium and.the disperse phase, Iyophilic dispei_
sions form spontaneously.when the lquid ve-hicle is brought
into contact with the solid phase. They are thermodynaili-
cally stable and reversible, ie, they are easily ieconstituted
even af_ter-the dispersion medium has beeriremoved from
the solid phase.22,2t -zt

Number ol sph€res R A.o cm2lcm3

1

103

106

10e

Itl'
I ll'
Itl "
l(lr'
1023

3x10e
3x103
ixl0r
l x l(,.
;I Y IIF
., x I0,
3x108

1cm
0.1 cm = 1mm
0.1 mm
0.01 mm = 10pm
I urtl
r! I ,rnl
(l(lI Arn
l(,A-[]tnt
1A

3

3x10

Table XI illustrates the effect of comminution on the
specific su-rface area of 4 r/3 cmx of a material consisting
initially of one sphere of 1 cm radius. As the material is
broken up into an increasingly larger number of smaller and
smaller spheres, its specific surface area increases commen-
suratelY.

The solid adsorbents activated charcoal and kaolin have
specific_ surface ateas of about 6 X 106 cm2/g and 10a cm2/g,
respectively. One gram of activated charcoal, because of its
extensive porosity and internal voids, has an area equal to 16
acre.

In conclusion, colloidal systems by definition are those
polyphasic systems where at least one dimension of the dis-
perse phase measures between 10 or 100 A and a few micro-
meters. The term "colloidal', designates a state of matter
characterized by submicroscopic dimensions rather than
certain substances. Any dispersed substance with the prop-
er dimension or dimensions is i" the coifoiaa .trt..

Physical Sfares of Disperse and Continuous phases

A useful classification of colloidal systems (systems in the
colloidal particle size range) is based on the statl of matter of
the disperse phase and t-he dispersio, ;ua;;, ie, whether
tfev ar9 solid, liquid or gaseous.'2s,, T"bl;iii summarizes
t'ne various combinations and lists 6aemples. A sol is the
colloidal dispersion of a solid in a liquiJolg;*ou. medium.
:i:t]t.. designate the dispersion medium, iuch as hydrosol,
alcosol, aerosol for water, alcohol and air, respectively. Sols
:l:l-"id. If the solid.partictes form b;ids.d-.il"tures pos-
sesslng some mechanical strength, the slstem is called a gel(hydrogel, alcogel, aerogel).

Shaded reflon corresponds to colloidal partrcle-size range

Table Xll-Classillcailon ol Colloidat Dispersions Accordlng to State of Matter
Oisperse

Phase

Solid

Liquid

Solid
Medium

Liqud

Zinc oxide paste (zinc oxide * starch
in petrolatum). Toothpaste
(dicalcium phosphate or calcium
carbonate with sodium
carboxymethylcellulose binder).
Pigmented plastics (titanium
dioxide in polyethytene).

Absorption bases (aqueous medium in
Hydrophilic Petrolatum USp).
Emulsion bases (oil in Hydrophilic
Ointment USP). Butter.

Sols: Bentonite Magma NF.
Trisulfapyrimidines Oral
Suspension USP. Magnesia and
Alumina Oral Suspension USp.
Tetracycline Oral Suspension USp

Emulsions: Mineral Oil Emulsion
USP. Soybean oil in water
emulsion for IV feeding. Milk.
Mayonnaise.

Cras

Solid aerosols: Smoke, dust.
Epinephrine Bitartrate Inhalation
AerosolUSP. Isoproterenol
Sulfate Inhalation Aerosol_

Liquid aerosols: Mist, fog. Nasal
relief sprays (naphazoline
hydrochloride solution).
Betamethasone Valerate Topical
AerosolUSP. Povidone-Iodine
Topical Aerosol.

No colloidal dispersions.

Gae Solid foams (f<ramed plastics and
rubbers). Pumice.

Foams. Carbonatedbeverages.
Effervescent salts in water.
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Lyophobic Dispereions-When there is little attraction
between the disperse phase and the dispersion medium, the
dispersion is said to be lyophobic (solvent-hating). Hydro-
phobic dispersions consist of particles that are not hydrated,
so that water molecules interact with or attract one another
in preference to solvating the particles. They include aque-
ous dispersions of oleophilic materials such as polystyrene or
gum rubber (latex), steroids and other organic lipophilic
drugs, paraffin w{rx, magnesium stearate, and of cottonseed
or soybean oil (emulsion). While lipophilic materials are
generally hydrophobic, materials like sulfur, silver chloride
and gold form hydrophobic dispersions without being lipo-
philic. Water-in-oil emulsions are lyophobic dispersions in
lipophilic vehicles.

Because of the lack ofattraction between the disperse and
the continuous phase, lyophobic dispersions are intrinsically
unstable and irreversible. Their large surface free energy is
not lowered by solvation. The dispersion process does not
take place spontaneously, and once the dispersion medium
has been separated from the disperse phase, the dispersion is
not easily reconstituted. The dividing line between hydro-
philic and hydrophobic dispersions is not very sharp. For
instance, gelatinous hydroxides of polyvalent metals such as
Al(OH)g and MS(OH)2, and clays such as bentonite and
kaolin, possess some characteristics of both.22.2'l'2?

Aesociation Colloids-Organic compounds which con-
tain large hydrophobic moieties together with strongly hy-
drophilic groups in the same molecule are said to be amphi-
philic. While the individual molecu-les are generally too
small to bring their solutions into the colloidal size range,
they tend to associate in aqueous or oil solutions into mi-
celles (see above). Because micelles are large enough to
qualify as colloidal particles, such compounds are called
association colloids.

by input of mechanical energy via shear or attrition. Equip-
ment such as colloid and ball mills, micronizers and, for
emulsions, homogenizers is described in Chapters gB and gg
and in Ref 29. Dry grinding with inert, watei-soluble ditut-
ing agents also produces. colloidal dispersions. Sulfur hy-
drosols may be prepared by trituratinglhe powder with ur6a
or lactose followed by shaking with water.

Ultrasonic generators provide exceptionally high concen-
trations of energy. Successful dispersion of solids by means
of ultrasonic waves can only be achieved with comparatively
soft materials such as many organic compounds, sulfur, tal"-
cum, and graphite. Where fine emulsions are mandaiory,
such as soybean oil-in-water emulsions used for intravenous
feeding, emulsification by ultrasound waves is the method of
choice.2e The formation of aerosols is described in Chapter
92.

It should be reiterated that hydrosols of hydrophobic sub-
stances are intrinsically unstable. While mechanical disin-
tegration may break up the disperse phase into colloidal
particles, the resultant dispersions tend towards separation
of that phase. Recrystallization. coagulation or coalescence
carrses the disperse particles to become progressively coarser
ald fewer, ultimately resulting in the separation of a macro-
scopic phase. To avoid this, stabilizing agents must be add-
9d during or shortly after the dispersion process (see below).
For instance, lecithin may be used to siabilize soybean oil
emulsions.

. Peptization is a second method for preparing colloidal
dispersions. The term, coined by Graham, is defined as the
breaking up of aggregates or secondary particles into smaller
aggregates or into primary particles in the colloidal size
range. Particles which are not formed of smaller ones are
called "primary." Peptization is synonymous with deftoc-
culation. It can be brought about by the removal of floccu-
Iating agents, usually electrol5rtes, or by the addition of de-
flocculating or peptizing agents, usually surfactants, water-
soluble po-lymers or ions which are adsorbed at the particle
surface.24'2?

The mechanisms of the following examples are explained
in subsequent sections. When powdered activated cirarcoal
is added to water with stirring, the aggregated grains are
broken up only incompletely and the reiultant suJpension is
gray and translucent. The addition of 0. 1Zo or less of sodium
lauryl sulfate or octoxynol disintegrates the grains into fine-
ly dispersed particles forming a deep black and opaque dis-
persion. Ferric or aluminum hydroxide freshly precipitated
with ammonia can be peptized with small amounts of acids
which reduce the pH below the isoelectric points of the
hydroxides (see below). Even washing the gelatinous pre-
cipitate of Al(OHh with water tends to peptize it. In quan-
titative analysis, the precipitate is thereiore washed with
dilute solutions of ammonium salts that act as flocculating
agents, rather than with water.

Condensation Methode-The preparation of sulfur hy-
drosols-is employed to illustrate condensation or aggregatijn
methods. Sulfur is insoluble in water but somewliat soluble
in alcohol. When an alcoholic solution of sulfur is mixed
with water, a bluish white colloidal dispersion results. In
the absence of added stabilizing agents, the particles tend to
agglomerate and precipitate on standing. This technique of
dissolving the material in a water-miscible solvent such as
alcohol or acetone and producing a hydrosol by precipitation
with- water is applicable to many organic compounds, and
has been used to prepare hydrosols-of natural resins like
mastic, of stearic acid and of polymers (the so-called pseudo-
latexes).

For sulfur, another less common physical method is to
introduce a current of sulfur vapor into water. Condensa-
tion produces colloidal particles. Alternatively, the very
fine powder produced by condensing sulfur vapor on cold

Lyophobic Dispersions

Most of the discussion of lyophobic dispersions deals with
hydrophobic dispersions or hydrosols (hydrophobic solids or
liquids dispersed in aqueous media) because water is the
most widely used vehicle. They comprise aqueous disper-
sions of insoluble organic and inorganic compounds which
usually have low degrees of hydration. Organic compounds
which are preponderantly hydrocarbon in nature and pos-
sess few hydrophilic or polar groups are insoluble in water
and hydrophobic.

Hydrophobic dispersions are intrinsically unstable. The
most stable state of such systems contains the disperse
phase coalesced into large crystals or drops, so that the
specific surface area and surface free energy are reduced to a
minimum. Therefore, mechanical, chemical or electrical
energy must be supplied to the system to break up the
disperse phase into small particles, providing for the in-
crease in surface free energy resulting from the parallel in-
crease in specific surface area. Furthermore, special means
must be found to stabilize hydrophobic dispersions, pre-
venting the otherwise spontaneous coalescence or coagula-
tion of the disperse phase after it has been finely dispersed.

Preparation and Purification of Lyophobic Dispersions

Colloidal dispersions are intermediate in size between true
solutions and coarse suspensions. They can be prepared by
aggregation of small molecules or ions until particles of col-
loidal dimensions result (condensation methods), or by re-
ducing coarse particles to colloidal dimensions through com-
minution or peptization (dispersion methods).

Dispersion Methods-The first method, mechanical
disintegration of solids and liquids into small particles and
their dispersion in a fluid vehicle, is frequently carried out

i

l
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q6lid surfaces (sublimed sulfur or flowers of sulfur) can be

ai.p"rr.a in water by addition of a suitable surfactant to
nroduce a hYdrosol't'Ct 

".i.^t.ethods 
include the reaction between hydrogen

.u[id. and sulfur dioxide, eg, by bubbling H2S into r, 
"que-

ous SO2 solution:

2HsS+SOo-3S+2H2O

The same reaction occurs when aqueous solutions contain-
ine sodium sulfide and sulfite are acidified with an excess of
sulfuric or hydrochloric acid. Another reaction is the de-
composition-of sodium thiosulfate by sulfuric acid, using
either very dilute or very concentrated solutions to obtaii
colloidallY disPersed sulfur:

H,SO{ + 3 Na2SrO, - 4S * 3 Na2SO. + H2O

Both reactions also produce pentathionic acid, H2S5O5, as a
by-product. The preferential adsorption of the peniatirion-
ate anion at the surface of the sulfur particles confers a
negative elec^tric chg-6e on the particles, stabilizing the sol
(see below).2e'26'2? When powdered sulfur is boilel with a
slurry of lime, it dissolves with the formation of calcium
pentasulfide.ala. {igsqffate. Subsequent acidification pro-
duces the colloidal "milk-of sulfur," which on washing ind
drying yields Precipitated Sulfur USP (see Chapter g2J.

Sols of ferric, aluminum, chromic, stannic and titanium
hydroxides or hydrous oxides are produced by hydrolysis of
the corresponding chlorides or nitrates:

AlCl3 + 3 H,O : AI(OH)3 + B HCI

Hydrolysis is promoted. by boiling the solution and/or by
adding a base to neutralize the acid formed.

Dorrble decompositions producing insoluble salts can lead
to colloidal dispersions. Examples are silver chloride and
nickel sulfide:

NaCI + AgNO3 - AgCl + NaNO3

(NH4)2S + NiCl2 r NiS + 2 NHrCI

have excessively large particle sizes and should be discarded.
Colloidal gotd is used as a diagnostic and therapeutic aid (see
Chapter 33). The half-life of tsa4u is 2.? days.

Technetiurn ggm sulfur coll.oid is 
-prepaied by reducingsodium pertechnetatg 16.T. with sodium'thiosulfate. Theproduct, a mixture of technetium .rfnJ" and sulfur in thecolloidal particle size range, is stabilizeJ wii-h gelatin. It isused chiefly in liver, spleen and bone;;;";i;;. Irs half-life

is 6.0 hour.
Microspheres.of gelatin or human serum albumin can beprepared- in fairly narrow particle_size .*j.. f.o- 100_200A through 45-5b pm. 

^e-,a"iety 
of 6 ;;-i:;,nitting radio-nuclides such as ,3,I, es-1'", rrr',i1n o. urcili, U" irco".po.al_

ed to label the microsph".".. Su"t p.oau.t. fr"u" been used

l:.::T_ *1r! brain, urogenital and gr.t.oi.,t".ti.,at tracis,uver, and rn purmonary perfusion and inhalation studies.3.
Refer to Chapters 3i and 83 for an i.-a;;i;discussion ofradioisotopes.
organ-ic compounds thatane weak bases, such as alkaloids,are usually much moresolub-le atLower pH'urlu.. where they

ar_e ionized,rhan at higher p_H values *ii;;u;h;y exist as the
l1ee 

bas,e. 
. lncreasing the pH of their aqueous stlutions weliaDove.[heu pKa may cause precipitation of the free base.urganlc compounds which are weak acids. such as barbitu-rates, are usually much.more soluble at higher pH valueswhere they are ionized than at toro". pH urfli". *f,".u ifi.vare in the un-ionized acid fo_rm. Lo;".id;h; pH of theirsolutions well below their pKa -"v ."rrf piicipitation ofthe un-ionized acid. Depending; th";6;aturation ofthe un-ionized acids or bases *d'o, tfr" pi;;" of stabiliz-ing agents, the resurtant dispersions mai u"li'rr," colloidal

range.
Kinetics of Particle Formation-When the solubility of

a compound in water is exceeded, its solution becomesiu-
persaturated and the compound may precipitate or crystal-
liz.g. 

. The rate of precipitation, thj iarticie size (whether
colloidal or coarse), and the particle size uniformity or distri_
bution (whether a narrow distribution and nearly monodis_
perse- or homodisperse particles, or a broad distribution and
polydisperse or heterodisperse particles) depend on two
sucressive- and largely independent p.oa".a"., nucleation
and growth of nuclei.Compare also the preparation of White Lotion, which con-

tains precipitated zinc sulfide and sulfur (Chapter 63). Re-
ducing salts 

-of 
gold, silver, copper, mercury, platinum, rho_

dlum and palladium with formaldehyde, hydrazine, hydrox-ylamine., hydroquinone or stannous chloride p.6du"..
hygrosols ofthe metals. These are strongly colored, eg, red
or bIue.21.22,2?

Radioactive Colloids-Colloidal dispersions containing
radioactive. isotopes find increasirg ;trg";;;ic and thera-pe-utlc-application in nuclear medicine. Radioactive col-
i:,rt il"t accumulate in tumors and/or lesions or emboli,
111t]cat^tnS.lheir.location and size, may be used as diagnostic
1,q.. tt"dio"ctive colloids with a particle size of alout gOO
a,rnlected intravenously, locate mainly in the reticuloendo_
::"]fl ...y.st"-s of liver, spleen and other organs and are used
ilt.:crnti[ation imaging. The radiation emitted by the col_
:iio. i., 

made visible by stationary or scanning devices whichsrow the loc.ation, size and shape of the organ being investi-
i.i,t9o,* well as any tumors within. Radiocolloids are use-
'ur.tn anticancer radiation therapy because of their low solu_
t"^rjry, 

radiation characteristics, and their ability to accumu-
'ctj-a,Td. 

ler.nain located in certain target organJor tumors.B0

,"if ii3jft i:?i:,flx:ii:?ilrr;1,,_:x.,T"1f, ff :llmii
"r ly,heating with an alkaline glucose solution. Gelatin is
;:-".,t 1. a protective colloid (see below). The particle size
;l5T liom 50 to S00 A with a mean of 300 A. the color of
"ue 8ol iS cherry-red in transmitted light. Violet or blue sols

When a solution of a salt or of sucrose is supercooled, or
when a chemical reaction produces a salt in a concentration
ex.ceeding its solubility product, separation of the excess
solid from the supersaturated solution is far from instanta-
neous. Clusters of ions or molecules called nuclei must
exceed a critical size before they become stable and capable
of gro-wr1g into colloidal size crystals. These embryonic
particles have much more surface for a given weight of mate-
rial than large and stable crystals, resufting in hilher surface
fre_e-energy and greater solubility.

Whether nucleation takes place depends on the relatiue
supersaturation. If C is the actual concentration of the
solute before crystallization has set in, and C, is its solubility
limit, C - C. is the supersaturation and (C-- C")/4.; ;1;;
relatlve supersaturation. Von Weimarn recognized that the
rate or velocity of nucleation (number of nuclei formed per
liter per second) is proportional to the relative supersatura-
tion. Nucleation seldom occurs at relative supersaturations
below 3.. The foregoing statement refers to homogeneous
nucleation, where the nuclei are clusters of the samJchemi-
cal composition as the crystallizing phase. If the solution
contains solid impurities, such as dust particles in suspen-
sion, these may act as nuclei or centers of crystallizaiion
(heterogeneous nucleation).

Once nuclei have formed, the second process, crystalliza-
tion, begins. Nuclei grow by accretion of io.,, or molecules
from solution forming colloidal or coarser particles until the
supersaturation is relieved, ie, until C = C". The rate of
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crystallization or growth of nuclei is proportional to the
supersaturation. Theappropriate equation,

dm - 
A"pD

dt6
(c - c.)

is similar to the Noyes-Whitney equation governing the dis-
solution ofparticles (see Chapter 31) except that C < C" for
the latter process, making drn/d.t negative. In both equa-
tions, m is the mass of material crystallizing out in time t, D
is the diffusion coefficient of the molecules or ions of the
solute, 6 is the length of the diffusion path or the thickness of
the liquid layer adhering to the growing particles, and A* is
their specific surface area. The presence of dissolved impu-
rities may affect the rate of crystallization and even change
the crystal habit, provided that these impurities are surface-
active and become adsorbed on the nuclei or growing crys-
141s.22,23'25-28 For instance,0.0057o polysorbate 80 or octox-
ynot 9 significantly retard the growth of methylprednisolone
crystals in aqueous media. Gelatin or povidone, at concen-
trations 10.10Vo, retard the crystal growth of sulfathiazole in
water.

Von Weimarn found that the particle size of the crystals
depends strongly on the concentration of the precipitating
substance. At a very low concentration and slight relative
supersaturation, diffusion is quite slow because the concen-
tration gradient is very small. Sufficient nuclei will usually
form to relieve the slight supersaturation locally. Crystal
growth is limited by the small amount of excess dissolved
material available to each particle. Hence, the particles
cannot grow beyond colloidal dimensions. This condition is

represented by points A, D and G of the schematic plot of
von Weimarn (Fig 19-20). At intermediate concentrations,
the extent of nucleation is somewhat greater but much more
material is available for crystal growth. Coarse crystals
rather than colloidal particles result (points B, E or H).

At high concentrations, nuclei appear so quickly and in
such large numbers that supersaturation is relieved almost
immediately, before appreciable diffusion occurs. The high
viscosity of the medium also slows down diffusion of excess

dissolved ions or molecules, retarding crystal growth without
substantially affecting the rate of nucleation. A large num-
ber of very small particles results which, because of their
proximity, tend to link, producing a translucent gel (points C
and F). On subsequent dilution with water, such gels usual-
ly yield colloidal dispersions.

Thus, colloidal systems are usually produced at very low
and high supersaturations. lntermediate values of super-
saturation tend to produce coarse crystals. Low solubility is
a necessary condition for producing colloidal dispersions. If

haCrprlO lr
€

Sol
Gcl

rolron C

Fig 19-20. Effect ot the concentration of the precipitating material
and of aging on particle size.28 Curves ABC, DEF and GHI corre-
spond to increasing aging. Both axes are on a logarithmic scale.

the solubility of the precipitate is increased, for instance by
heating the dispersion, a new family of curves will result,
similar in shape to ABC, DEF, and GHI of Fig 19-20, but
displaced upwards (towards larger particle sizes) and to the
right (towards higher concentrations).25-28

Condensation methods generally produce polydisperse
sols because nucleation continues while established nuclei
grow. The particles in the resultant dispersion grew from
nuclei formed at different times and had different growth
periods.

A useful technique for preparing monodispersed sols in
the colloidal range by precipitation consists in forming all
the nuclei in a single, brief burst: When, in the course of the
precipitation process, the rate of homogeneous nucleation
becomes appreciable, a brief period of nucleation relieves
the supersaturation partially to such an extent that no new
nuclei form subsequently. By controlling the precipitation
process, it is rendered so slow that the supersaturation re-
mains too small for further nucleation. Therefore, the nu-
clei formed in the initial burst grow uniformly by diffusion of
the precipitating material as the precipitation process pro-
ceeds slowly. Throughout the rest of the precipitation, the
supersaturation never again reaches sufficiently high values
for forming new nuclei. It is relieved by continuous growth
of the existing nuclei.23'2s'et

Controlled hydrolysis of salts of di- and trivalent cations
in aqueous solution at elevated temperatures has been used
to produce colloidal dispersions ofmetal (hydrous) oxides of
uniform size and shape, in a variety of well-defined shapes
(eg, sphere, lath, cube, disc, hexagonal). Complexation of
the cations, concentration and temperature control the rate
of hydrolysis and, hence, the chemical composition, crystal-
linity, shape and size of the dispersed phase.32

A feature of Fig 19-20 is that aging increases the particle
size. Curves ABC, DEF and GHI correspond to increasing
times after mixing the reagents. Typical ages are 10-30
min, several hours, and weeks or years, respectively. This
gradual increase in particle size of crystals in their mother
liquor is a recrystallization process called, Ostwald ripening.
Very small particles have a higher solubility than large parti-
cles of the same substance owing to their greater specific
surface area and higher surface free energy. In a saturated
solution containing precipitated particles of the solute in a
wide range of particle sizes, the very smallest particles dis-
solve spontaneously and the material deposits onto the large
particles. The growth of the large crystals at the expense of
the very small ones occurs because this process lowers the
free energy of the dispersion. As mentioned above, the most
stable system is the suspension of a few coarse crystals,
whereas the colloidal dispersion of a great many fine parti-
cles of the same substance is intrinsically less stable.

The spontaneous coarsening of colloidal dispersions on
aging is accelerated by a relatively high solubility of the
precipitate and can be retarded by lowering the solubility or
by adding traces of surface-active compounds which are
adsorbed at the particle surface. For instance, barium sul-
fatc precipitated by mixing concentrated solutions of sodi-
um sulfate and barium chloride is largely in the colloidal
range and passes through filter paper. The colloidal parti-
cles gradually grow in size by Ostwald ripening, forming
large crystals which can be removed quantitatively by filtra-
tion. Heating the aqueous dispersion speeds up this recrys-
tallization by increasing the solubility of barium sulfate in
water. The addition of ethyt alcohol lowers the solubility'
retarding Ostwald ripening so that the dispersion remains in
the colloidal state for years.

Mathematically the effect of particle size on solubility is

expressed as

s = s- *r(7#) (34)

H

!a
oO
:

o
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Table Xlll-Etfec{s ol Partlcle Size on Solubllity

r(sm)

cellulose made by extruding cellulose xanthate solutions

iviscose) through slit or annular dies into a sodium bisulfate/
sulfuric acid batn wnich decomposes the xanthate, precipi-

tating the regenerated cellulose in a highly swollen or gel

state: If the;eilulose film were permitted to dry after puri-
fication and washing with water, it would crystallize and

shrink excessively, losing most of its extensive micropore
structure and turning somewhat brittle. The film is there-
fore impregnat€d with glycerin before drying.. - Glycerin re-

mains in the film rathlr than evaporating like water' It
reduces the shrinkage and blocks crystallization. This ac-

tion prevents the collapse of the porous gel structure and

plasticizes the film, keeping it flexible. A typical dialysis
iube made from sausage casing swells to about twice its
;hi"il; in water and h? 

^o 
uuZ."g" pore diameter of 34 A'

While the pore structure of cellophane films used in dialysis
and ultrafiitration causes retention of colloidal particles but
permits the passage of small solute molecules, osmotic mem-

L."n". are only permeable to water and retain small solute

molecules as well as colloidal particles.
Dialysis-The colloidal dispersion is placed inside a sac

made oi sausage casing dipping in water. The small solute

molecules diffuse out into the water while the colloidal mate-

rial remains trapped inside because of its size. The rate of
dialysis is increasld by increasing the area of the membrane,

by siirring, and by maintaining a high concentration gradi-

errt acrosJthe membrane. For the latter purpose, the water
is replenished continuously or at least frequently. A mem-

brane configuration which provides a particularly extensive

transfer a."^ fo. a given volume of dispersion is the hollow
fiber. A typical fibir measures 1?5 rrm insidediameter and

225 e.moui.ide diameter. The dispersion to be dialyzed is

circulated inside a bundle of parallel fibers while water is

circulated outside the fibers throughout the bundle. Diaty-
sis of the diffusing species takes place across the thin fiber
wall. Dialysis is used in the laboratory to purify sols and to
study binding of drugs by proteins, as well as in some manu-
facturing processes.

Electrodialysis-If the low-molecular-weight impurities
to te removed are electrolytes, the dialysis can be speeded

up by applying an electric potential t9-!he 
-so-l 

which pro-

J'u.". 
"fi"t.oty"sis. 

An electiodialvzer (Fig 19-21) is divided
into three compartments by two dialysis membranes sup-

ported by screens. The two outer compartments, in which
ih. t,ro eiectrodes are placed, are filled with water while the

sol is placed into the center compartment. Under the influ-

"n." 
of th" 

"pplied 
potential, the anions migrate from the sol

into the 
".tode 

f.ight) compartment while the cations mi-
grate into the calhode compartment. Low-molecular-
iveight nonelectrolyte solutes diffuse into either compart-
ment.

Colloidal particles are usually charged and therefore tend

to migrate towards the membrane sealing off the compart-
ment-with the electrode of opposite charge. The combina-
tion of electrophoresis (see bilow) and gravitational sedi-

mentation p.odr.". the accumulation of negatively charged

sol particlei shown in Fig 19-21. Hence the supernatant
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s

0.01
0.10
1.0

10

?s-
1.12 s-
1.01 s-
1.001 s-

1/=500;1=30 ergs/cm': p = 1

,.Lora S is the solubility of a spherical crystal of radius r, S'

xl"'#lll,:llff 7".""'fiT'J"H$:rliHJ:;];Ir"'i:l:
ffiil;;*t t"n.ion, R is the gas constant and ?.is the abso-

ilili"-p"."tu.". Only approximations can be obtained

iii irr[lq"rtion because the particles are not splrergs,-1l9

:;;i;;-; different for different crvstal faces' Table XIII

"""?. ift" magnitude of particle size effects on the solubility
i^i'.r"o""blJ values of M,1and p. It is evident that with

"rriia.. 
in the colloidal range, ie, r 7 L pm, S values become

ll"i".iaUtv greater than that for a coarse crystal, hence the
ilia..r", foi very fine particles to dissolve and for coarse

;;;.t Li" grow at the expense of the former' This differ-

.ri." in solJbitity explains why difficulty is encountered in
pi.p^ring and stabilizing suspensions of very fine particles

of certain substances'
Two techniques are used to increase the solubility of very

slightly sotubli drugs and, hence, their rate of dissolution in
uiio. Many organic compounds exist in various polymor-

ohic modifications. For instance, corticosterone, testoster-

one, sulfaguanidine and pentobarbital each have four poly-

morphic Iorms, with different melting points .and crystal
structures. The three metastable polymorphs have higher
solubilities than the stable form. Solvates of solid drugs, eg,

hydrates, have different crystalline structures and either
higher or lower solubilities than the anhydrous forms. The-
ophylline monohydrate is less soluble than the anhydrous
form while succinylsulfathiazole is less soluble than its sol-
vate with 1-pentanol. Mitling and grinding organic crystals
may produce significant proportions of amorphous or
strained crystalline material, which has higher solubility
than the original crystalline material.33

Another process by which particles in colloidal dispersions
grow in size is by agglomeration of individual particles into
aggregates. This process, called coagulation, is discussed
below.

Purification of Hyd.rosols by Dialysis and Ultrafiltration

Many hydrosols contain low molecular-weight, water-sol-
uble impurities. Inorganic dispersions often contain salts
formed by the reaction producing the disperse phase. Salts
are especially objectionable in the case of hydrophobic dis-
persions because they tend to coagulate such dispersions.
Protein solutions often contain sdts added as part of the
separation procedure. The blood of patients with renal
insufficiency contains excessive concentrations of urea and
other low-molecular-weight metabolites and salts. These
dissolved impurities of small molecular size are removed
from the colloidal dispersions by means of membranes with
pore openings smaller than the colloidal particles.

Membranes-Conventional filter papers are permeable
to colloidal oarticles as well as to small solute molecules.
Among the early membranes capable of retaining colloidal
particles but permeable to small solute molecules were pig's
bladder and parchment. Most membranes in current use
consist of cellulose, cellulose nitrate prepared from collodi-
on, cellulose acetate or synthetic polymers, and are available
in a variety of shapes, gauges, and pore sizes. Gel cello'
phone is most widely used. It consists of sheets or tubes of

WATER

soL

WATER

Fig 19-21. Electrodialyzer showing electrodecantation
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Ultrafiltration-When a sol is placed in a compartment
closed by a dialysis membrane and pressure is applied, the
liquid and the small solute molecules are forced tLiough the
membrane while the colloidal particles are retained. This
process, called ultrafiltration, is based on a sieving mecha-
nism in which all components smaller than the poie size of
the filter membrane pass through it. The presiure differ-
ence required to push the dispersion medium through the
ultrafilter is provided by gas pressure applied on the sol side
or by suction on the filtrate side. The membrane is usually
supported on a fine wire screen.2{-2?

As ultrafiltrate is being removed, the sol becomes more
concentrated because a constant amount of disperse parti-
cles is confined to a decreasing volume of liquid. 3o."
dissolved small molecules or ions are left in the sol together
with the residual water. To avoid the increase in concentra-
tion of the colloidal particles and remove the dissolved im-
purities completely, the ultrafiltrate squeezed from the sol is
reolenished continuously or intermittently with an equal
volume of water. During ultrafiltration. solids tend to accu-
mulate on and near the membrane. To prevent this buildup
and maintain unitbrm composition throughout the sol, it is
stirred.

Bundles of hollow fibers are used for ultrafiltration in the
laboratory and on large scale. To withstand higher pres-
sures, the wall thickness of the fibers used in ulh;filtr;tion
is usually greater than that of fibers used exclusively fbr
dialysis. When hollow fibers are fouled by excessive accu-
mu-lation of solids on the inner wall, they are cleaned by
backflushing with water or ultrafiltrate.

Ilemodialysis-The blood of uremic patients is dialyzed
periodically in "artificial kidney" dialyzers to remove urea,
creatinine, uric acid, phosphate and other metabolites, and
excess sodium and potassium chloride. The dialyzing fluid
contains sodium, potassium, calcium, chloride and acetate
ions (the latter are converted in the body to bicarbonate),
dextrose and other constituents in the saml concentration as
normal plasma. Since it contains no urea, creatinine, uric
acid, phosphate nor any of the other metabolites normally
eliminated by the kidneys, these compounds diffuse from
the patient's blood into the dialyzing fluid until their con-
centration is the same in blood and fluid. Sodium and
potassium chloride diffuse from blood to fluid because of
their higher initial concentration in the blood, and continue
to diffuse until the concentration is equalized. The volume
of dialyzing fluid is much greater than that of blood. The
greatdisparity in volume and the replenishment of dialyzate
with fresh fluid ensure that the metabolites and the exciss of
electrolytes are removed almost completely from the blood.
Hemodialysis is also employed in acule poisoning cases.

- Plasma proteins and blood cells cannot pass through the
dialysis membrane because of their size. 

-Edema 
,".Irlti.rg

from water retention can be relieved by ultrafiltratioi
through the application of a slight pressure on the blood side
or a partial vacuum on the fluid side.

The three geometries used to circulate the blood and the
dialyzing fluid in a countercurrent fashion are a coil of flat-
tened cellulose tubing wound concentrically with a support-
ing mesh screen around a core, a stack of fla1 cellulose sheets
separated by ridged or grooved plates, and hollow fibers.
The regenerated cellulose used in the former two is precipi-
tated from a cuprammonium solution. The hollow clllulose
acetate fibers have an outside diameter of about 2?0 pm and
a wall thickness of 30 pm.3a The advantage of hollow fibers
is their compactness. A h^undle of 10,000 fibers 1g cm long
has a surface area of L.4 m2.
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liquid can be changed by decantation. This process, which
may be used to speed up electrodialysis, is called electrod.e-
,on646i6n.2t,25

Particle Shape, Optical, and Transport properties of
Lyophobic Disperuons

Hydrophobic materials handled by pharmacists in aque-
ous dispersion range from metallic conductors to ino.e;;i"
precipitates to organic solids and iiquids which are ule.j|;:
insulators. Despite the- great diversity of the hvdrop[oUil
disperse phase, their hydrosols have certain common characl
teristics.

-Particle Shape and Particle Size Distribution-Both
of these-properties depend on the chemical and physicJ
nature ofthe disperse phase and on the methoa."rpiov"a ilprepare the dispersion. Primary particles exist in 

" 
g*"i

variety of shapes. Their aggregation produces an even
greater variety ofshapes and structures. precipitation 

ana-
mechanical comminution generally produce ."oao.ii
shaped particles unless the-precipitating solids possess pro_
nounced crystallization habits or the solids being ground
possess strongly developed cleavage planes. preiipitatea
aluminum hydroxide gels and micronized particles of sUfonl
amides and other organic powders h.eve typical irregular
random shapes. An exception is bismuth subnitrate. Even
though its,particles are precipitated by hydrolyzing bismuih
nitrate solutions with sodium carbonate, its particles are
lath-shaped. Precipitated silver chloride pa.iicles have a
cubic habit which is apparent under the electron micro_
scope. Lamellar or plate-like solids in which the molecular
cohesion-between layers is much weaker than within layeis
frequently preserve their lamellar shape during mecharricai
comminution, because milling and micronization break up
stacks of thin plates in addition to fragmenting plates in the
lateral dimensions. Examples are giaphite, mica and ka-
olin. Figure 19-22 shows a Georgia crude clay as mined.
Processing yields the refined, fine-particle kaoiinite of Fig
19-23. Similarly, macroscopic asbestos and cellulose fiberl
consist of bundles of microscopic and submicroscopic fibrils.
Mechanical comminution or beating splits these bundles
into the component fibrils of very smalL diameters as well as
cutting them shorter.

Microcrystalline celluLose is a fibrous thickening agent
and tablet additive made by selective hydrolysis of cellul=ose.

Fig 19-22. Scanning electron micrograph of a crude kaolin clay as
mined. Processing yields the fine particle material ot Fig 19-23
(courtesy, John L 8rown, Engineering Experiment Station, Geoqia
lnstitute of Technology).
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Fig 19-23. Transmission electron micrograph of a well crystallized,

fine-particle kaolin. Note hexagonal shape of the clay platelets

(courtesy, John L Brown, Engineering Experiment Station, Georgia
lnstitute ol TechnologY).

Native cellulose consists of crystalline regions where the
polymer chains are well aligned and in registry, with maxi-
mum interchain attraction by secondary valence forces,
called crystallites, and of more disordered regions having
lower density and reduced interchain attraction and crystal-
Iinity, the so-called "amorphous" regions. During treat-
ment with dilute mineral acid, the acid penetrates the amor-
phous regions relatively fast and hydrolyzes the polymer
chains into water-soluble fragments. If the acid is washed
out before it penetrates the crystalline regions appreciably,
the crystallites remain intact. Wet milling and spray-dry-
ing the aqueous suspension produces spongy and porous
aggregates of rod-shaped or fibrillar bundles shown in Fig
L9-24. These aggregates, averaging 100 pm in size, were
embrittied by the acid treatment and lost the elasticity of
the native cellulose. They are well compressible and capa-
ble of undergoing plastic deformation, a property important
tn tableting. Their porosity permits the aggregates to ab-
sorb-liquid ingredients while still remaining a free-flowing
powder, thus preventing these liquids from reducing the
ttowability of the granulation or direct-compression mass
ouring tableting. The swelling of the cellulosic particles in
water-speeds up the disintegration of the ingested tablets.
., Additional slear breaks up the aggregat-ed bundles into
rne tndividual, needle- or rod-shaped cellulose crystallites
Itotn in Fig 19-25. The latter, which average 0.8 pm in
tength and 0.02 pm in width, are of colloidal dimensions.
_r 

nese primary particles act as suspending agents in water,
p.roducing thixotropic structured vehicles. At concentra-
ttons above l0?o, eg'!4 or lSgo,the cellulose microcrystals gel

:-tt9.. to ointmeniconsistenry by swelling and producin! acontinuous network of rods eit"ndirrg thr6ughout the entlrev.Eucle. Attraction between the elongated particles is pre-
illnult, due to flocculation in the sec6ndary minimum isee
,o1'oto), Treatment of the microcrystalline-mass with sodi-um carboxymethylcellulose facilitaies its disintegration into
;ili.f.Xffi'L,ffedle-shaped particles and enhances their

^^Yhil" 
in the special cases of certain clays and cellulose,uomminution produces lamellar and fibriliar particles, re-{pectively, 

as i rule regular particle shapes are produced by
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Fig 19-24. Scanning electron micrograph of Avicel PH-102 tablet-
ing grade microcrystalline cellulose. The aggregates of fiber bundles
are porous and compressible (courtesy, FMC Corporation; Avicel is a
registered trademark ot FMC Corporation).

Fig 19-25. Transmission electron micrograph ol Avicel RC-591
thickening grade microcrystalline cellulose. The needles are individ-
ual cellulose crystallites; some are aggregated into bundles (courtesy,
FMC Corporation; Avicel is a registered trademark of FMC Corpora-
tion).

condensation rather than by disintegration methods. Col-
loidal silicon dioxide is called fumed or pyrogenic silica
because it is manufactured by high-temperature, vapor-
phase hydrolysis of silicon tetrachloride in an oxy-hydrogen
flrme, ie, a flame produced by burning hydrogen in a stream
of oxygen. The resultant white powder consists of submi-
croscopic spherical particles of rather uniform size (narrow
particle size distribution). Different grades are produced
by different reaction conditions. Relatively large. single
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spherical particles are shown in Fig 19-26' Their average

dla-et". is 50 nm (500 A), corresponding to the compara-

iiu"tv s-"tt.pecific surface area of 50 m2lg' Smaller spheri-

cal particles h"r. co..e.pondingly larger.specific surface ar-

"*; tfr" glade with the smallest average diameter, 5 nm, has

a specifil surface area of 380 m2/g. During the.manufactur-
inj process, the finer-grade particles tend.to sinter or grow

loiJttt". inlo chain-[le aggiegates resembling pearl neck-

laces or streptococci (see Fig 19'27\.
Since fumed silica is amorphous, its inhaled dust causes no

silicosis. The spheres of colloidal silicon dioxide are nonpo-

rous. While the density of the spherical particles is 2'13

g7.^', tn. nUk density of th"i. powder isa mere 0'05 g/cm3;

[h" po*d". is extremely light. This results. in.two pharma-

""uti.A 
and cosmetic applications for colloidal silicon diox-

ide. It is used to increase the fluffiness or bulk volume of
powders. Even more than tnicrocrystalline cellulose, the

fiieh torositv of silica enables it to absorb a variety of liquids

frJm fluid fragrances to viscous tars, transforming them into
free-flowing p-owders that can be incorporatedinto tablets or

capsules. tie porosity in colloidal silicon dioxide is due

eniirely to the enormous void space between the particles,

which themselves are solid.
When these ultrafine particles are incorporated at levels

as low as 0.1 to 0.57o into a powder consisting of coarse

particles or granules, they coaL the surface of the latter and

ict as tiny bill bearings and spacers, improving the flowabi-

iity of thl powder and eliminating caking' - This action is

i-pottr"t in tableting. Moreover, colloidal silicon dioxide

improves tablet disintegration.
the .,r.f^.e of the p^.ti"I.. contains siloxane (Si-O-Si)

and silanol (Si-OH) groups. When colloidal silicon dioxide

Jt
I 4q i] b.t

i

t
,p

t a

rh

Fig 19-27. Transmission electron micrograph of Aerosil 130,

ground and dusted on. The spheres are fused together into chain-like

aggregates (courtesy, Degussa AG of Hanau, West Germany; Aerosil

is a registered trademark of Degussa). The suffix 130 gives the

specific surface area in m2lg.

a
eE:t

ct tr

I
Fig 19-26. Transmission electron micrograph ot Aerosil OX 50'

ground and dusted on. The spheres are translucent to the electron

6eam, causing overlapping portions to be darker owing to increased

thickness (courtesy, Degussa AG of Hanau, West Germany: Aerosil is

a registered trademark of Degussa). The suffix 50 indicates the

specific surface areain m2lg.

powd.er is dispersed in nonpolar liquids, the.particles tend to

^dh.." 
to one another by hydrogen bonds between their

surface groups. With finer grades of colloidal silicon diox-
ide, the-spherical particles are linked together into short
chain-like aggregates as shown in Fig 19-27, thus agglomer-

ating into loose three-dimensional networks which increase

the iiscosity of the tiquid vehicles very effectively at levels as

low as a few percent. These hydrogen-bonded structures
are torn apart by stirring but rebuilt while at rest, conferring
thixotropy to the thickened liquids.

The grades which consist of relatively large and unat-

tached ipherical particles, such as those of Fig 19-26, are le-ss

"in"i"trt 
thickening agents as they lack the high specific

surface area and th'e a--symmetry of the finer grades, which

consist of short chains of fusedspherical partrcles' In the

Latter category is Aerosil 200, the grade mostwidely used as a

pharmaceitical adjuvant, whose primary spheres.,. which are

extensively sintered together, have an average diameter ot

rz n.. At levels of a to t}?o, it thickens liquids of low

polarity such as vegetable and mineral oils to the consistency

lf oint-"nt , impirting considerable yield values to them'
fne consiste.,"y of oiri-ents thickened with colloidal sili-
con dioxide is not appreciably reduced at higher tempera-

tures. Incorporation-of colloidal silicon dioxide into oint-

-errt ".td 
pastes, such as those of zinc oxide, also reduces

the syneresis or bleeding ofthe liquid vehicles.- 
Hya.og"tt-bonding liquids like alcohols and water solvate

the silica sptre.es, .eduCing the hydrogen bonding !"^t*-tfj
particles. These solvents are gelled at silica levels of L2'taw
or higher.- iit"r", of polymers are aqueous dispersions prepared,b-Y

emulsion polymerization. Their particles are spherical be-

cause polymerization of solubilized liquid monomer tal(es

#

E
:t
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ntace inside spherical surfactant micelles which swell be-

'^^,,"o additional monomer keeps diffusing into the micelles'

i,:ir i,;: :::lffi 'il::;l:i# .tll[T; "il* ;kfl :lJ'xi

i:"",.".#l."rx'r"#'ifii5x1i'1,(:"."#3.1'::3il;"3'H;h::
(attapulgite)' --L--:-^r r-^-r^+^ t . .

''-6iluf-ifi.rtion p-roduces spherical droplets to minimize

.ulfi-irt"t interfacial area' Cooling the,emulsion below

;il: Hi;*; ooint of .the disperse phase freezes it in the

l'.i*i"^f .[rpe. For instance, paraffin can be emulsified in

;'0:[;i;;;;;iling to room temperature produces a hvdrosol

with sPherical Partlcles'*^iof.'oiuituses 
and globular proteins, which are hydrophil-

r. l"onirin compact particles possessing definite geometric

ill*lir:lll",:1,'*l'iJ:'""i#:iff ii*::o,x'.':"?"":"1',"t-
ii#r* pt"tate ellipsoids of revolution (football-shaped)'
'' rii.o...io" methods produce sols with wide particle size

aiJii6"tion.. Condensation methods nzay produce essen-

ia'ttv -o"oaisperse sols provided specialized techniques are

l-"1"""a. Mbnodisperse polystyrene latexes are available

i"r'.rfiUotion of eleciron micrographs (see.Fig 19-23)' Bio-

iJ*i. ttva.opt ilic polymers, such as nucleic acids and pro-

;;?;;,1;t. Lrgelv monodisperse particles, asdo. more highlv
*lri"izedstruitures such as lipoproteins and viruses'
"' iTnfii-S""ttering bv Colloidal Partic lee-The optical

oropZrties of a medium are determined by its refractive

i;J;r. When the refractive index is uniform throughout,

ii*trt *ritt pr.. the medium undeflected. Whenever there are

Ii....te variations in the refractive index caused by the

o....o.. of particles or by small-scale density fluctuations,
'part of the light will be scattered in all directions' An

Ipti.rf p.ope.-ty characteristic of colloidal systems, called

tie fyiaail biam, is familiar to everyone-in the case of

".ro.61.. 
When a narrow beam of sunlight is admitted

through a small hole into a darkened room, the prese-nce-of

the minute dust particles suspended in air is revealed by
bright flashing points.

i b"". of hglt striting a particle polarizes the atoms and
molecules of that particle, inducing dipoles which act as

secondary sources and reemit weak light of the snme wave-

length as the incident light. This phenomenon is called
light-scattering. The scattered radiation propagates in all
directions away from the particle. In a bright room, the
Iight scattered by the dust particles is too weak to be notice-
able.

Colloidal particles suspended in a liquid also scatter light'
When an inLnse, narrowly defined beam of light is passed
through a suspension, its path becomes visible because of the
scattering of iignt by the particles in the beam. This Tyn-
dall beam becomes most visible when viewed against a dark
background in a direction perpendicular to the incident
beam. The magnitude of the turbidity or opalescence de-
pends on the naiure. size and concentration of the particles.
When clear mineral oil is dispersed in an equal volume of a
clear aqueous surfactant solution, the resultant emulsion is
milky white and opaque due to light scattering. Micr99T,ll.
sions, where the emulsified droplets are about 40 nm (400 A)
ur diameter, ie, much smaller than the wavelength of visibte
Itght, are transparent and clear to the naked eye.

T\e darh-fiild. microscope or ultramicroscope, which per-
mits observation of particles much smaller than the wave-
tength of light, was the only means of detecting submicro-
scopic particles before the advent of electron microscopy. A
special cardioid condenser produces a hollow cylinder of
ught and converses it into a hollow cone focused on the

i3}pt.. The sariple is at the apex of the cone, where the
ttBht intensity is hish. After passing through the sample,
rne cone of light diverges and passes outside of the micro-

scope objective. A homogeneous sample thus gives a d.a1k

fieth. eiimilar effect can be produced with a regular Abbe

condenser outfitted with a central stop and a strong light
source. Colloidal particles scatter light in all directions'
Some of the scattered light enters the objective and shows up

the particles as bright spots. Thus, even particles smaller
than the wavelength of light can be detected, provided their
refractive index differs sufficiently from that of the medium'
Dissolved polymer molecules and highly solvated gel parti-
cles do noi scatter enough light to become visible. Asym-

metric particles like flat bentonite platelets give flashing
effects as they rotate in Brownian motion, because they
scatter more light with their basal plane perpendicular to the

Iight beam than edgewise. Brownian motion, sedimenta-
tilon, electrophoretic mobility, and the progress of floccula-
tion can be itudied with the dark-field microscope. Poly-
dispersity can be estimated qualitatively because larger par-

ticlls scalter more light and appear brighter. The resolving
power of the ultramicroscope is no greater than that of the
ordinary light microscope. Particles closer together than
0.2 p.m appear as a single blur.

Turbidily may be used to measure the concentration of
dispersed particles in two ways. In turbidirnetry, a spectro-
photometer or photoelectric colorimeter is used to measure
ihe intensity of the light transmitted in the incident direc-
tion. Turbidity, r, is defined by an equation analogous-tg
Beer's law for tLe absorption of light (see Chapter 30),ea'2s'zz

namely

t. Io

'= j'nT
where 16 and 16 are the intensities of the incident and trans-
mitted light beams, and I is the length of the dispersion
through which the light passes.

If t[e dispersion is less turbid, the intensity of light scat-
tered at 90d to the incident beam is measured with a nephe'
lometer. Both methods require careful standardization
with suspensions containing known amounts of particles
similar to those to be measured. The concentration of col-

loidal dispersions of inorganic and organic compounds and

of bacterial suspensions can thus be measured by their tur-
bidity.

The turbidity or Tyndatl effect of hydrophilic colloidal
systems like aqueous solutions of gums, proteins and other
polymers is far weaker than that of lyophobic dispersions.
These solutions appear clear to the naked eye. Their tur-
bidity can be measured with a photoelectric cell/photomulti-
plier tube and serves to determine the molecular weight of
the solute.

The theory of light scattering was developed in detail by
Lord Rayleigh. For white nonabsorbing nonconductors or
dielectrics like sulfur and insoluble organic compounds, the
equation obtained for spherical particles whose radius is
small compared to the wavelength of light tr is21-2?

nornu@{ nt(1 
+ cos! d)I,= Iu- 

^n4t,
Is is the intensity of the unpolarized incident light; d is the
intensity of light scattered in a direction making an angle d
with the incident beam and measured at a distance d. The
scattered light is largely polarized. The concentration c is
expressed as the number of particles per unit volume. The
refractive indices n1 and n0 refer to the dispersion and the
solvent, respectively.

Since the intensity of scattered light is inversely propor-
tional to the fourth power ofthe wavelength, blue light (tr =
450 nm or 4500 A) is scattered much more strongly than red
Iight (I = 650 nm or 6500 Al. With incident white light,
cottoidat dispersions of colorless particles appear blue when

MYLAN INST. EXHIBIT 1013 PAGE 80



282 CHAPTER 19

viewed in scattered light, ie, in lateral directions such as 90o
to the incident beam. Loss of the blue rays due to preferen-
tial scattering leaves the transmitted light yellow or red.
Preferential scattering of blue radiation sideways accounts
for the blue color ofthe sky, sea, cigarette smoke, and diluted
milk and for the yellow-red color of the rising and setting sun
viewed head-on.

The particles in pharmaceutical suspensions, emulsions
and lotions are generally larger than the wavelength of light
,1. When the particle size exceeds tr/20, destructive interfir-
ence between light scattered by different portions of the
same particle lowers the intensity of scattered light and
changes its angular dependence. Rayleigh's theory was ex-
tended to large and to strongly absorbing and conducting
p_artic-le-s by Mie and to nonspherical particles by
Gans.1r.22,2'l-2? By using appropriate precautions in experi-
mental techniques and in interpretation, it is possible to
determine an average particle size and even the pirticle size
distribution of colloidal dispersions and coarser iuspensions
by means of turbidity measurements.

Diffusion and Sedimentation-The molecules of a gas
or liquid are engaged in a perpetual, random thermal motion
which causes them to collide with one another and with the
container wall billions of times per second. Each collision
changes the direction and the velocity of the molecules rn-
volved. Dissolved molecules and suspended colloidal parti-
cles are continuously and randomly buffeted by the mole-
cules of the suspending medium. This random bombard-
ment imparts to solutes and particles an equally unceasing
and erratic movement called Brownian motion, after the
botanist Robert Brown who first observed it under the mi-
croscope with an aqueous pollen suspension. The Brownian
motion of colloidal particles mirrors on a magnified scale the
random movement of the molecules of the liquid or gaseous
suspending medium, and represents a three-dimensional
random walk.

Solute molecules and suspended colloidal particles under-
go rotational and translational Brownian movement. For
the latter, Einstein derived the equation

i = iZDi
where i is the mean displacement in the r-direction in time f
and D is the d if f usion coef ficient. Einstein also showed that
for spherical particles of radius r under conditions specified
in Chapter 20 for the validity of Stokes, law and Einstein's
law of viscosity

D= RT
614rN

where.R is the gas constant, ? the absolute temperature, N
Avogadro's number, and 4 the viscosity of the suspending
medium.

The diffusion coefficient is a measure of the mobility of a
dissolved molecule or suspended particle in a liquid medi-
um. Representative values at room temperature, in
cm2/sec, arc 4.7 x 10-6 for sucrose and 6.1 x 10-? for serum
albumin in water. With a diffusion coefficient of 1 x 10-?
cm2/sec, Brownian motion causes a particle to move by an
average distance of 1 cm in one direction in 58 days, by I mm
in 14 hr, and by 1 pm in 0.05 sec. Smaller molecules diffuse
faster in a given medium. Assuming spherical shape, the
radius of a serum albumin molecule is Bb A and that of a
sucrose molecule 4.4 A. The ratio of the radii of the two
molecules 35/4.4 = ?.9, is nearly identical with the inverse
ratio of their diffusion coefficients in water, 4.7 x LO-6/6.L x
l0-1 = 7.7,in agreement with the above equation. Diffusion
coefficients of steroids and other molecules of similar size
dissolved in absorption bases based on petrolatum are gen-
erally in the 10-10 to 10-8 cm2/sec range. Steroids have only
slightly higher molecular weights than sucrose. Their much

smaller diffusion coefficients are due to the much higher
viscosity of the vehicle.

Dynamic light-scattering or photon-correlation spectros-
copy is based on the fact thatihe light scattered by particles
in Brownian motion undergoes a minute shift in wavelength
by the usual Doppler effect. The shift is so small that it can
be detected only by laser light beams, which are strictly
monochromatic and very intense. The wavelength shifi
which shows up as line broadening, is used to determine the
diffusion coefficient of the particles,23.26 which in turn yields
their radius according to the equation above.

Brownian motion and convection currents maintain dis-
solved molecules and small colloidal particles in suspension
indefinitely. As the particle size and r increase, the Brown-
ian motion decreaseJ; i is proportiena[ 16 r-rli. Provided
that the density of the particle dp and of the liquid vehicle dr
are sufficiently different, larger particles have a greater ten-
dency to settle out when dp ) dy or to rise to the top of the
suspension when dp ( d1 than smaller particles of the same
material.

The rate of sedimentation is expressed by the Stokes'
equation (Eq 35), which can be rewritten as

2(dp - d2lr2gt
h=

9q

where h is the height through which a spherical particle
settles in time ,. The rate of sedimentation is proportional
to r2. Thus, with increasing particle size, tlie Brownian
motion diminishes while the tendency to sediment increases.
The two become equal for a critical radius when the distance
h through which the particle settles equals the mean dis-
placement r due to Brownian motion in the same time inter-
val ,.35 [n most pharmaceutical suspensions, sedimentation
prevails. Intravenous vegetable oil emulsions do not tend to
cream because the mean droplet size, ca 0.b pm, is smaller
than the critical radius.

Passive diffusion caused by a concentration gradient and
carried out through Brownian motion is important in the
release of drugs from topical preparations (see Chapter 8?)
and in the gastrointestinal absorption of drugs (see Chapter
35).

Viecosity-Most lyophobic dispersions have viscosities
not much greater than that of the liquid vehicle. This holds
true even at comparatively high volume fractions of the
disperse phase unless the particles form continuoug network
aggregates throughout the vehicle, in which case yield values
are observed. Most O/W and W/O emulsions have specific
viscosities not much greater than those predicted ly nin-
stein's modified law of viscosity (see Eq I 1of Chapter 20 and
text). For instance, emulsions containing 40Vo v/v of the
internal phase generally have viscosities only three to five
times higher than that of the continuous phase. By con-
trast, the apparent viscosities of lyophilic dispersions, espe-
cially of polymer solutions, are several orders of magnitude
greater than the viscosity of the solvent or vehicle even at
concentrations of only a few percent solids. Lyophilic dis-
persions are also generally much more pseudoplastic or
shear-thinning than lyophobic dispersions (see Chipter 20).

Electric Properties and Stability of Lyophobic
Dispersions

Difference between Lyophilic and Lyophobic Disper-
sions-Zyophilic or solvent-loving solids are called hydro-
philic if the solvent is water. Owing to the presence of high
concentrations of hydrophilic groups, they dissolve or dis-
perse spontaneously in water as far as is possible without
breaking covalent bonds. Among hydrophilic groups are
ionized ones which dissociate into highly hydrated ions like
carboxylate, sulfonate or alkylammonium ions, and organic
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yfi:lfr l'.1","J,'l{ilJ.:"1"fi#*Tfl1'.1#;:",-

*i*rlh,*i7lttLg+3:i:";1+^'H#Ti*f ,

fi $*:a*ti.lir*f***lf*+',1'';i',;r':*

f*.*-*tfu i*t*[***i:i*:,':,'"',,*m
cH:'J#T:Iil"r. energies or attraction.between dis-

:"*i{:.*1,,::li:"iTs:1lu:::ifLi;:ll"*:?113,3#i:
:;:il';;;;;rion of a soiid polvme' plale or.agglomeration

ii.-"u*rr'no."ulation or coagulation of the dispersed parti-

l'#'"iiuiirt"rmore,-the hydration layer surrounding dis-

I"jirta -"..;molecules and dispersed particles forms a bar-

'i"r o."u."ti"g their close approach'
""itiioinoalc sotids and liquids such as organic -com-

"*iJ. 
.l".i.ting largely of hydrocarbon portions with few

ffil 6raronhillc functional groups,.like cholesterol and

"tfr.i.i".oia., 
and some nonionized inorganic substances

ii"f.. .uffu.,r.e hydrated siightly or not at all' Hence they do

."1 ai+..." or dissolve sponmneously -in water: AG" is

pJ.itiu" f..r"se of a p<lsitive (endothermic) A'EI, term, mak-

ins the reverse process (agglomeration) the spontaneous

o.r'.. Aqu"ous dispersions of such hydrophobic solids or

iiquia. 
"an 

be p.epa.ed by physical means.which supply the

"pprup.i"t" 
en..gy to the system (s-ee -above)' They are

,o'.t"Uta, however. The van der Waals attractive forces

between'the particles cause them to aggregaLe, since the

solvation forces which promote dispersal in water are weak'

If aqueous dispersionr of hydrophobic solids are to resist

reaggregation (coagulation and flocculation). they must be

sta6i*tizea. Stabilizing factors include electric charges at the-

particle surface (due to dissociation of ionogenic groups of
ihe solid or pertaining to adsorbed ions such as ionic surfac-
tants) and the presence of adsorbed macromolecules or non-
ionic surfacta.tt . The." stabilizing factors do not alter the
intrinsic thermodynamic instability of lyophobic disper-
sions; AG, is stili positive so that the reverse process of
phase separation or iggregation is energetically favored over
dispersai. They establish kinetic barriers which delay the
aggregation p.o"...". almost indefinitely; the dispersed par-
ticles-cannoi come together close enough for the van der
Waals attractive forceJto produce coagulation.2't'26'2? These
stabilization mechanisms are discussed below.

The reductions in surface area and surface free energy
accompanying flocculation or coagulation are small because
irregular solid particles, being rigid, touch only at a few
points upon aggregation. The loose initial contacts may
grow with time by sintering or recrystallization- Sintering
consists of the "fusion" of primary particles into larger pri--
mary particles which propigates from initial small areas of
contact. This recrystallizaiion process is spontaneous be-
cause it decreases ihe specific surface area of the disperse
solid and the surface freL energy of the dispersion. Sinter-
ing is analogous to Ostwald ripening, the recrystallization
process of trinsferrins solid from colloidal to coarse particles
discussed above. Liv solubility and the presence of ad-
sorbed surface-active substances retard both processes.

Origin of Electric Charges-Particles can acquire
charges from several sources. In proteins,one end group of
the polypeptide chain and aspartic and glutamic acid units
contribute carboxylic acid groups, which are ionized into

carboxylate ions in neutral to alkaline media' The other

chain end group and lysine units contribute amino groups,

arginine uiits contribute guanidine groups, and histidine
un"its contribute imidazole groups. The nitrogen atoms of
these groups become protonated in neutral to acid media'

For el6ctroneutrality, these cationic groups require anions,

such as Cl- if hydrochloric acid was used to make the medi-

um acid and to supply the protons. The neutralizing ions,

called counterions, dissociate from the ionogenic basic func-

tional groups 
"nd 

."t be replaced by other ions of like

.t 
^.g.,- 

they are not an integral part of the.protein particle

but ire locatld in its immediate vicinity. The alkylammon-
ium, guanidinium and imidazolium ions, which are attached

to thJ protein molecule by covalent bonds, coa{er a positive

.fr*g" t" it. In neutral and alkaline media, 11"+, 6+, Ca2+

and il(g2+ are among the counterions neutralizing the nega-

tive charges of the carboxylate groups. The latter are cova-

lently atlached to and constitute an integral part of the

protein particle, conferring a negative charge to it'
At an intermediate pH value, which ranges from 4'5 to 7

for the various proteins, the carboxylate anions and the

alkylammoniumf guanidinium, and imidazolium cations

neutralize each other exactly. There is no need for counter-
ions since the ionized functional groups which are an integral

oart of the protein molecule are in exact balance' At this pH

iraue, cAtea the isoelectric point, the proteil particle,or
molecule is neutral; its electric charge is neither negative

nor positive, but zet o,22'2t'2't

Many other organic polymers contain ionic groups and

are, th-erefore, called ptolyelectrolytes (polymeric electro-

lytes or salts). Natural polysaccharides ofvegetable origin
zuch as acacia, tragacanth, alginic acid and pectin contain
carboxylic acid groups, which are ionized in neutral to alka-
line media. Ag:ar and carrageenan as well as the animal
polysaccharidei heparin and chondroitin sulfate, contain
suliuric acid hemiesler groups, which are strongly acidic and

ionize even in acid media. Cellulosic polyelectrolytes in-

clude sodiun'r. carboxy methy lcellulose, while synthetic car-

boxylated polymers includ e carborner,a copolymer of acrylic
acid.

Alurninum hydroxide, Al(OH)a, is dissolved by acids and

alkalis forming aluminum ions, Al3+, and aluminate ions,

[AI(OH)4I-, respectively. In neutral or.weakly acid media,

at acid concentrations too low to cause dissolution, an alumi-
num hydroxide particle has some positive charges attribut-
able to incompletely neutralized positive A13+ valences'

The portion of ihe surface of an aluminum hydroxide parti-
cle represented schematically below has one such positive

charge neutralized by a Cl- counterion:
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otI

HO\^e ate

Hd
HO\^-ott
H{

In weakly alkaline media, at base concentrations too low to
transform the aluminum hydroxide particles completely
into aluminate and dissolve them, they bear some negative
charges due to the presence of a few aluminate groups. The
portion of the particle surface represented schematically
Lelow has one such negative group neutralized by a Na+
counterion:
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frl,b?ii.l"J ?;u,.t",| 1f"'? there are neither [,AI(9H),I* no.
errbHr,'."r1"*r;::&!i:$;.";:.iHTi"":[#,iit
therefore need no 

"ou"t".ion.- lJi .fruig.""n"ut.alization.?his pH is the ieoelectric point. ln thelse of inorganicparticulate compounds .""i-r.-"tu_inu=. iya.oride, it isalso called zero point ofcharg;. ---r^r'rqru rr

Bentonite clav is a lamellai-aluminum silicate. Each lat-rice layer consisis of a .t 
".t 

oinva.#;;j;;;r" ru"dwichedbetween two silica ^*J;: .^il;;".or,l'rT"."o,acemenr ofAl3+ bv Ms2* or of Sia+ Uy etr* 
"*i.L iJi**rri"e chargesto the thin clay lamellasii_, trr. roi. oi..rr"ilril;*rrange sitesresembling silicare i"ns buitiinio;ilffi#;:-' The counter-ions producing etecrroneurrality aie ;;;i; Na+ (sodiumbentonite) or Car+ fcatcium Ueritfi;-Tii: zero poinr of

.l,,,}iff fi LT?itT.;*:lt,""r,t;"#,2.iil;c",;r;;i,;;
,sr,tuer rcd,tde sols can be prepared by the reaction

AgNO, + NaI - AsI(s) + NaNOg
In the bulk of the silver iodide particles, there is a l:L stoi-
:11"::.r.i" ratio of As+ to.r- ion's. 

- 
iffi; H;;"n is carriedour wtrh zur excess silvemitrate, th";; ;ll;ilore Ag* thanI- ions in the surface of theparticles. The particles will thusbe positively charged and the 

"ount".ions-..rl.ounding themwill be No3-. If-the reactio" i. ;;;;ffi;; u".ing 
"n """"tstoichiometric 1:I ratio of .itue.nit.ut-.*t;;;"r,o iodide orwith an excess sodium ioaiae, ti.,-e su.i;;f ;:';"rticles wiilcontain an excess r- over +a:;;il;i;)ri "1i;;*,,cles 

wiube negativcly charged, 
""a 

-N"i 
ritr r" tir. .'i"ulrturions sur_rounding the parricles r"a n",rt.rtiriig it.aii".g"..An additiona.l mechanismthrorgt *ii"i, fri#.t"s acquire

ijff:::,.,}:ffi :,: 
o, rh" ad;;;;i;;';ffi #" *,? in cr ud ing

Electric Double Layers_The surface layer of a silveriodide_particle 
-prepared *i th ; 

";;;.;"oiiod i um iod ideconralns more I- than Ag+ io"., *t.iur. it 'uutt 
containsthe rwo ions in exacrtv *ifp* p;;;;.riff The aqueoussolution in which trri. pa.ticfels'.;-.il;"dlj contains rela-tivelyhighconcentrarionlg{N1.;;'Ndi-",""io*..concen-

tration of I-, and traces of H+, bff:lrri'I"1.,The negarivetv cha,gJ ;*Ei;.,Lilit rrrrcrs positiveions from rhe solltion *a.ip"-r-. *#,r";";::, thesolutionin the vicinity of the surface contairisl m-uc"hiiigt.. concen-tration of Na+, which are rh"-;;;;;;;;;, #i: much lower
3oacgntralio-n of NOr- ions rhan thu b;ik o;;;e solution. Anumber of Na+ ions eoual to th; il;b;;";.. I_ ions inthe surface (ie, the nrimber.of I- i;-ilHi"su.face laye.minus the number d Aqi io". irJir"'.*ir.L t"y".) 

"na
equivalent ro rhe net n"ga-tire surra;";r;;;il particte arepulled towards its surfa*ce. Til; ;.'il.i"ilLra h stickro rhe surface, approachin, ,J ;:."6*r;.";ir."l. hydrationspheres permit (Helmholti a"r6r" lrvJ.i"frt tr," thermalagitation of the water moLe"ules ten'd-s'iJii.p"... tf,"-thtoughout the soh,tion. d ;;;dr,';i"'[;T of counrer-tons surrounding the oarticle is spread ort.-'ii. Na+ con-centrarion is highest i-n tfre immeii"i-"r.rrir, Lr rn" n"*"-
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to;he electric potential of a �lane is e9-ual to _the wor_k

. t electrostatic forces reqmred to bring a umt electric
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from infinity (in this case, from the bulk of the solu-
charge · h f f h t· I . ) t that plane. If the plane 1s t e sur ace o t e par 1c e,
t10n ° 

· I h" h tential is called surface or I/lo potent1a , w 1c mea-
the po

the total potential of the double layer. This is the
sures . h" h 

. al . 
II 

h dynamic potential w 1c operates m g vamc ce s.
t ermo . h b k
On moving away fro� the part1cle_surface �wards t e �I 

1 t"on in the direct10n of the horizontal axis, the potential
�
o u

� rapidly across the Stern layer because the �a+ ions in

{: •mmediate vicinity of the surface screen Na+ ions farther
t e 1

0ved in the diffuse part of the double layer, from therem , . d · ffect of the negative surface charge. The ecrease m po-
�ential across the Gouy-Chapman layer is more gradual.
The diffuse double layer gradually comes to an end as the 

mposition approaches that of the bulk liquid where the 
:ion concentration equals the catioll: concentra�ion, and 
the potential approaches zero asymptotically. In view of the 
indefinite end point, the thickness o of the diffuse double 
layer is arbitrarily assigned the value of the distance over 
which the potential at the boundary between the Stern and 
Gouy-Chapman layers drops to 1/e = 0.37 of its value.24-27 

The thickness of double layers usually ranges from 10 to 
1000 A. It decreases as the concentration of electrolytes in 
solution increases, more rapidly for counterions of higher 
valence. The value of o is approximately equal to the recip­
rocal of the Debye-Huckel theory parameter, K. 

Of practical importance, because it can be.measured ex­
perimentally, is the electrokinetic or ( (zeta) potential. In 
aqueous dispersion, even relatively hydrophobic inorganic 
particles and organic particles containing polar functional 
groups are surrounded by a layer of water of hydration at­
tached to them by ion-dipole and dipole-dipole interaction. 
When a particle moves, this shell of bound water and all ions 

located inside it move along with the particle. Conversely, if 
water or a solution flows through a fixed bed of these solid 
particles, the hydration layer surrounding each particle re­
mains stationary and attached to it. The electric potential 
at the plane of shear or slip separating the bound water from 
the free water is the ( potential. It does not include the 
Stern layer and only that part of the Gouy-Chapman layer 
which lies outside the hydration shell. The various poten­
tials are shown on the bottom part of Fig 19-28. 

Stabilization by Electrostatic Repulsion-When two 
uncharged hydrophobic particles are in close proximity, 
they attract each other by van der Waals secondary valences, 
mainly by London dispersion forces. For individual atoms 
and molecules, these forces decrease with the seventh power 
of the distance between them. In the case of two particles, 
every atom of one attracts every atom of the other particle. 
Because the attractive forces are nearly additive, they decay 
much less rapidly with the interparticle distance as a result 
of this summation, approximately with the second or third
P?Wer. Since energies of attraction are equal to force x
distance, they decrease approximately with the first or sec­
ond power of the distance. Therefore, whenever two parti­
cles approach each other closely, the attractive forces take
ov�r and cause them to adhere. Coagulation occurs as the 
Prunary particles aggregate into increasingly larger second­
ary Particles or floes. 

I� �he dispersion consists of two kinds of particles with 
Positive and negative charges, respectively, the electrostatic
attraction between oppositely charged particles is superim­
io�ed �n the attraction by van der Waals forces, and coagu­
�on 1s _accelerated. If the dispersion contains only one

d, as is customary, all particles have surface charges of the same sign and density. In that case, electrostatic repul-
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Distance 

Fig 19-29. Curves representing the van der Waals energy of attrac­
tion (WA), the energy of electrostatic repulsion (ER), and the net 
energy of interaction (DPBAS, between two identical charged parti­
cles, as a function of the interparticle distance. 

sion tends to prevent the particles from approaching closely 
enough to come within effective range of each other's van der 
Waals attractive forces , thus stabilizing the dispersion 
against interparticle attachments or coagulation. The elec­
trostatic repulsive energy has a range of the order of o. 

A quantitative theory of the interaction between lyopho­
bic disperse particles was worked out independently by Der­
jaguin and Landau in the USSR and by Verwey and Over­
beek in the Netherlands in the early 1940s.21,24-27•38 De­
tailed calculations are also found in Chapter 21 of RPS-17. 
The so-called DLVO theory predicts and explains many but 
not all experimental data. Its refinement to account for 
discrepancies is still continuing. 

The DL VO theory is summarized in Fig 19-29, where 
curve WA represents the van der Waals attractive energy 
which decreases approximately with the second power of the 
interparticle distance, and curve ER represents the electro­
static repulsive energy which decreases exponentially with 
distance. Because of the combination of these two opposing 
effects, attraction predominates at small and large distances 

whereas repulsion may predominate at intermediate dis­
tances. Negative energy values indicate attraction, and pos­
itive values repulsion. The resultant curve DPBA, obtained 
by algebraic addition of curves WA and ER, gives the total, 
net energy of interaction between two particles. 

The interparticle attraction depends mainly on the chemi­
cal nature and particle size of the material to be dispersed. 
Once these have been selected, the attractive energy is fixed 
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and cannot readily be altered. The electrostatic repulsion
depends on Uo or the density of the surface charge and on the
thickness of the double layer, both of which govern the
magnitude of the f potential. Thus, stability correlates to
some extent with this potential.2a The f potential can be

adjusted within wide limits by additives, especially ionic
surfactants, water-miscible solvents, and electrolytes (see

below). If the absolute value of the f potential is small, the
resultant potential energy is negative and van der Waals
attraction predominates over electrostatic repulsion at all
distances. Such sols coagulate rapidly.

The two identical particles whose interaction is depicted
in Fig i9-29 have a large (positive or negative) f potential
resulting in an appreciable positive or repulsive potential
energy at intermediate distances. They are on a collision
course because of Brownian motion, convection currents,
sedimentation, or because the dispersion is being stirred.

As the two particles approach each other, the two atmos-
pheres of counterions surrounding them begin to interpene-
trate or overlap at point A corresponding to the distance da.
This produces a net repulsive (positive) energy because of
the work involved in distorting the diffuse double layers and
in pushing water molecules and counterions aside, which
increases if the particles approach further. If the particles
continue to approach each other, even after most of the
intervening solution of the counterions between them has
been displaced, the repulsion between their surface charges
increases the net potential energy of interaction to its maxi-
mum positive value at B. If the height of the potential
energy barrier B exceeds the kinetic energy of the approach-
ing particles, they will not come any closer than the distance
d6 but move away from each other. A net positive potential
energy of about 25 A? units usually suffices to keep them
apart, rendering the dispersion permanently stable; h is the
Boltzmann constant and ? is the absolute temperature. At
T = 298"K, this corresponds to 1 x 10-12 erg. The kinetic
energy of a particle is of the order of &?.

On the other hand, if their kinetic energy exceeds the
potential energy barrier ,B. the particles continue to ap-
proach each other past d6, where the van der Waals attrac-
tion becomes increasingly more important compared to the
electrostatic repulsion. Therefore, the net potential energy
of interaction decreases to zero and then becomes negative,
pulling the particles still closer together. When the parti-
cles touch, at a distance dp, the net energy has acquired the
large negative value P. This deep minimum in potential
energy corresponds to a very stable situation in which the
particles adhere. Since it is unlikely that enough kinetic
energy can be supplied to the particles or that their fpoten-
tial can be increased sufficiently to cause them to climb out
of the potential energy well P, they are attached permanent-
ly to each other. When most or all of the primary particles
agglomerate into secondary particles by such a process, the
sol coagulates.

Any closer approach of two particles, than the touching
distance dp, is met with a very rapid rise in potential energy
along PD because the solid particles would interpenetrate
each other, causing atomic orbitals to overlap (Born repul-
sion).

Coagulation of Hydrophobic Disperaions-The height
of the potential energy barrier and the range over which the
electrostatic repulsion is effective (or the thickness of the
double layer) determine the stability of hydrophobic disper-
sions. Both factors are reduced by the addition of electro-
lytes. The transition between a coagulating and a stable sol
is gradual and depends on the time of observation. By using
standard conditions, however, it is possible to classify a sol as

either coagulated or coagulating, or as stable or fully dis-
persed.

To determine the value of the coaguiating concentraticln

of a given electrolyte for a given sol, a series of test tubes is
filled with equal portions of the sol. Identical volumes of
solutions of the electrolyte, of increasing concentration, 41s
added with vigorous stirring. After some time at rest (eg, 2
hours), the mixtures are agitated again. After an additional
shorter rest period (eg, Yz hour), they are inspectred for siens
ofcoagulation. The tubes can be classified into two groups,
one showing no signs ofcoagulation and the other showing n1
least some signs, eg, visible flocs. Alternatively, they can be
classified into one group showing complete coagulation and
the other containing at least some deflocculated colloid left
in the supernatant. In either case, the separation between
the two classes is quite sharp. The intermediate agitation
breaks the weakest interparticle bonds and brings small
particles in contact with larger ones, thus increasing the
sharpness of separation between coagulation and stability.
After repeating the experiment with a narrower range of
electrolyte concentrations, the coagulation value c6,y of the
electrolyte, ie, the lowest concentration at which it coagu-
iates the sol, is established with good reproducibility.':r'zs,zr

Typical ccv data for a silver iodide sol prepared with an
excess of iodide are listed in Table XIV. The following
conclusions can be drawn from the left half of Table XIV:

1. The ccr, does not depend on the valence of the anion, since nitrate
and sulfate of the same metal have nearly identtcal values.

2. The differences among the cct6 of cations with the same valence
are relatrvely minor. However, there is a slight but signiticant trend of
decreasing ccr,,with increasing atomic number rn the alkali and in the
alkaline earth metal groups. Arranging these cations in the order of
decreasing c(.r.produc* the Hofmetster or Lyotroprc serle.s. [t governs
many other colloidal phenomena, including the effect of salts on the
temperature of gelation and the swelling of aqueous gels and on the
viscosity of hydrosols, the salting out of hydrophilic colloids, the cation
exchange on ion-exchange resins, and the permeability of membranes
toward salts. The eerres is also observed in many phenomena involving
only smali atoms or ions and true solutions, including the ionization
potential and electronegativity of metals, the heats of hydratron of cat-
ions, the size of the hydrated cations, the vrscosity, surface tension and
infrared spectra of salt solutions, and the solubility of gases therein. For
monovalent cations. the lyo0ropic series is

Li+ ) Na+ > K+ > NH** ) Rb+ ) Cs+

A simrlar lyotropic series exists for anions.2r'22,24-.26

The lithium ion has a higher ccv than the cesium ion because it is more
extensively hydrated, so that Li+ (aq), including the hydration shell, is
larger than Cs+ (aq). Owrng to its smaller size, the hydrated cestum ion
can approach the negative parttcle surface more closely than the hydrat-

Table X|V-Coagulatlon Values lor Negative Silver lodide
Sola

Electrolyte c6y, mMlL Electrolyte c6y,mMlL

LiNO3
NaNOr
Y: Na:SOr
KNO3
y2 K2so{
RbNOr

Mean

165
140
t4l
136
138
126
147

2.60
2.57
2.40
2.38
2.26
2.50
2.43m

0.0i
0.7
t.7
2.5

AgNOr
Y..r (CrrHzsNHr)zSOl
Strychnine nitrate
|2 Morphine sulfate

Quinine sulfateMg(NOr)r
MgSOr
Ca(NOs):
Sr(NOr)z
Ba(NO:Jr
Zn(NOr)g
Pb(NOr)r

Mean

Al(NOr)r
La(NOr):
Ce(NOrh

Mean

0.06?
0.069
0.069
6368-

0.'t

o From Ref 21 and unpubhshed data.
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valence reduces the f potential of colloidal particles gradual-
ly to zero. Eventually, the sign of the f potential may be

inverted and ils magnitude may increase again, but in the
oppositc direction. The 9o and f potentials of aqueous sul-
famerazine suspensions are negative above their isoelectric
points; those of bismuth subnitrate are poaitive. As dis-
cussed on page 297 , the addition of Al3+ to the former and of
POl3- to the latter in large enough emounts inverts the sign
of their f potentials; their ry'6 potentials temain unchanged.
Surface-aitive ions of opposite charge may also produce

such charge inversion.
The superposition of the van der Waals attractive energy

with its long-1rttr" effectiveness and the electrostatic repul-
sive energy with its intermediate-range effectiveness fre-
quently produces a shallow minimum (designated S in Fig
iS-ZS)1" ttt" resultant energy-distance curve at interparticle
distances ds several times greater than 6. If this minimum
in potential energy is small compared to &?, Brownian mo-

tion prevents aggtegation. For large particles such as those

of many pharmaieuticat suspensions and for particles which
are large in one or two dimensions (rods and plates), the

secondary minimum may be deep enough to trap them at
distancei d5 from each other. This requires a depth of
several A? uniLs. Such fairly long-range and weak attrac-
tion produces loose aggregates or flocs which can be dis-
persed by agitation or by removal or redu-ction in the concen-

iration of flocculating electrolytes .2r'25-2'i '38 This reversible

aggregation process involving the secondary minimum is

"lzf,lei 
Slor"rTation. By contrast, aggregation in the deep

primary minimum P, called coagulation, is irreversible.' 
Stabilization by Adsorbed Surfactants-As discussed

above, surfactants tend to accumulate at interfaces because

of their amphiphilic nature. This process is an oriented
physical adiorption. Surfactant molecules arrange them-
selves at the interface between water and an organic solid or
liquid of low polarity in such a way that the hydrocarbon
chain is in contact with the surface of the solid particle or

sticks inside the oil droplet while the polar headgroup is

oriented towards the water phase. This orientation re-

moves the hydrophobic hydrocarbon chain from the bulk of
the water, where it is unwelcome because it interferes with
the hydrogen bonding among the water molecules, while
leaving the polar headgroup in contact with water so that it
can be hydrated.

Figure 19-30A shows schematically that at low surfactant
concentration and low surface coverage' the hydrocarbon
chains of the adsorbed surfactant molecules lie flat against
the solid surface. At higher surfactant concentrations, the
surfactant molecules are adsorbed in the upright position to
permit the adsorption of more surfactant per unit surface
area. Figure 19-308 shows a nearly close-packed monolayer
of adsorbed surfactant molecules. The terminal methyl
groups of their hydrocarbon tails are in contact with the
[ydrbphobic surface and the hydrocarbon tails are in lateral
contact with each other. London dispersion forces promote
attraction between both types of adjoining groups. The
polar headgroups protrude into the water and are hydrated.- 

The adsorption of ionic surfactants increases the charge
density and the f potential of the disperse particles. These

two parameters are low for organic substances lacking ionic
or stiongly polar groups. The increase in electrostatic re-
pulsion imong the nonpolar organic particles due to adsorp-
iion of surface-active ions stabilizes the dispersion against
coagulation. This "charge stabilization" is described by the
DLVO theory.

Most water-soluble nonionic surfactants are polyoxyethy-
lated (see above): Each molecule consists ofa hydrophobic
hydrocarbon chain combined with a hydrophilic polyethyl-
ene glycol chain, eg CH3(CH2)rs(OCHzCHz)roOH. Hydra-
tion of the 10 ether groups and of the terminal hydroxyl

,l

t,

1.1
16'26

4 or t00: 1.6:0.14

The mean c6v's of Table XIV are 141 : 2'45 : 0'068' or 100 : 1'? : 0 05' in

jr,lil"i".v 
"g..ement 

with the DLVo theorv'

The following conclusion can be drawn from the right half of

Table XIV:
/ ($e cations on the right side of Table XIV constitute obvious

:::*d:l'#i:;::ni::;,1'";1il"i31"'"Jfl1;'"""T:*';l';l*"u*::
:il".'r"h. ;;;f'j"e potential 

- 
When silver nitrate is added to the negative

L111", t"aia" dispersion, some of its silver ions are incorporated into the

l,itili*:"i[llii',:-"';r"""'-:t:,'"t'1",H.",1',l::r,:t'a-.u:.1i,::
ii$]##ll'l*:'-:'1".'l:fi xx'ilf, 3?i:1:lti#"iHi'lL'.'"r.*.:
ll'r;'rJiTJ,i"" 

"r,t, 
the iatter, require much higher salt concentrations for

Ih-"ffid;;d.ttions in tire i potential' .The.other potential-deter-

lifiil?.io;"i;i*, ioaid" is I:. 
- 

Alkali iodides have higher c6v's than

iTi^'-"irii."f"nit"r because they supplv iodide ions which enter the

.';.'f;'i;;;;;a ihe silver iodide particles and increase. its excess of I-
ir"'r n.;[*, tnlreby making 10 more negatrve' Bromide and chloride

ions ac-t similarly but less effectively''"fd;;i;.,pipotential-determining ion for proteins^ rs H+; those for

,rr.i.I. t tlat"'*ide are OH- (and hince H+)-and Al3+, but also Fe3+

;JC.r- which form mixed hydroxides w!!! f,l3+.
J-T n" cationic surfactant in Table XIV and the alkaloidal salts'

wh-ich also behave as such, constitute the second exception to. the

5"-t ut.--H^"av trt". Surface-active compounds contain hydrophilic
,",i f,ra..ronoLic moieties in the same molecule, the latter being hydro-
.".toi pofoioo. which by themselves are water-insoluble' Therr dual

"rt*" ir*". these compounds to accumulate in interfaces' Dodecy-

lammonium and alkdoidal cations displace inorganic monovalent cat-

ions from the Stern layer of a negattvely charged silver rodide particle

because they are attracted to it not only by electrostatic forces like
sodium ions-but also by van der Waals forces between their hydrocarbon
moieties (dodecyl chains in the case of the dodecylammonium ione) and
the solid. Because they are strongly adsorbed from solution onto the
surface and do not t€ndto dissociate from it, surface-active cations are
very effective in reducing the f potential of the negative silver iodide
pariicles, ie, they have lower ccv than purely inorganic cations of the
eame valence.

6. Anionic surfactants like those containtng lauryl sulfate ions also
have a tendency to be adsorbed at solid-liquid interfaces. Horvever,
because of electiostatic repulsion between the negatively charged sur-
face of silver iodide partiiles whoge surface layer contains an excess
iodide ions and the surface-active anions, adsorption usually does not
occur below the critical micelle concentration (see below). lf such ad-
sorption does occur, it increaees the density of negative charges in the
particle surface, raiiing the ccy of anionic surfactants above that corre-
sponding to their valence.

lonic solids with surface layers containing the ionic species
in near proper stoichiometric balance, and most water-insol-
uble organic compounds have relatively low surface charge
densities. They adsorb ionic surfactants of like charge from
eolution even at low concentrations, which increases their
surface charge densities and the magnitude oftheir fpoten-
tials, stabilizing their aqueous dispersions.

The addition of water-miscible solvents such as alcohol,
glycerin, propylene glycol or polyethylene glycols to aqueous
dispersions lowers the dielectric constant of the medium.
This reduces the thickness of the double layer and, there-
fore, the range over which electrostatic repulsion is effective,
and lowers the size of the potential energy barrier. Addition
ofsolvents to aqueous dispersions tends to coagulate them.
At concentrations too low to cause coagulation by them-
selves, solvents make the dispersions more sensitive to coag-
ulation by added electrolytei, ie, they lower the c6'y.

Progressive addition of the salt of a counterion of high

1

t

t.
Ji

rrli

tit
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group renders the surfactant molecule water-soluble' It
ia.oit. at the interface between a hydrophobic solid and

water, with the hydrocarbon moiety adhering to the solid
strrface and the polyethylene glycol moiety protruding into
the water, where it is hydrated. The particle surface is thus
surrounded by a thin layer of hydrated polyethylene glycol
chains. This hydrophitic shell forms a steric barrier which
prevents close contact between particles and, hence, coagu-

iation ("steric stabilization"). Nonionic surfactants also re-

duce the sensitivity of hydrophobic dispersions toward coag-

ulation by salts, ie, thev increase the coagulation values.3e

ln a flocculated dispersion, groups of several particles are

agglomerated into flois. Frequently, the particles of a floc
aie in physical contact. When a surfactant is added to a
flocculated sol, the dissolved surfactant molecules become

adsorbed at the surface of the particles. Surfactant mole-

cules tend to pry apart flocs by wedging themselves between

the particles at their areas of contact. This action opens up

for iurfactant adsorption additional surface area that was

previously blocked Ly adhesion of another solid surface'

Th" b.""-kit g up of flocs or secondary particles is defined

above as deflocculation or peptization.
Ophthalmic suspensions should be deflocculated because

the iarge particle iize of flocs causes eye irritation' Paren-

teral sispensions should be deflocculated to prevent flocs

from blocking capillary blood vessels and hypodermic sy-

ringes, and to reduce tissue irritation. Deflocculated sus-

p"ri.ion. tend to cake, however, ie, the sediment formed by
gravitational settling is compact and may be.hard to disperse

[y ahaking. Caking in oral suspensions is prevented by

controlled flocculation as discussed below.
Stabilization by Adsorbed Polymers-Water-soluble

polymers are adsorbed at the interface between water and a

irydrophobic solid if they have some hydrophobic groups

that timit their water solubility and render them amphiphi-
lic and, hence, surface-active. Such polymers also tend to

accumulate at the air-water interface and lower the surface

tension of the aqueous phase. A high concentration of ionic
groups in polyelectrolytes tends to eliminate surface activity
ina ine tendlncy to adsorb at interfaces, because the poly-

mer is excessively water-soluble. An example is sod'ium

corboxymethylcellulose. Polyuinyl alcohol is very water-
soluble-due to the high concentration of hydroxyl groups and

does not adsorb extensively at interfaces. Polyvinyl alcohol

is manufactured by the hydrolysis of polyvinyl acetate,

which is water-insoluble. Incomplete hydrolysis of, say,

only 857o of the acetyl groups produces a co-polymer which is

water-soluble but surface-active as well. Other surface-ac-

tive polymers include metlrylcellulose, hydroxypropyl cellu-
lose,^hijh-molecular-weight polyethylene glycols (polyethyl-

ene oxi-cles), and proteins. The surface activity of proteins is

due to the presence of hydrophobic groups in the side chains

at concenfrations too low to cause insolubility in water'
Froteins are denatured upon adsorption at air-water and

solid-water interfaces.
The long, chain-like polymer molecules are adsorbed from

solution oilo solid surlaces in the form of loops projecting
into the aqueous phase, as shown in Fig 19-31A, rather than
Iying flat asainst ihe solid substrate. Only a small portion of
tle itrain segments of an adsorbed macromolecule is actually
in contact with and adheres directly to the surface. Because

of its great length, however. there are enough of such areas of
contait to anchor the adsorbed macromolecule firmly onto

ihe solid. Figure 19-30 is drawn on a much more expanded

scale than Fig 19-31.
The sol particles are surrounded by a layer consisting of

the adsorbed polymer chains, the water of hydration associ-

ated with them, and water trapped mechanically inside the

chain loops. This sheath is an integral part of the particle

surface. The layers ofadsorbed polymer prevent the parti-

r'
W

,9

/ (:E

Fig 19-31. Protective action (A) and sensitization (A of sols ot

hydrophobic particles by adsorbed polymer chains.

/
W

e
Fig 19-30. Schematic representation ol the physical adsorption of

surfactant molecules at a hydrophobic solid (S)/water (W) interface'

Cylindrical portions and spheres represent hydrocarbon chains and

polar headgroups of the surfactant molecules, r€spectively (A) low

surfactant concentration/low surface coverage: (B) near critical mi-

celle concentration/surface coverage near saturation

cles from approaching each other closely enough for the

interparticle attraction by London dispersion forces to pro-

duce coagulation. These forces are effective only over very

small int-erparticte distances of less than twice the thickness

of the adsorbed polymer laYer.
The mechani.ro. of .t"ri. tiabilizationby which adsorbed

nonioni" -^.romolecules prevent coagulation of hydropho-
bic sols (protectiue actionl are also operative in the stabttt-

,riio., oi.ol. by nonionic'surfactants. The difference be-

tween adsorbed nonionic surfactants and adsorbed polymers
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is that the hydrophilic polyethylene glycol moieties of the

^i..iU"a 
suriactant molecules protruding into water resem-

[i" i-n. 
"tt^in 

ends of the adsorbed macromolecules rather

ttr"" tt "i. 
looped segments' The following protective

mechanisms are oPerative:

I The laver of adsorbed polymer and enmeshed-water surroundrng

,f," ou.ii"-f".'forms a mechaitcal or steric barner between them that

l."r[im iir" 
"t"se 

interparticle approach necessary.for coagulation' At
i;;:;;i;;;;verage' these laviri are somewhat elastrc' Thev mav be

ii"i"i-U, , *ttision between two particles but tend.to spring back'
"?'- W-fi*,t o patticles approach so closely that their adsorbed poly-

-Ji l"v"r. or"rlap. the chain loops.of the two opposing. layers compress

,"i .ii"iitr or interpenetrate each other' The resulting restriction to

ifr" f.".il. of motion of the chain segments rn the overlap region

oioar"u., n"grtrve entropy change which-tends to make the free energy

Iiri"" f* tt; reduction in interpartrcle distance required for coagula-

ii* [o.it19.. The reverse process of disentanglement of the two oppos-
,"? ri'*iu"a polvmer layers tesulting from separation of the particles

."?r." U"."*i rtis energltically more favorable. Thc particles are thus
;;;;;;;J from coagulaiton bv enrroprc repulston through the mecha-

Iis-m Jenrroprc stabilnation of the sol. This mechanism predominates

*"fr"" tn" contentration of polymer in the adsorbed layer is low'"'i. A. the polymer layers adsorbed on two approachrng particles

.ul.hp rnd comf.ess or interpenetrate each other, more polymer seg-

-*1.'U"au.a crowded into a grven volume of the aqueous region be-

i*""n ttt" particles. The increased polymer concentration in the over-

t^o i.eion.uu.es a local increase in osmotic pressure. which is relieved by

,rii"tur of water. This influx to dilute the polymer loops pushes the
two oarticles apart. preventing coagulation.-'n.' 

If tn. adsorbid polymei has some ionic groups, stabilization by
electrostatic repulsion or charge stabilization described above is added

tolhe three steiic stabilization mechanisms to prevent a close interparti-
cle aooroach and, hence, coagulatton.

5.' The adsorption of water-soluble polymers changes the nature of
the surface of thl hydrophobic particles to hydrophilic, resulting in an

increased resistance of the sol to coagulation by salh.{0

The water-soluble polymers whose adsorption stabilizes
hydrophobic sols and protects them against coagulation are

called protectiue colloids. Gelatin and' serunx alburnin are
the preferred protective colloids for stabilizing parenteral
suspensions because of their biocompatibility. These two
polymers, as well as casein (milk protein), dextrin (partially
hydrolyzed starch) and vegetable gums like acacia and trag-
acanthare metabolized in the human body. Cellulose deriv-
atives and most synthetic protective colloids such as poui-
d,one are not biotransformed. Because of this and because
of their large molecular size, polymers pertaining to the last
two categories are not absorbed but excreted intact when
they are administered in an oral dosage form.

A semiquantitative assessment of the stabilizing efficien-
cy of protective colloids is the gold num,ber, developed by
Zsigmondy. It is the largest number of milligrams of a
protective colloid which, when added to 10 mL of a special
standardized gold sol, just fails to prevent the change in
color from red to blue on addition of 1 mL of 107o NaCl
solution. The gold sol contains 0.00587o gold with a particle
size of about 250 A. Coagulation by sodium chloride causes
the color change. Representative gold numbers are 0.005 to
0.01 for gelatin, 0.01 for casein, 0.02 to 0.5 for egg albumin,
0.15 to 0.5 for acacia, and 1 to ? for dextrin.22'2? Gelatin is a
more effective protective colloid than acacia or dextrin be-
cause the presence of some hydrophobic side groups makes it
more gurface active and causes more extensive adsorption
ftom solution. Other protective numbers are based on dif-
ferent hydrophobic disperse solids, eg, silver, Prussian blue,
sulfur, ferric oxide. The ranking of different protective
colloids depends somewhat on the substrate. When formu-
Iating a disperse dosage form, one should measure the pro-
tective action on the actual solid hydrophobic phase to be
olspersed as a sol.

Sensitization is the opposite of protective action, namely,
adecrease in the stabili[y ofhydrophobic sols. It is brought
about by some protective colloids, at concentrations well
.oetow those at which they exert a protective action. A pro-
cective colloid may, at very low concentrations, flocculate a

sol in the absence ofadded salts and/or lower the coagulation
values of the sol.

In the case of nonionic polymers or of polyelectrolytes
with charges of the same sign as the sol, flocculation is the
result of the bridging mechanism illustrated in Fig 19-318.
At very low polymer concentrations, there are not nearly
enouBh polymer molecules present to cover each sol particle
completely. Since the particle surfaces are largely bare, a

single macromolecule may be adsorbed on two particles,
bridging the gap between them and pulling them close to-
gether. Flocs of several particles are formed when one parti-
ile is bridged or connected to two or more other particles by
two or more polymer molecules adsorbed jointly on two or
possibly even three particles. Such flocculation usually oc-

curs over a narrow range and at very low values of polymer
concentrations. At higher concentrations, when enough
polymer is available to cover the surface of all particles
iompletely, bridging is unlikely to occur and the adsorbed
polymer stabilizes or peptizes 6hs s6].23''r0

The nonionic Polymer A of Fig 19-32 stabilizes the sol at
all concentrations. Neither sensitization by bridging nor by
charge neutralization is observed. The reason that Polymer
A lowers the positive f potential of the sol slightly is that
increasing amounts of adsorbed polymer chains gradually
shift the plane of shear outward, away from the positively
charged surface. If Polymer A was a cationic polyelectro-
Iyte, the f potential-protective colloid concentration plot
would gradually rise with increasing polymer adsorption
rather than drop.
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O Concant.otron of p.otecllve colloid

Fig 19-32. Protective action and sensitization: Polymer A exerts

protectiv€ action at all concentrations, while Polymer B sensitizes at

low concentrations and stabilizes at high conc€ntrations. Horizontal

and vertical hatching indicates region ol llocculation tor a sol treated

with various concentrations of Polymers A and B' respectively. Clear

region underneath indicates sol is deflocculated.
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If the polymer has ionic groups of charge opposite to the croelectrophoresis. - A p-otential .difference E applied be-

"fr^igu "itn6.of 
particles,li-mited adsorption neutralizes the tween two electrodes dipping into the dispersion 46

;il;; of tti. particles, reducing their f potential to near separated by a 4istance d produces the potential gradient ot

zero. With stabilization [v 
"i."i.o.trtic 

repulsion thus in- fieid strength E/d, expressed in v/cm. From the average

ope.atiue, and steric stabiltation ineffective because of low velocity u of the particles, measured with the eyepiece micro-

.[.-r""".o"*age with 
"a."il"a 

p"tv-er, the sol either coag- meter of a microscope and a stopwatch, the ; potential is

"iate. 
bv itseli or i. coagrrt"t.i by very small amounts of calculated by the Smoluchowski equation

sodium chloride. At higher polymer concentrations and

more exte.,sive adso.ptioi, 
"t "ie-"-."u.t.al 

of the particles to , = (3) (h) = (T) r
the sign of the charge of the polyelectrolyte reactivates

chargJstabilization and adds steric stabilization, increasing The electrophoretic mobility u = ul(Eld) is the velocity in n
the coagutation value of the sol well above the initial value potential gradient of 1 v/cm. Particle size and shape do not
before polymer addition. affect the lpotential according to the above equation. --How-

For ixample, a partly hydrolyzed polyacrylamide with ever, if the particle radius is comparable to 6 or smaller (in
abott 20?o of ammonium acrylate repeating units is an an- which case the particles cannot be detected in a microscope),
ionic polyelectrolyte. At the ppm level, the polymer floccu- the factor 4 is replaced by 6. The viscosity I and the dielec-
lates aluminum hydroxide sols at a pH of 6 to 7, where the tric constant D refer to the aqueous medium in the double
sols are positively charged and the polyelectrolyte is fully laver and cannot be measured directly.a2 Using the values

ionized. At a polymer concentration of 1:10,000, the sol foi water at2So,expressing the velocity in pm/sec and the
becomes negatively charged because extensive polymer ad- electrophoretic mo6ility in (pm/sec)/(volts/cm), and con-
sorption introducee an excess of -COO- Sroups over :AI+ 

verting into the appropriate units reduces the Smoluchowski
ioni into the particle surface. Steric stabilization plus elec- equation to f = 12.! u, *itt, f given in millivolts (mV). If the
trostatic repulsion make the sol more stable against floccula- particle surfice has appreciable conductance, the f potential
tion by salts than it was before the polyacrylamide addition' ialculated by this equation may be low.25'41'42 Dispersions

Polymer B in Fig 19-32 illustrates this example' 'L'he of hydropho-bic particles with f potentials below 20-30 mV

"u.u"itt 
the lower plot indicates sensitization, with the coa8- are irequently unstable and tendto coagulate. On the other

ulation value of sodium chloride lowered by as much as 607o' hand, values as high as { 180 mV have been reported for the f
Zeta potential measurements can distinguish between sensi- Dotential.2l'2{,a1 

-
tizatibn by bridging and by charge neutralization' Tl" Thechief experimentalprecautionsinmicroelectrophore-
charge reversal caused by adsorption of Polymer B shown in sis measurements are:
the upper plot pinpoints charge neutralization as the cause

or sensitirrtion. ri polyme; "B had a f noe"tial-ffier ."1;,*HTi:T,3;:1J:l:"'rtii.'it:l.l;"il#:.'l:.T,'.Tri:Ji:tit
concentration plot similar to Polymer A, sensitization would il;.1i'?h; cell.' The microecope -*tT"1o",*ed on the stationarv

be ascribed to bridging. boundary between the two liquid laytr-s flowing. in opposite directions in
--E.r"., 

water-solu-blJpolymers which are too thoroughly ordertpmeasurethetruevelocitvoftheparticles.

hydrophilic to be adsor.[e<i [v r,va.opr,obic sol efi;il,'.4 .,5" ?*lll#ii ti']A*i'ffi'"1""'i':ii'ffi'itJ"#,f.1i".-,1:"',Tii".1,;1
stabilize thoae sols. Their thickening action slows down ili;";r.'h;I;;"iiJa"p"na. laigely on the nature, ionic strength, and

Brownian motion and sedimentation, giving the particles pft of tn"'.iop.nding medium, diefersions should be diluted not with

Laa oppoatroity to come into contact a--nd herra" retarding water but with eolutione of composition identical to their continuous

noccuration. '-- *^--:" - 
.*:^-- .-: .,-. :ln"*"til"r"'|;e.t:Hi:','*f*X'.Xgf}.*1f|1:11""1#Jiliill-

Electrolnnetic Phenomena-When a dc electric. field is ;;';i';*;;-i*;r.a i.p-a*iure operation.
applied to a dispersion, the particles move towards the elec-

trode of charge opposite to that of their su.f""". ih" coun- When the particles cannot be observed individually with a

terions located inside tneiilivJiJo".rr"u a.e diagged along microscope or ult11aic.lo.s^c.9pe-, other electrophoresis-meth-

while the counterions i1 itr" airrr.e double layer oiriside thE ods are employed.2{'2't'1r'43'41 - ln rnouing boundary electro'

;h.;;Lhp, in the free or mobite solvent, move toward the phoresis-, the movement of the boundary formed between a

other electrode. Thi. ;h;;;;""* l. .Jr"J "i"ilropiorr- 
sol or solution and the pure dispersion medium in an electric

sjs. If the charged .*fl""l. i--obile, as is the case with a field is studied. If [he disperse phase is colorless-, the

packed bed of particles or a tube filled witt *rt"., "ppri."- 
boundary is located by the refiactive index gradient (Tiseli-

tion of an electric field causes the counterions in the free us apparatus, used fiequently with protein solutions)', If
water to move toward. ttt" opp".itl eiectrode, il;gfu;"i ."u"."1 species of particles or solutes with different mobil'

vent with them. This n"* 
"iflq"ia 

is called 
"iirtrZ'osniotit, 

ities are present,-each wi!-f9Lm a boundary moving.with a

and the pressure produced by it, electroor^oii, jiit_t"r"'. characteiistic velocity. Unlike microelectrophoresis, this

C".""i."iv, if the^liquid is made'to flow past charged sur- methodpermitstheidentificationof differentcolloidalcom-

f"";; 6;;bivfu tivi.ortlti;;;;.;;..; th; disphc;ent of ponents.in a mixture, the measurement of the electrophoret-

the counterions in the free water produces, potirtiriJiff..- ic mobility of each, and an estimation of the relative

ence between the two ends ofthe tube or bed called streanx- amounts present'

ing potential Zone eiectrophoresis theoretically permits the complete

hie three phenomena depend on the relative motion of a separation of all electrophoretically different components,

.fr"rg.J.*fi"" aoa ofine iiffuse double layer oulside the requires much smaller samples than moving boundary elec-

;il;; .lifi..or"ainilfi"i surface. The major part of trophoresis, and can be performed in simpler and-less expen-

[n" aiff,r." doubte layer ]s within the free solverit 
"rrd "ro, sive equipment. The method avoids convection by support-

ihe."fo.", move alon! the surface.2a-2?,11 All three electro- ing thi solution in an inert and porous solid like filter paper,

kinetic phenomena measure the identical f pot""tid, *fri.tr ce"llulose acetate membrane, agar, starch or polyacrylamide

is the potential at the plane of slip. gels cut into strips, or disks or columns of polyacrylamide

The particles of phirmaceutical suspensions and emul- 8e1:

sions are visible in trr" -i"ro..ope or ultiamic.o..op", 
". "." 

A strip of filter paper or gel is saturated with a conducting

bacteria, erythrocytes and other isolated ..11.,-Lt-"* p".ti- buffer solution .tia a few microliters of the solution being

cles, and many contaminant particles i., pt ar-aceutic?i so- uttdvr"di. aeposite-{ as a spotor narrow band. A potential

lutions. Their f potential is conveniently measured by mi- difference is applied between the ends of the strip which are
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*::""T.".'#'l#"J[il'."ff ;T'.TlT:l&f, l;ul#;:
lTT 

jx11H:*:$:""x?1ifi li'1"",i""'.:iljr""'-';:
[i'iJ"; 11r" heating effect of the electric current mav be

Hinj;; t, immersing the strip in.a.cooling liquid or

l'i"i*i.f,irg it between impervious -solid.sheets' After a

: :i*i:;j *mm iT':: $'"'x'j";l.ff :1 :","1':HlJl:
'uuri..ott.tponding to the individual components is detect-

.i ilv *t"t reactions orradioactive counting'
""i,inL- 

"t""t 
ophoresis is applied mai1l1 in analvsis and for

..Ji-.*t" preparative-separations' It does not permit mo-

iiil;;;r;.ements. .Because several samples can be ana-

ir?.i.i.rto"eously (in parallel strips or gel columns), be-

J"*" ""tv 
minute amounts of sample are needed, and be-

ilu." ttr" equipment is simple and easy to operate, zone

"L.tiopfrot..is 
is widely used to study the proteins in blood

l.ir.,'..ytntoc]rtes,. lymph and cerebrospinal fluid, saliva,

lr.tric and pancreatic juices and bile.
b--- :. ^^" Immunodiffusion combined with electrophoresis is called

tiiunoel"ctrophoresis.as'{5 The proteins in a fluid, includ-

in" tfr. antigens, are first separated by gel electrophoresis'
a ionsitudinal trench is then cut along one or both sides of
ihe eei strip near the edge in the direction of the electropho-
i"sii axis. The trench is filled with the antibody solution'

On standing, antibody and antigen proteins diffuse in all
directions, including toward each other. Precipitation oc-

curs along an elliptical arc (precipitin band) wherever an

antigen meets its specific antibody. The precipitin bands

".e "ith". 
visible directly or may be developed by staining.

Since diseases frequently produce abnormal electrophoretic
patterns in body fluids, zone electrophoresis,and immuno-
electrophoresis are convenient and powerful diagnostic
techniques.

Isoelectric focusing44'16 uses electrophoresis to separaie
proteins according to their isoelectric points. At pH values
iqual to their isoelectric points, proteins do not migrate in
an electric field because their net charge is zero. In a liquid
column on which a pH gradient is imposed, different species
,urange themselves so that the protein with the highest iso-
electric point will be located nearest to the cathode, which is
immersed in the solution of a strong base. The protein with
the lowest isoelectric point will be located nearest to the
anode, which is immersed in the solubion of a strong acid.
The other proteins settle into intermediate positions, where
the pH values are incermediate and equal to their isoelectric
points.

Hydrophilic Dispersions

Most liquid disperse systems of pharmaceutical interest
are aqueous. Therefore, most lyophilic colloidal systems
discussed below consist of hydrophilic solids dissolved or
dispersed in water. Most of the products mentioned below
are official in the USP or NF, where more detailed descrip-
tions may be found, also elsewhere in this text.

Hydrophilic colloids can be divided into particulate and
soluble materials. The latter are water-soluble linear or
branched polymers dissolved molecularly in water. Their
aqueous solutions are classified as colloidal dispersions be-
cause the individual molecules are in the colloidal particle
size range, exceeding 50 or 100 A. Particulate or corpuscular
hydrophilic colloidal dispersions are formed by eolids which
swell and are peptized in water but whose primar-v particles
do not dissolve or break down into individual molecules or
ions. One subdivision of particulate hydrophilic colloids is
comprised of dispersions of cross-linked polymers whose
lnear, uncross-linked analogues are water-soluble.

Par ticulate H y dro phihc D is p er s ions

The disperse phase of these sols consists of solids which in
water swell and break up spontaneously into particles of
colloidal dimensions. The disperse particles have high spe-

cific surface areas and are, therefore, extensively hydrated.
They have characteristic shapes. If the attraction between
individual particles is strong, the dispersions have yield val-
ues at relatively low solids content.

Bentonite is an aluminum silicate crystallizing in.a layer
structure (see above), with individual lamellas 9.4 A thick.
Their top and bottom surfaces are sheets ofoxygen ions from
silica plus an occasional sodium ion neutralizing a silicate
ion-exihange site. The clay particles consist of stacks of
these lamellas. Water penetrates inside the stacks between
lamellas to hydrate the oxygen ions, causing extensive swell-
ing. Bentonite particles in bentonite magma consist of sin-
gtJ tamellas and packets of a few lamellas with intercalated
water. The specific surface area amounts to several hun-
dred square meters per gram. Kaolin also has a layer struc-
ture, but does not swell in water because water does not
intercalate between individual lattice layers. Kaolin plates

dispersed in water are, therefore, much thicker than those of
bentonite, ca 0.04 to 0.2 pm. In kaolin, hydrated alumina
lattice planes alterna[e with silica planes. Thus, one of the
two external surfaces of a kaolin plate consists of a sheet of
oxygen ions from silica, the other is a sheet of hydroxide ions
from hydrated alumina. Both surfaces are well hydrated.
Magnesium aluminum silicate (Veegum) is a clay similar to
bentonite but contains magnesium; it is white whereas ben-
tonite is gray.

Additional hydrophilic particles producing colloidal dis-
persions in water are listed below. Colloidal silicon dioxide
ionsists of roughly spherical particles covered with siloxane
and silanol groups (pages 280-281). Titanium dioride is a

white pigment with excellent covering power due to its high
refrac[ivi index. Microcrystalline cellulose (page 2?9) is
hydrophilic because ofthe hydroxyl and ether groups in the-

surfacl of the cellulose crystals. Gelatinous precipitates of
hydrophilic compounds such as aluminum hydroxide gel,

aluminum, phosphate gel, and magnesium hydroxide con'
sist of coarse flocs produced by agglomeration of the colloi-
dal particles formed in the initial stage of the precipitation'
They possess large internal surface areas, which is one of the
.ea.ons why the first two are used as substrates for adsorbed
vaccines and toxoids.

Cross-linked Polymers-The polymers discussed below
are polyelectrolytes, ie, they contain ionic groups and would
be soluble in water in the absence of cross-iinking. For
instance, sodium polystyrene sulfonate is a copolymer of
aboutg2lostyrene and 87o divinylbenzene, which is sulfonat-
ed and neutralized to produce the cation-exchange resin
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Chains a-b and c-d are water-soluble linear polymer chains'

iil;, ;" ..o..-tinr"a or bound together via a phenvlene

g^.^*p; Jo*,t . There are many such cross-links tieing

Zueti 
"hain 

to two or more other chains, so that every atom

i" 
" 
i.A. "f ion-exchange resin is bound to every other atom

i;;;?il;r. covalent uolnas. The grains swell in water until
itJ..**rlitt. are strained but do not dissolve, because this

*o,ria inuotu" the rupture of primary valence bonds' Swell-

i;;;;"4"; the ion-exchangC sites in the interior of a grain

^"2"..i[f" 
t" the gastroint".tit d fluids' Partial exchangeof

1q";-[f 6;roiro"*"d by excretion of the used resin in the

i".". .'.a""". hyperkatemia resulting from acute renal fail-

*".- putti"f reiiacement of Na+ by H+ could reduce acido-

sis.
Cholestyramine resin is an anion-exchange resin contain-

i"" i-fr" ."ir" backbone of cross-linked polystyrene, but sub-

;ili;J;tah -cHr-N*(cH3)scl- 
instead of sodium sulfo-

""t". i-t of the chloride anions is exchanged or replaced

t-v lift*ft anions, which are thus eliminated in the feces

[""rJto tt 
" 

resin grains rather than reabsorbed' Colesti'

iit nyarocntorid,e is another orally administered anion-ex-

;il;;;" used to increase the fecal excretion of bile salts'

i; i"; extensively cross-linked, insoluble but permeable

."p"fv-* made from diethylen'triamine,.tetraethylene-
p"'"i"-i"", and epichlorohydrin. Strong cation- and anion-

!r"fi*g" resins are used as sustained-release vehicles for

U"si" aia acid drugs, respectively (see Chapter 91)'-nityrirtophil ii a copolymer of acrylilacid cross-linked

with a smal[ amount of divinyt glycol' The weakly acidic

carboxyl groups are not ionized in the strongly acid environ-

^"rilf 
tn" siomach but only in the more nearly neutral

i"i".1in".. Therefore, swelling by osmotic influx of water

oc""o -o.ttv in the intestinei, where imbibition of water

;;;;;; the fluiditv of stools associated with diarrhea'

e.L"g "rt*al 
polymers, tragacanth c-o1,sis!s of Ys of a wa-

i"i-.ofuUr" fracfion, tragacanlhin, and % of a gel fraction

."ff"a t^..o.in which .oi"ll. itt water but does not dissolve'

ilr..n .o"ti.ts of Yo of a fraction, soluble in hot water, called

,-vil."- The remainder, amylopectin, merely absorbs wa-

;;;;d swells. It owes its insolubility to extensive branch-

ing rather than cross-linking.

Soluble Polymers as Lyophilic Colloid's

Most hydrophilic colloidal systems-used in.dosage forms

^.u--*ot"""t". 
solutions of water soluble, high molecular

;;-tght e;lymers. The polymers are either linear or slightly

branchid but not cross-linked.- 
C-i.ttin".tions-According to their origin, water-soluble

poivro".. r." divided into three classes' Natural polymers

i".iia" polysaccharides (acacia, agar, heparin sodium' pec-

;i;;;;dil alginate, tragacanth, xantlan.gum) and polv-

p"ptia". (casein, gelatin, protamine sulfate)' Of these' agar

and gelatin are only soluble in hot water'*'Citliitn 
aeriuaiiues are produced by chemical modifica-

tion of celluloee obtained from wood pulp or cotton to pro-

ar..-.ofrUf. polymers. Cellulose is an insoluble' linear

pofy-". of glucose repeat units in the ring or PYranose form

Ioi"J Uv p"-1,4 glucosidic linkages' Each glucose repeat

ir"if f"*""pt for ihe two terminal ones) contains a Primary
[rJ.otrt *.o,rp on the No 6 carbon and two secondary hy-

Iil;;h "; No z ana 3 carbons. The primarv hvdroxvl is

mo.J.eactiue. Chemical modification of cellulose consists

in-.-"Jio". or substitutions of the hydroxyl groups' Th'

"*t""ioi.u.h 
reactions is expreesed as d'egree of substitu-.

iir"-iosl, namely, the number of substituted hydroxyl

;;;;dp;; glucose residue. The highest-v"!'e is DS = 3'0'

fr...iionrt irlr"s "." 
the rule because the DS is averaged

"r"i , -tttitude of glucose residues' A DS value of 0'6

indicates that some giu.o." repeat units are uneubstituted

while others have one or even two substituents'

Soluble cellulose derivatives are listed below' The DS

values cor.espond to the pharmaceutical grades' The
groups shown are the replacemgnts f9r the hydrogen atoms

Siit e .eU"tosic hydroxyls. Official derivatives arc me.thyl'

i"it"lot" (DS = 1:65-1.9s), -O-CH tand sodium 9a,rb91t'
i" tny tu U"tose (DS = 0.60-1.00), -O-C^$-z;COO 

-Na+'

Hi iio * y ethy I c eilulos e (DS =. 1.0), -O+CH2C 
Hz-O )"H

rriranyaroripropyl cellulose (DS = 2'5) are manufactured

-o{9H<n,-o}H
I

CI{,

by the addition of ethylene oxide and propylene oxide' re-

;;i;;ly; to alkali-tieated cellulose' The value of n ie

"'l"ri 
z.ri hor the former and not much greater than 1'0 for

ifr" frrt".. Hydroxypropyl methvlcellulose is prepared by

i""J"i"ffdi-t.".t"d 
""tirlose 

first with methyl chloride to

iri-a*" methoxy groups (DS = 1'1-t'8) and then with

p.opvf"". oxide to iitroduce propylene glycol ether groups

[nir:o.r-o.s). tn general, thl inttoduction of hydrox1pro-

Iin.ouo. inio celtilose reduces the water solubility some-

;i"?;[ii" promoting the solubilitv in polar organic solvents

like short-c^hain alco[oh, glycols and some ethers'- iil;[.rhr weighL 6f native cellulose is so high that

.otuti" a".iuatives of-approximately the same.degree of po-

fv-"iir"tio. would dissolve too slowly, and their solutions

;;Je il excessitely viscous even at concentrations of 17o

,"-a f"... Controllei degradation is used to break the cellu-

to." .iiri". into shorter segments, reducing the viscosity of

lrc ."f"iio.s of the corresponding soluble derivativee'

6"L-"*i"t grades of a given cellulose derivative such ae

.Ji"^.".1&ynethylcelulose come in various molecular

*"igfrt. or viecosity giades as well as with various degrees of

.ubititutiott, offering the pharmacist a wide selection'--Olfi.iut 
""ilulo." 

derivatives which are insoluble in water

but soluble in some organic solvents include ethylcellulose

iD6;;-rh, -o-irHu; cellulose ace.tate phthola'e (DS

= i.zo ro. aceiyl and 0-.?i for phthalyl); and.pyroxylin ot

""ti 
rio.e nit.rte (DS = 2), -O-NOz' 

-Coltod 
ion, a 4'0?o w I u

;;i;ii"";apr;xyhn in a mixture of ?57o(vlv) ether and 25%

i"i"i 
"tftU'ricohol, 

constitutes a lyophilic colloidal system'' 
Tire third class, water so luble s y nt he t ic p o ly me r s, consists

-o.tfv J rinyl derivatives including polyuinyl alcohol' po'

;id;;or polyvinylpyrrolidone, and. carbomer .(Carbo 
p oll'. a

6;ly-;i;fac.vtic acia. High molecular weight polveth-

,lene elvcols are also called'polyethylene oxides'
'^ ,i.,i*J"a .r"..iri""tioo of hvdiophlhc polymers is based on

th;i;-;h*g;.- 
- 
N i";oiit o.- o.,"h"tg"d polvmers include

;;hri;;[;i"se, hvdroxvethvl and hvdroxvpropvl cellt'lose'

;ilil;lilil;, pnirvrin-, polvethvlene oxide, polvvinYl'lP-
[Lr"*a p"tiaii". A"io'iic 6r negativelv charged polvelec'

lrolytesinclude the following carboxylated polymers: 
- 

aca-

;;;""ki"il 
";id, 

pectin, tragacanth, xanthan^gum 
"rrq ::l;

bomer"at pH values leading to ionization of the carboxyr

g."*p.;loii" alginate ani sodiu- carboxymethvlt:11-Y;

lose;'also potypeptides at pH values above-their isoelectrrc

;;;t", "g,.oaiu- 
caseinate. A stronger acid group it.t-r-rl*

ii" acia, ilhich exists as a monoester in agar and hgpqin 111
as a monoamide in heparin. Cationic or positively- charg?l

oolyelectrolytesarcrare.Examplesarepolypeptidesatprr
;;i'";; b"i"; their isoelectric points' Protamines are

.tiot gtv Urti" due to a high arginine content, with isoelectrtc

oointl around pH 12, eg protamine eulfate'
" eil;';;;;ti;;-h;i;riLed in chapter 20 and illus'

t."l"a i"iig io'le,tn"flexible chains of dissolved polymers

inierpenetr-ate and are entangled because.of the conscanu

g-*"i- motion of their segments' The chains writhea-nu

forever change their conformations' Each chain f "".?j:i
in a sheath o1 solvent molecules that solvate its functton-
groups. In the case 

"f "q;;;". 
solutions, water molecules
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^-^ hvdrosen-bonded to the hydroxyl groups of polyvinyl
lii"irll hydroxyl groups and ether links of polysaccharides,

lit-.r ti"f. of polvethvlene oxide or polvethvlene glycol,

Iril" g.o,rp" of polypeptides and povidone, and carboxylate

lJr-prlf *ionic polyelectrolytes. The envelope of water of

fu-airtion prevents chains segments in close proximity from

li"r#ml*!Tl:#lf f [.:::*",i:l'J.'il'],i':Hiff ";
ii. stippage of solvated chains past one another when the

*tution ho* is lubricated by the free solvent between their
onlvation sheaths'--hactors that Iower the hydration of dissolved macromole-

nules reduce or thin out the sheath of hydration separating

Iai"".rt chains. When the hydration is low, contiguous

Iirio. t.rrd to attract one another by secondary valence

i"ices including hydrogen bonds and van der Waals forces.

iiydrophobic bonding makes an irnPortant contribution to
iii".ctiain attraction between polypeptide chains even in
eolution. Van der Waals forces and hydrogen bonds thus
ot"Utirt weak and reversible cross-links between chains at

iheir points of contact or entanglement, bringing about
ohase separation or precipitation.

Most water-soluble polymers have higher solubilities in
hot than in cold water and tend to precipitate on cooling, as

the sheaths of hydration surrounding adjacent chains be-

come too sparse to prevent interchain attraction. Dilute
solutions separate into a solvent phase practically free of
polymer and a viscous liquid phase containing practically all
of the polymer but still a large excess of solvent. This
proceslr is called simple coaceruation and the polymer-rich
liquid phase a coaceruate.2r'{? If the polymer solution is

concentrated enough and/or the temperature low enough,
cooling causes the formation of a continuous network of
precipitating chains attached to one another through weak
cross-links consisting of interchain hydrogen bonds and van
der Waals forces at the points of mutual contact. Segments
ofregularly sequenced polymer chains even associate later-
ally into crystalline bundles or crystallites. lrregular chain
atructures as found in random copolymers, randomly substi-
tuted cellulose ethers and esters, and highly branched poly-
mers like acacia prevent crystallization during precipitation
from aolution. Chain entanglements provide the sole tem-
porary crossJinks in those cases. The network of associated
polymer chains immobilizes the solvent and causes the solu-
tion to set to a gel. Gelatinous precipitates or highly swollen
flocs may separate when cooling more dilute polymer solu-
tions.

- Besides the chemical nature of polymer and solvent, the
three most important factors causing phase separation, pre-
clpltation and gelation of polymer solutions are tempera-
ture, concentration and molecular weight. Lower tempera-
tures, higher concentrationa and higher molecular weights
promote gelation and produce stronger gels.

l-or a typical gelatin,107o solutions acquire yield values
and begin to gel at about25" ,2O?o solutions at about 30o and

. ouvo solutions at about 32". The gelation is reversible: the
gels liquefy when heated above tf,ese temperatures. Gela-
ttonis rarely observed above 34" regardless ofconcentration,
19,t!:t gelatin solutions do not 

-gel at BZ.. Conversely,
*latin wi[ dissolve readily in wat-er at body temperature.
Ihegelation temperature or gel point of gela[in is highest at
urte,rgoelectric point, where the attachment between adja-
cent chains by ioulombic attraction or ionic bonds betweencarboxylate ions and alkylammonium, guanidinium or imi-
::^?:liun groups is most extensive. Sin." the carboxyl
:::llt u.." not ionized at gastric pH, interchain ionic bondsare practically nonexisten-t, and interchain attraction is lim-
ItT.lo hydrogen bonds and van der Waals forces. The
:::l.l temperature or the melting point of gelatin gels

;iffil'#,"ff f "irJ:"Hona.#"il;::i.,.;A.:ll..?1,."1
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ably below the isoelectric point and a temperature of 37o
completely prevents the gelation of gelatin solutions. Con-
versely, these two conditions promote rapid dissolution of
gelatin capsules in the stomach. Agar and pectic acid solu-
tions set to gels at only a few percent of solids.

Unlike most water-soluble polymers, methylcellulose, hy-
droxypropyl cellulose and polyethylene oxide are more solu-
ble in cold than in hot water. Their solutions therefore tend
to gel on heating (therrnal gelation).

When dissolving powdered polymers in water, temporary
gel formation often slows the process down considerably.
As water diffuses into loose clumps of powder, their exterior
frequently turns to a cohesive gel ofsolvated particles encas-
ing dry powder. Such blobs of gel dissolve very slowly be-
cause of their high viscosity and the low diffusion coefficient
of the macromolecules. Especially for large-scale dissolu-
tion, it is helpful to disperse the polymer powder in water
before it can agglomerate into lumps of gel. [n order to
permit dispersion to precede hydration and to prevent tem-
porary gel formation, the polymer powders are dispersed in
water at temperatures where the solubility of the polymer is
lowest. Most polymer powders, such as sodium carboxy-
methylcellulose, are dispersed with high shear in cold water
before the particles can hydrate and swell to sticky gel grains
agglomerating into lumps. Once the powder is well dis-
persed, the solution is heated with moderate shear to about
60o for fastest dissolution. Because methylcellulose hy-
drates most slowly in hot water, the powder is dispersed with
high shear in 15 to 13 of the required amount of water heated
to 80 to 90o. Once the powder is finely dispersed, the rest of
the water is added cold or even as ice, and moderate stirring
causes prompt dissolution. For maximum clarity, fullest
hydration and highest viscosity, the solution should be
cooled to 0 to 10o for about an hour.

The following are two alternative methods for preventing
the formation of gelatinous lumps upon addition of water.
The powder is prewetted with a water-miscible organic sol-
vent such as ethyl alcohol or propylene glycol that does not
swell the polymer, in the proportion of from three to five
parts solvent to each part of polymer. If other nonpoly-
meric powdered adjuvants are to be incorporated into the
solution, these are dry-blended with the polymer powder.
The latter should comprise fa or less of the blend for best
results.

A pharmaceutical application of. gelation in a nonaqueous
medium is the manufacture of. Plastibase or Jelene
(Squibb), which consists of 5?o of a low-molecular-weight
polyethylene and 95% of mineral oil. The polymer is soluble
in mineral oil above 90o, which is close to its melting point.
When the solution is cooled below 90o, the polymer precipi-
tates and causes gelation. The mineral oil is immobilized in
the network ofentangled, and adhering, insoluble polyethyl-
ene chains which probably even associate into small crystal-
line regions. Unlike petrolatum, this gel can be heated to
about 60o without substantial loss in consistency.

Large increases in the concentration of polymer solutions
may lead to precipitation and gelation. One way of effec-
tively increasing the concentration ofaqueous polymer solu-
tions is to add inorganic salts. The salts will bind part of the
water of the polymer solution in order to become hydrated.
Competition for water of hydration dehydrates the polymer
molecules and precipitates them, causing gelation. This
phenomenon is called salting ouf. Because of its high solu-
bility in water, ammonium sulfate is often used by biochem-
ists to precipitate and separate proteins from dilute solution.
To the pharmacist, salting out usually represents an unde-
sirable problem. It is reversible, however, and subsequent
addition of water redissolves the precipitated polymers and
Iiquefies their gels. Salting out may cause the polymer to
separate as a concentrated and viscous liquid solution or
simple coacervate rather than as a solid gel.
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Theeffectivenessofelectrolytestosaltout.precipitateor
r"ih;l;;ilii" "ottoial 

svstems depends on how extensive-

ir riri.i.Iti"tvt"s are hvdrated' The Hofmeis.ter ot lvotro'
'Jiiiiriit ii""g"" io".-in the order of increasing hvdration

;;Ji;;;1;;-Eiru.iiu..'".. in salting out. hvdrophilic col -

ioiJs. The seiies' for monovalent cations' is

cs+ ( Rb+ ( NH.r+ < K+ < Na+ ( Li+

and for divalent cations,

Ba'+(Sr2+<Ca2+(Mge+

This series aiso arranges the cations in the order of decreas-

G coagutating power or increasing c-oSgulation values for

;;?;rfi fiJ;o'piiobic sols (see Tabli XIV) and of increasing

eaie of tft.i. displacement ironr cation exchange resins: K+

il;;k;;&;-"IrJ li*. For anions, the lvotropic series. in

;ff;;6 ;a decreasing coagulating power and decreasing

effectiveness in salting out is

F- ) citrate3- ) HPO*I- ) tartrate2- )
SOr':-, acetate- > Cl- > NOr- ) ClOr- )

Br->ClOr->I->CNS-

Iod.ides and thiocyanates aud to a lesser extent bromides and

;;.;;;il"irv i""a to increase the solubilitv of polvmers

i""*^i*, ."riini tt em lrr.er'zr'zn-rti These large polar-izable

*ion. destruct-ure waber, reducing !h9 extent of hydrogen

bond.ing amooB water molecules and thereby making more

;f il;f;yd.;;-bondiog capacitv of water available to the

."riii". "Mosi salts "*c.[t 
nitrates, bromides' perchlorates'

i;eiJ". and thiocyanates raise the temperature of precipita-

il;;;;ili"; of rno.t hvdrophilic colloidal solutions or

;i';i';;f;;iG points. E*cepiio"s among hvdrophilic col-

i"ja. i." -..rrvi.Lllulose, hydroxypropvl cellulose and poly-

;;'h;;r;;id; whose gelaiion temperatures or gel points

""d 
get melting points are lowered by salting out'

- Hid.ophobil" 
^qr.r"or'r. 

dispersions are coagulated by elec-

t.ofvt..-it 0.0001-0.1 M concentrations (see Table XIV)'

il{"i.*.., tft. coagulation is irreversible' ie' removal of the

;Igiii;;til;at J6.. not allow the coasulum to be redis-

;;;:"d, L;;'^G the hvdrophobic s.ols are intrinsicallv unsta-

bte. By cotltrast, most hydrophili-c sols require electrolyte

."r...i.utio".-J ! M oi higier for precipitation' Their

;;;;iri;";i", or selation.an-be reversed, and the polvmer

I;;i;;i;;;;;.il;;s the salt throughdialvsis or bv add-

i;il;;;;;;"i. 
- 
Hva-pr'ilic. colloids disperse or dissolve

.f,?,tt r""..fy in water, and their sols are intrinsically sta-

ble.-'-Most 
of the hydrophilic and water-soluble-polymers men-

tiot.J rLuu" ".. 
o.rty.tigntly soluble or insoluble in alcohol'

Additionofalcohollotheiraqueoussolutionsmaycause
pt".iiltt"t*;r gelation becauie alcohol is a nonsolvent or

;;;iliil, io*"-rittg the dielectric constant of the medium'

The Dispersion SteP

The pharmaceutical formulator is concerned primarily

*itt p.iJ".i"tasmooth, uniform, easily flowing (pouring or

;;;;^'dt;;t s,rspension or emulsion in which dispersion of"fi;;id;il 
b;effected with minimum expenditure of ener-

cv.'"in p."prring suspensions, particle-particle attractive

fo..".'"".a tole overcome by-the high shearing action.of

.;;il;;;. as the colloid mill. or bv use of surface-active

,e.;t.. itt" t"tt". greatly facilitate wetting of lyophobic

and it tends to dehydrate the hydrophilic-solute' Alcohol

il;;. ;h; concentritions at which electroivtes salt out hv-

a-piifi.."ltoids. Phase separation through the addition of

alcohot to an aqueous polymer solution may.cause coacerva-

;i;;: ;;,1L separation of , conttt'trated viscous liquid

;;;.,;^th". than precipitation-or formation of a gel' Su-

Ii"." ,f.1."-petes for water of hydration with hydrophilic

.offoia., and may cause phase separation' However' most

hil;ilhilt. ;oh tolerate substantially higher-concentrations

oi.r.Io." than of electrolytes or alcohol' Lower viscosity

**a* "i, 
given polymer are usually more resistant to elec-

;;;li;., ^6hol 
and sucrose than grades of higher viscosity

and hieher molecular weights'* 
W-fi;;";.; hydrophilic colloidal dispersions undergo irre-

u"..itt" p.".ipit^tio., or gelation, chemical reactions are in-

""i".a-'Neitier 
dilution with water nor heating nor at-

;il; to ."-ou" the gelling or precipitating agent by wash-

il;; aidv.is will liquefv those gels or redissolve the

li^ti.rou. frecipitates formed at lower polymer concentra-

?i*.. C".bo*yi g.o,rps are not ionized in strongly acid me-

et If a polymer owes its solubitity to the ionization of

ti... *""fifv "acid groups, reducing the- pH of its solution

;;i;; i ;;; lead t-o precipitation or gelation' This is ob-

.*r"a *ilni,rch carboxylaied polymers as ma-ny gums' sodi-

u- .*Uo*v-ethylcellulose and carbomer' Hydrogen car-

;;;y;;th/;ilullse swells and disperses but does not dis-

.o-f* in witer. Neutralization to higher pH values returns

the carboxyl groups to their ionized state and reverses the

eelation or PreciPitaEion.
"' ii;f ;h" 

-Jirim, 
potassium, ammoniurn and triethanol -

"--o.ri,r- 
salts of iarboxylated polymers. are well soluble

in-*"r".. In the case of caiboxymethylcellulose' salts with

ir.""v tt*J.ations (silver' copper' mercury, Iead) and triva-

i".rt 
"atio". 

(aluminum, chromic, ferric) are -practically 
in-

."irUG. 
-S"fts 

with divalent cations, especially of the alka-

fi* 
"".tf, 

metals, have borderline solubilities' Generally'

iti*i"ia"g.".s of substitution tend to increase the tolerance

ofihe carLoxymethylcellulose to salts'
"^ P;;"tpilion or ielation occur due to metathesis when

iro.gr;i" Jt. of hJavy or trivalent.cations are mixed with

,itii"r"trf salts of car-boxylated polymers in solution' For

i;il;;;,if; solubie .oppl. salt-is added to a solution of

."ai"^i^iU"xymethytceliulose, the double decomposition

can be written schematicallY as

R,coo-Na+ * &coo-Na*'+ Cuson ...*

* NarSO.

Particle Phenomena and Coarse Dispersions

Rr and Rs represent two carboxymethylcellulose chains

*iri.f, *. i."..-ti"t"a by a chelated copper ion' Dissocia-

tionof ine cupric carboxylate compiex is negligible'

powders and assist in the removal ofsurface air that shearing

alone may not remove; thus the clumpingtendency of 
^the

;;;i.1". i.;"du"ed. Moreover, lowering of the surface free

#;;;;;;;i; "a."iptio, "f 
these agents directlv reduces the

;hdi;'dt"i" a.iuing io."" opioting dispersion of the

oarticles.ti" 
"i"f.ification 

shear rates are frequently necessary for

ai.-p"..i* "f 
the internal phase into-fine droplets'.. The

shear forces are opposed by iorces operating to resist distor-

ii".*^ra *f."q,r*t bt""i,rp of the droplets' Again sur-

i; ;;;t;" 
"cenls 

help greativ bv lowering interfacial ten-

MYLAN INST. EXHIBIT 1013 PAGE 93



sion, which is the primary reversible component resisting

a.orf.t distortion.- Surface-active agents also may play an

imotrtant role in determining whether an oil-in-water or a

waier-in-oil emulsion preferentially survives the shearing

action.
Once the process of dispersion begins there develops si-
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multaneously a tendency for the system to revert to an ener-
getically more stable state, manifested by flocculation, co-
alescence, sedimentation, crystal growth, and caking phe-
nomena. If these physical changes are not inhibited or
controlled, successful dispersions will not be achieved or will
be lost during shelf life.

Srftling and lb Cmtrd

In order to control the settling of dispersed material in
susDension, the pharmacist must be aware of those physical
faciors that will affect the rate of sedimentation of particles
under ideal and nonideal conditions. He must also be aware

of the various coefficients used to express the amount of
flocculation in the system and the effect flocculation will
have on the structure and volume of the sediment.

Sedimentation Rate

The rate at which particles in a suspension sediment is

related to their size and density and the viscosity of the
suspension medium. Brownian movement may exert a sig-
nificant effect, as will the absence or presence of flocculation
in the system.

Stokes' Law-The velocity of sedimentation of a uniform
collection of spherical particles is governed by Stokes' law,
expressed as follows:

, _ 2r2(pr_- p)g 
(3b)

9rt

where u is the terminal velocity in cm/sec, r is the radius of
the particles in cm, p1 and p2are the densities (g/cma) of the
dispersed phase and the dispersion medium, respectively,6t
is the acceleration due to gravity (980.7 cmlsec2) and 7 is the
Newtonian viscosity of the dispersion medium in poises
(g/cm sec). Stokes'law holds only if the downward motion
ofthe particles is not sufficiently rapid to cause turbulence.
Micelles and small phospholipid vesicles do not settle unless
they are subjected to centrifugation.

While conditions in a pharmaceutical suspension are not
in strict accord with those laid down for Stokes' Iaw, Eq 35,
provides those factors that can be expected to influence the
rate of settling. Thus, sedimentation velocity will be re-
duced by decreasing the particle size, provided the particles
are kept in a deflocculated state. The rate of sedimentation
will be an inverse function of the viscosity of the dispersion
medium. However, too high a viscosity is undesirable, espe-
cially if the suspending medium is Newtonian rather than
shear-thinning (see Chapter 20), since it then becomes diffi-
cult to redisperse material which has settled. It also may be
rnconvenient to remove a viacous suspension from its con-

tainer. When the size of particles undergoing sedimenta-
tion is reduced to approximately 2 pm, random Brownian
movement is observed and the rate of sedimentation departs
markedly from the theoretical predictions of Stokes' law.
The actual size at which Brownian movement becomes
nificant depends on the density of the particle as well as
viscosity of the dispersion medium.

slg-
the

Flocculation and Deflocculation-Zeta potential ry', is a
measurable indication ofthe potential existing at the surface
of a particle. When ry'. is relatively high (25 mV or more), the
repulsive forces between two particles exceed the attractive
London forces. Accordingly, the particles are dispersed and
are said to be deflocculated. Even when brought close to-
gether by random motion or agitation, deflocculated parti-
cles resist collision due to their high surface potential.

The addition of a preferentially adsorbed ion whose
charge is opposite in sign to that on the particle leads to a
progressive lowering of ry',. At some concentration of the
added ion the electrical forces of repulsion are lowered suffi-
ciently that the forces of attraction predominate. Under
these conditions the particles may approach each other more
closely and form loose aggregates, termed flocs. Such a
system is said to be flocculated.

Some workers restrict the term flocculation to the aggre-
gation brought about by chemical bridging; aggregation in-
volving a reduction of repulsive potential at the double layer
is referred Lo as coagulation. Other workers regard floccula-
tion as aggregation in the secondary minimum of the poten-
tial energy curve of two interacting particles and coagulation
as aggregation in the primary minimum. In the present
chapter the term flocculation is used for all aggregation
processes, irrespective of mechanism.

The continued addition of the flocculating agent can re-
verse the above process, if the zeta potential increases suffi-
ciently in the opposite direction. Thus, the adsorption of
anions onto poeitively charged deflocculated particles in sus-
pension will lead to flocculation. The addition of more
anions can eventually generate a net negative charge on the
particles. When this has achieved the required magnitude,
deflocculation may occur again. The only difference from
the starting system is that the net charge on the particles in
their deflocculated state is negative rather than positive.

Table XV-Relallve Propertles ol Flocculated and Dellocculated Partlcles in Suspenslon

06llocculated Flocculated

l.
2.

3.
4.

Particles exist in suspension as separate entities.
Rate of sedimentation is slow, since each particle settles

separately and particle size is minimal.
A sediment is formed slowly.
The sediment eventually becomes very closely packed, due to

weight of upper layers of sedimenting material. Repulsive
forces between particles are overcome and a hard cake is

_ formed which is difficult, if not impossible, to redisperse.
The suspension has a pleasing appearance, since the suspended

materia-l remains suspended for a relatively long time. The
supernatant also remains cloudy, even when settling is
apparent.

Particles form loose aggregates.
Rate of sedimentation is high, since particles settle as a floc, which

is a collection of particles.
A sediment is formed rapidly.
The sediment is loosely packed and possesses a scaffold-like

structure. Particles do not bond tightly to each other and a
hard, dense cake does not form. The sediment is easy to
redisperse, so as to ref<rrm the original suspension.

The suspension is somewhat unsightly, due to rapid sedimentation
and the presence of an obvious, clear supernatant region. This
can be minimized if the volume of sediment is made large.
Ideally, volume of sediment should encompass the volume of the
suspension.

5.
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I

Some of the major differences between suspensions of floc-

culated and deflocculated particles are presented in Table

xv.
Effect of Flocculation-In a deflocculated system con-

t inine a distribution of particle sizes, the larger particles

"^iuriffv 
settle faster than the smaller particles' The very

.-rfi pr.ti.f.s remain suspended for a considerable length

"i1i.", 
*ittt the result that no distinct boundary is formed

between the supernatant and the sediment' Even when a

seaiment becomes discernible, the supernatant remains

cloudy.
When the same system is flocculated (in a manner to be

discussed later), two effects are immediately apparent'

Fi;;t, th; flocs tend to fall together so that a distinct bound-

"iv 
-6"i*.". 

the sediment and ttte supernatant is readily

o-t".u.Jt*.ond, the supernatant is clear, +9*i"s that the

u".V fi". particles have been incorporated into the flocs'

fn. i"itii rate of settling in flocculated systems is deter-

mined by the size of the flocs and the porosity of the aggre-

grt"a -"... Under these circumstances it is perhaps better

[o use the termsubsidence, rather than sedimentation'

Quantitatiue Expressions of Sedimentation and
Flocculation

Frequently, the pharmacist needs to assess a formulation
in terms of tlre amount of flocculation in the suspension and

to.o-p"." this with that found in other formulations' The

two paiameters commonly used for this purpose are outlined

below.--Seaimentation 
Volume -The 

sed,imentation uolume, F,

is the ratio of the equilibrium volume of the sediment, V, to
the total volume of the suspension, Vs. Thus,

F = V,lVs (36)

As the volume of suspension which appears occupied by the

sediment increases, the value of F, which normally ranges

from nearly 0 to 1, increases. In the system where F = 0'75,

io. "*.-pi", 
75Vo of. the total volume in the container is

afparentiy occupied by the loose, polog! flocs forming the

seiiment.- Thisls i[ustrated in Fig 19-33' When F = 1, no

sediment is apparent even though the system is flocculated'

This is the idiat suspension for, under these conditions' no

sedimentation will occur. Caking also will be absent' Fur-
the.^o.e, the suspension is esthetically pleasing, there being

no visible, clear suPernatant.
Degree of Flocculation-A better parameter for com-

parinl flocculated systems is the degree of fl.occulotion, B,

Itricti.et"te. the sedimentation volume of the flocculated

suspension, F, to the sedimentation volume of the suspen-

sion when deflocculated, F-. It is expressed as

13 = FIF- (3?)

The degree of flocculation is, therefore, an expression of
the increalsed sediment volume resulting from flocculation'

If, for example, 0 has a value of 5.0 (FiS 19-33)' this means

that the volume of sediment in the flocculated system is five
times that in the deflocculated state. If a second flocculated
formulation results in a value for 0 of say 6.5, this latter
suspension obviously is preferred, if the aim is to produce as

flocculated a productas possible. As the degree offloccula-
tion in the system decreases, B approaches unity, the theo-
retical minimum value.

Suspensions and thear Formulation

A pharmaceutical suspension may be defined as a coarse

dispersion containing finely divided insoluble material sus-
pended in a liquid medium. Suspension dosage forms are
given by the oral route, injected intramusculary or subcuta-
neously, applied to the skin in topical preparations, and used

ophthalmically in the eye. They are an important class of
dosage form. Since some products are occasionally pre-

pared in a dry form, to be placed in suspension at the time of
dispensing by the addition of an appropriate vehicle, this
definition is extended to include these products.

There are certain criteria that a well-formulated suspen-

sion should meet. The dispersed particles should be of such
a size that they do not settle rapidly in the container. How-
ever, in the event that sedimentation occurs, the sediment
must not form a hard cake. Rather, it must be capable of
redispersion with a minimum effort on the part of the pa-

tient. Additionally, the product should be easy to pour,
pleasant to take, and resistant to microbial attack.

The three major problem areas associated with suspen-

sions are (1) adequate dispersion of the particles in the
vehicle, (2) settling of the dispersed particles, and (3) caking
of these particles in the sedimenb so as to resist redispersion.
Much of the following discussion will deal with the factors
that influence these processes and the ways in which they
can be minimized.

The formulation of a suspension possessing optimal phys-

ical stability depends on whether the particles in suspension
are to be flocculated or to remain deflocculated. One ap-
proach involves use of a structured vehicle to keep defloccu-
iated particles in suspension; a second depends on controlled
flocculation as a means of preventing cake formation. A

Particles

Addrtion of \reLtrng igenL and dis6rston medtum

A
I
I

IncorporaLton of
strucLured vehlcle

Addrtron of
floccul.rttng aFent

Flocculated
suspension

as final product

I

A(l(lrl ron of
flocculaLrnF aAcnL

Flocculated
suspension

Deflocculated Flocculated

Fig 19-33. Sedimentation parameters of suspensions. D€floccu-

latedsuspension: F- =0.15 Flocculatedsuspension: F=0.75;A

= 5.0.

I ncorpor.rt ron
strucLure(l veh

of
rcle

Fig 19-34. Alternative approaches to the formulation ol suspen-

sions.

50

Uniform diepertion of
def, occulated particles

Def,occulated
euspension

in caructured vehicle
ar flnrl product
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third, a combination of the two previous methods, results in

"'"..hr.t with optimum stability' The various schemes are

itl"trated in Fig 19-34'
"'Dispersion of Particles-The dispersion step has been

discussed earlier in this chapter' Surface-active agents

I^--ontv r.. used as wetting agents; maximum efficiency is

Il,Lined when the HLB value lies within the range of 7 to 9.

fconcentrated solution of the wetting agent in the vehicle

-r" U" used to prepare a slurry of the powder; this is diluted
,J''t'f, ttre required amount of vehicle. Alcohol and glycerin

-av be used sometimes in the initial stages to disperse the
p^.ii.I.., thereby allowing the vehicle to penetrate the pow-

der mass.
Onlv the minimum amount of wetting agent should be

used, compatible with producing an adequate dispersion of
the particles. Excessive amounts may lead to foaming or
impart an undesirable taste or odor to the product. Invari-
ablv, as a result of wetting, the dispersed particles in the
vehicle are deflocculated.

Structured Vehicles-Structured vehicles are generally

aqueous solutions of polymeric materials, such as the hydro-
colloids, which are usually negatively charged in aqueous

solution. Typical examples are methylcellulose, carboxy-
methylcellulose, bentonite, and Carbopol. The concentra-
tion employed will depend on the consistency desired for the
suspension which, in turn, will relate to the size and density
of the suspended particles. They function as viscosity-im-
parting suspending agents and, as such, reduce the rate of
sedimentation of dispersed particles.

The rheological properties of suspending agents are con-
sidered elsewhere (Chapter 20). Ideally, these form pseudo-
plastic or plastic systems which undergo shear-thinning.
Some degree of thixotropy is also desirable. Non-Newtoni-
a,r materials of this type are preferred over Newtonian sys-
terns because, if the particles eventually settle to the bottom
of the container, their redispersion is facilitated by the vehi-
cle thinning when shaken. When the shaking is discontin-
ued, the vehicle regains its original consistency and the re-
dispersed particles are held suspended. This process of
redispersion, facilitated by a shear-thinning vehicle, presup-
poses that the deflocculated particles have not yet formed a
cake. If sedimentation and packing have proceeded to the
point where considerable caking has occurred, redispersion
is virtually impossible.

Controlled Flocculation-When using this approach
(see Fig 19-34, B and C), the formulator takes the defloccu-
lated, wetted dispersion of particles and attempts to bring
about flocculation by the addition of a flocculating agent;
most commonly, these are either electrolytes, polymers, or
surfactants. The aim is to control flocculation by adding
that amount of flocculating agent which results in the maxi-
mum sedimentation volume.

. Electrolytes are probably the most widely used flocculat-
tng agents. They act by reducing the electrical forces of
repulsion between particles, thereby allowing the particles
to form the loose flocs so characteristic of a flocculated
suspension. Since the ability of particles to come together
and form a floc depends on their surface charge, zeta poten-
tlal measurements on the suspension, as an electrolyte is
added, provide valuable information as to the extent oi floc-
culation in the svstem.

This principle is illustrated by reference to the following
example, taken from the work of Haines and Martin.5o Par-
ticles of sulfamerazine in water bear a negative charge. The
serial addition of a suitable electrolyte, such as aluminum
chloride, causes a progressive reduction in the zeta potential
oI the particles. This is due to the preferential adsorption of
tne trivalent aluminum cation. Eventually, the zetapoten-
ti^a!yill reach zero and then become positive as the addition
of AlCh is continued.

\:7

@

- 
aatronrcaflocculatrng

Fig 19-35. Typical relationship between caking, zeta potential and
sedimentation volume, as a positively charged flocculating agent is
added to a suspension of negatively charged particles. O: zela
potential; l: sedimentationvolume

If sedimentation studies are run simultaneously on sus-
pensions containing the same range of AlClt concentrations,
a relationship is observed (Fig 19-35) between the sedimen-
tation volume,4 the presence or absence ofcaking, and the
zeta potential of the particles. In order to obtain a flocculat-
ed, noncaking suspension with the maximum sedimentation
volume, the zeta potential must be controlled so as to lie
within a certain range (generally less than 25 mV). This is
achieved by the judicious use of an electrolyte.

A comparable situation is observed when a negative ion
such as POna- t. added to a suspension of positively charged
particles such as bismuth subnitrate. Ionic and nonionic
surfactants and lyophilic polymers also have been used to
flocculate particles in suspension. Pol5rmers, which act by
forming a "bridge" between particles, may be the most effi-
cient additives for inducing flocculation. Thus, it has been
shown that the sedimentation volume is higher in suspen-
sions flocculated with an anionic heteropolysaccharide than
when electrolytes were used.

Work by Matthews and Rhodes,5l-53 involving both ex-
perimental and theoretical studies, has confirmed the for-
mulation principles proposed by Martin and Haines. The
suspensions used by Matthews and Rhodes contarned 2.5?o
w/v of griseofulvin as a fine powder together with the anionic
surfactant sodium dioxyethylated dodecyl sulfate (10-3 mo-
Iar) as a wetting agent. Increasing concentrations of alumi-
num chloride were added and the sedimentation height
(equivalent to the sedimentation volume, see page 295) and
the zeta potential recorded. Flocculation occurred when a
concentration of 10-3 molar aluminum chloride wae reached.
At this point the zeta potential had fallen from -46.4 mV to
-17.0 mV. Further reduction of the zeta potential, to -4.5
mV by use of 10-2 molar aluminum chloride did not increase
sedimentation height, in agreement with the principles
shown in Fig 19-35.

Matthews and Rhodes then went on to show, by computer
analysis, that the DLVO theory (see page 285) predicted the
results obtained, namely, that the griseofulvin suspensions
under investigation would remain deflocculated when the
concentration of aluminum chloride was 10-a molar or less.
Only at concentrations in the range of 10-3 to 10-2 molar
aluminum chloride did the theoretical plots show deep pri-
mary minima, indicative of flocculation. These occurred at
a distance of separation between particles of approximately
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50 A, and led Matthews and Rhodes to conclude that coagu-

ialion had taken place in the primary minimum'*"il;A;r,ei 
oltn huuu p,blith"d details of a laboratorv

i"r"#;;;;; isuitable foi undergraduates ) .that combines

;i;i;?i;U;d ;" the DLVO theo'v carried out with an

inieractire computer program with actual sedimentation ex-

oeriments performed on simple systems'
'"iii;;;;fdrn in Structured Vehicles-The ideal for-

-rf"ti"-, i"i" suspension would seem to be when flocculated

p-^.ti.t.. are supported in a structured vehicle'
' L. .to*, in^i'ig rs-an (under C), the process involves

ai.p"*i". 
"tlhe 

pirticles and their subsequent flocculation'

Fffii;;;i;;ptil'i. potv-"r is added to form the structured

;;iii;i;. 1., aeu"topi.,g the formulation, care must be taken

io-"o.u." the absencJ of any incompatibitity. between the

if"""""f"^tfi "g""t 
*a the potymer used for the structured

;;;t.t;. f ti"-itutioo is tiraf virtuallv all tle structured

vehicles in common use are hydrophilic colloids and carry a

;;;ti;; ;ir;;e". rni. m.att. that 
"n 

incompatibilitv arises

il t"h";h*c; o'n the particles is originally negative' Floccu-

iri[" i, tf,is instante requires the addition of a positively

;il;.d flocculating "g",i 
ot ion; in the presence of such a

mate"rial, the negatively charged susp-gnding agent may co-

^nut"t. 
and lose-its suspenda6ility' This situation does not

;;;;tth particles that bear a positive-charge' as the nega-

tiue noccuiating agent which the formulator must employ is

compatible witf, the similillY chareed suspending agent'--C[".i".f 
Shbility of Suapensions-Particles that are

.o-pi.t"fv i.soluble in a liquid vehicle are unlikely to un-

dergo most chemical reactions leading to degrad-ation'

iil;;;, ;"J a.,rg. in suspension ha-v9 a finite solubilitv'

""""1tt"*sh 
this miy be of the order of fractions of a micro-

,.r- o". ill-. Rt a result, the material in solution may be

3"*"rititr" t degradation. However, Tingstad and co-

;;-.-d.t" d;top"ed a simplified method for determining

iir" .trUifitv 
"f 

drugs in suspension' The approach is based

;;-il;;;;;-ptions" that ( 1 i deeradation -takes 
place onlv in

tt'"-.ottrtio"andisfirstorder,(2)theeffectoftemperature
;;-drd;;tbitty ana reaction rate conforms with classical

;h;;;;:;d a3i dissolution is not rate-limiting on degrada-

tion.-iieparation 
of Suspensions-The- small-scale prepara-

tion-o-f-zuspensions may be readily undertaken by the prac-

ii.iig-pn"i-".i.t with the minimum of equipment' The

iilii il;;on of the particles is best carried.out bv tritu-
;1"" t" ; mortar, the wetting agent being.added in small

i""..^"nt" to the powder. Ot'ci tt'e particles have been

*.tt"a ra"qrrtely, ihe slurry may be transferred to the final

.ont"irr".. The next step dipends on whether the defloccu-

L"t"a p"Ji"f"s are to be'suspended in a structured vehicle'

h;;;"il;e,;r flocculated and th"t' suspended' Rqgardless

oi*nicn oftfre alternative procedures outlined in Fig 1-9-34

il6[y"d, 1t" u^.io,r. manipulations can be carried out

"^.-ifv'i"in"'Uottle, 
especially if an aqu-eous solution of the

.*pl"aiog agent has 6e".t p."p"t"d beforehand'--fi. 
a a.iaiied discussion of the methods used in the large-

..rf. p.oau"tion of suspensions, see the relevant section in

Chapter 82.

Emulsions in PharmacY

An emulsion is a dispersed system containing at least two

i;;ill" liq,ria pn*".. T-he majoritv of conventional

.-"[-i".. in pharmaceutical use have dispersed particles

;;;i;; i; Jian',eter from 0'1 to 100 ;'cm' As-with suspen-

.ilr"., .1""r.i*. ".. 
tt 

"..oay"amically.unstable 
as a result

oiiti. 
"*.u.. 

free energy associated with the surface of the

i;tts. The dispersed droplets, therefore, strive to come

;oJItil ,tJ-.J"'." the suriace area' In addition to this

;i""";;i;,i"" .fr".i a.o observed with suspensions' the dis-

o".."d particles can coalesce, or fuse, and this can result in

il;;;;;i Giruction of the emulsion' In order to mini-

;;; ;il; ;ff""i, ttti.a 
"o-ponent, 

the e muls if v i n g a g e nt' is

,Ja.a to the system to improve its stability'. The choice of

;;;ilil;;-.;;;; is criticat to the preparation of an emul-

;i;;-;G;"s optimum stabilitv' The efficiencv of

"i.."lt a", "dd"iri".. 
permits the preparation of emul-

sions which are stable for many months and even years' even

though they are thermodynamically unstable'-^^ifrrf.i*. 
*e widely used in phaimacy and medicine' and

"-uf.ifiJ 
materials 

"ro 
po.."tt advantqges not observed

*tt." i".-Jrted in other dosage forms' Thus, certain me-

;i.i..J 
^g"ris 

having an objectionable taste have been made

;;;;i;L]"io. o-.al administration when formulated in

;;;'ulsi";. The principles of emulsification have been

;plil ;;nsivelv^in the formulation of dermatological

;;^^. and lotions. Intravenous emulsions of contrast me-

;i; h;;" been developed to assist the phvsician in undertak-

h; i-;;;;aminations of the bodv organs while exposing

ifr? prlAt to the minimum of radiation' Considerable at-

;;;;; has been directed' towards the use of sterile' stable

il;;;;.*. emulsiona containing fat, carbohydrate' and vi-

tamins all in one preparation. Such products are adminis-

;;;,il;;;ilts Lnaute to assimilate these vital materials

by the normal oral route.-"p-,rt.io.t. 
offer potential in the design of systems capable

"f 
gi"i;;;;trolled rates of drug release and of affording

Emubion Type and Means ol Detection

A stable emulsion must contain at least three components;

";i;,;h; 
di.p".*a pha.e, the dispersioa medium' and

ihe emutsifying agent. 
'Invaiiably, 

one of the two immisci-

[ie [q"ia. i. iqu"o,r. while the slcond is an oil' Whether

;h;;a;;. oi-the oil phase becomes the dispersed p-hase

e;;r;11.;;i.arily on the emulsifving agent used and the

;"[ti;;;;"rnts or tne iwo liquid ihases' Hence, an emul-

.i* i" *tti.ft the oil is dispersed aa droplets,th-Ioughoutthe

"qu"ou. 
phase ia termed an oil-in-water, O/TV, emulsion'

W-tr"" *ri". is the dispersed phase and an oil the dispersion

-.a-iu-, 1ft" emulsion is of the water-in-oil, W/O' type'

i;;;;;h';^ceutical emulsions designed for oral adminis-

;;;;;" of the O/IV tvpe; emulsified lotions and creams

;;;ililbA^'o. wlo, i"'p"oai"e o" their use' Butter and

salad creams are W/O emulsions.- 
R;";;;;;o-called *7nipi" 

"-,l.iont- 
have been devel-

.;;;ilti;"iew to delaving1h"."t"tt" of an active ingredi-

"Ii.- 
t" tt 

".. 
types of emulsions three phaseg 11e 

present' re'

ttr" "-"f.io" 
has the form W/O/W or OAM/O' In these

protection to drugs susceptible- to oxidation,or hydrolysis'

tno" i. ttiff a nJed for well-characterized dermatological

,i"-i""t.,"iitt reproducible properties, regardless of whether

hlu." p.oauats are antibacterial, sustained-release' protec-

ii"", J"-"ttient lotions, creams or ointments' The qrinci-

;il;[ill.tfi""tion is involved in an increasing number of

aerosol products.--fn" pn".-acist must be familiar with the types of emul-

.ions a"a the properties and theories underlying their prep-

"i^tio" 
*a stabitity; such is the purpose of the remainder of

ttri. "fr.pt".. 
Microemulsions, which -can be regarded as

ilropic: swollen micellar svstems are discussed in Chapter

83.
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..emulsions within emulsions," any drug present in the in-

"liJ"" 
pt rse must now cross two phase boundaries to

.iu.ft ttt" ":rr"rnal, 
continuous' phase'

"il^ir-i.po.tant for the pharmacist to know the type of

..rfrl. he has prepared or is dealing with, since this can

;ff*t ,t. properties and performance. Unfortunately, the

li""rJ."ttt"ds available can give incorrect results, and so

il;;t of emulsion determined bv one method should

;ilr;'.G confirmed by means of a second method'* 
iXi"tio" Test-This method depends on the fact that an

nf,;ll-"rnut.ion can be diluted with water and a W/O emul-

"'i^" *ittr oit. When oil is added to an OAV emulsion or

iIiL. to a W/O emulsion, the additive is not incorporated
r.l^ ln" emulsion and separation is apparent. The test is

;;;;tly improved if the addition of the water or oil is ob-
"-"".ved 

m i croscoP ica llY'
Conductivity Tett-An emulsion in which the continu-

n* phase is aqueous can be expected to possess a much

iist ". 
conductivity than an emulsion in which the continu-

n"'. ptra.. is an oil. Accordingly, it frequently happens that
wnen a pair ofelectrodes, connected to a lamp and an electri-

cal source, are dipped into an O/W emulsion, the lamp lights

due to passage of a current between the two electrodes. If
ihe la-p doe. not light, it is assumed that the system is W/O.

Dye-Solubility Test-The knowledge that a water-solu-

ble dye will dissolve in the aqueous phase of an emulsion

while an oil-soluble dye will be taken up by the oil phase

orovides a third means of determining emulsion type.
Thus, if microscopic examination shows that a water-soluble
dve has been taken up by the continuous phase, we are

dealing with an O/IV emulsion. If the dye has not stained
the continuous phase, the test is repeated using a small
amount of an oil-soluble dye. Coloring of the continuous
phase confirms that the emulsion is of the W/O type.
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Formatim and Breakdown of Dispersed Liquid
Droplets

An emulsion exists as the result of two competing process-
es, namely, the dispersion of one liquid throughout another
as droplets, and the combination of these droplets to reform
the initial bulk liquids. The first process increases the free
energy of the system, while the second works to reduce the
free energy. Accordingly, the second process is spontaneous
and continues until breakdown is complete; ie, the bulk
phases are reformed,

It is of little use to form a well-dispersed emulsion if it
quickly breaks down. Similarly, unless adequate attention
is given to achieving an optimum dispersion during prepara-
tion, the stability of an emulsion system may be compro-
mised from the start. Dispersion is brought about by well-
designed and well-operated machinery, capable of produc-
ing droplets in a relatively short period of time. Such
equipment is discussed in Chapter 83. The reversal back to
the bulk phases is minimized by utitizing those parameters
which influence the stability of the emulsion once it is
formed.

Dispersion Procese To Fotm Droplets-Consider two
immiscible liquid phases in a test tube. In order to disperse
oae liquid as droplets wibhin the other, the inberface between
the two liquids must be disturbed and expanded to a suffi-
ctent degree so that "fingers" or threads of one liquid pass
tnto the second liquid, and uice uersa. These threads are
ttnstable, and become varicosed or beaded. The beads sepa-
rate and become spherical, as illustrated in Fig 19-36. De-
Pending on the agitation or the shear rate used, larger drop-
lets are also deformed to give small threads, which in turn
Produce smaller droos.

The time of agitation is important. Thus, the mean size of

Frnal emulsron ts
w/O tvoe when
Rare [; Rate 2

Fig 19-36. Effectolrateof coalescenceonemulsiontyp6. Rate l:
O/W coalesconce rate: Rate 2: W/O coalescence rate. O: oil; O:
water. For an explanation of Rates 1 and2, refer to the discusslon of
Davies on page 304.

droplets decreases rapidly in the first few seconds of agita-
tion. The limiting size range is generally reached within 1 to
5 minutes, and results from the number of droplets coalesc-
ing being equivalent to the number of new droplets being
formed. It is uneconomical to continue agitation any fur-
ther.

The liquids may be agitated or sheared by several means.
Shaking is commonly employed, especially when the compo-
nents are of low viscosity. Intermittent shaking is frequent-
ly more efficient than continual shaking, possibly because
the short time interval between shakes allows the thread
which is forced across the interface time to break down into
drops which are then isolated in the opposite phase. Con-
tinuous, rapid agitation tends to hinder this breakdown to
form drops. A mortar and pestle is employed frequently in
the extemporaneous preparation of emulsions. It is not a
very efficient technique and is not used on a large scale.
Improved dispersions are achieved by the use of high-speed
mixers, blenders, c<llloid mills and homogenizers. Ultrason-
ic techniques also have been employed and are described in
Chapter 83.

The phenomenon of spontaneous emulsification, as the
name implies, occurs without any external agitation. There
is, however, an internal agitation arising from certain physi-
cochemical processes that affect the interface between the
two bulk liquids. For a description of this process, see

Davies and Rideal inthe Bibliography.
Coalescence of Droplets-Coalescence is a process dis-

tinct from flocculation (aggregation), which commonly pre-
cedes it. While flocculation is the clumping together of
particles, coalescence is the fusing of the agglomerates into a
larger drop, or drops. Coalescence is usually rapid when two
immiscible liquids are shaken together, since there is no
large energy barrier to prevent fusion of drops and reforma-
tion of the original bulk phases. When an emulsifying agent
is added to the system, flocculation still may occur but co-
alescence is reduced to an extent depending on the efficacy
of the emulsifying agent to form a stable, coherent interfa-
cial film. It is therefore possible to prepare emulsions that
are flocculated, yet which do not coalesce. In addition to the
intcrfacial film around the droplets acting as a mechanical
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barrier, the drops also are prevented from coalescing by the
presence of a tliin layer of continuous phase between parti-

cles clumped together.
Daviesst showed the importance of coalescence rates in

determining emulsion type; this work is discussed in more

detail on page 304.

Emulsifying Agent

The process of coalescence can be reduced to insignificant
levels by the addition of a third component--the emulsify-
ing agent or emulsifier. The choice of emulsifying agent is

fr5qu-entty critical in developing a successful emulsion, and

the pharmacist should be aware of

The desirable properties of emulsifying agents' 
.

Aow different emulsifiers act to optrmize emulsion stability'
ii;; ;h;lyp; and physrcal p.ope.ti". <-rf the emulsion can be affected

by the emulsifying agent.

Desirable ProPerties

Some of the desirable properties of an emulsifying agent

are that it should

1. Be surface-active and reduce surface tension to below 10 dyn-

es/cm.--2. ge adsorbed quickly around the dispersed drops as a condensed'

nonadherent film which will prevent coalescence.

i--Iropart to the droplets an adequate electncal potential so that
mutual repulsion occurs.

4. Increase the viscosity of the emulsion.
5. Be effective in a reasonably low concentratlon'

Not all emulsifying agents possess these properties to the

same degree; in fact, not evlry good emulsifier necessarily

po.."s.". all these properties. Further, .there is no one
i'ideal" emulsifying igent because the desirable properties

of an emulsifier-de[end, in part, on the properties of the two

immiscible phases-in the particular system under consider-

ation.
Interfacial Tension-Lowering of interfacial tension is

one way in which the increased surface free energy associat-

ed with the formation of droplets, and hence surface area, in
an emulsion can be reduced (Eq 29). Assuming the droplets
to be spherical, it can be shown that

LF =6t.v (38)
d

where V is the volume of dispersed phase in mL and d is the

mean diameter of the particles. In order to disperse 100 mL
of oil as 1-pm (10-{-cm) droplets in water when "v671ry = 50

dynes/cm, requires an energy input of

4P= 6 x 5o x 1oo 
= 30 x 1o?ergs

1 x 10-4

= 30 joules or 30/4.184 = 7.2 cal

In the above example the addition of an emulsifier that
will reduce 'y from SOto 5 dynes/cm will reduce the surface

free energy from ?.2 to around 0.? cal. Likewise. if the

interfacial tension is reduced to 0.5 dyne/cm, a common

occurrence, the original surface free energy is reduced a

hundredfold. Such- a reduction can help to maintain the

surface area generated during the dispersion process'

Film Foriation-The mijor requirement of a potential
emulsifying agent is that it readily form a film around each

droplet-of dispersed material. The main purpose-of this
film-which can be a monolayer, a multilayer, or a collection
of small particles adsorbed at the interface-is to form a

barrier which prevents the coalescence of droplets that come

into contact with one another. For the film to be an efficient

barrier, it should possess some degree of surface elasticity
and should not thin out and rupture when sandwiched be-

tween two droplets. [f broken, the film should have the

capacity to reform raPidlY.'Eleclrical Potential-The origin of an electrical poten-

tial at the surface of a droplet has been discussed earlier in
the chapter. Insofar as emulsions are concerned, the pres-

e.,ce of a well-developed charge on the droplet surface is
significant in promoting stability by causing repulsion be-

tieen approaihing drops. This potential is likely to be

greater *h"n ao ionized emulsifying lgent is employed'
Concentration of Emulsifier-The main objective of an

emulsifying agent is to form a condensed film around the

droplets ofthe dispersed phase. An inadequ-ate concentra-

tion will do little to prevent coalescence. Increasing the

emulsifier concentrati,on above an optimum level achieves

little in terms of increased stabitity. In practice the aim is to
use the minimum amount consistent with producing a satis-

factory emulsion.
It fiequently helps to have some idea of the amount of

emulsifier required-to form a condensed film, one molecule

thick, around each droplet. Suppose we wish to emulsify 50

g of an oil, density = 1.0, in 50 g of water' The desired

particle diameter is 1 pm. Thus,

Particlediameter = I pm = 1 X 10-acm

Volume of particle = + = 0'524x 10-1e cm3

Total number of particles in 50 g
50 = 95.5 x 10i2

0.524 x 10-12

Surface area of each particle = tdl = 3'142 x 10-8 cm2

Totalsurface area=3.L42 x 10-8

x 95.5 x 16t': = !Q0 X 10a cm2

If the area each molecule occupies at the oil/water inter-
face is 30 A2 (30 x 10-16 cmx), we require

300 X 104. = 1 X 1011 molecules
30 x 10"-

A typical emulsifying agent might have a molecular weight

of 1000. Thus, the required weight is

100q I_p1 = 1.66 B
6J23 x 1023

To emulsify 10 g of oil would require 0'33 g of the emulsify-

ing agent, etc-. W=hite the approach is an oversimplification

of"thJ problem, it does at least allow the formulator to make

a reasonable estimate of the required concentration of emul-
sifier.

Emulsion Rheology-The emulsifying agent and other

components of an emuision can affect the rheologic behavior
of an emulsion in several ways EInd these are summarized in
i"tf" xVi. It should be borne in mind that the dropletsof
the internal phase are deformable under shear and that the

adsorbed layer of emulsifier affects the interactions between

aJjacent droplets and also between a droplet and the contin-
Irous phase.

The means by which the rheological behavior of emulsions

can be controlted have been discussed by Rogers'58

Mechanism of Action

Emulsifying agents may be classified in accordance with
the type oi nt- [hey form at the interface between the two

phases.' Monomolecular Films-Those surface-active agents

which are capable of stabilizing an emulsion do so by form-
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ing a monolayer of adsorbed molecules or ions at the oil/
water interface (Fig 19-37). In accordance with Gibbs'Iaw
(Eq 29) the presence of an interfacial excess necessitates a
reduction in interfacial tension. This results in a more sta-
hle emulsion because ofa proportional reduction in the sur-
face free energy. Of itself, this reduction is probably not the
main factor promoting stability. More significant is the fact
that the droplets are surrounded now by a coherent mono-
layer which prevents coalescence between approaching
droplets. If the emulsifier forming the monolayer is ionized,
the presence of strongly charged and mutually repelling
droplets increasea the stability of the system. With un-
ionized, nonionic surface-active agents, the particles may
still carry a charge; this arises from adsorption ofa specific
ion or ions from solution.

Multimolecular Films-Hydrated lyophilic colloids
form multimolecular films around droplets of dispersed oil
(Fig 19-3?). The use ofthese agents has declined in recent
years becauae ofthe large number ofsynthetic surface-active
agents available which possess well-marked emulsifying
properties. While these hydrophilic colloids are adsorbed at
an interface (and can be regarded therefore as "surface-
active"), they do not cause an appreciable lowering in sur-
tace tension. Rather, their efficiency depends on their abili-
ty to form strong, coherent multimolecular films. These act
as a coating around the droplets and render them highly
resistant to coalescence, even in the absence of a well-devel-
oped surface potential. Furthermore, any hydrocolloid not
adeorbed at the interface increases the viscosity of the con-
tinuous aqueous phase; this enhances emutsion stability.

Solid Particle Films-Small solid particles that are wet-
bed to some degree by both aqueous and nonaqueous liquid
phases act as emulsifying agents. If the particles are too
hydrophilic, they remain in the aqueous phase; if too hydro-
phobic, they are dispersed completely in the oil phase. A
second requirement is that the particles are small in relation
to the droptets ofthe dispersedphase (Fig 1g-3?).

' 
Chemical Types

. Emulsifying agents may also be classified in terms of their
chemical structure; there is some correlation between this

1s161n61 Phase'^"--v^lrme concentration (4); hydrodynamic interaction be-

tween globules; floccu-[ation, leading to formation of globule

" tff:::if?rr); deformation of slobu.les in shear.

^'' ctoUule size, and size distribution, technique used to pre-
"' o-" emulsion; interfacial tension between the two liquid

Ihases: globule behavior in shear; interaction with contin-
loue phase; globule interaction'

d. Cheaicalconetitution'
Continuous Phase
o-- Viscosity (tlo), and other rheological properties.

; Chemical constitution, polarity, pH; potential energy of
interaction between globules.

c. Electrolyte concentration if polar medium.

EmulsifYing agent

a. Chemical constitution; potential energy of interaction be-

tween globules.

b. Concentration, and solubility in internal and continuous
ohases; emulsion type; emulsion inversion; solubilization of
iiqrid phr... in micelles.

c. Thickness of film adsorbed around globules, and its rheo-
logical properties, deformation of globules in shear; fluid
circulation within globules.

d. Electroviscouseffect.
Additional stabilizing agents
Pigments, hydrocolloids, hydrous oxides; effect on rheologic
properties of liquid phases, and interfacial boundary region.

Table XVI-Factors lnlluenclng Emublon Viscositys?
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Multrmolecular
ftlm

O/W emulsron
Sohd partrcle

film

Fig 19-37. Types of films formed by emulsifying agents at the
oil/water interface. Orientations are shown for O/W emulsions. E:
oil; tr: water.

classification and that based on the mechanism of action.
For example, the majority of emulsifiers forming monomo-
lecular films are synthetic, organic materials. Most of the
emulsifiers that form multimolecular films are obtained
from natural sources and are organic. A third group is
composed of solid particles, invariably inorganic, that form
films composed of finely divided solid particles.

Accordingly, the classification adopted divides emulsify-
ing agents into synthetic, natural, and. finely dispersed sol-
ids (Table XVII). A fourth group, the auxiliary materials
(Table XVIII), are weak emulsifiers. The agents listed are
designed to illustrate the various types available; they are
not meant to be exhaustive.

Synthetic Emulsifying Agents-This group of surface-
active agents which act as emulsifiers may be subdivided
into anionic, cationic, and nonionic, depending on the charge
possessed by the surfactant.

Anionics-In this subgroup the surfactant ion bears a
negative charge. The potassium, sodium, and ammonium
salts oflauric and oleic acid are soluble in water and are good
OAM emulsifying agents. They do, however, have a dis-
agreeable taste and are irritating to the gastrointestinal
tract; this limits them to emulsions prepared for external
use, Potassium laurate, a typical example, has the structure

cHa(cHz)rocoo- K+

Solutions of alkali soaps have a high pH; they start to precip-
itate out ofsolution below pH 10 because the unionized fatty
acid is now formed, and this has a low aqueous solubility.
Further, the free fatty acid is ineffective as an emulsifier and
so emulsions formed from alkali soaps are not stable at pH
values less than about 10.

The calcium, magnesium and aluminum salts of fatty ac-
ids, often termed the metallic soaps, are water insoluble and
result in WO emulsions.

DIp
)
b
D
D

o@

Wz
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Table XVll-Classilicatlon ol Emuldlying Agents

Type Type ol tilm Examples

Synthetic (surface-active
agents)

Natural

Finely divided solids

Monomolecular

Multimolecular

Monomolecular

Solid particle

Aruonic
Soaps

Potassium laurate
Triethanolamine stearate

Sulfates
Sodium lauryl sulfate
Alkyl polyoxyethylene sulfates

Sulfonates
Dioctyl sodium sulfosuccinate

Catioruc:
Quaternary ammonium compounds

Cetyltrimethylammonium bromide
Lauryldimethylbenzylammon ium chloride

Noniontc.
Polyoxyethylene fatty alcohol ethers
Sorbitan fatty acid esters
Polyoxyethylene sorbitan fatty acid esters

Hydrophilic colloids.
Acacia
Gelatin
Lecithin
Cholesterol

Colloidal cLays'
Bentonite
Veegum

Metallic hyd,roades:
Magnesium hydroxide

Table XVlll-Aurillary Emulsllying Agenlsss

Product Source and composition Principal use

Bentonite

Cetyl alcohol

Glyceryl monostearate

Methylcellulose

Sodium alginate

Sodium carboxymethyl-
cellulose

Stearic acid

Stearyl alcohol

Veegum

Colloidal hydrated aluminum silicate

Chiefly CreHmOH

c 1?H3scoocHrcHoHCHzOH

Series of methyl esters of cellulose

The sodium salt of alginic acid, a purified carbohy-
drate extracted from giant kelP

Sodium salt of the carboxymethyl esters of cellulose

A mixture of solid acids from fats, chiefly stearic
and palmitic

Chiefly CraHrOH

Colloidal magnesium aluminum silicate

Hydrophilic thickening agent and stabilizer for O/
W and W/O lotions and creame

Lipophilic thickening agent and stabilizer for OAil
lotions and ointments

Lipophilic thickening agent and stabilizer for OAV
lotions and ointments

Hydrophilic thickening agent and stabilizer for O/
W emulsions; weak O/W emulsifier

Hydrophilic thickening agent and stabilizer for O/
W emulsions

Hydrophilic thickening agent and stabilizer for O/
W emulsions

Lipophilic thickening agent and stabilizer for OAil
lotions and ointments. Forms a true emulsifier
when reacted with an alkali

Lipophilic thickening agent and stabilizer for OAfr'
lotions and ointments

Hydrophilic thickening agent and stabilizer for O/
W lotions and creams

Another class of soaps are salts formed from a fatty acid
and an organic amine such as triethanolamine. While these
O/W emulsifiers are also limited to external preparations,
their alkalinity is considerably less than that of the alkali
soaps and they are active as emulsifiers down to around pH
8. These agents are less irritating than the alkali soaps.

Sulfated alcohols are neutralized sulfuric acid esters of
such fatty alcohols as lauryl and cetyl alcohol. These com-
pounds are an important group of pharmaceutical surfac-
tants. They are used chiefly as wetting agents, although
they do have some value as emulsifiers, particularly, when
used in conjunction with an auxiliary agent. A frequently
used compound is sodium lauryl sulfate.

CHr(CHs)roCHzOSOr- Na+

Sulfonates are a class of compounds in which the sulfur
atom is connected directly to the carbon atom, giving the
general formula

CH3(CH2)"CHeSOe- Na+

Sulfonates have a higher tolerance to calcium ions and do
not hydrolyze as readily as the sulfates. A widely used

surfactant of this type is dioctyl sodium sulfosuccinate.
Cationics-The surface activity in this group resides in

the positively charged cation. These compounds have
marked bactericidal properties. This makes them desirable
in emulsified anti-infictive products such as skin lotions and
creams. The pH of an emulsion prepared with a cationic
emulsifier lies in the pH 4-6 range. Since this includes the
normal pH of the skin, cationic emulsifiers are advantageous
in thia regard also.

Cationic agents {ue weak emulsifiers and are generally
formulated with a stabilizing or auxiliary emulsifying agent
such as cetostearyl alcohol. The only group of cationic
agents used extensively as emulsifying agents are the quater-
n'ary ammonium compounds. An example is cetyltrimethyl-
ammonium bromide.
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CHs(CHz)uCHzN+(CHs)r Br-

cationicemuu':f,H:.'i"Jllii?i.:"#:i#l,}i,'?f; :.1".i.

ffillir'fi ,i;t'*'.?t'Ilflit:i',[:'tff :f 'f,lt,U:X,:i

nr:a;iffi 
HflJff:itlkr',li#,tr$,]'t';

ffmmmmmm-*fi*m
#i.i. ?tiJ tn.ir polvoxvethvlene derivatives'
""i^"fr...vt ester, such as glyceryl monostgarate, is too

*:rl'l*"xiiffi ,x'ii,if,T*11"*iHfrl"jil::edasan
CH2OOCC,rH.,s

Sorbitan fatty acid eaters, such as sorbitan monopalnitate

DISPERSE SYSTEMS 303

point of approximately pH 5. Type A gelatin acts best as an
emulsifier around pH 3, where it is positively charged; on the
other hand, Type B gelatin is best used around pH 8, where
it is negatively charged. The question as to whether the
gelatin is positively or negatively charged is fundamental to
the stability of the emulsion when other charged emulsifying
agents are present. In order to avoid an incompatibility, all
emulsifying agents should carry the same sign. Thus, if
gums (such as tragacanth, acacia or agar) which are negative-
ly charged are to be uaed with gelatin, Type B material
should be used at an alkaline pH. Under these conditions
the gelatin is similarly negatively charged.

Lecithin is a phospholipid which, because of its strongly
hydrophilic nature, produces OAI emulsions. It is liable to
microbial attack and tends to darken on storage.

Cholesterol is a major constituent of wool alcohols, ob-
tained by the saponification and fractionation of wool fat.
lt is cholesterol that gives wool fat its capacity to absorb
water and form a WO emulsion.

Finely Diapersed Solide-This group of emulsifiers
forms particulate films around the dispersed droplets and
produces emulsions which, while coarse-grained, have con-
siderable physical stability. It appears possible that any
solid can act as an emulsifying agent of this type, provided it
is reduced to a sufficiently fine powder. In practice the
group of compounds used most frequently are the colloidal
clays.

Several colloidal clays find application in pharmaceutical
emulsions; the most frequently used are bentonite, a colloi-
dal aluminum silicate, and Veegum (Vanderbilt),a colloidal
magnesium aluminum silicate.

Bentonitc is a white to gray, odorless, and tasteless powder
that swells in the presence of water to form a translucent
suspension with a pH of about 9. Depending on the se-
quence of mixing it is possible to prepare both OAM and W/O
emulsions. When an OAV emulsion is desired, the benton-
ite is firet dispersed in water and allowed to hydrate go as to
form a magma. The oil phase is then added gradually with
constant trituration. Since the aqueous phase is always in
excess, the OAtr emulsion type is favored. To prepare a
W/O emulsion, the bentonite is first dispersed in oil; the
water is then added gradually.

While Veegum is used as a solid particle emulsifying
agent, it is employed most extensively as a stabilizer in
cosmetic lotions and creams. Concentrations of less than
17o Veegum will stabilize an emulsion containing anionic or
nonionic emulsifying agents.

Auxiliary Emulsifying Agents-Included under this
heading are those compounds which are normally incapable
themselves of forming stable emulsions. Their main value
lies in their ability to function as thickening agents and
thereby help stabilize the emulsion. Agents in common use
are listed in Table XVttI.

Emulsifying Agents and Emulsion Type

For a molecule, ion, colloid, or particle to be active as an
emulsifying agent, it must have some affinity for the inter-
face between the dispersed phase and the dispersion medi-
um. With the mono- and multilayer films the emulsifier is
in solution and, therefore, must be soluble to some extent in
one or both of the phases. At the same time it must not be
overly soluble in either phase, otherwise it will remain in the
bulk of that phase and not be adsorbed at the interface.
This balanced affinity for the two phases also must be evi-
dent with finely divided solid particles used as emulsifying
agents. If their affinity, as evidenced by the degree to which
they are wetted, is either predominantly hydrophilic or hy-
drophobic, they will not function as effective wetting agents.

The great majority of the work on the relation between

I

CHOH

I

CH,OH

R

,r.,.,rll.oo,
are nonion^c oil-soluble emulsifiers that promote W/O emul-
sions. The polyoxyethylene sorbitan fatty acid esters, such
as polyoxyethylene sorbitan monopalmitate, are hydrophilic
water-soluble derivatives that favor OAV emulsions.

,-lOC.l-l.r. Oh

H
I
(oc2Hi' oH
(OCTHJTR

[Sun of *. t.v aad z 15 20
R rs (C'rH rI)COO I

Polyoxyethylene glycol esters, such as the monostearate,
C1?H35COO(CH2OCH2)^H, also are used widely.

Very frequently, the best results are obtained from blends
of nonionic emulsifiers. Thus, an OAV emulsifier custom-
arily will be used in an emulsion with a W/O emulsifier.
When blended properly, the nonionics produce fine-tex-
tured stable emulsions.

^ 
Natural Emulsifying Agents-Of the numerous emulsi-

tymg agents derived from natural (ie, plant and animal)
sources, consideration will be given only to acacia, gelatin,
lecithin, and cholesterol. Man-y other nitural materials are
only sufficiently active to funciion as auxiliary emulsifying
agents or stabilizers.

^ 
Acacia is a carbohydrate gum that is soluble in water and

forls OAV emulsion-s. Em-ulsions prepared with acacia are
stable over a wide pH range. Because it is a carbohydrate it
ts necessary to preserve acacia emulsions against microbial
attack by the use of a suitable preservative. The gum can be
precipitated from aqueous soiution by the addition of high
concentrations of electrolytes or solvents less polar than
water, such as alcohol.

Gelatin, a protein, has been used for many years as an
emulsifying agent. Gelatin can have two isoeiectric points,
<lepending on the method of preparation. So-called iype A
gelatin, derived from an acid-treated precursor, has an iso-
electric point of between pH ? and g. Type B gelatin, ob-
tained from an alkali-treated precurso., h". ,o i.oelectric
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Table XIX-Approrlmate HLB Values lor a Number ol
EmulsllYlng Agents

Generic or chemical name HLB

The term C1 is a collision factor which is directly proportion-

"fto 
tn" phase volume of the oil relative to the water, and is

;; ;;;rs.e function of the viscosity of the continuous phase

[wate.). Wr defines an energy barrier made.up of several

"o"t.ituti"g 
factors that muit be overcome before coales-

.""." .rn t-ake place. First, it depends on the electrical

p"t""dJ of the dispersed oil droplets., since.this affects

6;i;il. Second, with an O/W emulsion, the hvdrated

i^i". ..r..o*.rding the polar portion of emulsifying agent

;i;; b; broken Iown 6eforeioalescence can occur' This

il;;;; l;;;r is probablv around 10 A thick with a consis-

lJ.,.v 
"i 

lrti.r. Finally, the tot"l 
"n"tgy 

barrier depends on

it 
"-i.""tion 

of the interface covered by the emulsifying

agent.'Equation 40 describes the rate of coalescence of water

globules dispersed in oil, namelY

Rate2= Cre-w,lar (40)

Here, the collision factor C2 is a function of the water/oil

pnr.1 
"oi"-" 

ratio divided by the viscosity of the oil phase'

tl" 
"*rsy 

barrier I7g is, as before, related to the fraction of

tfr" i"t".f?" covered by the surface-active agent' Another

.ontiiluti"e factor is the number of -CH2- groups in the

"-"i.ifvi"g "gent; 
the longer the alkyl chain of the emulsifi-

er, the g."it"t the gap that has to be bridged if one water

dropletis to combine with a second drop'
--O-*i..uu 

showed that the HLB concept is related to the

aiJ.iU"tion characteristics of the emulsifying agent be-

iwletrtte two immiscible phases' An emulsifier with an

iiie of less than ? will be preferentiallv soluble in the oil

"n*" *a wil favor formation of a W/O emulsion' Surfac-

i*T. *itt * Ht S value in excess of ? will be distributed in

iruo. of tft" 
"queous 

phase and will promote O/W emulsions'

Preparation of Emulsions

Several factors must be taken into account in the success-

zui p.ep..ation and formulation of emulsified products'

ii.rifvi ttr" type of emulsion (ie, O/W or W/O). is specified;

if ."t, i;pi"f;bty will be implied from the. anticipated.use of

;-h;;;;4il. the formulator's attention is focused primari-

ly on the selection of the emulsifying agent,.or agents, neces-

.1".v t" 
".fri*e 

a satisfactory produit'- No incompatibilities

il;1riJ o""ui uJ*""n the va'rious emulsifiers and the several

;;;;;;; .o--ot tv present -in pharmaccutical emul-

sio"i. pi"afty, the produit should be prepared in such a way

as not to prejudice the formulation'

Selection of EmulsifYing Agents

The selection of the emulsifying agent, or agents, is of

prime importance in the successful formulation of an emul-

sion. In 
"ddition 

to its emulsifying properties, the pharma-

cist must ensure that the material chosen is nontoxic ano

tft"t tt 
" 

t".t", odor, and chemical stability are compatible
*itt tt 

" 
product. Thus, an emulsifying agent.which is en-

iii"rr"it^tr" for inclusion in askin cream may be unaccept-

"bt"-i., 
the formulation of an oral preparation due to its

p"l""iiJi:<i"itv. This consideration-is most important
when formulating intravenous emulsions'

ih; IriB Sv.["--with the inoeasing number of avail-

,il"-"L-ur.iri"i., pr.tic,ri".lv lh" ;;;t*ic"s, the selection of

.-,rt.ifi... for a'product was essentially a -t-rial-and-error
;;;;;;: io.iu'""t.rv, the workof Gti6i"ss'oo ptg"ig:{,:
iogical means of selecting emulsifving. acfnF' .qflffli,i
.""thod, based on the balance between the hydrophilic. ?11:
lipophilic portions of the emulsifying ag-enl is now wtde'v

used and has come to ;; [;;; i, in"hm svstern' ^lL.is
,r."J -ost in the rational selection of combinations of norr'

Sorbitan trioleate
Sorbitan tristearate
Propylene glycol monostearate
Sorbitan sesquioleate
Glycerol monostearate (non self-emulsifying)
Sorbitan monooleate
Propylene glycol monolaurate
Sorbitan monostealate
Glyceryl monostearate (self-emulsifying)
Sorbitan monopalmitate
Sorbitan monolaurate
PolyoxyethYlene-4-lauryl ether
Polyethylene glycol 400 monostearate
Polyoryethylene-4-sorbitan monolaurate
Polyoxyethylene -20-sorbitan monooleate
Polyoxyethylene-20-sorbitan monopalmitate
Polyoxyethylene -20 -sorbitan monolaurate
Polyoxyethylene-40-stearate
Sodium oleate

6;7

1.8
2.L
3.4
3.?
3.8
4.3
4.5
4.7
5.5

8.6
9.5

11.6
13.3
15.0
15.6
t6.7
16.9
18.0
40.0Sodium lauryl sulfate

emulsifier and emulsion type has been concerned with sur-

ir."-".tf" agents that form interfacial monolayers' Th"
piesent d.iscu-ssion, therefore, will concentrate on this class

of agents.-- 
Illdrophile-Lipophile Balance-As the emulsifier be-

.o-1. -oi" hydroptritic, its solubility in water increases and

ihe f*-rtio" of an O/W emulsion is favored' Conversely,

W/O emulsions are favored with the more lipophilic emulsi-

fi".s. fnis led to the concept that the type of emulsion is

ilfri.a to the balance betwlen hvdrophilic and lipophilic
solution tendencies of the surface-active emulsifying agent'

Griffinse developed a scale based on the balance between

these two opposing tendencies. This so-calledHLB scale is

a numerical^scale, extending from 1 to approximately 50'

ih" -o.. hydrophilic surfactants have high HLB numbers
(in excess of 10),-*hil" surfactants with HLB numbers from

i to rO a.e .orrside..d to be lipophilic. Surfactants with a

p.op". balance in their hydrophilic and lipophilic affinities
are-effective emulsifying agents since they concentrate at

ihe oil/water interfacl. the relationship between HLB val-

ues and the application of the surface-active agent is shown

in Table XV. 
-Some 

commonly used emulsifiers and their
HLB numbers are listed in Table XIX. The utility of the

HLB system in rationalizing the choice of-emulsifying agents

when iormulating an emulsion will be discussed in a later

section.
Rate of Coalescence and Emulsion Type-Davies56 in-

dicated that the type of emulsion produced in systems pre-

p^."a lV shaking is controlled by the relative coalescence

I"[". or ol dropllets dispersed in the oil' Thus, when a

mixture of oit and water is shaken together with an emulsify-

iil;;;;i,, multiple dispersion is produced.initidlv which

."?,["i". fit dispeised in water and water dispersed in oil

ipig fg-jOl. The type of the final emulsion which results

iep-ends on whethei-the water or the oil droplets coalesce

m-J.e .apidlv. If the O/IV coalescence rate (Rate 1) is much

gi"rl". ifr^" WIO coalescence rate (Rate2), a W/O emulsion

i. i"i."a since the dispersed water droplets are more stable

llrn tn" dispersed oii droplets. Conversely, if Rate 2 is
.ignin"rotfv i^ster than Rati 1, the final emulsion is an O/W

di-spe..ion 6e."u." the oil droplets are-morestable'-,{ccording 
to Davies, the rate at which oil globules coalesce

when dispeised in water is given by the expression

Ratel= Cre-w,lnr (39)
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Table XXll-Nonlonic Blends havlng HLB Values ol 10.5
rabre XX-R*}[HI$ n'J,::l#" 

Ranse and

Use Surfactant
blend

Required amounts
(% ) to give
HLB=105HLB range HLB

ionic emulsifiers, and we shall limit our discussion accord-

inslv.-ns 
shown in Table XX, if an O/W emulsion is required,

the formulator should use emulsifiers with an HLB in the
range of 8-18. Emulsifiers with HLB values in the range of
,!-6 are given consideration when a W/O emulsion is desired.
Some typical examples are given in Table XIX.

Another factor is the presence or absence ofany polarity in
the material being emulsified, since this will affect the polar-
ity required in the emulsifier. Again, as a result of extensive
experimentation, Griffin evolved a series of "required HLB"
values; ie, the HLB value required by a particular material if
it is to be emulsified effectively. Some values for oils and
related materials are contained in Table XXI. Naturally,
the required HLB value differs depending on whether the
final emulsion is O/W or W/O.

Fundamental to the utility of the HLB concept is the fact
that the HLB values are algebraically additive. Thus, by
using a low HLB surfactant with one having a high HLB it is
possible to prepare blends having HLB values intermediate
between those of the two individual emulsifiers. Naturally,
one should not use emulsifiers that are incompatible. The
following formula should serve as an example.

2.t
14.9

34.4
bb.b

b./
15.6

3.7
16.9

48.5
51.5

the various proportions required, using other pairs of emul-
sifying agents, to form a blend of HLB 10.5. When carrying
out preliminary investigations with a particular material to
be emulsified, it is advisable to try several pairs of emulsify-
ing agents. Based on an evaluation of the emulsions pro-
duced, it becomes possible to choose the best combination.

Occasionally, the required HLB of the oil may not be
known, in which case it becomes necessary to determine this
parameter. Various blends are prepared to give a wide
range of HLB mixtures and emulsions are prepared in a
standardized manner. The HLB of the blend used to emul-
sify the best product, selected on the basis of physical stabil-
ity, is taken to be the required HLB of the oil. The experi-
ment should be repeated using another combination of
emulsifiers to confirm the value of the required HLB of the
oil to within, say, a1 HLB unit.

There are methods for finding the HLB value of a new
surface-active agent. Griffin60 developed simple equations
which can be used to obtain an estimate with certain com-
pounds. [t has been shown that the ability of a compound to
spread at a surface is related to its HLB. In another ap-
proach a linear relation between HLB and the logarithm of
the dielectric constant for a number of nonionic surfactants
has been observed. An interesting approach has been devel-
oped by Daviess6 and is related to his studies on the relative
rates of coalescence of O/IV and WO emulsions (page 304).
According to Davies, hydrophilic groups on the surfactant
molecule make a positive contribution to the HLB number,
whereas lipophilic groups exert a negative effect. Davies
calculated these contributions and termed them HLB Group
Numbers (Table XXIII). Provided the molecular structure
of the surfactant is known, one simply adds the various
group numbers in accordance with the following formula:

Table XXlll-HLB Group Numbers6l

Croup number

0-3
4-s
oO

8-18
13-r5
r0-18

Antifoaming agents
W/O emulsifying agents
Wetting agents
OAV emulsifying agents
Detergents
Solubilizing agents

Sorbitan tristearate
Polyoxethylene 20 sorbitan

monostearate
Sorbitan monopalmitate
Polyoxyethylene 20 sorbitan

monopalmitate
Sorbitan sesquioleate
Polyoxyethylene lauryl ether

57.3
42.7

Table XxI-Required HLB Values lor Some Common
Emulsion lngredients

substance w/o o/w

Acid, stearic
Alcohol. cetYl
Lanolin, anhYdrous
Oil, cottonseed

mineral oil, light
mineral oil, heavY

Wax, beeswax
microcrYstalline
paraffin

L1

4
4
5

13

15
7.5

10-12
10.5
10-16
9.5
I

O/W Emulsion
Liqurd petrolatum (Reouired HLB 10.5) . .

Emulsrfyingagents ....
Sorbitan monooleate (HLB 4.3)

--.Polyoxyethylene 20 sorbitan monoleate (HLB 15.0)
Water. qs

Hydrophilic groups

-SOa-l'1x+
-coo-K+
-COO-NarN (tertiary amine)
Ester (sorbitan ring)
Eater (free)

-COOHHydroxyl (free)

-o-Hydroxyl (sorbitan ring)
Lipophilic groups

-cH-
--CH:-

CH.r-
:CH-

Derived groups

-(CHr-CHr-O)-
-(cH2-cH2-cH:-o)-

5og
5g

Bysimple algebra it can be shown that 4.5 parts by weight of
sorhltan monooleate blended with 6.2 parts by weight of
polyoxyethylene 20 sorbitan monooleate will result in a
mtxed emulsifying agent having the required HLB of 10.5.

]'1.^. !t. formula calls for S g, the required weights arc 2.1 g
and 2.9 g, respectivelv. The 6il-solubie sorbitan monooleate
ts dissolved in the oil and heated to ?5o; the water-solublepolyoxyethylene 20 sorbitan monooleate is added to the
:lueoYs phase which is heated to ?0o. At this point the oil
ll]t. i. mixed with the aqueous phase and the whole stirredcontinuously until cool.

^-'I'he 
formulator is not restricted to these two agents to

Irroduce a blend with an HLB of 10.S. Table XXII shows

100 e

38.?
2t.L
19.1
9.4
6.8
2.1
2.L
1.9
1.3
0.5

-0.475

+0.33
-0.15
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HLB = Xhydrophilic group numbers) -
rn (group number/-CH2- $rouP) * ?

where rn is the number of -CH:- groups present in the

surfactant. Poor agreement is found between the HLB val-

ues calculated by the use of group numbers and the HLB
values obtained using the simple equations developed by

Griffin. However, thi student should realise that the abso-

lute HLB values per se are of limited significance' The

utility of the HLi] approach (using values .calculated by

either Griffin's or Davies' equations) is to (i) provide the

formulator with an idea of the relative balance of hydrophi-
Iicity and lipophilicity in a particular surfactant, and (ii)

rehL that surfactant's emulsifying and solubilizing proper-

ties to other surfactants. The formulator still needs to con-

firm experimentally that a particular formulation will pro-

duce a stable emulsion.
Later, Davies and Ridealol attempted to relate HLB to the

C*rt"./Co,r partition coefficient and found- good agreement

fo. 
".e.G 

of sorbitan surfactants. Schott62 showed, howev-

er, that the method does not apply to polyoxyethylated oc-

tyiphenol surfactants. Schott concluded that "so far, the

slarch for a universal correlation between HLB and another
property of the surfactant which could be determined more

i"adity than HLB has not been successful."
Th; HLB system gives no information as to the amount of

emulsifier re[uired- Having once determined the correct

blend, the f<lrmulator must prepare another series of emul-

sions, all at the same HLB, but containing increasing con-

centrations of the emulsifier blend. Usually, the minimum
concentration giving the desired degree of physical stability
is chosen.

Mixed Emulsifying Agents-Emulsifying agents are

frequently used in combination since a better emulsion usu-

alty is oblained. This enhancement may be due to several

."i.oo., one or more of which may be operative in any one

system. Thus, ,he use of a blend or mixture of emulsifiers
mav (1) produce the required hydrophile-lipophile balance

in tie emulsifier, (2) enhance the stability and cohesiveness

of the interfacial film, and (3) affect the consistency and feel

of the product.
The first point has been considered in detail in the previ-

ous discussion of the HLB sYstem.
With regard to the second point, Schulman and Cockbain

in 1940 shlowed that combinations of certain amphiphiles
formed stable films at the air/water interface. It was postu-

lated that the complex formed by these two materials (one,

oil-soluble; the other, water-soluble) at the airlwater inter-
face was also present at the O/W interface. This interfacial
complex was Leld to be responsible for the improved stabil-
ity. 'po. 

example, sodiumietyl sulfate, a moderately good

O/W emulsifier, and elaidyl alcohol or cholesterol, both sta-

bilizers for W/O emulsions, show evidence of an interaction
at the air/water interface. Furthermore, an O/IV emulsion
prepared with sodium cetyl sulfate and elaidyl alcoh-ol is

-.r.h .o." stable than an emulsion prepared with sodium
cetyl sulfate alone.

nUiayt alcohol is the trans isomer. When oleyl alcohol,

the cis iiomer, is used with sodium cetyl sulfate, there is no

evidence of complex formation at the air/water interface'
Significantly, this combination does not produce a stable

OItr emulsion either. Such a finding strongly suggests that

" 
high d"g."" of molecular alignment is necessary at the O/W

interface to form a stable emulsion.
Finally, some materials are added primarily to increase

the consistency of the emulsion. This may be done to in-
crease stability or improve emolliency and feel' Examples

include cetyl alcohol, stearic acid and beeswax.
When using combinations of emulsifiers' care must be

taken to ensuie their compatibility, as charged emulsifying

agents of opposite sign are likely to interact and coagulate

when mixed.

Small- Scole PreParation

Mortar and Pestle-This approach invariably is used

only for those emulsions that are stabilized by the presence

of a multimolecular film (eg, acacia, tragacanth, agar, chon-

drus) at the interface. There are two basic methods for
preparing emulsions with the mortar and pestle' These are

ihe'Wet-Gum (or so-called English) Method and the Drv
Gum (or so-called Continental\ Method.

The Wet Gum Method-In this method the emulsifying
agent is placed in the mortar and dispersed in water to form
atucilage. The oil is added in small amounts with continu-
ous trituiation, each portion of the oil being emulsified be-

fore adding the next increment. Acacia is the most fre-

quently usld emulsifying agent when prep-aring emuls-ions

with the mortar and pesile. When emulsifying a fixed oil,
the optimum ratio of oil: water : acacia to prepare the initial
emulsion is 4 : 2 : 1. Thus, the preparation of 60 mL of a 407o

cod liver oil emulsion requires the following:

Cod liver oil
Acacia
Water, qs

24e
6g

60 mL

The acacia mucilage is formed by adding 12 mL of water to
the 6 g of acacia in the mortar and triturating. The 24 g of
oil is added in increments of 1-2 g and dispersed' The
product at this stage is known as the primary emulsion, or

iucleus. The primary emulsion should be triturated for at
least 5 min, after which sufficient water is added to produce

a final volume of 60 mL.
The Dry Gum Method-In this method, preferred by

most pharmacists, the gum is added to the oil, rather than
the water as with the wet gum method. Again, the approach

is to prepare a primary emulsion from which the final prod-

uct can Le obtained by dilution with the continuous phase'

If the emulsifier is acacia and a fixed oil is to be emulsified,
the ratio of oil: water: gum is again 4:2: 1.

Provided dispersion of the acicia in the oil is adequate, the

dry gum method can almost be guaranteed to produce. an

accef,table emulsion. Because thire is no incremental addi-
tion of one of the components, the preparation of an emul-

sion by this method is raPid.
With both methods the oil:water:gum ratio may vary,

depending on the type of oil to be emulsified and the emulsi-

fying ag"rit u.ed. fhe usual ratios for tragacanth and acacia

are shown in Table XXIV.- th. p."p^ration of emulsions by both the wet and dry
gu. rr.tttods can be carried out in a bottle rather than a

mortar and pestle.
Other Metnoae-An increasing number of emulsions are

being formulated with synthetic emulsifying agents, espe-

.iafi of the nonionic typi. The components in such a for-

Table XXIV-Usual Ratios ol Oil' Water and Gum Used to

Produce Emulsaons

System Acace Tragacanth

Fixed oils (excluding liquid petrolatum
and

linseed oil)
Water
Gum

4

2
1

40

20
1

i'I

i

I
I

I
t

Votatile oils, plus liquid petrolatum and
linseed oil

Water
Gum

2-3 20-30

2

1

20
1
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mslation are separaLed into those that are oil-soluble and

r[".e that are water-soluble. These are dissolved in their
,""nective solvents by heating to about 70 to ?5o. When

""irtion 
is complete, the two phases are mixed and the prod-

L",t is stirred until cool. This method, which requires noth-
;'", rnoaa than two beakers, a thermometer and a source of'i"]rt. ir necessarily used in the preparation of emulsions

rontaining waxes and other high-melting-point materials
that must be melted before they can be dispersed in the

"mulsion. 
The relatively simple methodology involved in

ih. u.. ofsynthetic surfactant-type emulsifiers is one factor
which has led to their widespread use in emulsion prepara-

tion. This, in turn, has led to a decline in the use of the

natural emulsifYing agents'
With hand homogenizers an initial rough emulsion is

tbrmed by trituration in a mortar or shaking in a bottle.
The rough emulsion is then passed several times through the
homogenizer. A reduction in particle size is achieved as the
material is forced through a narrow aperture under pressure.

A satisfactory product invariably results from the use of a
hand homogenizer and overcomes any deficiencies in tech-
nique. Should the homogenizer fail to produce an adequate
product, the formulation, rather than the technique, should
be suspected.

For a discussion of the techniques and equipment used in
the large-scale manufacture of emulsions, see Chapter 83.

Stability d Emulsions

There are several criteria which must be met in a well-
formulated emulsion. Probably the most important and
most readily apparent requirement is that the emulsion pos-
sesr adequate physical stability; without this, any emulsion
soon will revert back to two separate bulk phases. In addi-
ticn, if the emulsified product is to have some antimicrobial
activity (eg, a medicated lotion), care must be taken to en-
sure that the formulation possesses the required degree of
activity. Frequently, a compound exhibits a lower antimi-
crobial activity in an emulsion than, say, in a solution. Gen-
erally, this is because of partitioning effects between the oil
and water phases, which cause a lowering of the "effective',
concentration of the active agent. Partitioning has also to
be taken into account when considering preservatives to
prevent microbiological spoilage of emulsions. Finally, the
chemical stability of the various components of the emulsion
should receive some attention, sincesuch materials may be
more prone to degradation in the emulsified state than when
they exist as a bulk phase.

.. ln the present discussion, detailed consideration will be
tlmrted to the question of physical stability. Reviews of this
toptc have been published by Garrett63 and Kitchener and
Mussellwhite.6{ For information on the effect that emulsifi-
cation can have on the biotogic activity and chemical stabil-
Ity of materials in emulsions] see Wedderburn,6s Burt66 and
Swarbrick.6?

o 
Ttre Lheories of emulsion stability have been discussed by

uccleston6s in an attempt to understand the situation inooth a simple O/W emulsion and complex commercial sys-tems.

b,f,}""||t". major phenomena associated with physical sta-

u, Ir^ l!9 9o*..d or downward movement of dispersed droplets relative- ure continuous phase. Lermed creamLng or sedimentatr,on, respectlve-

f.ri'r^TIL,uge..,.gatron and possible coalescence of the dispersed drop-''",i toreiorm the separate. bulk phases.

..",.,i1,1"..ia"1;..'lr:Xf.n an O/W emulsion inverrs ro become a W/O

.f,l:n.ina- "ld Sedimenration-Creaming is the upward'uuvement of dispersed droplets relative to ihe continuous
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phase, while sedimentation, the reverse process, is the down-
ward movement of particles. In any emulsion one process or
the other takes place, depending on the densities of the
disperse and continuous phases. This is undesirable in a
pharmaceutical product where homogeneity is essential for
the administration of the correct and uniform dose. Fur-
thermore, creaming, or sedimentation, brings the particles
closer together and may facilitate the more serious problem
of coalescence.

The rate at which a spherical droplet or particle sediments
in a liquid is governed by Stokes'law (Eq 35). While other
equations have been developed for bulk systems, Stokes'
equation is still useful since it points out the factors that
influence the rate of sedimentation or creaming. These are
the diameter of the suspended droplets, the viscosity of the
suspending medium, and the difference in densities between
the dispersed phase and the dispersion medium.

Usually, only the use of the first two factors is feasible in
affecting creaming or sedimentation. Reduction of particle
size contributes greatly toward overcoming or minimizing
creaming, since the rate of movement is a square-root func-
tion of the particle diameter. There are, however, technical
difficulties in reducing the diameter of droplets to below
about 0.1 pm. The most frequently used approach is to raise
the viscosity of the continuous phase, although this can be
done only to the extent that the emulsion still can be re-
moved readily from its container and spread or administered
conveniently.

Aggregation and Coaleecence-Even though creaming
and sedimentation are undesirable, they do not necessarily
result in the breakdown of the emulsion, since the dispersed
droplets retain their individuality. Furthermore, the drop-
lets can be redispersed with mild agitation. More serious to
the stability of an emu-lsion are the processes of aggregation
and coalescence. In aggregation (flocculation) the dis-
persed droplets come together but do not fuse. Coalescence.
the complete fusion of droplets, leads to a decrease in the
number of droplets and the ultimate separation of the two
immiscible phases. Aggregation precedes coalescence in
emulsions; however, coalescence does not necessarily follow
from aggregation. Aggregation is, to some extent, revers-
ible. While not as serious as coalescence, it will accelerate
creaming or sedimentation, since the aggregate behaves as a
single drop.

While aggregation is related to the electrical potential on
the droplets, coalescence depends on the structural proper-
ties of the interfacial film. In an emulsion stabilized with
surfactant-type emulsifiers forming monomolecular films,
coalescence is opposed by the elasticity and cohesiveness of
the films sandwiched between the two droplets. In spite of
the fact that two droplets may be touching, they will not fuse
until the interposed films thin out and eventually rupture.
Multilayer and solid-particle films confer on the emulsion a
high degree of resistance to coalescence, due to their me-
chanical strength.

Particle-size analysis can reveal the tendency of an emul-
sion to aggregate and coalesce long before any visible signs of
instability are apparent. The methods available have been
reviewed by Groves and Freshwater.6e

Inversion-An emulsion is said to invert when it changes
from an OAtr to a W/O emulsion, or uice uersa. Inversion
sometimes can be brought about by the addition of an elec-
trolyte or by changing the phase-vcllume ratio. For exam-
ple, an O/W emulsion having sodium stearate as the emulsi-
fier can be inverted by the addition of calcium chloride,
because the calcium stearate formed is a lipophilic emulsifi-
er and favors the formation of a W/O product.

Inversion often can be seen when an emulsion, prepared
by heating and mixing the two phases, is being cooled. This
takes place presumably because of the temperature-depen-
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dent changes in the solubilities of the emulsifying agents.The phase inversion temperature, 
"; 

pm,;;onionic sur-factants has been shown bv Sf,inolr-,-.r 
"i; t" l" influenced

by. the HLB number 
"f 

th; .;;i.;;;t." ir," iier,.r the prT
value, the greater the resrstance to inversion.

Apart from work on ptT values, iiitf. iu"ntitative work

has been carried out on the.process of inversion; neverthe-less, it would appear thar the "ff;;;'#riinimized tvusing the proper emulsifyins ,cuni ;;; ia".qirr" concen_tration.. wherever o*.lutu^] tfr" ;;i;;;;h.. dispersedphas.e.should not exceed 5O?o of tt" t"ti'#ume of theemulsion.

Biuvailability lrorn Coar* Diqenfus
In recent years' considerable interest has.focused on the smaller size than the latter, differences that may be respon-abilitv of a dosa*e form to release a.ug iorio*ins "d;;i;# ;ilr"?;; il; ffi; ;;il1i.'Jo'rutio, of particres in product A.tion to the patient' Both the t"t" 

'na 
t*i.nt 6r retease are iiilir.t A also provided higher gerum levels in jn uiuo testsimportant' Ideallv, the extent 

"i *r"r* rrr;ld ;;;;; i;ii", ho-ur-afrer ra-i'i.lirtion. The resurts showed rhat1007o' while the rate of release tr'ourJ ."nu"t th;'i;t.J i'tr"'*rg or 
"mo.ftion "i.*ir"-"tniazole from a suspensionproperties of the dosage form' For 

"""toi., with proJucts a"o"ra"a * tr,i'*i"'#aj[.otrrio, of the suspenJei parti-designed to have a rapi-d onser or".iiritvl'ir,"'.;tu*;;ft;; }""!1,*r,i"r, in;;;;";; i"i"i"a ,o particle siie. previousshould be immediate. with;ions,r"iiirs'p."a.,.r,;ir;;;: ,i[i;..r;r;;rr.li"*ilt't.ii""d to determine the dissolu-lease should take place ouet s"u"t"r hor..i* a"v., a"p"nJ- ii"?."t" 
"fl*p";.i;;;in o-.i". h gain information as to theing on the tvpe or product used. rii" irt. i"a ;;l ;fiG uilr*ii^Liritv;-iil; i;;;'rhis type or dosage rorm.release should be reproducibl" f-; b";;'to-batch oit[! -'ijr" 

uis-"o.iiy"r tnS r.rrilie u.ed to suspend rhe particresproduct' and should not change a"i"e th"ir rife - ---- 
t 

".^ 
L""n rou.d to n"u" 

""'"nl"t on the rate of absorption ofThe principles on which bI"ph;.?;;ijcs is based are ,,itiJir."ntoi.b;t;;il;-t^Jar bioavailab,ity. Thus socidealt with in some detail in cnri,t".. r*-i" iz. wnir" .".i ;;;"p".;oil ;;;-;j; ,o-.-rinrri., a clinically acceptablepublished work in this area hd [;;;;;;cetned withthe ;;*], rrit.oruranloi, 
"","I""t."tion for an additionat twobioavailabilitv of solid aot"e" ti-.^ riiri".,i.t"..d bt ;ir; r,"r.. uv in*easing the viscosity of the vehicle.??oral route' the rate and exten"t "l.J;;i'; both .;;p;;: ^'"iioaiailarilttr?;;'il;;lsions_There 

are indicationssions and emulsions is important and to iuitt-r".o.,sidered in tnJTq::r+ bioavailability may result when a ooorly ab-some detail.

. Bioavalablitv rrom suepensions-Suspensions or.a lX*:i,l#:J:.t:n$:nin;m'*ill*:*.*".j:Tldrug may be expected to deilo-nsttatt iJi.;r.a rioavail- ail""t.o-p".i.onoi"-rr.ioii*aotherdosageformssuchabilitv compared to the same atug f*-udi"d 
";; ili;;. il^."r.o"n.ion., lrur"tq ,il ;ap.*r..; rhus it is not possiblecapsule' This is because-the tdp;;;-;;eadv contain. ;; d;;; ,nequivocal .on.rr.ion. as to advantages of emur-discrete drug particle., *t.."r. il;i;;;;";" ro....r.t ;i"r:: rfadru;;ithil;;;;*.olubilitycanbeformurat-invariablv undergo disintegration il;;;ffi maximize the ;d .; 

". 
t" il ii l"i,ii",l rr'ii"" 

"1 
phase of an emulsion, irsnecessarv dissolution proceis. r'..q.-"itv, 

"rtacid 
suspen- [tr""ilJility;;y ffi;i^r*a. It must be recognized,sions are perceived as being more rapid in ,Jion"nalt'"."- ;;;;;., tr,"itt 

"f,.ug 
i;;;h 

" 
system has several barriersfore more effective than an equivalent dose in ttre ro-rm-or i" o"* n"r"* ir ;;iuE;;;;Lu.o."l surface of the easrro-tablets' Bates,etaliLob.e.u.dihai".ri"*.ionofsalicyra- iltlliin"t,t.".t. For--example, with an oil_in-water-emul-mide was more rapidlv bioavailabL, aii.LJ ir.i"g ti,"ii.t ;dil" drug must ainur" irr.ough the o, srobule and thenhour following administration, than tr" qff,".";; trri"i ;;;';;."* t[" oir7rouJuil"t".rr.". This may be a difficultf:,T":::!:"i#*Tffirfif,ri*I";*;1;$.,"1i;; f,##, d".p:"di;; ;;ii.'"i".".*ristics oiihe i,ti.r".i"r

rates ror ,t'..","iar a".;;; i;;;'.i.ai.j,,a th" ilili"i ffi;#f*llfi|".;HiT;mmr;rll,.lj:iil:,Xfr::rates of in uiuo absorption' A similar aigirment can be .oia"t rrrti-i.rflammatory agent, was significantly more bioa-developed for hard gelatin t"pt'tt', *h.;;?u st ett ,n,ii ;ifiI. in an-oil-in-water emulsion rhan in either a su.slDen-rupture or dissolve before drug particies are i"La.ea ,na .r., .ili * 
" 

ir1.a s.r"ii" ""r.ri""]'g^r.s and sequeira?e foundbegin the dissolution Drocess' 
^s*r' *"*L."i""a uv ertJ, .ig;ili.r1t -ir..*.".-i, '-i-i.um prasma levels and totalet al72 in a studv of the uio"'il,liiitv 

"?*ii"."r a";.r;ffi ii""rr"iluiliry of micronized griseofulvin when formularedproducts' includine a suspension 
""i r,".a s;fitin .rp.ui".. i;;';;, oil/water emulsion] In rhis case, however. theSansom' et o/?3 forind mean plasma orr"r;;;'"r.l.iri;ir;; ."r,""*a .ni.t *,". ;;til;; e.mulsificarion of rhe J.,rg i,after the administration of , ir.p"^i'""1i* ;;r;; ;q";;: ;i:;ii;i"." ,er se but more probably because of the linoleic:,t?:i::,rf ,i[]ff#'rli:l'i.fT,fi;ffi,.*,;.1.ff ffi*,,",1x"#ii:".un, 

having a speciri""r.ir".t o. r*i."i..
having a smaller particl size.

In common with other. products in which the drug ispresent in the form of solid parti.t"., tt 
" 
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CHAPTER 28

Clinical Analysis
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The characterization and quantitationofthe various com-

ponents of blood, urine and ather body fluids ave the prima-
ry funetions of the clinical laboratory. The majordivisions
of clinical analysis

are clinical biochemistry, hematology,
blood-bank technology, histopathology, immunology and

microbiology. The accurate dingnosis of disease and deter-
mination of a

potential therapeutic regimen frequently
are

based on the laboratory analysis of blood, urine, feces, gas-
(ric secretions or

cerebrospinal fhuid. Modern medical prac-
tice is tending toward greater reliance on

laboratory results
as definitive measures of pathological

or normal states.
The pharmacist should familiarize himself with the basic

principles involved in sample collection, analysis and diag-
nostic significance of the various clinical parameters. His
role in community health necessitates his comprehension of
the methodology and Glagnostic value of clinical laboratory
procedures, ‘Tbe influence of various drugs and druginter-
actions on Lhese parameters musl be considered in both the
clinical and drug-abuse situation.

Hematology

The determination of the morphological, physiological
and biochemical properties of peripheral blood and the

blood-forming organs (hematopoietic system) is a function
of the hematology laboratory. The functional categories of

hematology
are (1) analysis of cellular elements,

and
specific

biochemical and physiological parameters of peripheral
bleed and the hematopoietic system, (2) blood-coagulation
analysis and (3) blood-bank Lechnology.

Peripheral bloodis a
biphasicliquidtissue aystem ofcellu-

lar elements suspendedina liquid plasma phase. ‘Phecellu-
lar phase comprises abaut. 45% of the bload volume and
contains erythrocytes (red blood cells, RBC), leukocytes
(white blood calls, WBC) and thrombocytes (platetets)}.
The plasma phase is primarily water (90 to 92%) and protein
(7%),

The hematological analysis ofblood is concerned primari-
ly with enumeration and differentiation of the varioua cellu-
lar elements. An analysis of the hematopoietic system (eg,
bone marrow and lymphoid Lissue) determines the status of
blood-cell precursors in these tissues. Determinations of

specific biochemical (hemoglobin) and physiological (blood
or

plasma volume) parameters
are

performed in a
complete

evaluation of the erythron system (blood and marrow RBC
and their precursors), The normal hematological values in
the adult are

presented in Table 1.

The authors acknowledge the assigtance of By Joseph P Useavage of
Rorer Group Lt, in Use preparation of the Microbiology scelian and Br
Alfred H ree of the Ames Cofor the Urinalysis section,

Erythrocytes and Hemoglobin-—-The erythrocytic sys-
tem is composed of the mature erythrocytes in peripheral
blood andtheir precursors in bone marrow. The precursors
of erythrocytes,

as found in the erythropoietic system (red
bone marrow),

are classified ag to Lhe degree of nucleation
and characteristics of cytoplasmic constituents. The ae-

quence of erythrocyte formation in bone marrow—based on

the gradual denucleation of the cell, generation of the chro-
malin structure and changes in nucleolar structare and eylo-
plasmic constituents is ag follows:

pronermoblast
~+

basophilic normoblast
-+

polychromatic normo-
blast.

-*
orthachromatic normoablast

“+
polychromatophilic erythrocyte+

ory Urocyte,

‘Fhe first four types are nucleated and normally
are seen

only in bone marruw. In normal erythrocyte formation
these immature bone-marrow cells are

designated
as nor-

moblestte or
normecytic, Jn pernicious anemia andrelated

conditions they become abnormally large and are
designated

megalublastic
or

megaloeytic. In iron-deficiency anemia,
these cells become abnormally small and are

designated
microblastie or muerocytic--of the iron-deficiency type.

TableNormal Hematological Vatues In Man!  

  

Normal
Normal Ranga of
Vatua Values

Erythrocytes (eu mim x 105)
Male 54 4.6-6.2
Female 4,8 4.25.6

Roeticulocytes (cu mm & 104) 50 10-100

Hemogiahin (g%)
Male 16.0 14.0--18,0
Female 14.0 12.0--16.6

Meamatocrit. (%)
Male 47,0 40.0-64,0
Female 42.0 37.0--47.0

Mean corpuscular volume (:07"} 87 82-02
Mean corpuscular hemeglabin (pg) 29 27-31
Mean corpuscular hemoglobin

con-
econtralion (%)} 34 B2~aG

Mean corpuscular diametor (am) 13 67-17
Leukocytes (cu mm X 104) 70 $.0--10,0

Leukocyte differential (%)
Neutrophils 63 57-87

Eosinophils 1 1-8

Basaphils 1 0-1
Lymphocytes 30 25-35

Monoeyten 5 3-7
Platelets (eumm x £0") 3.0 1.4--6.0

ferdhroeyte sedimentation rate (Wintrobe),
(nm/ar}
Male 4 0-9
Yenale 10

0-20

495
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Normal blood contains 0.5 lo 1.5%of circulating erylhro-
cytes as reticulocytes. These cells contain a fine network of

basophilic reticulumthatis demonstrable on staining with a

vital dye auch as brilliant cresyl blue. The number ofthese

cells in the blood is a measure of effective erythropolests.
Ligh eirculaling-reticulocyte values are an index of erythro-
poietic activity and are foundin thefirst. few days

of
life,

after hemorrhage and after treatment of iran- or yvilamin

Byo-deficioncy anemias.
The normal eryéhroeyle (normocyte) is a flexible, elastic,

biconeave, enucleated structure with a mean diameterof 7.3

wmanda thickness near 2.2 4m. ‘The chemical constituents

of the red blood cell include water (63%), lipids (0.5%), glu-
cose (0.8%), minerals (0.7%), nonhemoglobin protein (0.9%),

methemoglobin (0.5%) and hemoglobin (33.6%), ‘The pri-
mary funetion ofthe erythrocyte is transportof oxygen and

earbon dioxide. ‘The red cell membrane,
a

dynamic, semi-

permeable componentof tho cell, is associated with energy

metabolism in the maintenance ofthe permeability charac-

teristics of the cell to various cations (Na‘, K*) and anions

(Cl, HCOg"}. ‘Phe stromaof insoluble material which re-

mains after red-cell disruption (hemolysis) constitutes 2 to

5%of the wet-cell weight it is primarily protein (40 to 60%)
and

lipid (10 to 12%), The membraneincludes stromatin (a
fibrous or structural protein) and mucopalysaccharides

as-

sociated wilh A, Band Q bload-group substances. Thelipid
fractions include phosphatides (lecithin, cephalin), chales-

teral, choleateral esters, neutral fats, cerebrosides and slalic

acid glycoproteins.
Erythrocytes may be enumerated by either visual or elec-

tronic procedures. In the visual procedures,
a measured

quanQly of blood is diluted with a fluid whichis isotonic

wilh blood and will prevent its congulation, The diluted

blood is then placed in a
counting chamber (hemocytome-

ter), and the number of ceils in a circumseribed area is

enumerated microseopically, Hayem’s solution (sodium
sulfate, 2.5 ¢ sodiumchloride, 0.25 g mercuric chloride, 0.25

x; distifled water, 100 m1), ‘Toison’s fluid (sodiumsulfate, 8

g; sodium chloride, 1 g; methyl violet, 0.025 g; #lyeerin, a0

mL: distilled water, 80 m].} or 0.9% sodium chloride are

used as
diluting fluids. ‘The overall error ef this methodis

about 8%,
A greater degree of accuracy and reproducibility

can be

achievedby erythrocyte enumeration in an electronic caunl-

ing apparatus; eg, Coulter Counter or Ortho cet] counters,

‘The Coulter method (Fig 28-1) determines the numberand
size of particles suspendedin

an
electrically conductive lig-

  
  

Intersant
Elactrodo

 
Aporatura

BathExtarnal
Floctrads

Apertura Milian fig 28-1. Coulter-counting calls by electronte Impedance

{courtesy Cauiter Electronics).  

uid. The bloodcalls traverse a small aperture and displace
their own volume in the diluent os to produce

a
change in

resislance betweenthe electrodes; the magnitude ofthe volt-

age pulae is proportional
to cell volume, and the resultant

pulses
are then amplified, scaled and automaticaily counted.

In the Ortho ELT-8 technique (Fig 28-2), the principles of

laser flow cytometry
are used to countcelis, Hydrodynamic

focusing and laminar flow are combined in the system to

count a
large numberof individual cells. Light focused by

a

helium-neon laser is geatlered by the cells as
they pass

through the flow channel. The scattered light is monitored

by
a

photoelectric
sensor and transfers the electrical pulses

whichare
processed by the systems circuitry, In addition to

inereased counting speed, the overall errorof the electronic

procedures
is reduced to about 1%,

The hematocrit value is also a measure of the erythrocyte
portion of blood. A sample of blood containing

an
anticoug-

ulant is placed in a
graduated hematocrit capillary tube,

centrifuged and the volume ratio of packed red cells to total
blood volume (hematocrit. value} determined. The centri-

fuged sample appears as a red layer of packed erythrocytes
over whichis found an off-white layer of packed leukocytes
and platelets, and a

supernatant plasma phase. ‘The hema-
tocrit value ig. an index of beth the numberandsize ofthe red
celis.

Hemoglobin,
a

conjugated hemoprotein with an
approxi-

mate molecular weight of 67,000, contains basic proteins, the

idohing and ferroprotoporpkyrin (heme). It is essentially
a

tetramer, consisting of four peptide chains, to each of which
is bound a heme group. Heme, which constitutes about 4%

of the weightof the molecule, consists of a divalent iron atom

in the center of a
pyrrole-porphyrin

structure. Fourdistinct

polypeptide chains («, 8, y, 6}
can he incorporated into

hemoglobin. Normal adult hemoglobin is HbA
=

cada,
Fetal hemoglobin containg 2a and 2y chaing and is designat-
ed HbF

=
ttydygl,

Differences in the structural sequences of amino acids in

the peptide portion of the hemoglobin molecules are con-

trolled genetically and are
responsible

for differenttypes of

hemoglobin. Based on the characteristic mobility of the

hemoglobin, in an electric field (electrophoresis)
on starch,

paper, cellulose acetate, agar or acrylamide gel media, many

hemoglobin types have been recognized (see Chapter 29),

Only types P, F and Aj-Aq
are considered normal, Sickle-

cell anemia and #-thalassemio
are

hemolytic anemias assocl-
ated with abnormal hemoglobins (ie, Type § in sickle-cell
anemia and abnormal productionof the ¢ chain in @-thalas-

Signal Ouyput

Sampla Stroam
—--

Shaath
Fiow Channat

Sansor
Limiting Aparture
Scattered Beans
Obpuctive Optica
Seattorad Boars—
Blockervem

Diiract Boam
—

Ragion of Hydrodynamic Focusing

Sampla

Fig 20-2.
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semia}. in homosyyous WS diseasesickling ofthe redcells
is due to the foswsolubility of the abnormal hemoglobin in its

reduced siate, wilh the production of semieryatalline hadies

(lecloids), which distort and elongate the cells. In the sick-

le-cell trail Gheterozygous), the blood smear shews na sickle

cells. In the homogygous condition, HbS accounts for neare

ly all of the hemoglobin with small amounts of HbR, In the

heterozygous condition, HbS constitutes 50% or less of the

hemoglobin, with the balance as HbA.
The detection of sickle-cell disease is performed by micro-

scopic observation of the induction of red-cell sickling in the

presenceofa reducing agent. such as sodium metabisulfite or

by quantitative determination of urea-dispersible turbidity
induced by dithionite fotlowing reduction of HbS ta deoxy-
HbS in RBClysates. ‘The microscopic procedure will detect

anly homozygotes, whereas HbAS and Hbandits structur-

al variant. HbC-Harlem both are defected in the urea-dith-
ionite technique. Commercial qualilalive lest kiis are avail -
able for detecting sickle-cell trait and anemia by solubility
determinations. All hernoglobing positive to the dithionite
test. must be clectrophorizcd (cellatose acetate, citrate agar
or starch gel} to differentiate HbS from WbC and thulasse-
mia traits, Drugs causing hemolysis in glucose 6-phosphate
dehydrogenase (GGPI)) deficiency include sulfones, aitrofu-
rans, chloroquine, dimereaprol, nalidixic acid and prohene-
cid,

The hemaglobin concentration is measured
spectropheto-

metrically after Lysis of whole bleed and conversion of hemo-

wobin to hematin, oxyhemowobin
or

cyanmethemoglobin,
The addition of a strong base (NaOH) ta pH 10 converts

oxyhemagobin, carboxyhemogiobin and methemoglobin
to

hematin, which can be estimated photometrically. Weaker

bases (NneClOs
or NH OH) convert hemoglobin to oxyhemo-

globin for analysis,
‘Total hemoglobin is measured also by conversion to cyan-

methemogobin using alkaline sedium eyanide-potassinm
ferricyanide reagent. Hemoglobin standards certified by
the Clinieal Standards Cominittee of the College of Ameri-
ean Pathologists are used In these procedures, and all results
are

expressed
as

“yg hemogiobia per 100 mb, blood.”
Tn the normal state, the oxygen consumption of the RBCis

low and it is involved in the conversion of hemaglobin to
oxidized (Fe*!) methemoglobin GHbM) which cannot bind
oxygen. ‘The nenmal balance of HbM(<0,5%) is maintained

by
two enzyine systems

-~
NADH and NADPH methemoylo-bin reductases. An inheriteddeficiencyof the

Ree

ene
GGPID. ‘This will decrease the rateof reductionol glutathi-one and methemogiobin, make the cell more

valnorable
to

oxidative atiack and result in susceptibility to drug-induced
or immune-mediated nonspherocytic hemolytic anemia,
G6PD deficiency is found predominantly in Mediterranean

peoples, Southeast Asians, Africans and American negroes,
The enzyme can be quantitated spectrometrically

or by

 

 
 

 
 

 

{luoronephelometry by measuring the rate of reduction of
niedtinamide adenine dinucleotide phosphate (NADI) in
the presence of GGPD. Presumptive screening tests based
on reduced ghatathione (GSH) content of blood before and
after incubation with acetylpbenylhydrazine alsa are used.

Frythroeyte count, hemoglobin content and hematocrit
value are used to determine various blovd indiges in the

diagnosis and treatment of anemia, ‘These measurements
ares

Mean corpuscular solunic {MCV Gan} |
=

YW crit (%)X10
le wou (millionsfe ma) Prytles

Mean corptescular hemoglobin {MCH (py)
=

Hemoglolin (2/100 m1)10
erythrocyte cout

(niillions/eu min)
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Mean corpuscitar hemoglabin concentration MCHC)

Hemoglobin (/100 ml) X 200
Hematocett (4)

 

An additional parameter used Lo characterize red-cell yaria-
tion is the red-eel) distribution width (RIIW) defermined on

the Coulter S-Pius Ho ‘Phe RDWis caleutated directly by
the standard deviation and coefficient of variation from a

red-cell hislogram
on the S-Pdus [BE 'Phe differenee in cell

sive may be used to monitor patients with pernicious or

hemorrbagic anemia.
Anumins are classified as Lo red-cetl volume and hemaglo-

bin concentration. Macrocytic (large cell: MCV > 94),

aormocytie Grormal cell; MOV, 82 to 92}, or
micracytic

ésmall cell; MCV < 80) are the classifications according bo

cell volume. Collular hemoglobin concentration categorizes
the cells as to Ryperchronic (MCHC & 38), narmochromic

{MCHC
=

32 to 36),
or

Aypechromic (MCHC < 30). [exam

ples of anemias:

1 Hypochromic Microcytic—erytiraid sormoblastic anemia
in bone narrow
A. tran Deficieney-—tow hemogdobin (tbe) and RBC, low

serumjron, high total iran binding capacity, alent heme-
siderin.
i. Dietary-—dow iron intake
2 Intestinal problems--cdeereased iran absorption
3. Pregnaney, infants-—-increased fron requirements
4. dron logsdue to chranie hemorrhage, parasitic infec:

fions, G1 ivaet lesions, excess monsirual bleeding,
3. Hereditary Sideroblastic --defeel. in the heme synthesia,

an inabilityLo adtilize ingested iron.
(. ‘Thalassemia—-penetic abnormality which produces

neor-

mal to inercased Hil and/or HhyAg.
HW. Normoachromic Normoeytic

A. Hemolytic.-ineressed destruction of erythrocytes.
1. Autoimmune hemolytic
2 Cold agglutinin hemolytic
3. Mechanical destruction of RBCs
4. Paroxysmal Nochurnal homopglobisuria
&  Lyinphomas and Hodskin's dincage
6. Infeelions

BR. Yemoglobinopathies-~abnormalities in atructure of al-

pha
or bela chains of hemoglobin molecule; nortallaslic

erythroidhyperplasia is bane marrow.
1. Sickle-cell
2. Temelysis
3% Hemoglobin OC

CG. Acute Hemorrhage
2. Other

1.) Aplastic Anemia, Leakemis, Malignancy
% Renal faitare and drug-related anemias caused by

chloramphenicol and arnuineoplaslic drups.
IH. Nermoachromic Macrocytic- -dae to deficiency of vitamin By.

or folate; bone marrow ix hypercelludar with increased ery-
throid precursors.

1. Pernicious2.
Sideroblastic

4. Sprue-total iron-hinding eapacily in decreased; he-
mositlerin is increased in the bone marrow,

4, Preynancy

ad

Determinations of the suspensianstability of whole blood
and eryibrocyte fragility

are useful adjuncts in the diagnosis
of various diseases,

"Phe ervthrocyte sediacatation rate (SR) is an estimate of Che sis:

pension stability of ved bloud celle iy plasma; it is eelated te the number
and sive of the red cells and to fhe relative concentration of plasma
proteins, espocidily fibrinogen and the oa and 3+ giobuding, ‘has lest is
performed by determining the rate ofsedimentation of blood cetls ina
statilard babe, Nomaal blood asi isd to faara/hour, liereases aroun
indiention of aclive but obscure ¢ se processas such as Giberculosis
and ankylosing spondylitis. ESR ix alTectedl by anemia and dees net.

respond linearly with changes in asynniaedrisal macromelceules such as

fibrinogen anilabins.
‘The zeta sedimentation ratia (ASR) technique overcomes those disad -

vantages, dlis baserlon a measure al The closeness with which RBC will
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approach each other after standardized eyeles al dispersion and compac-
diva.

‘She ervthroeyte feagitity test is based on resistanceofcelle lo hemoly-
sid in decreasing concentrations af hypotonic

sali

Incransed osmotic fragility of the red colls is assoclaled wilh various
Lypes of spherocytosis and acquired hemolytic asensia; increased! resis-
tance has been observed in thalasseraia, aielde-cell anemia and lypo-
chromic anemia. ‘The test can be performed manuallyby colorimetric
estimation of hemuglebin released by hypatonic cell rupture ar autorial-
jeally 31 ae Diwtrument. which continually records the increase in light
Lrananittunce Chraych a suapension of red cells ina continuously de-

creasing salt gradient chuvings diakyais,

 

 

 

Leukoeytes—Mature feuhecsies (vhite blood cells,
WBC) in peripheral blood and their precursors in hone and

lymphoid tissue comprise the leukocytic system. Various

types of Jeukocyles
are foundin normal blood. Differetia-

tian of the lymphocytic, monocylic and granulocytic leuka-

cyte types is based on cell size, color, chromatin structure
and eytoplasia constituents.

The primary function of jeukocytes is the develapmentof

the various defensive and reparative processes in inflamuna-

tory and immune-respanse mechanisins. ‘The migration of

leukocytes to the site of inflammationis associated with the
release or activation of various biechemical substances (5-

hydroxytryplamine, histamine, complement, immunaglebu-
ling, prostaglandins, lysosomal enzymes). ‘Thetissue histio-

cyte or manoeyLe (macrophage) also can
engulf and destroy

foreign particles hy the process of andocytosia and certain

leukocyte types by phagocytosis.
‘The chemical compositionofthe leukocyte includes water

(82%), nucleoprotein, phospholipids and trace minerals.

Wnzyme content, glycogen and histamine levels vary in the
different types of whitecells. Deficiency in enzymes associ-
ated with glycolytic metabolism (hexokinase) ane increases
in phosphomongester hydrolases (alkaline phosphatase}
have been observed in leukocytes of certain leukemia pa-
tients.

The precursors of granulacyc leukocytes
are found in

bone marrow and are classified according
1o the degree of

cyloplasmie granulation, dye-affinity of the granules and

shape of the nucleus (Schilling, Arneth or Coohe-Ponder

Classification), As undifferentiated cells (inyelablasts)
ma-

fure
 

promyelucyle
o~

myelocyle
-*

metamyelucyle
- +

band leukocyte
segmented ieukoeyte

metachromatic granules appear in the cytaplasny (granule-
cytes), Allsegmented leukocytes

are motile, a
requirement

for participation in the inflammatory
or

phagocytic process-
G5.

In the mature basophilic and eastnaphilie leukocytes,
these granules develop

an affinity for a basic or acidic dye,
respectively; those cells containing granules which do not

stain are called neutrophils, In peripheral bload, the ma-

ture griumulocytic ceils are
designated polymorphonuctear

leukooyles neutrophilic, eosinophilic
or basophilic.

The other typea of white cells normally observed in pe-

ripheral blood have no
granules and are classified as to size

andshape inty the monocyte and bunphocyte, which are

formed in lymphoid tissue. ‘The smal] lymphocyte is thy-
mie-derived and is found in the circulation and germinal
centers of lymphoid Gissue. ‘The origin of the large lympho-
eyte ida yot-associaled lymphoid stem cell which can further
differentiate into the immunoglobulin-producing plasma-
evie, The interaction of thymic (LP) and bone-marrow (3)

lymphocytes is the basis for the development and mainte.
nance of humeral and cellular immune mechanisnts.

Leukocytes are enumerated byprocedures similar to those

used for erythrocytes.
In the visual procedures Lhe blood is

diluted with a fluid (8%v/vacetic acid) which lyses the red

cells,
and thetotal leukocyte countis delerminedmicroscop-

ically. Eosinophils also may be analyzed differentially with
a diluting fluid which renders the red cells nonrefractile and

invisible, and lyses Uie base-labile loukanytes, Jeaving the
basu-stable eosinophils intact, A suitable diluting fluid for
thia purpose is Pilot's Fluid (propylene glycol, 50 mT; dis-
Ulled water, 40 mis 7% phloxine, EO mij 10% sodium

carbonate, i mi. and heparin sodium, 100 units}. Mlectron-

ic-counting procedures
are similar Lo those used for erythro-

cyles with the added advantages of speed, accuracy and

reproducibility,
The normal adult leukocyte value is 5000to 10,000 cella/en

mm. Values greater than 10,000 (leukocytosis)
are encoun:

tered in the newborn infant, young children, after violent

exercise, convulsive seizures of epilepsy, leukemia and can-
cer. Values of leas Uhan 5000 Veukoperda)

are observed in
certain microbial infections (eg, typhoid fever, measles,

ma-

lavia, overwhelming septicemia), cirrhosis oftheliver, perni-
cious anemia, radiation injury and replacementof marrow

by malignandtissue.
A differential

count of the leukoeyles provides informa-
tion ag Lo the relative numbers of each type. A thin filmof
bload is prepared

on a microsecape slide siained with a
poly-

chromatic preparation such as the Leishman, Wright
or

CGHemaa stain, and analyzed microscopically, Wright's stain
contains polychromed methylene blue and eosin dyes; the

erythrocyles
are stained pink; the nuclei of the lewvkocytes,

purplish-bhig; neulrophilic granules, violet-pink; cosine.

philic granules, red; basophilic granules, blue; and
platelets,

blue.
The recent intraduction of automated systems for differ-

ential white-cell counts significantly reduce the errors inher-
ent. with the subjective nature of the visual counting proce-
dure. Differentiation ofthe various cell types can be made
on the basis of cytochemistry and staining properties of

enzymes specific for a
single cell type. The granules of

neutrophils and eosinophils
are stained by action of their

peroxidases
on

4-chloro-I-naphtbol to form a colored qui-
none in Lhe presonee ofa peroxide

andfurtherdifferentiated

by the optimum pH for peroxidase activity between these
two coll types. ‘The monocytic lipase is used as n

specific
marker by the reaction of basic fuchsin with a-naphthol
liberated by Hipase

on
a-naphthylbutyrate substrate, ‘The

lymphocytes are not stainedin thia procedure but are mea-

sured by electronicsizing,
Automated differential WBC counts also have been ob-

tained in systems which countlarge populationsof cetls by
simultaneous measurementof lwo optical properties (axial
light Jogs and/or narrow-angte seatter and/or multiple-wave-
length fluorescence}. Laserlight alsois used to differentiate
cell sie, granularity and volume ofcells. The collectedlight
measured by forward versus

right-angle scatteris converted
toa histogramgiving the percent of lymphocytes, monocytes
and granulocytes. Another system involves computer pro-

cessing of two-dimensional images of the various cell types

using
an automatic scanning microscope.

Polymorphonuclear neutrophilic leukocytes (neutro-

phils, “polys”) normally comprise 62% (50 to 67%) of the
total Jeulcyle count. ‘These cells are irregular in shape (10
te 15 am in diameter) and usually contain a multilobated
nueleus withfine, lightly stained cytoplasmic granules. An
immature or

juvenile form of neutrophil, with a band-

shaped nonsegmented nucleus constitutes d to 5% of periph-
eral Dlood leukocytes. Increases in the relative percentage
of these cells (neutrophilia) is observed in acute microbial

infections (eg, meningitis, smallpox, poliomyelitis), meta-

bolic disorders (diabetic acidosis, pout), drug intoxication

(digitalis, epinephrine), vaccination, coronary thrombosis
and malignant neoplasms.”

Polymorphonuelear eosinaphille leukocytes (eosine-

phils} normally carmprise about 1 fo 3% of total circulating
white-blood celle. in appearnnce they

are similar ta the

neutrophil with the exception of Jarye, red-stained cytoplas-
mic granules, Eosinophilia has been observed in certain
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gkin diseases (peoriasis, eczema), parasitic infestations (pork
round worni-—drichinosis), cerlain hypersensitivity

reac-

tions, scarlet fever and pernicious anemia, Charcot-Leyden

crystals, which are found in bronchial secretions from nasth-

maties,
are derived from nucleoprotein -disintegralion prod-

ucts of eosinophils.
Polymarphonuclear basophilic leukoeytes (basophils)

possess large cytoplasmic granules which stain a deep blac.

These cells, which are
primarily

sources of blood heparin
and histamine, constitute less than 1.0% of Lhe leukocytes.

Basophilic leukocytosis is seen in chronic myelocytic louke-

mia, hemolytic anemia and Hodgkin's disease. Basaphilic

leukopenia
occurs following radiationor therapy with ghuce-

corticoids.

Lymphocytes have a cell diameter from 7 10 10 pan {small)
io 10 Lo 18 wan (large). 'They have a rownd,

or
slightly

indented, deeply stained nucleus and normally comprise 25
to 38% of the leukocytes. Lymphocytosis ia seen in infec-

tious mononucleosis, lymphocytic leukemia, rickets and in

most conditions associated with neutrophilic leukopenia

(neutropenia),
Monocytes conslibule 3 10 7%of the leukocytes, ‘They

are

larger (1.2 to 20 zm) thantheother leukocytes and possess an

abundant, pale, bluish-violet-stained cytoplasm witha fine,
reticulated chromatin struckure in the nucleus, ‘The mono-

cytes (macrophages) phagocytize bacteria, paraaiic prote-
z08, foreign particles and even erythrocytes, Monocytosisis
seen in certain microbial infections Guberculosia, typhus,
malaria), Hodgkin's discnase and manoeytic leukemia.

Drag therapy frequentiy
causes

neutrophil dysfunction
which can be characterized by

a decreased number of mature

neutrophils
or a defect in cellular function resulting in the

inability of the body to defend itself against infection.

Drugs such as nitregen mustard and chloramphenicol de-

generale bone-marrow stemcells, and DNA synthesis ia im-

paired by antimetabolites such as methotrexate and fluro:

uracil, Depolymerization
of DNA is caused by procarbasine

and alkylating agents. Mitosis ia inhibited by colchicine

and vinca alkaloids, ‘Che following outlinelists drugs which
cause

granulocytopenia?
Phenothiasines

chivepromasine
MepMZiE

Nonchemotherapeutic
rifampin
finlocetin
benzene methotrimeprazing
nitrous oxide prochtosporazine
ethanol thoridizine

Anlithyraid Antibiotics
ehleramphenical
carbenicillin

carbhnazale
methinuzele
thiouracil avineatulvin

Thurelics isoniazid
acetazolamide: nevebiogin
chtorthalidane Cardiovascular
chlorvothiazice dinzoxide
ethaccynic acid procainamide
hydrochlorethiazide methyl dopa
mereurials quinidine

Antihistamines propranolel
odiiytenediamine
thenalidine
metaphenene
pyribengamine

As qualitative and quantitative changes in leukocytes in

peripheral blood and their precursors in bone marrow and

lymphatic tissue are associated with the variaus types of

lughemia, this disease has been classified on the basis of the

predominating typeof leukocyte, ie, myelocytic (granulocyt-
ic}, lymphocytic, monocytic

or
plasmacytic, Leukemia may

he either acute or chronic and involve the replacement of

bone-marrowelements by malignantcells, infiltration of the
relticuloondothelial system, anemia, Lhrombocytopenia and

bemarrhage. Leulamia usually is associaLed with an elevat-
ed WAC count and inerease in ihe specific cell andita pre-
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cursors in peripheral blood, but. in certain instances there is

an aloukemic blood picture with no evidence of leukocytosis.
Leukocytes in acute leukemia are more immature (“blast”-
type cells) than those encountered in the chronic type.

Tn many diseases of the hematopoietic sysLam, iL1s WECes-

sary to examine the bone marrowto determinethe rates of

formation, maturation and release of blond cetls into the

peripheral circulation, Using
a puncture biopsy needle,

samples of bone marrow may be obtsined from the sternum,

iliac crost or
proximal end of the tibia. Smears of marrow

then are
prepared, stained (Wright’s stain or

specialized

histopathological procedure) and examined microsropically.
‘The ratio of myeloid leukocyte to nucleated red cells in bone

marrow, the presence of abnormal (nommyelcid) cells, the

number of platelet precursors (megakaryocytes), the sigis
of cell-maturation arrest. and the presenceof focal lesions are

important factors in the diagnosis of various disease slates.

Systemic lupus erydhemuatosts (SLE) is a disease charac

derived by
wumerous clinical and pathological manifesta-

ions associated with various organs. Although the disease

chiefly affects the lymphatic system, the cardiag, renal and

articular systems also are involved. ‘The diagnosis of this
diseaseis based on the presence of an SL-cell factor in the

vamma-gtobulin fraction af biaod in the diseased state,

This factordissolves the nuclei af leukocytes by depolymert-
gation of deoxyribonucleic acid to form the SLM-body, Tf
serum from patients with SLEis incubated with whilecells,
the “polys”will engulf the liberated SLs-body

andform the

typical SLE-cell with a characteristic progressive loss of

nuclear detail. Drugs which cause SLIC and produce
a

prosi-
tive SLE-prep include hydralazine, procainamide, iuaniavid
and phenytoin.

‘These antibodies to nucleoprotein also can be detected by

immunological techniques. In the dauble-antibody teeh-

nique, the test serum containing antibodies to nuclear pro-
tein ig incubated with a rat kidney slice (antigen). ‘The

second antibodyis
a fluorescein-labeled goat anlibwnanip

munoglabuin UgG) which combines with the human leG
bound to the antigen site in a

positive test. ‘The Dueres-
cence ig eatimated by immunomicroscopy, Normal ligelst-

microscopy can be usedifthe goat-antibumas to: is labeled

with peroxidase,
‘Ehrombocytes-—Phe primary functions of Lhrombocyles

(blood platelets)
are the maintenance of hemostasis (arrest

of blood flow from a vessel) and blood coagulation (clot

formation). Platelets are oval to spherical in shape and

have a mean diameterof 2 tod jan. ‘Pheyoriginate from an

immature cell (megakaryocyie)
in bone marrowand ranges

of 140,000 to 450,000/cu
mn have been reported in normal

bloud,
Adhesiveness, aggregation und agglutination

are the prin-

cipal physical propertios of platelets responsible for hemo-

atasis and coagulation reactions. Chemically, they contain

protein (G0%), lipid (15%) and carbohydrate (8.5%), Their

content of serotonin, epinephrine and norepinephrineaids

in promoting consiticlion at thesite of injury. ‘Therelease
of “platelet thromboplastin,”

a
cephalin-type phosphatide,

and ADPare important
in blood coagulation.

As of the present lime, there is no satisfactory manual

method for aceurate enumeration of blood platelets. ‘The

aize and physient properties of the platelet. seriously deter

the developmentof acctirate and reproducible methodology.
Indirect methods of analysis

are based on the proportion af

platelets
to erythrocytes in a stained blood sme. Bleed

samples obtained directly from the fingertip paneture
are

diluted with an
anticoagulant fluid which simultaneously

will stain the platelets. ‘The ratio of platclets
to red calls

thenia determined microscopically and the vumber calcu

lated from the predetermined red-cell count (normal 4 te 8

plaielets/100 RBC). In the direct procedures,
a sample of

hieod is obtained by venipuncture, placed ina silicosined
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tube, diluted and subsequently analyzed by counting the

platelets in a
microscopic counting chamber using

conven-

tional or
phase-microscopy apparatus. Suitable diluting

fluids are the Rees-Heker Fluid (sodiumcitrate, 3.8 g; form-

aldehyde, 0.2% m1; briltiantcresyl blue, 0.05 py water, qe LOG
mL} or Brecker Fluid 0% ammoniumoxalate). Automated
proceduresfor platelet counting have increased the accuracy
to o:5 fo 10%, Bloodis collected ty a

special anticoagulant,
diluted and centrifuged al specified speeds to obtain a

“platelet-rich” supernatant flaid, whieh then is counted in
an automated counting apparatus similar Lo those used for
RBCcounting.

Methods for counting platelets in whole blood include
electranic impedence instruments and lnser-optical
counters

using hydrodynamic focusing. ‘These new hema-

tology multiparameter analyzers provide greater accuracy,

precision and increasedrate of analysis performed
ona small

volume of blood. ‘The automated instruments provide pre-
cise platelet measurements for monitoring chemotherapy-
induced thrombocytopenia and transfusion therapy.

Persistent. increases in platelet count
(thrombocythemiaor

piastrenemia) have been observed in chronic myclocytic
leukemia, polyeythemia, megakaryocytic hyperplasia and

splenic atrophy. Acute or
temporary increases in platelet.

values (hrombocyéosis)
are seen in trauma and asphyxia-

tion.

Thrombocytopeniaor 4 decrease in platelets to values less
than 66,000/eu

mim occurs in various purpuras or hemor-

rhagic states (idiopathic
or

symptomatic thrombocytopenic
purpura), Inherited platelet defects include Glanzmann’s
thrombasthenia which is characterized by prolonged bleed-

ing time and poor clot retraction, while Bernard-Soulier

Syndrome and Von Willebrand’s disease demonstrates de-
fective platelet adhesiveness, Defects in the release renc-
tion Includes “Storage Pool Deficiency” and ‘Aspirin-like"
syndrome.

A rare, inherited, structural and [unclional platelet abnor-

mality is the grey-platelet syndrome characterized by large
platelets lacking alpha granules and appearing grey on

Wright's-stained peripheral blood smears. Patients have a

history of bleeding, petechiae, easy bruising and expistaxia,
Diagnosis is confirmed by radioimmunoassay procedures to
detect. levels of platelet-specifie alpha-granule proteins.

Leukemia, extensive burns, splenic disorders and agents
such as quinidine, sulfonamides, hydrochtlorothinaide, di-

uretics, andiepileptics and newropharmacalogical agents
have been implicated in the etiology of symplomatic throm:

boeytopenia. Decreases in platelet count also are accompa-
nied by morphological changes in the size, shape and eyfo-
plasmie granulation of these cells and changes in adhesive-
ness and normal function in hemostasis and coagulation.

Studies on
platelel aggregation have been ofsignificant

value in the study of platelet abnormalities and theirrole in
disease alates. ‘The rate and extent of the aggregation and

cloling responseto adrenaline, ADP, collagen and thrombin
have been measured by observing changes in optical density
of platelet-rich plasma

on
adding of these agents or other

testsubstances. Low amounts of ADP give reversible agere-
gation, while a

hiphasic-aggregation pattern oecurs with in-
termediate concentrations of ADP or with epinephrine.
The second phaseis the releaseof the platelets’ endogenous
ADP. High concentrations of ADP result in an irreversible
aggregation. Aspirin aets as an inhthiter of the intrinsic-

platelet AD) andthe collagen reaction.

Reticulocytes-
the erythrocytes possess a fine reticulum in the cytoplasm.
In blood smears

prepared with Wright's, Giemsa and other

Ramanowsky methods, basephilic stippling of the erythro-
eytes occurs in lead poisoning (plumdbism). 'Phis is not to be
confused with the basophilic staining of the reticulocyte

 
In normal peripheral blood 0.5 to 1.5%af

 

which only
can be sean whencells are stained by supravital

procedures (mixture of dyes with wet. blood prior ta prepar-
ing of an air-dried blood smear), ‘The observed yranular
filaments er reticulum of this immature erythrocyte

are a
result, of endoplasmic coagulation by lipophilic dyes used in
Lhe supravital procedures, Rediculocytes

are enumerated

by sapravital staining offresh blood with an
anticoagulant-

dye solution,
‘The usual method of expressionis

Noofreficuloeytes/]
10
 % Retics

=
(1)

The “corrected” reticulocyte count is calculated for a more

meaningful clinical approach in the degree of anemia by
expressing Lhe percentage ofreticulocytes per num? of whole
bload,

Corrected Dat (Patretietiogybe
Rotiewlocy

Wxer
coun

oe

 
Tn indirect counting methods a thinfilm of the bload-dye

mixture is prepared
on a

microscopeslide, counterstained
with Wright’s stain and the reticulocytes enumerated in

proportion to a
predetermined erythrocyte count. In direct

procedures, reUeulocytes
are enumerated in wet Gims with-

out
counterstaining, Suitable dyes

are britiant cresyl blue,
methylene blue and danus green, ‘These methods are sul

ject to a
high counting

error,
An increase in the number of reuiculocytes is an index of

accelerated hematopoiesis and is observed in acute hemor-
rhage

or
adequate therapeutic managementof lron-deficien-

cy or pernicious anemia. In cases of chronic blood loss or

bone-marrow depression
a decrease in reticulocytes is seen,

Blood- Volume and Erythropoietic Mechanisms--——The
mean red-ceil mass in normal males is 2095 + 884 ml. (40
mL/kg), the average plasma volume is 2766 4: 459 mE (40
mL/kg) and the total blood volume is 4861 +: 795 mL (70
mL/kg). The specific determination of red-celd mess is esti-
mated accurately by tagging erythrocytes with !!Cy in. vitro
or “Re in vive. ‘These isotopes

are
incorporated into the A-

polypeptide (Cr)
or

porphyrin (fe) of hemoglobin in the
RBC and subsequent isotope dilution in blood after injec-
tion of tagged erythrocytes is used for calculation ofred-cell
mass. Thy hemolytic anemia there is also a decrease in the
normal Hille span (108 to 120 days) of the erythrocyte

as
indicated hy

a decreased survival time of "Cr-tagged red
cells in blood (refer to Chapter 33).

Plasma volume is estimated hy measurement of hemodi-
lution of

}V-injected °F or #1 human serum albumin. ‘Phe

aclivity of labeled albuminsteadily decreases afterinjection
due to the loss of albumin to the extravascular space, Tisti-
mates of zero-time radioactivily levels can be made by

ex-

trapolation ofa
typical first-order bload-level decay

curve.

Dyes (Evans Blue} and other isotopes
are jess satisfactory

for accurate assessmentof plasma volume. ‘The total blood
volumeis equal to the red-eell mass and plasma volume,

Chronic expansion of the red-cell mass is seen in primaryand secondary polyeythemia associated with erythrocytosis
dae to hypoxia, tumors and renal disease, In these condi-
ions, there is an increased hemoglobin and hematocrit. and
absolute increase in red-cell mags. In relative polycythemia
the high hematocrit is due to contraction of the plasma
volume, Chronte expansion af the blood velume, with a
resultant decrease in hematocrit value and, in some cases, a

“hemodilution” anemia, is seen in cardive failure, normal
pregnaney, hepatic cirrhosis, splenomegaly and arteriove-
nous fistula.

‘The metabolic defect in pernicious anemia, characterized
by Inadequate gastrointestinal absorption of vitamin ]3)9,ia
diagnosed readily by monitoring urinary radioactivity fel-
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lowing oral administration of cyanocobalamin-"7Co with and
without intrinsic factor, ‘The percent recovery of the iso-

tope in normal!patients is 3 to 25%and in pernicious anemia
0 to 2.5%,

“Cr-Lagged erythrocytes also are used in studying the

effects of various compounds, such as the nonsteroidal anti-

inflammatory drugs,
on

sastrotntestinal (GJ) bleeding,
‘The patient's blood cells are

tagged with Cr and the agent
under Lest ja administered. If GI bleeding

occurs, there is an

increase in“Cr content of fecal samples
ag a result of blood

losa into the lumen of the GI tract.
Measurementofthe absorption of radioactive tronPe),

its tissue distribution (liver, spleen, precordium, sacral bone
marrow), plasma elimination and urinary exeretion estab-
lish various ferrokinetic parameters. Jron is absorbed to

the greatest extent as the ferrous salt in the upper amall
intestine, Absorption is decreased in fron overload, eryth-
ropoiesis and various malignant, inflammatory or infectious
diseases. Iron is tranaported in plasma bound to transfer-

rin, a specific iron-binding protein. Alterationg in plasma
jron and

iron-binding capacily
are seen in pregnancy, thalas-

semia major and iron deficiency Chypochromic}) anemia.
Tron ia stored in the liver, bone marrow, skeletal muscle and

apleen
as ferritin and hemosiderin. The daily turnover of

iron jg about 35 ing, primarily from an
“erythropoietic labile

pool” in bone marrow.

Hemosiderosis ia simply
an increase in iron slarage,

whereas hemochromatosis denotes inereased tron storage
with associated tissue damage. Both of these states can

result. from oral or
parenteral medicinal/lransfusion tron

overload. Tran excretionis limited and occurs
by desquama-

tion of iron-containing cells from the bowel, skin and urinary
tract.

Iron-deficiency anemia is a
aymptom and nota diseaae.

Treatment is based on evaluation of ferrokinetic parame-
ters, correction of hemoglobin

andtissue-iron deficiency and

recognition of the underlying
cause

(eg, chronic blood logs),
Blood Coagulation—Hemostasis, the arreal of blaod

flow from a
vessel, is regulated by extravascular (muscle,

skin and subcutancous tissue), vascular (blood vessels) and
intravascular (platelet-adhesion, clot-retraction and blocd-

coagulation) mechanisms. ‘The following discussion wil] be
Hmited to those processes related to the blood-coagulation
mechanism. Whenbloodis allowedtoclot, the free-flowing
liquidis converted byte a firm cell clot aurrounded by

serum.

If an anticoagulant is added to blood, coagulation does not
oceur and the blood cells are suspended in a

liquid phage

—plasma. Tho clotting mechanism invelves three stages:
the formation of plasma thromboplastin, the conversion of

prothrombin to thrombin and the conversion of fibrinagen
to fibrin.

The International Committee on Nomenclature of Blood

Clotting Factors has numerically designated the blood-coag:
ulation factors (Table Il). Fibrinogen and Factors V and
VIII are absent in normal blood serum as a result of the

clotting process, ‘The abserption characteristics of certain

blood-coagulation factors on calcium phosphate
or barium

sulfate are used in the differential analysis of specific fac-
tors. The interaction of coagulationfactors may be initiated

through either the intrinsic or exlrinsic pathways. In the
intrinsic system all the factors are present in the blood, while
the extringic syslem is activated by the release of tissue

thromboplastin, Figure 28-3 shows the activities of both

pathways to form a stabilized fibrin clot.

In Stage| of the congulation process, the contactof injured tissue with
blood results in the aetivation of Factor XU, whieh reacts with calcium,
PTA, PTC, ANG and Faetora EEL, V and X to yield intrinsic or bioad
thromboplastin, This stage nomnaily is completed in & to G min, x-
trinsic or tissue Uiromboplastin is formed rapidly (< 12 see) in various
tissues in the body sueh as dung and brain in the prascned of calehumand
Factora V, VE and &.
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Tabie H-—Blood-Coagulatlon Factore

Factar Synonym

 

1 Fibrinogen
I] Prothrombin

IW Thromboplastin (Hssue)
IV Caleium

Vo Labile factor, proaceelorin, Ac globulin
VI Aecelerin

Vi Stable factor, proconvertin, serum prothrombin
conversion accelerator (SPCA)

VI Antihemophilic globulin (AHG)
1X Christmas faetor, plasma thromboplastin component

(PTC)
X

=

Stuart-Prower factor
XE Plasma thromboplastin antecedent (PTA)

XIE

=

Hagemanfactor
XITE

|

Fibrin-stabilizing factor CPSP)

Ingringie.

*it

|x!

|
cn

x

|

UL (Tissue Throrstoplastin)
Vit

(Vit Cn+ PL) ca

Xo, (V+ PL 4+ Catt}

(Prothrombin) [| —* Thrombin

|Fibrinegon —* Fibrin

Thrombin
HEE] emo

pe

KEL
cat

Stabilized Fibrin Clot
*Plotelar lipid

Fig 26-3, Blood Coagulation Process.

In Stage 2, thromboplastin catatyzos the conversionof prothrombin to
thrombin (9 10 1.5 gee) in the presence of Paetara V, VO, X and calcium.

In Stage 3, the thrombin rapidly conyerts fibrinageninto fibrin, which
then forme a network offibers that traps red cella and thus forms the
blood clot.

Althoughthe exact nature of the enzymatic aequences in the

coagulation process is notclear, it is definitely
a

biological
amplification process starting from the small reaction of
tissue eontact to rapid conversion of fibrinogen to fibrin.

Blood contains natural inhibitors of coagulation such as

antithrombin, heparin and antithromboplastin, which can

prevent
a particular reaction in the coagulation sequence.

The dissolution of blood clots occurs
by the action of the

blood proteolytic enzyme-~plasmin
or

fibrinolysin. Plas
min ie formed fromits precursor, plasminogen, after activa-
tion by issue and body fluids or substances of bacterial

origin (streptokinase).
The routine tests performed in the coagulation laboratary

are indices of vascular function (vascular phase and platelet
adhesion)

or intrinsic clotting mechanisms. Determina-
tions of bleeding time and capillary fragility provide eati-
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mates of blood coagulation in the presence of platelets and
tissue or vascaar factors. In the Ivy method for determina-
tion of capillary bleeding time, a blood pressure cuff is

placed
on the forearm and inflated to 40 torr; a

puncture
woundis made and the time required for blecding ts atopis
noted, Bleeding time is a sereening teat for disorders of

platelet function or vascular defects but. is usually normal in

coagulation disordera. ‘The test is useful in the differential

diagnosis of Von Willebrand’s (reduced factor VII, with a

normal bleeding time) disease from mild hemophilia. ‘The
normal bleeding time,

as determined by this methodis 1 to 9

min, Dextran, pantothenyl aleobol, and derivatives, peni-
eilin G, nonsteroidal anti-inflammatory dvugs and strepto-
hinase-streptodornase may cause a

prolonged bleeding tine.
The Simplate 12 (General Diagnostics Div, Warner Lam-

bert) is a standardized, disposable, springloaded bleeding-
time device for platelet function lesling. It uses two blades
that are released automatically to produce two uniform inci-
sions 6 mm

long
X Linm deep, making the procedure reliable

and repreducible.
The capillary fragiliéy

or
tourniquet test is based on the

incidence of petechiae (small red marks) formation pro-
duced by

an inflated blood pressure cuff over a S<min period.
Normally,

a few tiny petechine may appear. ‘The most.com-
mon cause of abnormalities in vascular-function and phate-
let-adhesion tests is thrombocytopenia.

An analysis af the intrinsic coagulation mechanism is

coneerned with the determination of thelevels of the specific
clotting factors in whole blood. In preliminary studies of a

suspected hemorrhagic disorder, determinations ofcoaguia-
tion time, clot retraction, platelet count, bleeding time and

capillary fragility usually
are

performed.
In the Lee-White procedure, Lhe coagulation tine of whole

blood is determined in regular
or siliconed tubes. Normal

valves are 8.4 to 16 min in glass and 18 to 60 mininsiliconed
tubes. Anticoagulants and tetracyclines may cause in-

creased times while corlicosleroids and epinephrine
cause

decreased values. ‘The siliconization of glassware prevents

platelet aggregation and thus, delays coagulation. The sam-

ples used in the analysis of coagulation time are then in-

spected at.0.5, 1,2, dand 24 hrafter clotting to determine the
time requiredfor the various phasesof clot retraction. The
tubes algo are observed for evidence of clotlysis

or dissolu-
ion. The clot normally will start to retract in 30 min,
completely retract within 24 hr and show noevidence of lysis
overa72-hr period. Prolonged coagulation times are associ
ated with hemophilia, hypofibrinogenemia and Factor TX

deficiency. Abnormalities in any of these testa indicate the

requirements for further coagulation studies.
The prothrombin. time teat is a measure of the levels ofall

coagulation factors, except IU, 1V and VIL, and is anindex of
the capacily of plasma to form thrombin. In the “One

Stage”Lest, the plasma sample is mixed with ealcium chlo-
ride and tissue thromboplastin, and the time required for
fihrin-clot formation is determined, Results are

compared
with a normal plasma control, and the prothrombin timeis

reported either in seconds or as the percent. of prothrombin
caleulated from a standard activity

curve. Correction stud-
ies using normal serum, adsorbed normal plasma

or whale
normal plasma added Lo test serumindicate deficiencies of
Factors VII and X, Factor V and Factor Ti, respectively, I
none of these additives shorten the prothrombin tine,

a

circulating anticoagulant problem ean be suspected.
A modification of this technique (the protAronubin-pro-

convertin. procedure) using
a 1:10 dilution of both patient

and control plasma in the presence of prothrambin-free
plasma

as a source of Factors I and V, is a more sensitive
index of specific deficiencies in prothrombin, Factor VIL, UX

and X,
Qwren’s thrombotest, as

performed
on whole blood, is

 

sensitive to changes in both extravascular and intravagcular

clotting mechanisms, including Factor IX. ‘The dosage of

anticoagulant drugs, such as
dicumarol, ja adjusted ina accor-

dance with
prothrombin-time determinations; palients are

maintained usually within «
therapeutic range of 20 to 40%

of prothrombin activity (normal range, 80 to 130%). Re.
duced prothrombin levels, with prolonged prothrombin
times, are observed in vitamin K deficiency, hemorrhagic
disease of the newborn, excessive anticoagulant therapy,
liver and hiliary disease. ‘The interaction of other drugs
with anticoagulants may cause increased prothrombin
times. TDrugs such ag

salicylates, phenylbutazone, oxyphen-
butazone, indomethacin and some sulfonamides increase Lhe
amount of active anticoagulant activity, Other druga de-
eroase the amount of vitamin K produced by gut bacteria
which include chloramphenicol, kanamycin, neomycin,
streptomycin and the sulfonamides,

The prothrombin consumption test ia an index of the

efficiency of conversion of prothrombin to thrombin in the

coagulation process. ‘The blood sample is allowed to clot
under standardized conditions and then the quantityof pro-
thrombin complex removed in the serum is determined in
the presence of extrinsic fibrinogen. At least 86% of the

prothrombin is consumed normally. Reduged consumption
of prothrombin (<80%) is observed in coagulation deficien-
cies (hemophilia) related to thromboplastin generation,

Other types of coagulation testa detect deficiencies in

thromboplastin generation mechanism, The thromboplas-
lin generationtime test (PGT) provides

a meansof detect-

ing specific deficiencies of Factors V, VID, UX, &, XI or XIE
In the initial phase of this procedure the clotting time ofthe

patient's adgorbed plasmais determinedin the presence of a

standardized platelet factor reagent, calcium chloride, plas-ma substrate reagent (Factors I, UT and V) and the patient'sserum. If the clotting time is abnormal (>16 see), further
tesla are

performed with the patient’s plasma
or serum.

The adsorption of the plasma sample
on barium sulfate

removes Factors TH, VII, LX and X andfacilitates differentia-
tion of a Factor TX to X from V to VIET deficiency in the

thromboplastin-generation mechanism. ‘Thromboplastin
generationis reduced in hemophilia and thrombocytopenia.

The ectivated partial thramboplastin time lest (PTY)is
based on the observation that hemophilic plasma has a nor-
mal clotting Lime in the presence of a

complete thromboplas-
tin (extrinsic-saline extract of brain tissue),

as used in pro-
thrombin determinations, but will give

a
markedly pro-

longed clotting time with an
incomplete thromboplastin

(cephalin). Cephalin is a
thromboplastic, ether-soluhle

phospholipid factor with platelet-like activity. In this teat
the clotting time of the patient’s plasmais determinedin the
presence of calcium chloride and activated cephalin. ‘This
test is used primarily to detect deficiencies in Stage 1 of the

coagulation mechanismand is rather sensitive to changes in
Factors VITT and DX,

as seen in classieal hemaphilia and
Tactor LX deficiency (Hemophilia B or Christmas disease).

ty Stage 3 of the coagulation process, the presence of

adequate levels of fibrinogen and Urrombin is critical. Fr

brinogen levels are
analyzed semiquantitatively by deter-

mining the clotting Lime of a diluted plasma sample in the
presence of extrinsic thromboplastin. ‘This test is basically
independent of prothrombin levels, Mibrinegen conecnira-
tions of 125 mg%

orgreater are
adequate; deficiencies Chypo-

fibrinogenemia) have been observed in liver diseaae, carcino-
matosis and in certain complications of pregnaney.

Increased levela of fibrinogen degradation produets
(FDP) have been demonstrated in serum duo to primary
activation of the fibrinolytic system (pathological fibrinoly-
sis) or

by secondary activation following increased blood

clotting (disseminated intravascular coagulation). Tibrine-
gen (mol wt 3.4 X 10°) is degraded sequentially to fragments

MYLANINST. EXHIBIT 1013 PAGE 116



MYLAN INST. EXHIBIT 1013 PAGE 117

 
X, Y, D and18 with mol wis of2.7, 1.65, 0.85 and 0.55 X 10°,

respectively. Fragments X and Y are more potent anticoug-
wants than fragments 19 and E andare responsible for hem-

orrhagic states in defibrination. Complexes between fibrin

monomer, fragment X and other FDP interfere with throm-~

boplastin generation and platelet formation, FIP can be

measured by immunological techniques invelving latex ag-

glutination of particles sensitized with specific anlibodias to

FDP or
by

a
hemaghitination-inhibition

test. ‘The normal
level of serum FDPis 4.9 & 2.8 xe/mb. Enereased levels are

geenin acute myocardial infarction, menstruation, compli-
cations of pregnancy, hypoxic newborns, malignancy and
renal disease.

Deficiencies in the clotting mechanisms usually
can be

corrected parGally and temporarily by transfusion of normal

blood or
plasma. Whenthis faila, the presence ofcreulat-

ing anticoagulants (antithrambin, antithrombopiastins,

heparin) must be considered. Heparin acts indirectly by
means of antithrombin UWL, which neutralizes several activat-
ed clotting factors (XUka, activated Fletcher factor, Xda,

IXa, Xa, Ha and XHila). ‘The pharmacological
effect of an

oral anticoagulantis the Inhibition of blood clotting by inter-

fering with vilamin K-dependent clotting factors H, VU, IX

and X. Circulating anticoagulants
are detected by deter-

mining the effect of normal plasma
on the clotting time

(recalcification timte) of the patient's oxalated plasma in the

presence of calciumchloride. lf the additionof the normal

plasma does not shorten the prolonged recaleification time,
a

cirewating anticoagulant
state ean be reported,

Since the end-pointof ail coagulation tests is the conver-

gion of fibrinogen
tofibrin, it is vital that the analystrigidly

standardize his concepts of fibrin formation in visual record.

ing procedures. The use of mechanical instrumentation ip

the detection of clot. formation significantly has increased

the standardization, accuracy and reproducibility of coagu-

lation procedures. ‘These instruments measure and record

the process of fibrin formation via increased burbidity (co-

agulogram
or

photometric clol detection) or
changes in elec-

trical conduetance in the reaction mixtures. As well as per-

forming routine laboratory lesig simultaneously
or soquen-

tially, updated ayatems can run Fibrinogen and Factor #s-

says achieving rapid throughput and accuracy. New

porformance features are available with many of the auto-

mated coagulation instruments. ‘These include monitaring

temperature zones, digital displays of the individual clotling
Limes, automatic dilutions or

palients samples and progrun-
mable parameters for testing flexibility,

Hemophilia is a classic deficiency of antihemophilic glab-
ulin (ALG), Christmas disense of P'PC and Hagemantrait of

Factor XU. Hereditary
or

acquired deficiencies of Factors

HW, V, VU, X and X] also ave associated with disease states.

The process of blood coagwWation, analysis of coagulation
factors and interpretation of results comprise

a
highly

com-

plex system. ‘The coagudation laboratory and the physician
function tovetberin the diagnosis and treatmentof coagula-
tion-deficiency diseasas.

Btood-Bank Technology

Blood-banktechnology in the modern laboratory is part of

the blood-transfusion service. As whole blood for trans-

fusion andits components are bialogically active therapeutic

substances,
a complete analysis of their chemical and biolog-

ies! characteristics is vital Lo he assurance of successful

therapeutic effects, ‘The transfusion service ia responsible
for:

1.
Receiving and examining of Uae donor.

2, Collecting, processing and slaring the blood,a
'

3. ‘Pyping of recipient and donor tor ABO and Rh blood-groupfie
PR,
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4, Compatibility (cross: matching) lesting before transfusion,
5, Tsuiof blood for transfusion and extracorpargal cireulalion.
G. evatuating iransfusion complications,
Y. Perfarming of apecint serological (usta pertinent to blood groups

and otherJacters.

In this section a discussion of pertinent factors related Lo

the various phases of the transfusion service will be present-
ed.

Receiving and Examining of the Donor.-A complete
registryof prospective donors should be maintained, with

specifie reference to age, sex, weight, address, occupation
and telephone number, Computerized blood banking has

increased theefficiency of this service. Donors should pref-

erably be betweenthe ages of 2) and 60 and should weigh
no

jess Khan 110 Eb. ‘Che donor mayberejected
on the basis of

previous
er active incidence of certain microbial diseases

(reaurrent malaria, syphilis, infectious or
homologous

serum

hepatitis, tuberculosis), bleeding abnormalities, convul-

sions, allergic syndromes,
skin or heart diseases, diabetes,

alcohol or
drug addiction, pregnancy, cancer, recent tna.

nization with live vaccine product, acquired immune deft-

ciency syndrome (AIDS)
or blood-pressure abnormalities

(acceptable blood pressure: between 100/50 and 200/100;

pulse rate: 6010 12/min}. The screening of bloodfor ox pa-
sure to human bnmunodeficiency virus CHIV) is crucial
to reducing the risk of infeetion from transfusion. LISA

{enzyme-linked immunosorbent assay) screening tests for

the detection of antibodies against HIV are available from

manufacturers. More sensitive tests are
being developed

to

dedect viral DNA in bedy fluids,
A period of at least 8 weeks should have elapsed since

blood was withdrawn and the blovd hemoglobin level should

be 12.5 ta 13.5 2%
or greater. Serumbilirubin and Lransamd-

nase levels also should be evaluated in donors wilh previous
incidenceof jaundice.

Collecting, Processing and Storing the Blood A Low

niquet is applied to the arm of the donor to occlude the
venous retun, the sldn area is sterilized and the blood is

collected by venipuncture (phlebotomy). NUH Formula A
or B [ACT(Acid-Citrate-Dextrose)

or
ACH-phosphate]

so-

lutions are used as anticoagulants in the sterile hlood-coi-

lecling containers. Evacuated containers may deof regular
or silicaned giass; collapsible plastic containers offer many

advantages in dovation, blood-banking and transfusion pro-

cedures.
The preservationof the red cells in blood is improved by

the complete removal of trapped alr in the bload-colleetion

apparatus, rapid cooling after collection and storage at 4°.

Properly collected whole blood is usually stable for 21 days
at 1 to 6°. ‘The deterioration of whole bloodis related Co

incrensed cellular fragility (increased plasma 1K") and de-

erensed glucoseutilization. Blood whichis usedfor correc-

tion of any bleeding tendencyor clotting defect. should be as

fresh ay
possible, Leukocytes, platelets and Factors V and

VII deteriorate in stored plasma
or whole blood.

ABO Bicod-Group Classifieation*—Human red cells
ean be classified into various groups or types

on the basis of

reactivity of certain blood factors (agglutinogens)
located on

ihe erythrocyte membrane, ‘The Landsteiner system (Ta-
ble 11for the four bleed groups is based on the presence or

absence of either A or B agghutinogen
on the coli surface

(Group A, 8, AB orO, respectively).
Serum does not contain the antibody (ageludinia-lyM

type) for the antigen present in an individual’s own red cells,
but deca containthe isoagglatinin (eg, anti-B in blood group

A) due to exposure, early in fife, to bucterial and plant

antigens similar in structure to the A-B antigens. ‘Phe

clumping
or

agglutination of the red ceils by reaction of

agglutinogen with agputinin is used in bioud-groupingtech:

niques. Jn certain instances hemolysin antibodies, present
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Table 1i]—Blood-Group Systems
Avaction? Reaction  Frequuncy

Blood Agglulinogan

=

Aggkiinin with Anw-A with Anti-B {%} 10
Group in Cull in Sorum Serum Serum

—

Gausasians

A A Anti-B 4
-

4)
B B Anti-A-Ay

~
1 10

AB AB None + 1 4
0 None Anti-A

_ -
46

and B 
®

Agutination.

in serum containing anti-A or anti-B agglutinins,
cause the

disruption ofcalls and release of hemoglobin (hemolysis).
Humanbloodcells are

grouped by Lwo separate reactions:
cellular or “front” grouping and serum or “reverse” group-

ing. The blood group ordinarily is determinedby testing
an

individual’s red cells with standardized anti-A or anti-B
serum (certified by the Div of Biological Standards, NTH).
Confirmation of (he blood group (reverse typing) is accom-

plished by
an

analysis of an individual’s agglutinin titer, In

this procedure the individual's serumis heated at. 56° for 10

min to destroy hemolysins, and then mixed with known

Subgroup A; or B,; human red (Rh-negative) cells in the

agglutination test. ‘These two tests should be in agreement
prior Lo the release of blood for transfusion.

Although humanblood cells of Group B react uniformly
with Anti-B serum, Group A and ABcells showa wide range
of reactivity with Anti-A or

Anti-A,B
serum.

Blood-group
Amay be further categorized into Subgroups Ay, AinAg, Aa,

Agand A, on the basis of the reaction with absorbed Anti-A,

Anti-Ay-lectin, Anti-l-lectin, Anti-A; 2 and Anti-AB serum

and the presence of Anti-A, in the serum. Certain Group 0
individuals possess anti-L] in their serum and are further

subcategorized into the Bombay
or O, phenotype. ‘Testa for

A, Band Hin saliva can establish the genotype ofan individ-

ual, ie, A and H in saliva of blood-group A, 8 and Hin B, H
and O and A,B, Win AB. ‘Phis is helpful in cases of poorly
developed red-cell antigens

or in the loss of cellular antigen
in some

patients with leukemia.
As the haman blood cell contains many antigens with

rather complex biochemical and immunochemical proper-

ties, the blood factors have been classified furtherinto vari-
ous

subsystems, ‘Fhe Mell (K), Lutheran (Lu), Lewis (Le),

Duffy (Fy), Kidd (Jk), MNS, Sutter (Js), Diego (Di) and P
bload-factor systems are based on the detection ofa

specific
antigen on or within the red cell by

means of antibody (iso-
hemagglutininy reactions with specific antisera or

panels of

reagent red cells, Some of Lhese factors (eg, Kidd, Kell and

Lewis) bave been involved in transfusion reactions,
The Rh-eHr System and Antithuman Globulin

Test—-The presence or absence of Rhy antigen in human
bloodis of prime importance in transfusion reactions, pater-
nity disputes and isosensitization phenomena. There are

eight blood Rh phenotypes which are determined by their
reaction with three specific serum

agglutinins (Anti-Rho,
Anti-rh’ and Anti-rh”): rh, rh’, rh”, rh’rh”, Rho, Rho’, Rho”
and Rhy’Rho”. ‘The rh groupa de not contain the Rhy factar
on the cell surface and are

designated “Rh-negative.” ‘The

terminologyof the Wiener system (Rh, rh) is comparable
to

the Fisher-Race (CDIS) as follows: rh(C), Rho1), rh’ de).
The Rosenfeld syslem uses a numerical classification: RII=

Rha.
The absence of Uhe Rh antigen in about 16% ofthe popula-

tion does not preclude the presenceof other factors; the use

of apecific antisera (Anti-h?’ and Anti-hr’) has demonstrat-
ed the existence of the Hr factors (Hiro, hr’, hr”), For exam-

ple, the Rh-negative cell (rh”) possesses rb“hr’Hrg antigens.
‘The antigen Rho(2) is the most

potent IMmunagen of all the
Khantigens,

 

The Rh antibodies are either saline agglutinins (com-

plete)
or “blocking” antibodies (incomplete). The latterare

of the IgG Lype, ‘Phey
are usedin Ith testing procedures and

are
produced

more
commonly, and in higher filer, in the

human isosensitization or autoantibody reactions. ‘Choy
will not

agylutinate
saline suspensions of normal Rh-poal-

tive red cells except in the presence of a
high concentration

of albumin,
serum or

conglutinin (AB serum with albumin)
at a

temperature of 35 16 37°.
In routine Rh testing procedures,

a
sample of blood (cta-

lated or
heparinized)

or a
suspension of cells in serum or

albuminis mixed with Anti-Rhg
serum onaslide or ina tube

at 37 to 47°, ‘The presence of chumping indicates that. the
blood possesses the antigen. Confirmation of an

Rh-nega-
tive test may be performedby retesting with Anti-rh’Tthorh”
Rerum,

In Rh testing procedures, red cells from patients with

acquired hemolytic anemia are partially coated with human

autoantibody, andcells from erylhroblastic infants are coat-

ed with maternal antibody globulins and may be clumped
falsely by Rh typing

serum
containing

a
high protein

concen.

tration, or may appear to be Rh-positive in the saline-ceil

suspension test. Demonstrationof anti-Rho(D) in an cluate
from these antibody-coated cella ean

help to establish true

Rh type.
Anti-lth antibodies arc not normally present in haman

serum; they may be acquired via isosensitization, The
transfusion of Rh-pusitive blood to an Rh-negative recipi-
ant, or transfer of cells of Rh-positive fetus through the

placental barrier Lo the Rh-negative mother, will result in

formation of antibodies to Rh agglutinogens
not present in

the cells of the recipient
or mother, respectively.

Hemolytic blood-transfusion reactions and hemolytic dis-
ease of the newborn (erythroblastosis fetalis) involve iso-
sensitization phenomena usually related to the Rho antigen,
Hr and ABQantigens also can be responsible for hemolytic
disease of the newborn. MWan expeetant mother is Rh-

negative and the father is Rh-positive, the Rh genotype of
the father should be determined. Hf the father ig homozy-
gous, the erythrocytes will contain a

pair of Rho factors and
the offspring will inherit. the Rho factor; if he is heterozygous,
one Rhy and one Hry factor will be present and his offspring
may or may not inherit the factor,

If the fetus is Rh-positive, the mother may be sensitizedto
the Rh antigen and in subsequentpregnancies the develop-
ment of high titers of Anti-Rhg antibodies will result in

hemolytic disease of the fetus. These antibodies enter the

fetal circulation via the placental barrier, coat the redcells of
the fetus and cause excessive erythroeyle destruction,

hyperbilirubinemia and associated potential for brain dam-

age, hydropa fetalis (edema) and congenital anemia of the
newborn. ‘hia Rh disease can be avoided now by proper

therapeutic
use of RhgfD) Human Immune Globulin (Rho-

GAM, Ortho) to prevent the postpartumformation of active

antibodies in the Rhy(D)-negative, D"-negative mother wha
has delivered an

Rhp(}-posilive
or

D"-positive infunt.
The Coombs’ antighobudin test ia a method of detecting

the blocking-type antibodies, globuling and complement
which are atlached to red-cell antigens in isosensitisation

phenomena.
In the “direct” teat

procedure,
a saline suspension of

washedred cells ig mixed with anti-human gamma globulin
antiserumand

agglutinationis indicative ofthe combination
of human antibody with anligen

on tho redcell, eg, maternal

incomplete isoantibody
on infant's red cells in hemolytic

disease of the newborn, autoimmune, drug-induced, alloan-

tibody-induced hemolytic anemia and after transfusion of

incompatible red cells.
An “indirect.” procedureis used Lo demanstrate the pres-

ence of blocking andibody in the serum of pregnant Rh-

MYLANINST. EXHIBIT 1013 PAGE 118



MYLAN INST. EXHIBIT 1013 PAGE 119

negative
women and in Lransfasion reactions, Jn this prace-

dure the patient’s
serumis incubated with a suspension of

Group © Rh-positive red cells; the cells are washed and then
antihuimanglobulin antisertinis addedto detect the coating
of the red cells with antibody globulin fram the patient's
serum

byagylulination phenomena. Lagelulinalion
occurs

in the first. part of the procedure,
a saline agglutinin fs alse

present, Anticomplement
sera (anti-nongammaglobulin

antiserum) are usec to detect reactions invelving antl-JK.
The Duallete is a

clinically pnpertant variant of the Rhy
factor and usually associated with rh’(C)} and rh’ (8). Indi-
viduals with this factor are considered Rh-positive, and the
red cells fail Lo react. with anti-Rho in the saline- tube method
but reacta with incomplete anti-Rhp(D) by other slide or

tube techniques, Rh-negative donors should be tested for
Tu factor, Tf posttive, their blood must only be given

to Rh-

positive recipients.
Drug-Related Prablems—-Hematological abnormalities

may be caused by the administration of drugs which can

evuse a
positive direct antiglobulin test and immane hemo-

lytic anemia,eg, cephaloridine, cephalothin (Keflin), meth-

yidopa (Aldomet), penicillin, L-dopa, quinidine, phenacetin
andinsulin.

Compatibility Testing-—-Cross-matching procedures
are

designed Lo detect. Incompatibilities in the blood of donors
and recipient, The test. is designed fo prevent transfusion
reaction and assure maximumbenefit to the patient. Al-

though
erroncous ABO grouping usually will result in an

incompatible
cross match,

no such protection exists in the
Rh system. An incorrectly typed Ith-posilive donor blood
van resull in primary fmmunization to Rho) antigen if

transfused to an
Rb-negative recipient. For each transfu-

sion, a major and minor eross match should be performed.
In the major

crass mateh (1)
a saline snapension of the

donor's cells is mixed with the recipients
serum and(2) the

donor’s cells are
suspended in recipiant’s serum or in serum

with added albumin. ‘The saline cross matchis an addition

at check on the ABO typing and may detect incompatibil-
ities enused hy antibodies to M, N, 8, P and Lu subgroups.
The high-protein

or albumin cross match can demonstrate
antibodies in the Rh system, ‘The presence of agglutination
ar

hemolysis indicates incompatibitity.
The mivor cross match includes the donor’s serumandthe

recipient’s cells, and is useful as a cheek of the ASOtyping
and an indication of Lhe possibility ofansfusion reactions

caused by a rare
antigen

on the recipient's cells or uneamn-
mon anivodies directed against

an
antigen in the serum of

the donor, ‘The minor cross match has been replaced in

many instances with sereening of the donor's serum
against

a

panel
or

pool of red cells of known antigenicity.
Phe indirect antihumenglobulin procedure also muat. be

performed with the recipients
serum and dono’s cells with

and without albumin (major side} and may be tested with

the donor’s serum and
recipient’s cella Guinoerside). The

useof proteolytic enzymes (bromelain) enhances the agglu-
tination of red cells by low-titer or

weakly reacting Rh-Hyr

antibodies, probably by removing sialic acid residues on the
RBC surface. The red cells used in the indirect Coombstest
are treated with the enzymeprior Lo absorptionof antibodies
and addition of antiglobulin reagent.

The usual cross-matehing techniques involve (1) a room-

temperature or 30° procedure, preferably with the addition
of albumin, (2) a

high-protein procedure
and (3) an

antigloh-
ulin procedure.

‘The presence of nonspecific autoantibodies, cold aggluti-
ning and baeteriogente aggludination sometimes campil-
cates the cross-matehing procedure, Lf the recipient’s

se-
rim reacls more

strongly with his own ¢ells than with the

donor’s, autoantibodies should be suspected. Cold aggluti-
ning usually will aglutinate all blood, regardless of type, at
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low temperntures, but will not react at 47°. Ageludnation
as a resull of bacterial contamination of ilood is called pan-

agglutination.
Hepatitis Testing-—Postiransfusion hepatitis is asnaci-

ated with the transmission of virus-like particles referred to

as Australia or serum
hepatitis andigen or the hepatilts

associated antigen GLAA), All danor bloodmust be tested
for the presence of HAA. Agar gel diffusion (AGD), coun-

terdlectrophoresis (CEP), complement fixation (CM) and

rheopherenis procedures
can be used. ‘The rheophoresia

procedure
uses a modified gel-diffusian lechnique for the

detection of HAA by precipitin-lype reaction with HAA

antibody. It offers the sensitivity of CIP and CP proce:

dures with the simplicity of the AGD procedure. OLber
tests for HAA are based on ractioimmunoassay (QA) tech-

nique for detection of antigen by hemagghitination (HA)
or

WaA-nhtbitien for the presence of HAA antibady, In the

RIA technique, the donov’s serumis added ta a test tube

coated with HAA antibody (sald RTA). Tf the serum con-

tains HAA, it will bind to the antibody. 141-47AA is then

added to the taba. Tf the antibody bindingsite is occupied

previously
with HAA fromthe donor's serum,

'°)-HAA will
not bind and the determination of "J hbownd versus [ree ts
an index of HAA contentof the donor’s serum.

Issuing of Blood and Jivaluating Transfusion Reac-

tions-—Whole-blood, red-cell or ieukocyte suspensions,

plasma, platelet-rich plasraa, platelet. concentrates, lenko-

eyte-poor blood, AH, factor 1X. complex, plasma protein
fractions and RhoGAMare products of the transfusion ser-

vice.’ ‘Transfusion reactions are related to antibody phe-
nomena or disease tranamission, The hemolytic reaction

resulting from the transfusion of Incompatible cells is the
most serious prablem. ‘The transfusion of microbiatly

con-

taminated blood can result in a
pyrogenic reaction or trans-

mission of infectious diseases, such as malaria, syphilis
or

hepatitis. Allergic reactions (urlicaria, asthmatic scizures),

circulatory overload, embolic complications (bloodclot, air

emboti) also may be encountered. Leukocyte
and

platelet
antibodies develop in repeat. transfusions andin transplan
tation patients. The transfusion service is an

integral unit
in evaluating such complications.

 

Techniques of Analysis

This section will deseribe the principles of the procedures
used in the analyses of various substances

in blood, plasma
orurme, Exanples of the significanceof suchtests in clini

cal diagnosis will be presented. For a
complete description

of the physiological and pharmacological aspects of these

blood constituents,
see the Bibliography.

fnstrumentation—'Phe developmentofinstrumentation
hag accelerated progress in clinical chemistry, An excollent
review of Ube principles and applications in clinical chemis-

try of automation, atomic-absorption spectroscopy, ultravi-
olel and visible spectrophatometry, fuorimetry, phosphori-
metry, infrared and Raman spectroscopy, microwave and

radiowave spectroscopy and nucleonics was
prepared by

Broughton and Dawson.? Qualily-control techniques
are a

vital part of any clinical laberalory. Standard reference

materials,! standardization of quantities and units" and

continual evaluation of precision and accuracy of various

determinations!
are

incorporated into proceduresof all reli-

able clinical Jaboratorics. The manufacture of certified
standards and reagents and the certification of clinical
chemists and clinical laboratories are under the supervision
of either the FDA, NIH, Pharmaceutical Manufacturers As-

sociation (PMA), American Association af Clinical Chens-

ists, Lhe College of American Pathologists and the National

Committee for Clinical Laboratory Standards (NCCLS).
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Hrleraction of Drugs with Clinical Laboratory Tests-—

rugs may interfere with the interpretation of laboratory
teats by three classes of mechanisms:

lL. Chemical or diochomical inlerlerence die fo reaction of a
dry ov

ila metabetite in biological Fhaids with desl reayenis ja mnalyleal proce-
dures.

Tl. Pharmacwegical iylorference duc ty sormal drug-induced altar.
ations in variags physiological parameters.

; -.
WL Tucicelogical interference as a consequence of the loxiciiy of 4

drug.

Bxampies of Clase } interference imelude false-positive
uring glucoseresults due to the reducing properties of drugs
or metabolites such as ascorbic acid, puminosalicylie acid,

tetracycline, cephaloridine and levadopa, which are excreted
in urine, Spironelactone will result in an elevation of cer:

iain urinary kelosteroids Lhrough eross-reaction of the drug
in the analytical procedure,

Bxamples of Class I] interference inehide the decrease in

serum-potassium levels in patients receiving thiazide di-

uretics, the alteration in serum uric acid with probenecid
and (he elevation in various paasma proteius and thyroid
funetion tests with estrogen-progesterone combinations.

Irug-drug teraction alsa can result in changes in these

parameters, Guanethidine enhances the effect of the eou-

marin anticoagulanis. Barbiturates induce hepatic miera-
somal enzyme synthesis and subsequently increase the me-

tabolisim and decrease the therapeatic effect of drugs, such
as warfarin, even after these drugs

are ferminated.

examples of Class 11 interference inehide changes in liv:
er- and kidney-funetion tests and hematological parameters
(anemia, agranulocytosis, lankopenia} due to drug-induced
toxicity and positive LE and ANA Leats due to a

“lupus-lHke”
syndrome induced by hydralazine.

Itis heyond the scope of this chapter to include a
complete

listing of drug interactions in laboratorytests. ‘The readeris

referred (oan annual, readily available, computerized review
of the effect of normal therapeutic drug doses,

as well as

averdoses, on clinical laboratory tests! and lo other review

arlicles,}4

Blood

Colleelien and Preparation fox Chemieal Analysis

Using aseptic technique,
a blood sampleis obtamed byvesi-

puncture and usualty placed in evacuated ylass tubes. ‘The
choice of anticoagulant, tape of specinen, stability of test

campanent and use ofpreservatives depends
on the type af

analysis requested and the specific analytical procedure in-

volved. If serum is degixed, the blood sample is allowed La
clot. and the serum is separated by centrifugation, When
whole blood or

plasma is to be used in the analysis,
an

anticoagulantis added to the collecting tube.
The following concentrations of specific anticoagulants

are used routinely per 10 ml. bleod; Jithhon, potassium
or

sodium oxalate (5 to 25 mg), sodium citrate (40 to GO mg),
beparin sodium (2 mp), disodium or

tripotassium ethylenc-
diaminetetraacetate (SDTA-Nay, 10 to 30 mg)

or ACT). For-
mula B solution (1.0 mi),

Weparin prevents blog coagulation by inhibiting the

thrombhin-catalyzed conversionof
fibrinogen lo fibrin. The

other anticoagulants either precipitate blood calcium or cou-
vert ionized calciuminte a nonionized (chelated) form which
cannot. funclion in the coagulation reaction. Heparin and
EDTA do pot alter the cellular elements of blood significant-
ly. Sodiumfluoride and thymal

arc used as
preservatives

or

enzyme inhibitors to prevent the deterioration of various
substances in the blood sample, eg, glucose

~*
lactic acid.

Preservatives and anticoagulants
can interfere with some

enzyme tesis. Serum usually is used for Uhese procedures.
‘Theseparation of plasma

or serum, and chemical analysis,
usualky

are
performed

as soon as
possible afterthe collection

 

 

ofthe sample. The addition of polystyrene granules Lo the
blood sample priov

to centrifugationfacilitates the isolation
of serum or

plasma, Hemolysis interferes with analytical
procedures for bilirubin, albumin, senprotein nitrogens, pF,

phosphorus, potassium and various enzymes, The serum

also should be observed for presence of lipemia. Chanjres in
the ratio of CO,, chloride and electrolytes in cells and plas-
ma, glycolytic conversion ofglucose do tnetic acid, hydrolysis
of ester phosphate to free inorganic phosphate, bacterial
conversion of uren Lo ammonia and conversion of pyruvate
Lo lactate are examples of changes that can occur in contami-

nated, improperly preserved
or

unrefrigeraled blood speci-
Nes.

‘The first stage in many of the chemical determinations is

the removal of blood protain and preparation of prodein-free
blood filtrate, ‘The prolety is precipilated with tungstic
acid, tuicblornacetic acid, zine hydroxide

or
organic solvents,

such as alcohol and acetone, and thenfiltered or
cemtriftyged

to remove the protein coagulum. ‘Tungstic acid precipita-
tion is performed by mixing | volume of bleodor 2 volumes
of plastna with 9 volumes of stabilized Gingstic acid reagent,
The filtrate oblained in this procedure should be in the pH
range of 8.01 5.1 Lo assure the adequate removal ofproteins
(<2.mg% in fildrate).

‘The Somogyi filtrate is prepared by mixing L volume of

blood with 5 voliunes of water, 2 volumes of 5%zine sulfate
and 2 volumes of 0.3 N barhum hydroxide. ‘The barium

sulfate is precipitated and the zine hydroxide formed in the
reaction precipitates the blood proteing. ‘Prichloroacetic
acid (10%), ina ratio of 9:3 with blood, yields greater volumes
of fillraic due to a more complete formation of protein ag-

domerates,
Blood Ghicose-—Methods for determining blood glucose

are based on the use of giucose
as a

reducing agent or on the

enzymatic oxidation of glucose to ghiconic acid, In the
Folin-Wutechnique, glucose is determined in a

protein-free
blood filtrate by reduction of alkaline cupric sulfate and

subsequent reaction with phosphomolybdic
or

arsenamolyb-
dic acid reagent to form a blue complex which can be esti-
mated colorimetrically. ‘The Nelson-Somogyi method uses
a

protein-free blood filtrate prepared with zine hydroxide to
remove most of the interfering reducing substances,

‘The presence of # Lorminal aldehyde in the glucose mole-
culeig the basis of a colorimetric determination with pheno-
lic hydroxy] reagents (phenol in aqueous methyl salicylate

or

phosphorylated 1,3-cdihydroxybenzene) in the presence of

atrong sulfuric neid and heat.
Vhe o-toluidine procedure is a color reaction specific for

hexoses---glucose,
mannose and yelactose, Since aldohex:

oses other than glucose
are

normaly present in very sinal]

concentrations, resulls obtained by this method approach
the drue value of glucose, o-Toluiding is condensed with

glucoseinglacial acetic acid to yield
a grean chromogen hy

forming an
equilibrium mixture of a

glycosylamine and
Schiff base.

In the preceding techniques, interfering substances such
as lactose, galactose and glutathione

are measured and the
value is reported in the nonspecific Larm “sugar.” anzymai-
ie determination with glucose oxidaseis the only

Lest specific
for bleod ghicose. Blood glucose is converted to qluconic
acid and hydrogen peroxide by glucose oxidase; the peroxide
is then estimated by iodimetrie procedures

or
by oxidationof

a
chromogen (o-dianisidine

or
2,2’-azino|dicthylbenzothia-

yolinesulfonic acid]}
in the presence of a

peroxidase Lo form a

colored product. rugs which cause a
slight increase in

glucose values include AC'TH, corticosteroids, thyroxine,
diazoxide, epinephrine, estrogens, indomethacin, oral con-

traceplives, lithium carbonate, phenothiazones, phenytoin,
thiabendazele and diuretics, Drug interferences with o-

toluidine methods, which cause a
slight increase. inctude
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 ascorbic acid, dextran, fructose, falactose, mannose, ribose,

xylose and bilirubin.
Another enzymatic procedure

uses Che hoxokinase-cata-

lyzed conversion of ghicose to glucose 6-phosphate (GGP),
and Lhen to 6-phosphoglucanate and NADPH ia the pres-
ence af NAD? and G6P dehydrogenase. ‘She NADPH thus
formedis equivalent

to the amountof glucose prosent andis
estimated spectrometrically

at 340 or 366 nm.

Normalfasting bload-sugar values for adults are 80 Lo 120

me/100 mL; Lrue glucoseis 65 to £00 mp/100 mL. When the

blood-sugar values exceeds 120 Chyperglycamla), diabetes

mellitus should be suspected and can be confirmedly evi-

dence of diminished carbabydrate iolerance. ‘Theeffect. of

ingested carbohydrate
on blood sugar can he deterrsined hy

the glucose tolerance test; 100 g of glucose (1.75 g/kg) in
water or a flavored beverage, is administered orally and

glucose determinations are
performed

on blood and urine

samples at hourlyintervals for 3 hours. Values above 160 at

1brand 110 at 2 hours in blood samples
are abnormal. ‘The

renal threshold for glucose is [80 10 200 my/100 mL of blood,

and, therefore, sugar should nol appear in he urine of nor-

mal subjects in the dolerancefest.

Hyperglycemiaand decreased glucose tolerance are seen

in diabetes mellitus (40 500 mg/100 mL) and hyperactivily of
the adrenal, pituitary and Usyroid glands. Hypoglycemia,
with a

blood-sugar value of <GO mg/100 ml. and inereased

glucose tolerance, is encountered in insulin overdose, gluca-
gon deficiencies and hypoactivity of various endocrine

glands. Intravenous glucose tolerance studies are used to

eircumvent defective absorption of glucose in the gastroin-
testinal tract, og, in steatorrhea.

Monitoring hemoglobin Aj, ig another way bo follow pa-
tients with hyperglycemia. ‘This is more

specific for diag:
nosing diabetes but. less sensitive than the glucose tolerance

test. Normally, hemoglobin Aj, accounts for 3 10 6% ofthe

total hemoglobin while in diabetics it is 6 lo 12%. ‘The
concentration of Heb Ay. in the bload reflects the patient's
carbohydrate status over a

period of Lime, providing
a mark.

er for hyperglycemia, Pancreatic function tests include

studies on LV and oral glucose, ghicagon and tolbutamide
tolerance. ‘Fhe beta cells of pancreatic islet tissue secrete

insulin and the alpha cella seerete glucagon,
a substance

antagonistic to insulin and having a
hyperglycemic effoct

induced byits glycozenolylic action, In glucagontolerance
studies the effect. of parenteral administration of glucagon
on

blood-sugarvalues is useful in Ue diagnosis of pancreatic
and hepatic function. Insulin and tolbutamide tolerance

studies ave used in the diagnosis of endocrine disorders,
differentiation ofinsulin-resistant diabetics and determina-

(ion of functional hypoglycemia
andislet-cell Lamars.

Galactosemia, the presence of gatactase (4.6 mg%) in

bload, is usually due to an inbornerror of galactose metabo-
lism. Congenital deficiencies in galuctokinase

or
galactose

L-phosphate uridyt (ransferase resull. in madequate galac-
tose inetabolisin with accumulation of galactose 1-phos-

phate in the liver, Oral adininiatrationofgalactose in palac-
Losemia leads to a decrease in blood ghicose and anincrease

in coneentrations of galactose
in the urine and blood. Ga-

lnctose is measured by estimation of NADI liberated in the

conversionof galactose Lo galactonolactone
in the presence

of NADand galactose dehydrogenase. Deficiencies in intes-

tinal disaccharidasea such as lactase will preclude efficient

conversion oflactose to galactose and glucose, and oral ad-

ministration of lactose will cause noincrease in blood galac-
tose and usually produce diarrhea, Galactose-loading stud-
ies are useful in the diagnosis of toxic or inflammatorycondi.
tions of the liver. In hepatic cirrhosis, thereis a decrease in

the galactosc-metabolizing capacity of the liver due to the
inhibition of hepatie diphosphopvalactose-4-cpimerase.

Lactic acid is a
product of ghicose metabolism, it is con-
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verted into pyruvic acid and NADH by lactic dehydrogenase
(LDV) in the presence of NAD. Bloodlactic acid is estimat-
ed by reaction with LDF to form pyruvate and NADI, the
NADH level is determined spectrophotometricaily

at d40
nm and is a funetion of lactic acid concentration, lH. is

elevated (>20 mg/100 anh) following exercise, anesthesia
and certain types of acidosis. The blood laetate/pyruvale
ratio should be calculatedin order Lo determine the presence
of excess laclec acid in the blood in acidosis, thiamine defi-

ciency and decompensated heart disense.
Blood pyravie acid is determined by the reverse proce

dure; ie, Lhe conversion of pyruvate Co lactate in the presence
of LDand NABH. Normal blood pyruvic acikl ranges
from 6.6 to 1.8 me/]00 wh by chemical methads and 0.3 bo
0.7 mg/100 mLby enzymic procedures.

Nonprotein Nitrogen (NPN) Compounds-—These re-

fer Lo all nitrogen-conlaining compoundsin biological fluids
exelusive of protein, ineluding nitrogen from amino acids,
low-molecular-weight peptides, urea, nucleotides, uric acid,
creatinine, creatine and ammonia, Blood NPN usually is

determined hy digesting
a

protein-free blood firnte with
sulfuric acid in the presenceof a

catalyst (8eO.) Lo convert

nitrogen to ammonium sulfate (<jeldahl cigestion—-see
page 444); the excess acid is neutralized and ammonia dleter-
mined by Nesslerization or reaction with alkaline hypochlo-
rite,

The normal bieod NPN is 25 to 45 mg/LO0 mI. (48%urea

N, 14% amino acid N, 4%creatine N, 1% creatinine N, 3%
uric acid N and 30% residual N). In renal damage, NPN is

elevated to values ranging from 60 Lo 500 mg/106
ml. (azote-

mia). As variations in NPN mainly reflect alteralions in

blood urea
nitrogen (3UN), urea determinations are mere

sensitive and preferred
as a

guide to kidney funetion.
The primary pathway of nitrogen metabolism in nian is

the synthesis of urea from ammonia in the liver and Lhen

rapid renal excretion of urea. In renal dizease (rephriis),
the exerelion of urea is diminished and blead NPN and
BUN are increased. In BUN procedures,

urea is converted

enzymatically
10 ammonia by urease; the ammonia then is

determiped by Nesslerization, reaction with phenol-allaline
hypochlorite, aeration infa standard acid and subsequent
Uitration or reaction withsalicylate-nilroprusside reagent at

pl} 12 in the presence of allcaline dichloraisecyanurate
Lo

forma preen chromogen which can be estimated colorimetri-

cally, ‘The ammonia also can beestimated by spectrophoto-
metric determination of NAD produced in the conversion of

anpnonia and o-letoglutarate
Lo

glitamate by NADF-1-

gutamate dehydrogenase. Direct. chemical determinations
of urea are based on the reaction with 2,8-bulanedione in an

acid medium (Fearon reaction).
BUN (normal

© 6 to 25 mp/100 ma.) is increased in chronie
and acute nephritis, metallic poisoning and cardiac failure
reducedlevels oecur in rapid dehydration

or
following diure-

sis. In severe liver damage due to diminished urea forma-

Lion,
anincrease in blood ammonia and decrease in BUN are

observed. Urine urea outpul. (6 Lo 17 g/day) is an index of

Homeralar filtration vate (GER) and lidney function. In-
vreased dietary protein and gastrointestinal hemorrhage will
increase urine wea. Decreases in urea excretion involve
either tubular reabsorption

or secretion defects.
The nitrogen balance represents the balance between ni-

trogen inpul.
or produced (Nj) and nitrogen excreted (Nou);

in normal individuals Nix
=

Neu. Now is regulated by renal

GIR: in renal disease GFR. is decreased, Ni, > Nou and BUN
is increased. Tho rate of urinary oxcretion of parenterally
administered dyes Gahenolsulfonphthaiedy), inulin sodium,

p-wmninohippurate and mannitol are sensitive indices of

GERin renal clearance studies.
Creatine (methylguanidoacetic acid) and creatinine Core.

atine anhydride)
are involved in the physiology of muscle
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contraction. Creatine phosphate is an intracellular source

of high-energy phosphate bonds via the reaction of ATP and
creatine kinase, Creatininein the waste product

ofcreatine
metabolism and is the normally excreted compound.

Serumcreatinine is determined by reaction with alkaline

pierate to form a red chromogen. ‘These values uauaily rep-
regent 20 Lo 30% of nonereatinine-interfering substances,
Absolute determinations can be made by the absorption of
creatinine from protein-free blood filtrates on aluminum

silicate prior to the final determination. Druga causing

nephrotoxicity result in a
slight increase in creatinine and

those which interfere with color formation in tho reaction
include bromosulfophthalein (BSP), phenolsulfonphthalein
(PSP), acetoacetate, ascorbic acid, levodopa, methyldopa,
glucose and fructose. Creatine is determined after hydro-
lytic conversion to creatinine with boiling, aqueous picric

ar

hydrochloric acid.
Renal clearance of endogenous creatinine is related to

GPR andis normally 1 10 2 g/day (creatinine coefficient
=

20
to 26 m@g/kg/24 br}. Normal serum creatinine is 1 to 2

mp/100 mi¢ creatine 0.2 to 1.0 mg/1l00 mL. Higher values (5

mg/100 ml.) indicate glomorular damage
or cardiac insuffi-

ciency.
Uric acid is a catabolite of purine metabolism as derived

from nucleic acids or nucleotide cofactors, Direct. methods
for determining uric acid involve the reaction with alkaline

phospholungatic acid to form a
“tungsten blue,” which is

estimated colorimetrically. In another method, alcoholic
NaOH is added to a

protein-free filtrate to climinate inter-

fering reducing substances (ascorbic acid, glutathione) prior
to the reductionofuric acid with acid copper chelate to form
a

cupric chromogen complex,
In indirect. procedures, uri acid is hydrolyzed by the en-

zyme uricase; the decrease in absorbance ai 290 te 293 nm is
a function of the initial concentrations of uric acid. The
normal blood valueis 1.5 to 6.0. mg/100 ml. [lis elevated in
renal disease, gout due to increased metabolic pools of uric

acid and Jeukemia as a resultof increased turnoverofcelhu-
lar nucleoprotein.

Amino acid determinations in blood are
performed by

conventional colorimetric ninhydrin techniques
or reaction

with alkaline &-naphthoquinone-4-sulfonate.
Normal plas:

ma values range from 3.9 to 7.8 mg/J00 mL. A variety of

metabolic disorders may be detected by analyzing for in-

creased levels of specific amino acids in the urine or blood.
Total urine aminoacids are determined hy formol litration;

formaldehyde reacts with basic amino groups and thus per-
mits subsequentlitration ofthe acidic groups of the amine

acids. Daily excretion of amino acid nitrogen ranges from
100 to 400 mg, constiluling 1 to 2% of total urine nitrogen.

The identification and quantitation of specific aminoac-

ida in the blood andurine are accomplished by paper, thin-

layer (TLC), column and ion-exchange chromatographic
and electrophoretic separation of electrolytically desalted
blood or urine samples. Sea Chapter 29.

Abnormal amino acid metabolism (aminoagcidapathies)
usually results in the presence of abnormal quantities of

specific amino acids in Che urine (aminoaciduria),
The aminoacidurias are divided inte two main groups:

1. Primary overflow aminoaciduria in which blood amineacids are
dlevated [phenylketonuria (PRU), maple ayrep urine disease (MSUD),
tyrosinosia and alkaptonurial,

% Aminoacidurias characterized by elevated amino acid urine levels
with normal blood fevals (transport diseases wilh a defect in the kidney
tubule—eg, cystinuria—and“no-Cheeabald” aminoaciduria in whieh the
kidney has no mechanism for roabaorbing the amino acid invelved-—eg,
homocystinuria),

PICU,
a disease characterized by mental deficiency,ia

as-

sociated with the presence of phenylpyruvic acid in the urine

and elevated serum
phenylalanine levels due to a

hereditary
(autosomal recessive) deficiency of hepatic phenylalaning
hydroxylase, which converts phenylalanine to tyrosing
The availability of treatment throughdietary intakeis

pred.
icated upon early detection, Many states have passedlegis.
lation for masa-screening for PKUin allinfants. ‘The Guth.
rie teat is performed by placingfilter paper discs

impregnat.
ed with serum or blood on the surface of an agar culture
medium containing @-(2-thienyDalanine at a concentration
sufficient to inhibit the growth of B subtilis. Phenylalanine
will reverse this inhibition and the Bacterial Inhibition Ag.
say (BIA) is a direct measure of this amine acid. Serum
phenylalanine determinations algo can be performed byexti-

mating the fluorescence of a complex with ninhydrin and
copperin the presence of L-leucy]-L-alanine.

MSUDis characterized by the odorof the urine and rapid.
ly is fatal to infants. fis associated with a deficiency in the
oxidative decarboxylationof a-keto acids leading

to an aceu-

mulation of hoth the keto and aminoacida in the blood and
urine (valine, leucine, isoleucine). TLC and BYA assays can

be used to detect MSUD.

Alhaptonuria is a rare, hereditary disease in which homo-

gentisic acid cannot be metabolized further due to a lack of

homogentisie acid oxidase. ‘This causes homogentisic acid-

urta, echronosis and arthritis.
In Hartnup disease, indole and tryptophane appearin the

urine due ta defective renal and intestinal absorption of

tryptophane. Tryplophane is an intermediary metabolite
in the synthesis of seratonin (5-hydroxylryptamine) and 5-

hydroxyindole acetic acid (HIAA). Txcesaive production of
serotoninand the presence of ifs IAA metabolite in the

wine are associated with metastatic carcinoid tumors.
HIAA is measured after removal of interfering kelo acids
with dinitrophenythydragine, extraction and estimation
with nitrogonaphthol reagent.

Routine sereening tests for congenital metabolic defects
and the substance under test in the newborn include PKU

(phenylalanine), MSUD (leucine), tyrosinemia (Lyrosine),
homocystinuria (methionine), histidernia (histidine), valine-
mia (valine}, galactosemia (galactose

or
galactose uridyl-

transferase}, orotic aciduria (orotidine-1-phosphate decar-

boxylase), arginosuccinuria (arginosuccinie lyase), heredi-

tary angioneurotie edema (C'l-1-esterage imhibitor) and
sickle-cell disease (hemoglobin $).

The analyses for these substances are based on BIA,
me-

tabolite bacterial inhibition assay (MIA), enzyme auxotraph
bacterial assay (ENZ-Aux), fluorescent. spot tests or TLC
and electrophoresis.

Proteing---The plasmaproteins (albumings,globulins and

fibrinogen)
are involved in wutrition, electrolyte and acid-

hase balance, transport mechanisms, coagulation, immunity
and enzymatic action. Total plasma profeins may he deter-
mined by Kjeldahl, Nesalerization, specific ion-pair (brom-
cresol green dye plus albumin) or biuret procedures, The
last techniqueis based on the reaction of--CONH-—groups

joined by carbon or nitrogen linkages in protein with alka-
line copper sulfate to yield the biuret complex which can be
estimated colorimetrically, Total protein also can be eati-
mated by specific gravity, refractometric or UV spectromet-
ric methods. ‘These methods are subject

to large
errors in

the presence of a
pathology involving increased glucose, lip-

id,
urea or abnormal protein concentrations.

The atbumin-globulin (A/G) ratio is determined by the
biuret method after precipitation of the glohulins with a

sodium sulfate-sulfite reagent. ‘Phe normal range is 5.5 to

8.0 2% total protein with an A/Gratio of 1.4 to 2.4. Changes
in total protein and A/G ratio occur in kidney and liver

disease, hemorrhage, dehydration, rheumatoid arthritis and

multiple myeloma. Gastrointestinal atbumin Joga, as seen in
GI bleeding, ulcerative colitis, sprue and enteritis, can be
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Flg 26-4, Electrophoretic separation of serum protoins {I}, isoen-
aymes {I}, fernoglebins (Ill), and immuncelectropheresis of plasina
protein (IV) (courtesy, Spinco}.

detected by monitoring fecal radioactivity after 1V injection
of

9
Cr-human serum albumin.

The physiochemical properties of the plasma proteins-—
mol wt (68,000 to 300,000) and isoelectric point (phil af mini-
min

solubility and ionic neutrality)—-provide the basis for
the electrophoretic separation of plasma proteins (Fig 28-4).
The plasma sample is spotted

on a paper or cellulose acetate

atrip, or in a
polyacrylamide gel (disc or

gel eleetrophoresia)
al pH8.6.

At this pH the proteins
are electroanionic and, under the

influence of electric current, will migrate
to the anode at a

rate dependent
on their isoelectric point and, in Lhe case of

cellulose acetate or
gel electrophoresis, their molecularsize,

The strips
are then stained with a

protein dye (bromophenvi
blue, Amidoschwars or Ponceau 5), and the cancentralions
of the various proteing

are estimated by densiometric scan-

ning.
The normal ranges for the major proteing

are (in g%h:
albumin3.8 to 5.0; Lolal globulin, 2.0 to 3.9; ay-globuwin, 0.3
to 0.5; o-globulin, 6.5 to 0.9; 8-globulin; 0.5 to 1.2; y-globu-
lin, 0.7 to 1.6.

Ordinary electrophoresis does not identify the subgroups
of fmamunoglobudins, lA, gM, 1G

and
ight, This is accom-

plished by immunoelectraphoresis,
a process invalving elec-

trophoresis and immunodiffusion. ‘The sample is electro-

phorized in an agar gel (zone elecLrophoresis) and then anti-
serum 60 the specific lg

or Lo total globulins is placed in a

trough aligned parallel to the axis of the original electropho-
resis. ‘Phe serum

proteins and antisera diffuse toward each
other and form precipitin (antigen-antibody complex) lines.

Ordinary celhose acetate or
gel electrophoresis will permit

the recognition of diffuse, polyclonal elevation of serum im-

munhoglobulins
seen in chronic infections, isolated M-pro-

tein peaks of macroglobulinemia and multiple mycloma and
absent gamma component in a

hypogammaglobulinemia
or

agammaglobulinemia, Tiamunoclectrophoresis will indi-
cate specific lg abnormalities or, by noting the presence of
any displacement, bowing

or
broadening of the precipitin

band will aid in the diagnosis of the paraimmunoglobulin
monoclonal diseases such as

multiple myeloma, macrogiobu-
linemia or chronic lymphatic leukemia.

Radial immunodiffusionis a
simple process which also can

be used for quantitation of IA, JeM and IgG.'" Teis per-
formed by incorporating the antibodyin

an agargel and then

introducing the antigen or lest sera inte wells punchedin the
agar. ‘The antigen diffuses radially out of the well into the

surrounding gel media, and a visible precipitin line forms
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where the antigen and antibody have reacted, Quantilation
of IgA, IgM and IgG aids in the diagnosis and differentiation
of collagen diseases, chronic infections and fiver disease.

wis is best quantitated by immunodlectrophoresis
or RIA

(see section on Immunology for the hasis and principles of

WRIA).
Nephelomedric Lechniques detect immunological constit-

nents by measuring the light-scatdering properties of various

antigen-antibody complexes ina Lest solution. ‘The Hyland
aystem measures the amountof laser-beamdeflection at an

angle by employing
a

photomultiplier tube which is sensitive
in the red region of the spectrum, Results are calculated by
an electronic-screening system and read in percent rejative

higlt-seatter
on a

digital readout.
Automated electrophoresis equipment offers computer-

controlled sample application, staining options, densitome-
try and pattern inLerprelation for serum proteing and iseen-
ayes.

Enzymes~-lnzymes are proteins whose biological
fune-

tion ja the eatalysia of chemical reactions in living systems,
isnyymes combine with the substances on which they ach

(substrates) to forman intermediate enzyime-substrate
cam-

plex which is then converted to a reaction product
andliber-

ated enzyme, which continues is catalylie function, Hn-

aymes are
highly specific;

a few exbibit absolute specificity
and catalyze only

one
parlicular reaction, while others are

specific for a
particular type of chemical bond, functional

#roup or stereoisamaeric struclure.
Most serum enzymes of clinical significance

are intracellue
lar in origin andare elevatedin hyperactivity disease, malig-
nancy or

injury
to cardiac, hepatic, pancreatic, muscle, bone

and tissue. As the specific tissue invelved will determine
the type of enzyme that will be elevated, such defermina-
Lions are valuable diagnostic tools in the differentiation of
various pathological states.

Engyines
are named and classified according Vothe Lype af

reaction (hat they catalyze, and to theis substrate specific.
ities. enzymeactivily usually is expressed in International
Units (1U) where 1 unit (UW) is that amountof the enzyme
which will catalyze the transformation of 1 yrmole of suls-

atrate/min al definite temperature, pH and substrate-can-
centration conditions, Refer to Chapter 52 for a more com-

plete discussion of enzymes.

 

Transferases are enzymes that catalyze the transfer of
amino or

phosphate groups from one
compound Lo another.

Aspartale aminotransferase (AST) and alanine aminetrans-
ferase (ALT) are important in clinical diagnosis, These
engymes catalyze the transfer ofthe amino group fram glue
tamie acid to keto acids (oxaloncelie

or
pyruvic} ta form

aspartic and a-ketoglutaric acids with AST (aspartate ami-

notransferase) and alanine and «a-keloglutarie acid with
AL? (alanine aminotransferase}.

Colorimetric methods are based on an estimation of the
reaction products (oxaloacetic or pyruvic acid) with dinitra-

phenylhydrazine,
or substrate (a-ketoglularic acid) by

eou-

pling with 6-benzamido-d-methoxy-m-toluidinediazenium
chloride.

Spectrometric methods are based on the reaction of the

product pyruvate with lactic dehydrogenase and NADH, or

of oxaloacetate with malic dehydrogenase and NADI. Tha
rate of NADE ulilization is measured by Lhe decrease in

absorbance al 840 or 360 nmandis directly proportional to

transaminase activity.
Normal AST and ALT levels are <40 mU/mL. AST is

present in large amounts in diver, cardiac and skeletal mus-

ele, whereas AL/I’ is found primarily in fiver tissue. ASTis
elevated in myocardial infarction and Duchenne muscular

dystrophy; AST and AL‘T are increased in Hver disease,
acute Loxic or viral hepatitis, infeclious mononueleosis, ol
structive jaundice and hepatic cirrhosis.
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Creatine Binase (CK) is a transferase found in muscle and
brain tissue. LL entalyzes (he lransfer of phosphate groups
from creaUine phosphate

to adenosine diphosphate (ATH?) to

form adenosine triphosphate (ATP). Activated CAS activity
is measured by following the bicrease of ATP in the ereati-
nine phosphate-ADPreaction in the presence of glutathione
or

eyateine thiol activaters. The AP can be measured by
the fluorimetric determinationof light emitted by luciferin-
ase conversion of luciferin to adenyl-oxyluciferin in the pres-
ence of AEP. Normal serum levels are <0 mU/mi,; it is

elovated in myocardial infarction and Duchenne muscular

dystrophy, but remains af. normal levels in liver disease.

Ornithine transearbamylase (OTC) in serumis the only
enzyme of Lhe urea

cyele which has been used in the clinical

investigation of liver disease, It catalyzes the conversion of

omithine to cidrnlling, ‘Phe normal serum yalue is 0 to 0.4

ynU/md.
Oxidoreduetases or

dehydrogenases
are enzymes that cat-

alyze hydrogen transfer in cellular oxidation processes.
Lactic (DE), o-lydroxybutyrie (HH), malice (MDH),

glulantic (GLI), isoettric UCDH)
andsorbitol (SDH) de-

hydrogenuses
are of diagnostic importance in myocardial

and liver disease.
LDNcatalyzes the reversible conversion of pyruvic Lo lac-

dic acid in the presence of NABH. ‘The activity may be

estimated colorimetrically by forming the pyruvic acid hy-
drazone with 2,4-dinitrophenylhydrazing, spectrometric

or

fluorimetric estimation of NADHinthis reactionalsois used
Lo estimate enzyme activity. ‘The normal serum LDH value
is <200 mUAnL (pyruvate

~
lactate) and <60 mU/ml.(lac

date
~>

pyruvate), LDH is incrensed to a much greater
extent and for a more

prolonged period than AST or CK in

myocardial Infarction; it also is increased to varying degrees
in certain types of hepatic disease, disseminated matiznan-
cies, pernicious anemia and muscular dystrophy.

Recent advances in protein chemistry and technical meth-

adoloyy have led to fractionation of enaymes, previously
thought to be homogeneous, inte heterogeneous moijaties.
These maltiple-molecular forms of enaymes Usoenzymes)
have similar substrate specificity but different biophysical
properties, LDH, MDW, CK, phosphatases and leucine

andnopeptidase exist in isoenzyme forms.
CC invensymes

are
bnpartant in the early detection of

myocardial damage, ‘Pwo OK molecular subunits, M and 3,

produce three isoenzymes: CK-MM found primarily in
skeletal muscles, CK-MI3 in the myocardium and CK-BB

primarily from the brain. After acute myocardial infarction

(M1), CK-MBappears in the serumin approximately 4 to 6

hours, reaches peak activily at 18 t0 24 hours and may

disappear within 72 hours. Diagnostic testing of MI in-
chides CK and LDH isoenzymes, Early detection of CK-
MBallows the management of myocardial infarcts with

agents such as
streptokinase

or tlasue plasminogen activator

(EPA), The methods of assessment include electrophore-
sis, column chromatography and immunoinhibition.

Serum contains five Li isoenzymes, each a tetramer

composed of one or lwo monomers. 1.DH 1 and 2 are found
in preponderance in heart, kidney and RAC; whereas liver
and skeletal musele largely contain LDA 4 and 6. Interme-
diate forms prevail in lynyphatic tissues and many malignan-
cies. “The fractionation of 140H isoenzymes is important in
the differential diagnosis of cardiac, musele and fiver dis-
ease, [t can be accomnplished with DRAK-cellulose ehrome-

dogvaphy, electrophoresis, sulfite ar trea inhibition of specil-
ic jsoehzymes, thermal stability and substrate-concentra-
Lion requirements.

HBDE reduces o-letobutyric acid to a-hydroxybutyric
acidin the presence of NADH, estimation of the e-keto acid
vie hydrazone formation or NADMis the basis of activity
measurements. ‘Phe normal serum HBP level is <140

m/l. it is elevated! tn myocardial infarction. LIL bis

 

high in FIBDHactivity, ‘The ralio of total LDMH/AIBDY
often is used in place of LDH isoenzyme determination,
Ratios >0.8 are seen in myocardial infarction and <0.6 jy
acute liver damage.

MDH and SDH, in the presence of NAT), catalyze the
conversion of malate or sorbitol to oxaloacetate or

fructose
respectively, ‘They

are of diagnostic value in MI (MDH >4g

mU/mL) and acute liver injury (SDH >96 mU/mL3.
ICDH oxidizes isocitrate, in the presence of NADP or

NAD, to «-letoglutarate, it is elevated (>5.0 mU/mL) in
acule hepatitis.

Hydrolases
are enzymes that catalyze the addition ofthe

olaments af water across the bond which is clenved. Amy-
lases, lipases, phosphatases, 5-nucleotidase, y-xliutantyt-
transpeptidase and leucine aminopeptidase

are specific ex.

amples of clinically importand hydrolases.
Salivary and panereatic amylases hydrolyze the substraic

starch to maltose and dextrins. Amylase activity
can he

measured by proceditres based on the loss in certain proper-
ties of starch aa it is hydrolyzed (amyloelastic),

or
by the

generation of reducing substances (saccharogenic). The

amylociastic methods use the decrease in viscosity and tar-

bidity of hydrolyzed water-soluble starch substrates, or the
reaction of stareh with iodine as the method of estimation.
A newer

procedure
uses the colorimetric determination of

water-soluble dye-dextrin fragments released by amylolytic

hydrolysis of a cross-linked, water-insoluble, dye-starch
polymer. The saccharogeni¢ methods determine the reac-

dion products (reducing sugars} by
a

previously deseribed

methadology. The normal serurs level is 140 mU/mLsele-
vations are noted in acute pancreatitis, acute abdominal
conditions (perforated peptic ulcer, common bile-duct ob-

straction) and salivary pland cHsease.

Lipases catalyze the conversion of trighycerides to glyceral
and fatty acids, Clinical determinations are based on the
titrimetric analysis of fatty acids liberated from an emulsi-
fied olive ail substrate, or Muorimetric estimation of fluores-
cein liberated from a fhiorescein fatty acid ester substrate.
Serumlipase is increased in pancreatic carcinoma.

Phosphatases catalyze the hydrolysis of orihophosphoric
acid esters, and are classified according

to the pH of optimal
activily into alkatine or acid phosphatases. Activity (alka-
line, pH 8 to 10; acid, pH

4 to 6) is measured with phenyl
phosphate, glycerophosphate, p-nitrophenyl phosphate

or

thymalphthalein monophosphate substrates. With thelat-
ter two chromogenic substrates, the amount of p-nitro
phenol

or
thymolphthalein liberated by phosphatase hydro-

Iysis ie estimated colorimetrically in an alkaline medium,
With a

glycerophosphate
or

pheny! phosphate substraic, the
liberated phosphorus is determined by molybdenum blue
formation with phosphomolyhdic-phosphotungstic acids;
phenol also may be estimated with d-aminoantipyrine

or

Folin-Ciocalteau reagent.
Acid phasphatase activity may be differentiated by the

use ofinhibitors in the assay mixture; formaldehyde has no

effect on acid phosphatase of prostatic origin, but it inhibits
other acid phosphatases, while tartrateis a selective inhibi-
tor of the prostatic enzyme. Acid plrosphataseis of a

pri-
mary diagnostic value in metastatic carcinoma of the pros-
tate.

Normal values for alkaline phosphatase activity depend
on the substrate used; elevations in osteomalacia and in hone
tumors depend

on the degree of asteolytic ar osteohlustic

activity, The enzyme (isoenzyme) also is elevated in ob-
structive jaundice, bone and liver disease,

The enzyme 4'-nueleotidaseis an alkaline phosphomono-
esterase that hydrolyzes nucleotides with a

phosphate radi-
cal aliached to the &’-pasition of the pentose (eg, adenosine

monephosphale), The normal serwnvalueis 17 mU/L,it
is clevated in hepatic disease.

Leucine aminopeptidase (LAP) is an
exopeptidase which
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hydrolyzes the peptide bond adjacent
to a free amino group.

Ht liberates amino acide from the N-terminal group of pro-

teins and polypeptides in which the free amine group is ad.

leucine residuc. Activity is determined by spectrophoto-
metric estimation following hydrolysis of the amide bondof
a Joucinamide substrate af. 238 nm. Clinical estimations

usually
are

performed
on

synthetic substrates, and since
there is no correlation batween cleavage of ieucinamide and
these substrates, he LAP-like activity is deaignated leucine

arylamidase. A fluorometric determination of naphthyl-
amine liberated froma leucyl-8-naphthylamide substrate ar

colorimetric determination of p-nitroaniline liberated from

leucine-p-nitroanilide substrate also has been used. The

normal value ia 8 to 22 mU/mL,; it ia elevated in the last
trimester of pregnancy, hepato-biliary disease and pancreat-
ic carcinoma.

Serum y-glutamyl dranspeptidase (yGT) is increased in

diseases of the liver, bile ducts and pancreas, ‘Together with

alkaline phosphatase, LAP and6’-nucleotidase, yGTusual-

ly is tested in the group of cholestasis-indicating enzymes.
‘The assay is based on the hydrolysis of y-glatamyl-p-ni-
troanilide,

Serum lysozyme Gwuramidase) activity ia increased in

certain types of leukemia, Serum arginase,
an enzyine

which hydrolyzes arginine to ornithine and urea, and serum

gunnase are sonsitive indicators of hepatic necrosis.

Lyases
are enzymes which split C-—C bonds without group

transfer. Aldolase is a
glycolic lyase which catalyzes the

reversible splitting of fructose 1,6-diphosphate
to form dihy-

droxyacetone phosphate and glyceraldehyde 3-phosphate.
In the estimation of activily, the triose phosphate reaction

produels
are hydrolyzed with alkali and the resultanttrioses

are reacted wilh 2,4-dinitrophenylhydrazine
to form chro-

mogenic hydrazones for colorimetric analysis. A spectro-

photometric estimation is made by coupling the aldolase
reaction products with a

dehydrogenase acting
on one of the

triose phosphates and measuring concomitant changes in
NADH, The normal value is <8 mU/mlL.,it is elevated in

muscular dystrophy, polymyositis and acute hepatitis.
The significance of serum-enzyme changes in hepatitis is

geen in Fig 28-5 and enzyme activily following myocardial
infarction in Fig 28-6,
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Fig 28-5. Typical course of alterations In serum enzyme activity In
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Fig 28-6. Sarum enzymes following myocardial infarction, AST, GK,
LDH and HBD ara compared.

Lipids-—‘The majorclasses of blood lipids
are

fatty acids,

eholesterol, trighveerides, phospholipids and lipeprateins.
Hyperlipidemia is not a

single aberration and there are a

number of different hyperlipidemic
states. Lipid-profile

tests include measurements of choleslerol, triglyceride,
phospholipids and determinationof

lipoprotein phenotypes.
Cholesterol, a sterol molecule, is an essential substance in

steroid-hormone synthesis by the adrenal cortex and bile

acid production
in the liver, Jt exists in bload as the free

sterol and as cholesterol eslers of fatty acids.
In the determination of fotal cholesterol, the serum is

extracted with an aleohol-ether mixture and the chelestorel

estimated colorimetrically aller reaction with acetic anhy-
dride-sulfuric acid reagent (.iebermann-Burchard

reac-

tion), The precipitation of free cholesterol with digitonin
will differentinte free from esterified cholesterol, Chro-

matographie separation of cholesterol fromits esters on ala

mina, silicic acid or magnesiumsilicate columns withorganic
solvents also has been used.

Gas chromatographic procedures haveresulted in the sep-
aration and quantitation of cholesterol, its metabolites and

precursors; this is a type of partition chromatography in

which a volalilized sample is partitioned belween a
Hiquid

stationary phase and a mobile gas phase, The normal-adult

totabserum-cholesterol level is 150 to 270 me/J00 mL;it is

inereased in hyperlipemia
and specifically in hyper-§-lipo-

proteinemia, nephrosis, diabetes mellitus and myxedema,
and decreased in hyperthyroidism and hepatic disease.

Free cholesterol comprises 20 Lo 40% ond the ester fraction

GO Lo 80%of the ola} seramcholesterol,

Phospholipids
are “compound”or “heterolipids” which

eontain phosphorua,
a nitrogen base and a

long-chain fatty
acid. Lecithin (phosphatidylcholines)

and cephalin (phos-

phatidylethanolamine
or

serine) are the principal plasma

phospholipids, which normally comprise one-third of the

total plasmalipids. ‘They usually
are bound to lipoproteins.

These serum lipids
are extracted into an aleohol-ether mix-

ture, digested with sulfuric acid-hydrogen peroxide and Lhe

liberated phosphorus determined by colorimetric tech-

niques. The normal lipid phosphorus is 6 bo 11 mg/L00 m1;
about one-haif is lecithin. ‘The average ratio of cholesterol
to Lipid phosphorus when cholesterol is normal is 21. Phos-

pholipid changes usually are associaled with cholesterol

changes and are of interest in coronary artery and liver
diseases and the hyperlipoproteinemias.  &
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Sphingalipids
differ from lecithin and cephalin. They

are phosphate
esters of sphingosine bound to choline or

ethanolamine and primarily
are found in brain tissue (eg,

aphingomyelin, galactolipin),
The ratio of tecithin Lo

sphingomyelin(L/S) in amniotic fluid or resuscitated amni-

otic Muid from the oral cavity of Lhe newborn is an accurate
assessment of fetal maturity and the respiratory-distress
syndrome, Changes in phospholipid biosynthesis during
gestation reflect. the aging ofthe fetal lung,

as Gie L/S ratio

normally increases.

Tay-Sachs disvaseis a
lipid-storage disease in which the

central nervous system degenerates because of the progres-
give intraneuronal accumulation of excess amounts of the

aphingolipid ganglioside GM, The accumulation of GMg in

*Pay-Sachs disease has heen shownto be caused by
a lack of

the enayme hexosaminidase A. Therefore, the measure-
ment of serum, WBCov amniotic fluid hexesaminidaseA is

important in evaluating carriers and in diagnosing 'Tay-
Sachs disense in the fetus.

Both hexosaminidase A (heat-lahile) and hexosaminidase
B (heat-stable)

can
catalyze the conversion of 4-methylam-

belliferyl-N-acetylgalactosamine (a synthetic substrate) to

N-ncotylgalactosamine and 4-methylumbeltiferone, ‘The

cleavage praduet, 4-methylumbelliferane, ftuoresces under

witraviolet radiation and the intensity ofthe fluorescence is
a measureof the activity of Uhe enzyme. In noncarriers, 50
to 75% of the total hexosaminidase activity is heat-labile

(hexosaminidase A), and in carriers 20 to 45% of dhe total

hexosaminidase activity is heat-labile.
The blood fatty acids oceurin esterified (SFA) and nanes-

terified (NEFA) forms. Trigtyeeride determinations are of

value in differentiating the hyperlipidemic slates, ie, essen-

tial (diet-induced) hypertriglyceridemia from familial hypo-
cholesterolemia with or without triglyceridemia. After the

preliminary separation from phospholipids, triglycerides
most often are determined in torms oftheir glycerol moiety.
The glycerol released by saponificationis oxidized to formal-

dehyde and the
latter determined hy fluorimetric or colori-

metric procedures. ‘Triglycerides also can be delermined by

coupling the glycerol liberated fram lipase/a-chymotrypsin
treatment of serum with a

glycerol kinase-pyruvate kinase-
LDH system and spectrometric estimation of NADH. Nor-
mal triglyceride levels are $10 to 140 mg/100 mL. An in-
crease in triglycerides will produce

a
milky appearance in

serum
(lipemic), JRA analyses

are based algo on the reac-

tion of alkaline hydroxylamine with eaters offatty acida to

form hydroxamic acids which produce
a red color withferric

chloride.
Gas chromatographic procedures have been used to quan-

titate the various fatty acids; ie, palmitic, stearic, oleic, lin-
oleic and linolenic acids. Mono-, di- and triglycerides also
can be separated into classes and quantitated by columnor

thin-layer chromatography, and infrared apectrometry.
The total fatty acids of plasma range from 200 to 450 mge/100
mil. in the fasting state; they

are derived from glycerices,
cholesterol esters and phospholipids.

All the lipids in plasma ciroulate in combination with

protein.
The free fatty acids are bound to albumin and the

lipids aggregate with other proteing to form Upoproterns.
Blectrophoresis and ultracentrifugation

are the principal
methods used to separale and identify lipoprotein families.

Chylomicrons (S; >400}, pre-8-lipaproteins (S_ 20-400), 8-

lipoproteins (8; 0-20) and a-dipoproteins are Une four major
classes in orderof increasing densily and migration

on cellu-
lose acetate electrophoresis. Chylomicrons

are representa-
tive primarily of dietary

or exogenous triglycerides, pre-6-
lipoproteins of endogenous glycerides, f-dipapreteins of cho-
lesterol and its esters and a@-lipeproteins of cholesterol and

phospholipids. Abnormal lipoproteina that may appear in

plaama include floating @-Hpoproteins, lipoprotein X and

complexes of normal lipoproteina with IgA and IgG myeloma
proteins (augohmmune hyperlipoproteinemia}. Age, sex
diet, fasting, posture changes and trauma canaller the

lipid
profile.

The lipoprotein classes uaually
are

separated by paper,
agarose or cellulose acetate electrophoresis. ‘The strips are
atained with fat-soluble dyes (Sudan Black or Oi Red Q)
and quantitated by densiometric scanning. Primary hypor.
lipoproleinemias

are classified into normal andfive abnor.
mal types based on cholesterol and triglyceride levels and

lipoprotein analysis. Hyperchylomicronemia (Type1),
hyper-8-lipoprateinemia (Type IT}, broad 8-band (Type 1),
hyper-pre-6-lipoproteinemia (‘Type TV) and hyper-pre-8-li-
poprofeinemia and chylomicronemia (‘Type V) are the major
classes. Carbohydrate and fat-tolerance studies, post-hepa-
rin lipase activity and clinical symptomatology alsoareinte-

grated inio the diagnosis of (he various subclasses, ‘Phe
presence or

predisposition
to coronary artery digease and

other disease states is associated with the various types."
Steroids and Other Hormencs-—The steroids possess a

commonstructure, the perhydrocyclopentanophenanthrene
nucleus, and include cholesterol, bile acids, androgens and
the adrenocortical, adrenomedullary, estrogenic and proges-
tational hormones.

Androsterone, dehydreepiandrasterone, etiocholan-de-

ol-17-one, 11-kKetoandrosterone, 114-ketoetiocholanolone,
114-hydroxyandrosterone and £1 8-hydroxyetiocholanclone
are the principal urinary 17-ketosteroids (17105). ‘Phese

androgenic hormones are derived from the adrenal and, in

males, testicular function, The principal urinary steroid

metabolites in this group of androgens
are found both in the

free form, and as
conjugates of glucuronides, sulfates or

acetates. Their determination in urine involves the acid

hydrolysis ofthe conjugates, extraction with organic solvent,
renction with alkaline m-dinitrobenzene (Zimmerman reac-

tion) and colorimetric estimation of the chromogen. ‘The
individual 1714S can bo separated by TLC prior to analysis
to obtain farther information on the individual ateraids,
The normal adult urine values are: male, 9 to 24 mg/day;
female, § to 7 mg/day, Decreased excretion ia seen in

hypoactive disease of the pituitary, gonads and adrenals.
Increased excretion ia seen in hyperplasia,

cancer or Qemors

of the adrenals.
Testosteroneis the most potent androgen in blood. ‘The

measurement of urinary
or serum testosterane is useful in

distinguishing normal and hypogonadal males and in lreat-

ing hirautismin the female, ‘his hormone is determined by
gas chromatography, competitive protein-binding, isotope
dilution or RIA procedures. Normal serum testosterone is
0.2 40 1.) #/100 mL in the male and <0.1

y¢/100 m1. in the
femala.

The natural estrogenic hormones are ostradicl, estrone
and estriol, produced in the gonads, adrenals and placenta.
The relative amounts of the three estrogens rise and fall

concomitanlly during the menstrual cycle. Maternal, uri-
nary total-eslrogen excretion, capecially estriol, is an indi-
rect index of the integrily and viability of the feloplacental
unit. Analysis involves acid or

glucuronidase-aryisulfatase
hydrolysis of the conjugates, removal of urinary ghicose if

present, extraction and colorimetric or {liorimetric analysis.
In the determination, after acid hydrolysis and ether extrac-
tionof the urine, the estrogens are

methylated with dimethyl]
sulfate and echromatographically separated prior to reaction
with phenolsulfurie acid to yield

a red chromogenfor colori-
metric analysis, The normal estrogen outpul is 4 to 60 we/24
hr in the female and up to 25 ag in the male. Estrogen
deficiency

can be related to ovarian failure and pituitary
deficiency.

Progesterone js a
progestational hormone whichis seeret-

ed by the corpus lutewnof the ovary and also by the adrenal
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 cortex, Serum progesterone determinationis of value in the
detection of ovulation and is a measure of Uhe secretory.

activity of the placenta during pregnancy. Progesterone is

determined in serum
by RIA, double-isetope derivatization,

gas-liquid chromatography
or

competitive protein-binding
techniques. Normal, mengtrual-cycle serum progesterone
Jevols vary belaveen 0 and 1.6 ne/100 mL.

Pregnanediol is the principal metabolite of progesterone.
‘he urinary determination of pregnanediol excretion is an

indirect. index of progesterone levels but is subject to varia-
tion due to individual differences in hepatic metahelism of

his hormone andis nol representative of total endogenous
progeslerane production,

Adrenal cortex steroids include ghucocorticoids,
andro-

gens, estrogens, progesterone and mineralacorlicvids, Glu-

cocorticoids can be determined as
plasmacostisol (plasma

17-OH corticosteroids), urinary-free (uneonjugated cortisal)
or

total-arinary 17-OH corticosteroids. The latter are de-
termined in urine as

J7-ketogenic steroids (F7IKGS8), Phe
17KS in urineare reduced with borohydride

to alcohols; the

17-O14 steroids are oxidized with sodium bismuthate or
peri-

odate to F71KS and quantitated by the alkaline dinitroben-
yene method. ‘The 17-OH aterotds can be quantitated di-

reclly by the phenylhydrazine-sulfurie acid reaction after

hydrolysis of glucuronide conjugates and chromatographic
purifieation. The 17-OHsteroid analysis only determines

compounds with the dihydroxyacetone side chain, such as

tetrahydracorlisol
or

tetrahydracortigone; the 171CG5 anal-

ysis includes the 17-OH-corticosteroids with the dihydroxy-
acetoneside chain and the pregnanetriot type of compound.
Normal L7KGS daily urinary excretion is 5 to 24 mg in the
male and 3 to 15 mg in the female. They

are reducedsignifi-
cantly in myxedema and adrenalor anterlor pituitary insuf-

ficiency. Plasmacortisol usually is measured by Muarimet-
ric or gas-chromalographic procedures.

Aldosterone is the most. active member of the mineralo-
corticoid group. The determination of urinary aldosterone
is of value in differentiating benign essential hypertension
from primary aldosteronism (Conn’s syndrome), which is
caused by

an adrenal adenoma andis accompanied by hy-
pertension. A double-isotope derivatization technique is

used. Urinary aldosterone is acetylated with “H-acetic an-

hydride; aldosterone-"4C- diacetate standard is added early
in the procedure. The {H/C specific activity of the final

produetis measured after chromatographic purification and
jv a direct measurement of aldosterane. ‘Fhe normal aldo-
sterone levels of ahout 10 ee/day

are elevated in Conn’s
disease and usnally

are associated with fow serum
potassi-

um, sodium retention and low-concentration alkaline urine,
The anterior pituilary secretes three substances (ganado-

trepins) which regulate gonadal activity: follicle-sGimulat-
ing hormone (RSH), lutemizing hormoneor interstitial cell

hormone GOSH, LA) and tuteatrapin (LTH), ‘The gonado-
lropinsare

glycoproteins. Bioassay methods can de used to

determine gonadotrophicactivity. After fractionation and
isolation the urine extract is assayedin test animals as to the
follicular growth of the ovaries in

hypophyseclomized ani-
mals or increase in (esticular, ovarian or uterine weijht in
various animal models. RIA techniques have been devel-

oped for these gonadotropins and represent. the most. sensi-
dive and precise measurement method.

Analysis of serum or
urinary placental lactogen GPL}

and chorionic ponadotrapin. (HCC), a
placental-derived

protein hormone, is useful in the diagnosis of threatened

abortion, hydatiform mole and chorigcarcinoma, HCG,
pregnanediol and progesterone

as well as total andfraction-
ated estrogens are useful in testing for pregnancy, HCG and
HPT. readily

are measured by RIA and low valuesare seen in
threatened abortion andintrauterine fetal death.

She increase in HCGin the seramor urine of the pregnant
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female is the basis of a routine pregnaney test. ‘Pest. compo-
nents consist af an

antigen in the form of HCG latex parti.
des and an HCG antiserum. When antiserumig mixed with
urine containing

a detectable level of HCG, itis neutralized
and no

agglutination
of latex-antigen particles occur

(aggiie-
dination dahibitian test), ‘Phe commercial application

of

the HCGassay gives laboratories a
rapid, accurate pregnan-

eyLest by Laking advantage of monoclonal antibody specific-
ity and sensitivity. A monoclonal slide procedure

on urine,
Duoclon (Organan Diagnasties),

wees lwo different mano-

clanal antibodies, one
againsh HCG and one

against the

HCOGepsubunit for maximam specificiy., Agghautinatian in-
dicates a

positive Lest with a
sensitivity level of 500 mil

HCG/mL, detecting pregnancy a few days aller conception.
Human growth hormone and insulin are

proteins which
are of diagnostic value in growLh-rate studies and diabetes.

‘They
are best quantitated by RIA.

Epinephrine and norepinephrine
are

biologically active
catecholamines derived from the adrenal medulla and sym-

pathetic
nerve

endings. Cafechoiamines are measured in
the blood and urine after fractionation on alumina or ion-

exchange colupinis, oxidation al pH 3.5 or 6.0 and subse-

quent fluorimetric analysis. Urine catechokumines are in-
creased to > 850 jg/24 hy in adrenal medullary tissue Gumars

{pheachromocytoma). ‘Phe norma] plasma level is 24 io 6.5

wef wilh about 80%as
norepinephrine.

Vonillytmandelic acid (VMA) is the uring metabolite of

these two catecholamines. Ts quantityin urinerefleets the

endogenous secretion of catecholamines. VMA can be de-
termined colorimetrically, afler extraction ofthe urine with

ethyl acetate and diazotization with p-nilroaniline and etha-
nolamine in the presence of carbonate ion. VMA also can be

measured spectrometrically following periodate oxidation to

vanillin and solvent extraction. ‘The normal outpul is 0 to
12 mpg/2d hr.

Homouanrllic acid CAVA) is net a metabolite of epineph-
vine or

norepinephrine, but. is produced
from a common

precursor, dopamine. Elevated HVA excretion is diagnostic
in cases of neuroblastoma.

The biosynthosis of serotonin (-hydroxylrypLamine} and

urinary excretion of is metabolite, 6-hydroxyindoleaceti¢
acid (8-HIAA), areinerensed iargentalfine

tumors. ‘These
have avery large capacity to metabolize iryplophanestores
1a. serotanin, Urinary 5-HIAA inereases from 1 ta 7 m/e
br to as much as J 9/24 hr in this lype of tumor,

Bilirubin, a
tetrapyrrole which is derived fram senescent

red-cell degradation, normally
occurs in low concentration

in the blood. Jn bile, it is present
as the water-soluble

conjugated acyldiglucuronide. In blood, bilirubinis tightly
boundte plasma albumin. ‘The reduction of bilirubin in the
intestine yields urobilinogen which is, in turn, oxidized Loa

brown pigment—urebilin,
Sern biltrubin is determined by coupling with dinzotized

sulfanilie acid to form avobilirubin for colorimetric analysis.
The director

conjugated
bilirubin testis performedin aque.

ous media; the indirect or
free bilirubin analysis is per-

formed in methane} or caffeine-sodium benzoate solution.
Normal values in serum are:

direct, 0 to 0.3 mp/100 mL:

total, Oto 1.5 mg/100
mI.

Clinical jaundice is a
yellowing of the lissues associated

with hyperbilirubivemia;
in hemolytic disease of the new-

born due to Rh and ABO incompatibilities, incirect serum

bilirubin is elevated, whereas acute hepatitis results in in-
creases in the direet type.

Plectralyies-—-The normal plasmaelectrolyte level is 164

mg/h ef cations and 154 mifq/L of anions, ‘The osmotic
effects of chloride, bicarbonate, sodium and potassivm

are

important
in the maintenance of normal muscle contraction

and waterdistribution between cells, plasma and intersGtial
fluid.
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Flame photometry, atomic-absorption spectrometry, neu-

iron-activation analysis, X-ray fluorescence, ion-specific
electrades and colorimetric techniques

are used in the iden-

tification and determinationof cations or anions in biologi-
enl fluids, Advances in technology have developed multi-

phase systems capable of measuring not only sodiumand

potassium but also chloride, carbon dioxide and calcium

simultaneously.
Sodiumand potassium

serum concentrations are
readily

measured by {lame photometry
or

highly sensitive and spe-
cific alomic-absorplion spectrometry. ‘The latter technique
is similar to emission-flame photometry, except thal it mea-

aures energy as it is absorhed by atoms rather than as il is

emitted by aloms. Both techniques are based on the ehar-

acteriatic absorption
or emission wavelengths ofthe cations.

lon-specific glass electrodes alao are used for Nat and K*

determinations, eliminating the use of a flame or combusti-
ble gas and can be performed

on whole blood, plasma
or

serum,

Chloride levels in serumorurine are determinedhy (itra-
Lion with acid mercuric nitrate solution in Uhe presence of s-

diphenylcarbazone indicator. ‘Phey alsa may be determined

potentiomotrically wilh a silver-silver chloride pH electrode

assembly. ‘The normal serum values are 196 to 155 mléq
Na/l, 3.9 to 5.6 mq K/L and 95 to 106 miig CHL, wrine
Jovels are 150 to 197 msg Na/day, 20 to 64 mig K/day and
180 to 270 may Cl/day.

Serumsodium, potassium, chloride and bicarbonate de-
terminations are useful indicators in adrenal cortical insuffi

ciency, renal and cardiac failure, anuria, dehydration, all.

mentary tract diseases associated with diarrhea and yomit-

ing and increased rena] electrolyte excretion (diuretic

therapy).
‘The determination of excess chloride (> 50 miéq/L} in the

perspiration of patients wilh pancreatic cystic fibrosis is an

accurate diagnostic tool. Perspiration is stimulatedby plac-
ing the patient’s handin a

plastic bag for 15 to 20 minor,

preferably, by
an

iontophoresis technique in which pilocar-

pine nitrate jons are
transported through small areas of the

skin to produce local perspiration. The chloride content

may be quantitated with silver nitradto-potassiwimchromate-

impregnated papers or with ion-selective clactrodes.

Bicarbonate, phosphates, sodium, potassiumand chloride

concentrations are related to maintenance of acid-base hal-
anee in the body. The pH of the blood reflects the state of

the acid-base balanee and is related mathematically to

HCO,” concentration and partial pressure of CO, (pCQs) in

blood by the Henderson-Hassclbach equation,

= 61 + log eePE NE
TTCOn]

Blood pH, an measured electrometrically, has a normal
range of 7,36 te 7.40 for venous Barnples and 7.38 to 7.42 for
arterial samples, The pCO level in blood is determined by
measuring the pli of the blood at three different pCO,

con-

centralions--one native to the blood and the other two ob-
tained by equilibration with gas mixtures of known pCOs,
Blood bicarbonate levels also may be determined by

measur-

ing the amount of acid neutralized by plasma
or serum and

pCOcalculated by Eq 2, The relationship between pCO»
and carbonic acid concentrationis

{H,CO,]
=

0.03 x
pCO,

mM per 1

(2)

(3)

The role of oxygen and hemoglobin in respiration has been
discussed previously, Measurements of blood pH and CO,
content are used in differentiating respiratory acidosis (low

pH, high CO,) from metabolic acidosis (ow pH, low CO,),
Blood oxygen (oOo) and pereent oxygen saturation are

measured by
a

polarographic inethod; the blood sample is

torr

 
 

placed in a chamber and separated from a combined platj.num andsilver-silver chloride electrode by
a

polypropylene
membrane. Ly diffusion

through
the membrane, equiliby;.

um is established between the pO» of the blood andafilmof
solution in contact with the electrode, A current, whichjg
proportional to blood pOy,is generated after the

application
of a

polarizing voltage,
Calcium and phosphorus

are
important minerals in the

processes of bone calcification, nerve
irritability, muscia

contraction and blood coagulation. Calcium is present in

plasina
as an ullrafilterable (ionic and nonionic) form and aq

protein-bound fracion. Bload phosphorus consists ofinor.
ganic phosphorus, organic phosphate

ester (G6P, ATP) and

phospholipida.
Serumandurinecalciumlevels are determined routinely

by dilration with EDTA or EGTA usinga fluorescent calcein
or caleichrome indicator. Other methods are based on ihe
colorimetric analysis of calcitum-methylthymel blue com.

plex in the presence of 8-quinolinel Lo prevent interference

by magnesium, Bis-(o-hydroxyphenyliminojethane forms
a colored complex with calcium and, in the presence of poly.
vinylpyrrojidone

to inhibit phosphate interference,is
4 sen-

sitive and specific method for calcium. Calcium is deter-
mined best by atomic-absorption spectrometry, As withall

cations, caleiumcan be determined by emiasion- or
absorp-

Lion-flame photometry
or ion-selective electrodes,

Inorganic phosphorus levels are determined by reaction
with acid molybdate reagentto form phosphomalyhdic acid

which, in turn, is reduced with aminonaphtholsulfonie acid
or

p-dimethylaminophenol sulfate to give
a blue complex

which is estimated colorimetrically. Normal serumlevels
are 2.5 to 4.5 mg P/100 mL and 9 to 11 ng Ca/100 mL.

Caiciumlevels are decreased and phosphorus increased in

hypoparathyroidism;
an

opposile effect is seen in hyperac-
tivity of this gland. In rickets and osLeomalacia, the concen-

trations of both elements are docreased. In establishing
primary hyperparathyroidism

andother causes of hypercal-
cemia, daily measurements for ionized calcium (Ca?*} are

replacing total Ca measurements using ISH technology.
Copper, magnesium, zinc and iron are trace elements in

blood. ‘They
are

quantitated readily by flame photometric,
colorimetric or

atomic-absorption technigues,
Organ Function Tests-—Pheanalyses of various biaod or

urine constituents, determination of metabolic excretion
rates of exogenous compounds

or endogenous metabolites
andeffect of exogenous stimuli on these parameters

are used
for evaluation of in. sifu activity and function of various
organs. Organ function studies are

porformed in diseases
associated with the liver, kidney, parathyroid, thyroid and

pituitary gland, gastrointestinal tract, pancreas, adrenals
and gonads, ‘The principles and significance of the analysis
used in such evaluations have been described also in other
sections of this chapter.

Tests for hepatic functionare based on bilirubin metabo-
Ham and excretion, carbohydrate metabolism (galactose tol-
erance test), plasma-protein changes (cephalin flocculation
fest and A/Gratio), abnormalfat metaboliem, detoxification
mechanisms (hippuric acid synthesis), excretion of injected
substances [BSP prothrombin formation and previously
discussed enzymelevels.

Diseases of the liver are due to cellular alterations (hepa-
tocelhuar) or obstructions to the flow of bile (obstructive

jaundice), Hepatocollular liver disease enn be chronic

(pestnecrotic cirrhosis, carcinoma)
or acute (viral hepatitis,

alcoholism, toxin- and chemical-induced).
The cephatin flocculation

test is based on the flocculation
of cephalin-emulsified choleaterol by y-globulin. In normal
serum an albumin-like protein will inhibit this reaction; in

hepatic discaaes, which produce abnormal y-globulin
or re-

duced albuminlevets, the floceulation will occur,
The detoxification mechanisms of the liver can be evalu-
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ated by intravenous administration of sodium benzoate and
estimation of the benzoic acid metabolite, hippuric acid, in
the urine. In hepatoparenchymal disease, a reduced capaci-
ty of theliverto form hippuric acid by conjugation of glycine
and benzoic acid is observed.

The ability ofthe liver to excrete an
injected dye is doter-

mined in the BSPtest; the serum is analyzed for dye
concen-

tration at a suitable time interval after IV administration of
2to 5 mg BSP/kg. Radioiodinated (1) Rose Bengal Sodi-
um

dye algo has been used in dye-exeretion studies with

isolopic estimation of urine dye levels,

Kidney funetion tests are based on the determination of
blood nonprotein nitrogen (urea, uric acid and creatinine),
electrolytes, blood acid-base balance, routine urinalysis and
the clearance of administered compounds in the urine,
Most clearance studies are performed with substances that
are not resorbed or seeroted by the renal tubules: inulin,
mannitol, sodium p-aminohippurate

or !"*l-jiothalamate so-

dium (sodium 5-acetamido-2,4,6-triiodo-N-methyliso-.
phthalamate). These are administered intravenously and
the rate of urine clearance and glomerularfiltration is esti-
mated by analysis of Lhe urine. ‘The excretory capacity of
the renal tubular epithelium

can be determined by
measur-

ing the clearance rate of PSP, ‘The dye ia injected TV and
the rate of its clearance in urine is delermined. PSP is
boundloosely to serum albuminandis removed rapidly fram

the blood by the renal tubules,
Sodium iodohippurate-("I}, which is extracted almost

completely from the blood on a
single passage through the

lddney, also has been usedin renal function studies;
a reno-

gram or
iagtopic

sean of both kidneys is performed, The
test provides data on renal lubular secretion, renal vascular

competence andrenal evacuation and is primarily useful as a

comparison of individual kidney funetion. It is important
to note that 50% of kidney function can be compromised
without. any significant change in the routine renal function

parameters,
Thyroid function tests usually

measure the circwating
levels of the thyroid hormones, and not. the end-organ effect.
The thyroid gland converts inorganic iodide to

éhyroxine
(1) and triiodethyronine (Ty). Ts; and ‘Ty are stored in the
collyid part of the gland

as part. of the thyroglobulin mole:
cule. Hypothalamic thyrotropin-releasing hormone

(TRH) mediates the reloase of the pituitary thyrotropin

(thyroid-stimulating hormone, TSH), lexeess levels ofcir-

culating ‘T, depress, and Jow levels of Ty increase, ‘TSH
release. ‘TSH stimulates the proteolytic degradation of thy-

roglobulin
40 release ‘Ty and ‘T';, and increases organification

ofiodine. Ty accounts for 90% of secretad thyroid hormones
and exists in blood bound Lo thyroxine-binding globulin
(TBG)or thyroxine- binding preatbumin (TBPA) or toalbu-
min. ‘Ty ia not protein-bound and has 6 to 10 times the

biological potoney of 'Ty
on a

weight basis. Therefore, 'T,
represents the major part of protein-bound iodine (PBI).
Phe level of free thyroxine (FT), the active fraction in

blood, ia regulated by ‘Ty and ‘Ty release and the levels of

binding proteme in blood andLiasues.
‘The uptake of orally administered Na] preparations by

the thyroid gland
can he estimated by isotopic scanning of

the gland 24 hours after1 administration and ia an index
of glandular function (hyperactive, >50% uptake; hypoae-
tive, <15%)}.

PBI determinations are baaed on the precipitation of pro-
Lein-bound thyroxine, removal of inorganic iodine by basic-
or

anion-exchange chromatography,alkaline incineration to
convert Lhyroxine to

inorganic iodide and, finally, quantita-
tion of iodide by reaction with arsenous acid and ceric am-

moniwin sulfate, PB is a
good estimate of total circulating

hormonal iodine, The normal range is 4 lo 8 4g/100 mL
SOTuI.

T, enn be determined by column chromatography in
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whichit is separated
andisolated by ion-exchange chroma-

tography, and then analyzed colorimetrically, Nonisatope
thyroid assays have been developed using fluoreseence po-
larization methods for Ty and free-Uhyroxin index. In ihe

competitive protein-binding assay for 'Ty, serum
‘Ty com-

petes with 81-1, for binding sites on a known amountof
‘TRG, ‘Tho ratio of bound to freeI is determined by
adsorption of “I-Ty not bound to TBG on an anion-ex-

change resin embedded in a
polyurethane aponge or a porous

dextrangel, and is a directindex of ‘T, levels. The presence
of mercurials, inorganic iodide or iodinated radiographic
compoundsin

serum interferes with the 'F, column and PBI

procedures, ‘The campetitive-binding procedure is affectod

by the presence of highly protein-bound drugs
or

changes in
TBC levelaingserum. The normal range of serum Ty is 2.0 to

6.4 gt/100 mI. by columnand3.0 to 7.0 eg/100 mL by bind-

ing assay, Ty and P31 are increased in hyperthyroidism and
the early stages of hepatitis, Ty and PBI are decreasedin

hypothyroidism and nephrosis.
FT; also is determined in a

competitive protein-binding
asaay in which '°]'Ty and serum are ineubated, and then

dialysed to determine the percent dialyzable *1-T,. FT,
analyais ig uaed in suapected abnormalities in protein-bind-
ing globulins. Ty binding capacity of serum TRG, albumin
and prealbumin

can be determined after electraphoretic
separation of these proteins,

.

T's analysis is delermined by the resin-uplake test, ‘The

uptake of ]-'Ty by
a resin is determinedin the presenceof

the test serum. In hyperthyroidism, the primary TRG.

binding aites are saturated and 1*°]-Ty is taken up by the

rosin, The resin uplake is decreased in hypothyroidism,
and most of '1-T4 is bound to TBG in serum. A free
thyroxine index can be obtained by multiplying Ts Gesin)

‘T; (competitive binding} * 0.01. ‘This product deviates
from normalin the same direction as

‘Ty and Ty in hyper- and

hypothyroidism. This product is stable during euthyroi-
diam in spite of changes in binding proteins; eg, a

euthyroid
patient.

on
phenyloin therapy will show a decreased ‘TBC

and Ty and increased ‘Ps, but (Ty * Ta) is normal. The

indication of hyper-
or

hypothyroidism in the presence of

abnormal amounts of ‘BG is observed in the (Ty x Ps)

product,
The determination of 7Sby RIA appears to be the most

useful lest in discriminating patients with primary lhyper-
thyroidiam fram the eutbyroidism

or
hypothyroidism

sec-

ondary to pituitary disease. Serum 'TSHis increasedin the

primary disease state.
The PBI conversion ratio is an estimate of the rate of

conversion of inorganic iodide Lo PBI. Radioiodide-(4)1) is
adminiatered to the subjeet; after 24 hr,

a
sample of blood is

obtained and the "F to PB!is estimated by radiochroma-

tographic procedures with ion-exchange resing (normal con-

version, 13 ta 42%).
Adrenocortical funetionis evaluated by estimationofse-

rum of urinary 17-ketostercids (17-KS) and 17-hydroxyeor-
licosteroids (17-OH-CS) (androgen and corticosteroid me-

taboliam}, serum eleelrolytes (aldosterone metabolism) and
blood adrenocorticotrophic hormone (ACTH) levels in the
basal state, afler stimulation with IM or 1V ACTH,or after

adrenal inhibition with dexamethasone. In Lhe normal indi-

vidual, ACTH will increase plasma cortisel and urine 17-

OW-CS, and dexamethasone will suppress plasmacortisol.

Motapirone, aninhibitor of 116-hydroxylage, will cause se-

lective secretion of compound § (11-deoxycortisal) by the

adrenals in place of cortisol. Compound § will not inhibit.
the adrenal-pituitary feedback mechanism, the pituitary
will secrete more ACTH and the adrenal will secrete more

compound 8. ‘Phe determination of urinary 17-OH-CS or

felrahydro-compound § (THS) following metapirone ad-
ministrationis a

good index of the functional integrity ofthe

pituitary-adrenal axis; patients with virilizing adrenal hy-
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Electrolytes
Calcium
Chloride
CO» content

Magnesium
Phosphorus
Potassium
Sodium

Metabolites
Bilirubin
Cholesterol
Creatinine

Glueose
Tron
Yriglyeorides
Urea nitrogen (BUN)
Uric acid

Proteins and enzymes
Alanine aminotrans-

Torase
Albumin
Alkaline phosphatase

Amylase

Aspartate amino-
transferase

Carcinoembryonic
antigen (CIA)

Creatine kinase (CK)
Glutamyl transferase

{GGT}
Lactate dchydrogen-ase (LDID
‘Potal protein

Hormones

8.0-10.6 mg/dL.

1.2-2.4 miéa/L.
2.5-5,.0 mg/dL

0.1-1.2 mg/dl,
180--250 mg/dl,
O.7-1.5 mp/d

(adutis)
GO-96 mg/dL
50-164 ag/dL
20-180 ing/dl
§-268 mg/d L
2.5--7.0 mg/dL

(ALT, SGPT)

3.5-5.0 g/dL
36-120 U/Lat 87°

{adults}
60-180 Somogyi

Unity
(AST, 8G0T)

$2.5 ng/mL,

60-220 U/L at 87°

6.0-8.0 g/dl

Tabie iV--Reference Values"

2,25-2.65 mmol/l.
98.-109 mmol/L,
23-30 mmol/L
6.6-1.2 mmol/L
0,81~1.62 mmol/L,
4.76.4 mmol/L
136-146 mmai/i

17-205 emal/L
3.9-6.6 mmol/L
62-123 pmol/L,

3.33-8.28 mmol/L
9,020.5 pmol/L
0,22-1,98 mmol/L
2.9-0.3 mmol/L
0.15-0.41 mmol/L

5-40 U/L at 37°

35-50 g/L
0-400 U/L at 37°

(children)
116-330 U/L

8-40 U/L at 37°

<2,5 nell,

10-180 UAL ai 37°
5-40 UAL af 37°

(lactate
~r

pyruvate)
60-80 g/L.

cortisol (free) in
uring

Follicie-atimulating
hormone (?5H)

17-Hydroxyeartico-
steroids in urine

17-Ketosteroids in
uring

Luteinizing hormone
(LH

Metanephrine in
urine

Prolactin

‘Thyroxine (Ty}

20-90 puted br

Adult males

2-16 mTU/mL

3-10 mg/24 hr

5-15 mg/24 hr

8.20 mg/24 hr
0..0-3.0 mge/2d hr

Adult tales

5-25 n/m

<1.8 mg/2d he

1-26 ng/mL,
(maies)

(1-20 wp/l)
§,.6-12.5 g/d

(acluadts)
(72-163 nrsal/L)

 

56-248 ninal/24 hr

Adult Females

Yollicular phase
3-16 mU/L

Ovulatery spike
10-50 miU/mL,

Lateal Phase
3-15 mIUAnL,

Postmenopanee
30-200 mTU/mi,

(adult. females)

(adult males}
(prepubertal

children)
Adult females

Fallicular phase
5-30 mlU/mL

Ovulatory spike
60-160 mEU/mb

Lutea} phase
§-40 miU/mL

Posimenopause
30-200 mIU/mL

1-26 ne/mE
(females)

(1-25 pg/L}
7.8--16.0 pg/al.

{newborns)
{101-208 nmol/J.)

 

 
7-20 jep/dL (at 3-13 ye/dL (at 4:00

8:00 AM) PM)
(200-550 mmol/L.) (80-860 mmol/L)

Cortisol in plasma

 
4

Serum apecimens unless otherwise indiented$*

perplasia excrete excessive THS due to a
11-hydroxylase

defect.

Common,
chemistry, reference values are listed in Table

TV
EB

Automated Analysis---The automation of analytical
techniques used in blood and urine chemistry, hematology,
blood typing and immunology has increased tho productivi-
ty and accuracy of the elinical laboratory.” Compuuteriza-
tion of the automated analytical system also has increased
the rapidity of reporting test results, reduced clerical errar

and provided
a unified and updated report of the laboratory

teats for each patient.
In the SMA-12 (or SMA-20) Autoanalyzer (Technicon),

a

continuously operating, maltiple-channel proportioning
pump moves the samples,diluents and reagent streams, Air

bubbles segment the flowing streams of samples and re-

agents, which then may flow through dialyzers lo remove

interfering substances, move them into chambors preset at

desired temperatures and, finally, into deteclion devices

(colorimeters, fluorometers, flame photomelers, spectro-

photometers),
A serum standard is run

simultaneously with

thesamples. ‘The results can be read directly froma record-
er or can be coupled into a

digital computer outpul. Se-

quential, multiple analyses in the SMA-12 are accomplished
by distributing the sample to 12 different analytical streams,
so that all 12 analyses

are in progress at the samo time. The

Vanillyimandelic neid

=

<6.8 mg/2d br
{VMA) in urine

SMA-12 profile usually determines caleium, inorganic phos-
phorus, glucose, BUN, uric acid, cholesterol, total protein,
albumin, total bilirubin, alkaline phosphatase, LDH and
AST, The Mark X (Hycel}, Ektachom 400 (Kodak), ACA

(Dupont) and DSA-560 (Beckman) also are used in auto-
mated clinical-laboratery techniques.

Technicon recently developed the “capaule chemistry’
analysis

on the Chem 1 analyzer. Microatiquots of the sam-

ple (1 wL) and reagents (14 wl)
are

encapsulated within an

inert Muorocarbon liquid. The resulting “test capsule” ia
introducedinto a

single, analytical flow path (composedof a

solidfluorocarbon liquid, Teflon) where the sample is incu-

bated, mixed, roacted and measured aa a
moving series of

individual tests. ‘The reactions are monitored at in-line
detector slations for colorimetric and nephelometrie

mea-

surements. On each sample 35 chemistries can be run se-

quentially.
‘The rapid growth of more-sophiaticated chemistry analy2-

ers increases the capacity of any clinical laboratory and is

associated with small-specimen requirements incorporaling
batch analysis, profiles and slat capabilities, In addition to

routine chemistry Leating, the ayatems test for enzymes, im-

munoassay, therapoulic-drug tests, coagulation (fibrinogen,
antithrombin I, plasminogen) and electrolytes. ‘Tech-

niques eliminating liquid requirements of other reagent sys-
tems are available fram Kodak and Ames using dry reagents,

¥
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which are
impregnated

in pads
on

astrip
orslide and read hy

a reflectance photometer.
Automated hematology and simultaneous determination

of RBC, WBC, hemoglobiit and hematocrit, MCV, MCHand
MCHCcanbe performed

on the SMA-7A (Techaicon) Ana-

lyser. The automated Technicon Hematog systems will pro-
vide data of SMA-7A and CCV (canductivity cell volume),

prothrombin tine, partial Chromboplastin time and platelet
count. Automated leukocyte differential

was discussed

previously under Hematology.

Urine

The formation of urine andits excretion are eritical phys-

iological activities of the body which provide
a mechanism

for the maintenance of a constant internal environmentfor

all cells, tissues and organs. This internal ecology of the

body is well-recognized and known as homeostasis. Tnas-
muchas the urine refleets whatis occurring within the body,
it offers a uid which is an

important source of information
that.is most. useful as an aid in the definition of dhe slates of
health and disease. More specifically, the kidney, by

means

of urine formation

1. Regalaties the bady water,
2 Jixcretées metabolic waste products, miunryof which are of a vilroge-

TOMS Bab,
3. Exeretes Loxic aubstanees of both endogenous and exogenous ort

Hah,
4. Reyulates the dectrolyte equilibriumof the hady by citer exeret:

ing or
retaining cach specific ion.

4, Maintaing the delicate balanee of pit withia the body by excretion
of Gacess acid or excess base.

6. Provides an
importantroule forthe climination af pharmacenticval

agents and their breakdewn producis frem the body,

Normal urine contains several thousand compounds most of
which occur in minute quantities. Table V identifies some

of the constituents of normal urine which are of particular
significance,

Urine is studied quile widely
ag a means of identifying

abnormalities associated with disease. ‘The importance of
such study is emphasized by the fact that. the numberof tests

earried out.on urine far exceeds those made on all other body
fluids combined, Urine not only is importantin providing
information relating

to kidney disease, but it may provide
information relative to many other body activities. Infor:
mation from urine studies is of diagnostic value in functional
diseases of the kidney, liver, pancreas, blood, bone, muscle
and the urinary, gastrointestinal and cardiovascular sys-
tems. Urine studies provide vital clinical information on

electrolyte and water balance, acid-base equilibrium, inter-

mediary metaboliam, inborn errors af metabolism, drug
abuse, intoxication, pregnancy and hormone balance. Most
of these parameters have been discussed earlier and this
section wil be devoted Lo routine urinalysis.

Table V--Normai Constituents of Urine  

 
Gonstituant gfiday Conatituent

Water 1400 Amineacids 21
‘Total solids 60 Purine bases 0.03
Urea 30 Phenols 0.03
Uric acid 0.4 Proteins (total) 0.025
Hippurie acid 0.9 Chloride (as NaCl) 12
Crealinine 12 Sodium 5
Indican 0.0) Potassium 2
Chivie acid 0.8 Caleiun 02
Lactic acid 0.2 Mapnesium 046
Oxalie acid 0.08 Sulfur (total) 10
Nicotinic acid 0.00028

=

Phosphate (as P) ld
Allantoin 0.04 Ammonia 07
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It. is important to recognize that urine test information,
like all other laborntory data, helps provide

a
picture of the

whole body, but any single resi requires interpretation
to

be moat meaningful. Italso should be reeoynized that neg:
ative resulta can be essentially

as useful as
positive results in

agreal many instances. The ready availability of urine is an

advantage that makes if. practical
asa material for monitor-

ing Whe course of the treatment of disease as well as for ils

recognition and definition.
Mosturine examinations include observations with regard

to the majority of the follewing—eoior, odor, turbidity, pH,
protein, glecose (or reducing substances), ketone bodies (ac-

etone), oceult blood, bilirubin, urobilinogen, bacteria (cul-
ture or chemical tests}, specific gravity and microscopic

ex-

amination of sediment, including erythrocytes, leukocytes,
casts, epithelial cells, crystals, bacteria, parasiles and exfoli-
ative cytology. A “reudine” urinalysis varies in different.
institutions but ordinarily invelves the inclusion of the ma-

jority of the above tests.

Urine for laboradory study should be collected in clean

conlainers—-preferably into a
disposable wnit. (polystyrene

tube) with a
capacity of 14 mL which can be used for collect.

ing, transporting, centrifuging
and

testing. Refrigeration is
desirable for any specimen whichis not teated within 1 to 2
hours,

Hf urine is Lo be Wansported through the mails or is to be
held for a

significant lime al room temperature, it is desir-
able to add a urine preservative (formalin, methenamine,
thymal, toluene) which will interfere with microbial growth
in the specimen. Several proprietary urine preservative
tableta are available. Hf urine is allowed to stand at room

temperature, bacteria will grow in the specimen and cause

degradation of many constituents, Frequently, the bacteria

decompose
urea into ammonium carbonate with a

resulting
increase in the alkalinity of the specimen, Formed ele

ments, particularly casts and red bloadcells, disintegrate in

alkaline solution,
The majority of urineLests are done on randomspecimens

but, in certain instances, i. is necessary to have a 24-he

specimenfor certain specialized analyses. Fer urine-sugar
testing in diabetes detection, it is desirable to use a post-

prandial urine specimen(ie, alterna meal). For proteintests,
as well as chemical or culture tests for bacteriuria, thefirst

morning specimenis preferred. Most laboratories use eom-

mercially available, standardized, reagent-impregnated
strips (“dipstrips”}

ar tablets (Ames) for routine urinalysis.
Inslrumentation in Urinalysis--Aulomaled urine-test-

ing systems, semiaulomatled reapent-strip readers anda sys-
tem which performs the complete urinalysis procedure have

been developed. ‘The strip reader is a reflectance photom-
eter which measures urine pH, protein, glucose, ketones,

bload, bilirubin, nitrate and urobilinogen. ‘The TRIS AIM

(international Remote Imaging Systems)
measures wine

apecific gravily by refractomelry, urine sediment by staining
and classifies analytes, controlled fluid dynamies, video mi-

croscopy with an image processor, a chemistry aystem Lo

read a standard dipstick by reflectance photometry, and
color and appearance. "These systems achieve standardre-

gulls for coutine urinalysis and increase accuracy and
preci-

gion.
Volume—The normal volumeof urine excreted during

a

24-hrperiod is usually in the range ef 1000 to 1600 mL. Itis

possible fora healthy person to modify the volumeeitherby
severe fluid restriction or

by ingestion of excessive quanti-
ties of fluid. In certain disorders there is a

change in urine
volume, Urine-volume increases are identified as polyuria
andare encountered in diabetes mellitus, diabetes insipidus
and in cerlain stages of chronic renal discase. Urine volume
is increased during diuretic therapy and with the ingestion
or

injection
of large volumes of fluid, A decrease in urine
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volume usually
occurs in dehydration, water restriction and

in acule or terminal renal disease. Extensive water loss
from severe diarrhea or

vomiting
causes

oliguria
or de-

creased urine volume. Acule renal failure precipitated by
shock, poisons

or transfusion reaction may resull in a com-

plete absence of urine excretion or anuria, In the majority
of instances urine study docs not require volume measure-

tenis, but. these are
quite critical in severely ill persons

where oliguria
or anuria is present.

Specific Gravity-Qsmolality—The urine denuily
or

apecific gravity iy related to the amountofsolids exereted in
a given yolume of urine, In the majority of instances in

healthy persons the specific gravity varies between 1.010 and
1.030 and is related to dietary habits of fluid and food inges-
tion and, secondarily,to the loss of uid by other routes such
as extensive sweating. ‘The measurementof urine denaity

or

specific gravity is a part of “routine urinalysis,” and as such

provides information with regard to water and solids turn-
over in the body. Thespecific-gravily informationalone is
not nearly

so important as it may be in conjunction with
other observations. ‘Thus, if dehydration is suspected,

a

specific gravity in the midrange of1.015 wouldcast a doubt
about dehydration unless there was a concurrent renal dys-
function,

The kidney possesses a remarkable ability to either form a

concentrated urine or a very dilate urine ranging from a

specific gravity of 1.001 to 1.032. This concentrating
or

diluting capacity is diminished in cases where there is a lose
of renal function. In fact, one of the sensitive tests for

measuring renal function involves the so-called dilution-
concentration tests where fluid is administered or withheld,
andthe specific pravity of the urine is measured. With a

serious loss of renal function, the kidney cannot excrete a

urine in excess of 1,020 even with markedfluid restriction.
In advanced renal disease the specific gravity of the urine

may become “fixed” or constant in the range of 1.010 to

1.012 withall urinebeing of this specific gravity regardless of
whetherthere is overhydration

or
dehydration.

Specific gravity is measured readily with a
special hy-

drometer, called a urinometer. There is a correlation be-
tween the density of urine and its refractive index, and a

special refractometer has heen designed which gives read-

ings in specific-gravity units on a
single dropof urine.

Certain abnormal constituents of urine, such ag
glucose

or

protein, when presentin high concentrations, will cause
sig-

nificant increases in specific gravity. Certain X-ray
con-

drast media, when excreted in the urine, also will cause

marked increases in specific gravity.
Urine specifie gravity is only

an indirect index of solute

concentration, ie, | mole of urea will produce
a lower specific

gravity than I mole ofglucose. Osmolality ia o direct. mea-

sure of the molal concentrationofsolutes in solution regard

-

less of their molecular weight, ie, 1 mole of NaC dissociates
into TF mole of chloride ion and 1 mole of sodium ion. OQsmo-

lality is determined in a direct-reading osmometer by
com-

paring the freezing point of urine with that of a standard
sodiumchloride solution,

‘The kidneys normally excrete 800 to 1400 mOsm/kg (an
osmol is that weight of any substance whan dissolved in
water depresses the freezing point L.86°) ofsolutes per day.
Manconcentrates urine and eliminates the daily solute load
al a maximumvolume of 1200 mOsm/kg water. Urine os-

motality ia an inverse functionof urine volumein the normal

catabolic state, Urine volume is regulated by the antidi-
uretic hormone (ADE) and sedium excretion by the hor-
mone aldosterone, Increased osmolality of body fluids

atimulates, and increased dilution inhibits, the release of
ADH, The major determinant of body-fluid osmolality is

sodium, Sodium consorvation is mediated through the re-

nin-angiotensin-aldosterorie axis. Determinations of plas-

 

ma and urine sodium, and osmolaiity and urinary volume
are of diagnostic value in Addison's disease, vasomotor

ne.
phropatby (acute tubular necrosis), inapparent volume de.
pletion, incomplete urinary tract obstruction and hepato-
renal disease,

:

pH-—Jfreshly voided urine usually has a
slightly acid pH,

The normal range is § to 8 and, essentially, this is also the
abnormal pH range. The kidneys, by

reasonof
excreting a

urine of variable pli, provide
a

regulatory mechanismfor the

hedy to get rid of excess acid or alkaline waste products,
Since the normal pH range and the abnormal pH range are

comparable, the measurement. of pH alone provides minimal

information, but when used in conjunction with other infor-

mation, itis a very useful urinary parameter. In conditions
of acidosis, the urine is quite acid; in conditions of alkalosis,
the urine pH is above 7. When metabolic or

respiratory
acidosis is sugpected,

an alkaline-arine pH result almost,
eliminates the possibility of acidosis. Conversely, if respira-
tory or metabolic alkalosia is suspected, the excretion of an

acid urine indicates thatalkalosis ia likely not present.

Dip-and-read
tents are used widely for pH teating, but

pH-meter measurements are used leas commonly. In cer-

lain situations involving kidney stone susceptibility, it is

quite important
to maintain a narrew range of urinary pH,

For example, in cystinuria
an alkatine pH is maintainedto

keen the cystine solubilized andto avoid ag muchas possible
the crystallization of eystine into renal calculi. The mainte-
nance of uwinary pHis also importantfor optimumresults in
certain types of drug therapy.

Color——Urine normally has a
yellow color, mostly due to

urochrome; the color varies from pale straw to dark amber,

Darker specimens usually have a
high specific gravity. Oc-

casionally, either normal or abnormal urine may show a color

different from yellow, Bilirubin may causefresh urine to be

dark in color. In addition, urine which is allowed to stand
darkens because of the oxidation of urobilinogen to urobilin.

Red, reddish-brown or
“smoky” urine usually ia due to the

presence of hemoglcbin (hemoglobinuria), myoglobin
(myoglobinuria)

or red blood cells (hematuria). Porphyria
is an uncommon cause of red coloration, Black uring can be

caused by melanin, which may occurin the urine of patients
with far-advaneed malignant melanoma, An inbornerrorof

metaboliym, alkaptonuria, is characterized by the urinary
excretion of homogentisie acid, which causes the urine to
turn dark brownor black on

standing. Manyof the unusual

colors oceasionally found in urine are derived from exoge-
nous sources, Including hoth foods and drugs. Among these
are the red color caused by beets, particularly in infants, the

golden-yellow
or

orange-red color of metabolites of pyri-
dium-like drugs

or azo drugs andthegreenor blue colorfrom

methylene blue,
Odor~-Normal, freshly voided urine has a faint aromatic

and characteristic odor, whichis more intense in concentrat-

ed apecimens. Jf the urine is allowed to stand, the odor
becomes strongly ammoniacal and wnopleasant because of

bacterial destruction of urea. Froshly voided urine havinga
foul odor indicates severe infection, A aweet, fruity odor
may be due Lo ketones.

Appearance—Freshly voided urine ia usually clear, On

slanding,
4

precipitate may form which usually consists of

amorphous
urates if the urine is acid or calcium and magne-

sium phosphates if the urineis alkaline. ‘The formation ofa

precipitate is more
likely to occurif the urineis refrigerated.

Moat specimens wil} become clear again if they
are warmed

gently to room temperature. Large quantities of mucus,

calls, leukocytes
or bacteria may cause cloudiness. Protein

usually does not cause cloudiness,
Protein-—A small amount of protein is present in the

urine obtained from healthy subjects although the quantity
is not sufficient to give

a
positive reaction with the teste
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commonly used for the recognition of protein in urine. The

majorityof Uhe 25 to 50 mg of protein thal is excreted daily is

microprotein
dow-molecular-weight polypeptide), with

properties quite different than those of albumin and globu-
lin, which are the principal proteins of the blood serum.

Albuminand globulins do accur in the normal urine in min-
ute concentrations,

Plasma proteins, hemoglobin, abnormal Bence-dones pro-
tein and proteing (nucleo-, phospho and glyco-proleins)
derived from leukocytes and mucus may be present in urine
in nephritis, nephrosis, lesions of the urinary tract, GI dehy-
dration and renal congestion. Abnormal amounts of protein
in the urine may be recognized by either precipitation

or

colorimetric tests. Tho precipitation depends
on the heat.

coagulation of Une protein
or on the chemical precipitation af

the protein. The most popular of the heat-precipitation
tests is the heat-and-acetic acid teat in which a tubeof urine
is heated to boiling after the addition of a drop

or two of
acetic acit. Sulfosalicylic acid ia

employed commonly in
chemical precipitation tests and, in this test, equal quanti-
ties of 3% sulfosalieylic acid and ure are mixed in a test
tube and the mixture examined for turbidity indicative of

precipitated protein,
Colorimetric tests for proteins involve dip-and-read Lype

of systems and are based on the protein
errorof indicators,

“erlain indicators have a
point of color change which is

different in the presence of protein compared to the same

system in the absence of proteim. Thus, by buffering the
indicator tetrabromophenal blue on this dip-strip at a spe-
cifie pH, it is possible to bave a

yellow color in the absence of

protein and a green or blue color in dhe presence of protein.
This teat, Albustix (Ames), not only indicates the presence
or absence of protein in the urine but also can be made to
indicate the approximate amount of protein, Strongly alka-
line or fermented urines will give falae-positive resulta. The

sensitivity of the colorimetric methodis such that quantities
of £0 10 20 mg of albumin per 100 ml. of urine are

recognized
with confidence.

A positive Lest for protein in the urine may have any one of
several meanings, and it is only when this information is
related to other observations that it has optimum value.
Proteinuria may be benign and appearfollowing strenuous

exercisa or
simply

as a resull of standing (orthostatic pro-
teinuria}, Protein frequently

oceurs in the urine during
pregnancy andin some instances this ia benign, but. in other
cases it indieates renal complications. ‘Fransient protein.
uria may occurfollowing

severe infections, high fever, axpo-
sure to cold and in congestive heart failure. Proteinuria
may be an

early and sensitive indicator of renal disease and
may indicate an

abnormality prior to other signs and aymp-
toms of renal impairmentin the glomerulus

or tubules. In
the majority of instances there is not a correlation between
the amount of protein in the urine and the severity of the
renal diseaae.

Patients with severe
nephrosis may lose up to 25 ¢ of

protein per day. Such a marked loss of protein causes a

decrease in plasma protein concentration with an accompa-

nying edema. In both chronic and acute glomerulonephritis
there is protein in the urine, ‘Tumors of the kidney and
renal infection usually will have an accompanying protein-
uria, Bence-Jones proteinis

a
unique protein which occurs

in the urineof about 80% of patients with multiple myeloma.
It has the unustial property of precipitating between 50 and
60° and dissolving

at higher temperatures.
Hucase (Reducing Substances)—Glueose normally

oc-
curs i) urine in such Jow concentration thatit escapes detec-
tion by the usual testing methods. The urine of untreated
or

poorly controlled diabetic patients characteristically
con-

tains easily detectable amounts of glucose. A positive test
for glucose in urine usually suggesta hyperglycemia and the
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dingnosis of diabetes mellitus; further studies, such as the

glucose tolerance test to confirm the diagnosis,
are indicat-

ed. Glycosuria also may occur when the renal tubules fail to

reabsorb glucose normally, and glucose appears in the urine

deapilte normal blood glucoselevels, in contrast to rue dia-
betes.

Glucose is the sugar ahnost always foundin urine; howev-
er, lactose, galactose, levulosé, sucrose and pentoses may be

encountered. These other sugars are identified by paper

chromatography, selective fermentation, polarimetry, ape-
cial chemical tests or the formation of their osaxanes, Other

reducing aubstances occur in urine and may cause falsely
positive reducing reactionsfor glucose. Iéxamples

arc ascor-
bie acid, glucuronides, many drugs, homogentisic acid and
(he preservatives formalin and chloroform.

The traditional test for glucose in urine (Benedict's test)
relics on the reduction of cupric ions in alkaline solution to

reddish-orange insoluble cuprous oxide. The copper is re-

duced totally by kage amounts of ghicose and resulta in a

brick-red sediment with no
remaining blue color, Lesser

concentrations form green- to rust-colored solutions with
some red sediment, A modification of this test, Clinitest

(Ames), ip available in tablet form. ‘The tablet contains

coppersulfate, anhydrous sodium hydroxide, citric acid and
sodium earbonale. When added to dilute urine, the tablet
dissolves and generates enough heat and effervescence to

yield results comparable with the Benediet test,
A

specific but extremely simple enzymetest for glucose is

available-—Tes-Tape (Lily), Clinistix (Anes) and Mulltistix

(Ames). Reagent strips
are

impregnated with glucose oxi-

dase, peroxidase and orthotolidine. When dipped into a

solution of gluease, oxidation occurs and hydrogen peroxide
is formed which oxidizes orthotolidine ta.a blue color. ‘This
testia more sensitive than Clinitest, but is not as reliable for

estimating the concentration of ghicose. ‘The enzymatic
test is specific and thus usefal in determining whether or not

areducing substance ig glucose. Diastix (Ames) is a
specific

uring glucose Lest. using glucose oxidase, whichalso indicates
the quantity of glucose present.

Ketone Bodies—The ketone bodies acetone, acetoacetic
acid and beta-hydroxybutyric acid are present in the urine
whenfals are metabolized incompletely. Ketonuria is seen

most commonly in pourly controlled diabetes and indicates
kelonemia and diabetic acidosis. Other causes for keton-
uria are atarvation, fever, protracted vomiting and Von
Gierke’s disease. Ketonuria also occurs

following anesthe-
sia. Acetoacetic acid and acetone produce

a dislinctive pur-

ple color when treated with a mixture of sodium nitroprus-
side, ammonium sulfate and concentrated ammonium hy-
droxide. A similar reagent is available in tablet form

{Acelest, Ames}. A drop ofurine ik placed on the tablet, if
ketones are present, a lavender to deep-purple color devel-
ops in 30sec. The color intensity indicates the concentra-
Lion of ketones, ‘The reagent strip Kotostix (Ames), used as
a

dip-and-read test on urine or serum, contains the same

reagents, whichare availabie on Multistix (Ames) and other

multiple reagents
as well. These tests will detect 5 ta 10 mg

of aceloacetic acid per 100 mLof urine.

Phenylpyruvie Acid—--Phenytketonuria (or PKU) is an

inborn error of metabolism in which the norma) conversion
of phenylalanine

to tyrosine in the body does not oceur and
there is a buildup of phenylalanine concentration in the

blood. This metabolic disorder causes mental retardation,
A portion of the phenylalanine is exeroted by the kidneys
into the urine andin the process is converted Lo phenylpyru-
vic acid (or phenylketone). If this genetic disorderis discov-
ered soon after birth, it is possible

to place the infant on a

diet very low in phonylalanine-containing proteins and Ubus
minimize the phenylalanine buildup in the body, averting
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|

 SSSRSUSaiDeRRSORINAtreesctstopestert

a

 

eeeye



MYLAN INST. EXHIBIT 1013 PAGE 134 

 

620 CHAPTER 28

the serious menial retardation which ordinarily is seen in the

untreated PRU patient.
Recognition of PKU can be made by the use of a Lest for

phenylpyruvic acid using
a

dip-and-read reagent composi-
tion containing ferric ions, ‘This test, Phenistix (Ames),

can

be used on urine from all newborn babies. A positive
reac-

lion gives
a green color, whereas a normal infant’s urine gives

& pale-ivory
or

yellaw color to the strip. PKU also can be

recognized by employing
a chemical or

microbiological test

for elevated phenylalanine in serum, as discussed under
Anuno Acids,

Bilirubin--Bilirubin is found in the urine of patients
with hepatitis

or obstructive jaundice but not in patients
with hemolytic jaundice, ‘Tests for bilirubin and urobilino-

gen combinetogive excellent informationin the differential

diagnosis of jaundice. Tests for bilirubin are of two kinds;
oxidation tests form a green color ofbiliverdin from bilirubin

usually using ferric chloride as the oxidative reagent, and
diazotization tests form colored compounds when bilirubin
reacts with diazonium salia in a

strongly acid medium.
Moat oxidation testa adsorb the bilirubin anto barium sul-
fale or similar material before the addition of Fouchet’s

reagent, ‘The tablet lest Jetolest (Ames) ia the moatsenai-
(ive diazo test. and if uses an

absorption
mat to concentrate

the bilirubin from drops of urine. A reagent tablet is

added to the moist apot
on the mat. and 2 drops of water are

addedta dissolve the effervescent reagent and wash someof
it off the tablet onto the mat where the reaction takes place.
A blue or

purple color on the mataroundthe tablet in 30 aec

indicates the presence of bilirubin. In addition,
a

dip-and-
read Lest. composition alec based on the diazo reaction has

been incorporated into the multiple urinalysis reagent

strips, Bili-Labstix and Multistix (Ames), tis less sensitive
than the tablet. test, but its convenience allowsit to be used
in routine urinalysis quite readily, An incidence of approxi-

mately 0.1% positives
on

health-screening population
groups, 0.2% on clinic patients and 0.9% on

hospitalized
patients has been reported.

Urobilinogen—Bilirabin in the bile ig reduced to urabi-

linogen by bacteria in the lower intestine. A portion of the

urobilinogenis reabsorbed from the intestine into the blood.
A portion of this urobilinogen is excreted into the urine by
the kidney and the balanceis re-excreted via the bile into the
intestine. Although the quantity of urobilinogen in the
wine is quite smail, it is an

important indicator of liver
function and red-bloadd-cell catabolism.

If there js an obstruction to bile flow such as in obstructive

jaundice, the amount of urobilinogen formed and reab-
sorbed into the blood and excretedin Lhe urine is decreased.
With impairment

ofliver function, the excretion of urebilin-

open in the bile is decreased, the blood concentration in-
creases and there is a

corresponding increase in urinary

urobilinogen excretion, Actually, the increase in urinary
urobilinogen is ane of the most sensitive teats for impaired
liver function and Chis test may indicate an

abnormality
whenall other tests of liver function remain unchanged from
normal.

In hemolytic diseases where there is an increased rate of

hemoglobin breakdown, the amount of bilirubin formation
is increased with a

corresponding increase in urobilinogen
formation and excretion in the urine. The concentration of

urobilinogen in urine can be established by the use of a
dip-

and-read teat which uses the interaction of urebilinogen and

p-dimethylaminobenzaldehyde (Urobilistix, Ames).
Hematurin, Hemoglobinuria and Myoglobinuria—

Hematuria refers to a condition in which intact red blood
vells appear in Che urine. This condition is indicative of a

specific defect. in the microscopic functional unit (the neph-
ran) of the kidney

or it may be indicative of bleeding in the

kidney, the ureter, the bladder or the urethra. in the female

there may be variable numbers of red blood colis in the uring
during menstruation.

Hemoglobinuria is a condition in which free hemoglobinis
present in the urine without red blood cells. This may be
eaused by intravascular hemolysis as a resuld. of a

transfusion
reaction or

by poisoning
or toxins, The free hemoglobin in

the plasmais excreted by the kidney into the urine. Insome
situations actual total hemolysis of the radcella occurs after
they have enlered the urine. This occurs

particularly with
alkaline urines.

Myoglobinis the red respiratory pigment of muscle. This

pigment is quite comparable to hemoglobin in its composi-
tion and chemical reactions. Myoglobin maybe Hberated
from muscle cells in certain types of injury and, in such
eases, will cireulate in the plasma and be excreted in the
urine. There are also cerlain genetic muscle disorders in
which myoglobinis tast from the muscles and appearsin the

plasmaand subsequently in the urine.
Chemical tests for red cells, free hemoglobin and myoglo-

bin are based on the peroxidase-like activity of hemoglobin
or

myoglobin. When a
chromogen mixture such as orthoto-

lidine and peroxide is exposed to this peroxidase activity,it
will interact rapidly to generate an intense blue color. A

dip-and-readsolid state system is available which is called
Hemastix (Ames). This specific composilion

uses cumene

hydroperoxide
as the peroxide. The same

dip-and-read test
for occult blood is incorporated

as a component part of

mulliple, urine dip-and-read tests, eg, Multislix (Ames).
Microscopic Examination-—-Ordinarily, urine contains a

numberof formed elements or solid structures of microscop-
ie dimensions, ‘These are studied readily by centrifuging 10
to 16 mL of urine, pouring off the supernatant and resus-

pending the sediment in the drop or so of urine which re-

mains in the tube, ‘This suspension of sedimentis placed
on

a
microscope slide and viewed with low-power magnifica-

tion. Specific sLructures can be studied with higher magni-
fication. The wrinary sediments can be classified into unor-

ganized (chemical substances) and organized {cella and

casts} constituents.
In an alkaline urine, amorphous

or
crystalline ammonium-

magnesium phosphates, calcium carbonate or oxalate crys-
tals and ammoniumurate may occur

normally. Amorphous
or

eryslalline urates, uric acid and calciumoxalates normally
are seen in acid urines. The presence oftyrosine, leucine or

cystine crystals is associated with various diseases, Chemi-
cal crystals

are identified by solubility in acid and/or alkali,
colorimetric reactions and crystalline siructure.

The urine sedimentordinarily contains residues of epithe-
lial cella, crystals and an occasional red or white blood eell.
Increased mumbers of erythracyles

are seen where there is

bleeding into the urinary tract, If the red cells are formed
into a red-cell cast, it is suggestive thal bleeding has oc-

curred al the glomerular level. An increased number of

leukocytes ia suggeative of infection and inflammationof the

kidney. Casis are
microscopic concretions which have the

form of a
tubule; they have a matrix of precipitated protein

and, depending
on their appearance, may be identified as

hyaline, granular, waxy or red-cell casts. Renal-foilure cagla
are larger and are agsovialted with severe necrosis of the

kidney.
Numerous crystals,

mucus fibors, bacteria, yeast cells,
spermatozoa and parasites (Trichomonas vaginalis) may be
indentified in Lhe urine sediment. ‘The majority of these

cryatole do not have any unusual significanee but in certain
disorders may he indicative of crystal deposils in kidney
tissue or

predisposition Lo formationof calculi.
Tiasue cells can be recognized

in urine sediment. This

provides
an excellent means of detection and diagnosis of

cancerof the lower urinary tract when the sedimentis fixed
in alcohol and stained by the Papanicolaou procedure. TEx-
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foliative cytology of urine may be
applied

aa a routine to all

urology patients. In one
large clinic the number of positive

cases found among urology patients
was almost 5%, which is

a much higher regurn of positive resulta than is obtained
with routine staining of cervical smears.

Bactoria-—lreshly voided apocimens of urine ordinarily
contain a few microorganisms, which primarily represent
bacteria picked up from the exlernal genitalia. ‘Phere are

fewer contaminating organisms in a elean-catch specimen,
which involves extensive washing of the external genitalia
prior to collection of the apecimen. A specimen collectedat
the midpointof urination or a “midstream” specimenordi-

narily has more
organisins than a clean-catch specimen, but.

fewer than a so-called random specimen. Whenthere ia an

infection ofthe kidney
or urinary tract, the number of argan-

igms in the urine ia increased markedly. Ordinarily,if the
urine contains £00,000 or more organisms per mL, the result

strongly suggests the presence of an active infection, Infec-

tion of the urinary tract with accompanying bacteriuria is

relatively
common in young girls and women. Quite oflen

the condition is asymptomatic and is recognized only as a

result of aatudy of the urine. If bacteriuria is not treated, it
may lead Lo serious renal tajury.

if there js a very large numberofbacteria in Lhe urine, the

apecimen actually may be turbid. This can be recognized by
gross visual inspection of the urine. Bacteriuria also can be

recognized by microscopic examination of the urine sedi-
ment particularly if there is a

large number of organisms
present. The most widely employed procedure for recogniz-
ing bacteria involves plating

a specimen of diluted uring on a

euiture plate, incubating it and counting the number of

colonies. A more convenient approach to this same mea-

surement involves the use of a
microscope slide which is

coated with nutrient agar. Such a slide, when dipped in a

urine specimen and then incubated, will Indicate the pres-
ence or absence of bacteriuria and also the approximate
count.

Methods to determine the presence ofsignificant numbers
of bacteria in urine samples

are available on various auto-

mated systems." ‘The Bac-T-Sereen (Marion) system is a

dispensing
and[filtering system used with a

straining process
Lo detect. the presence of bacteria on

special filter cards by
noting the color change

on the card, Analysis
on the Abbott

MS8.-2 performed by photometric monitoring of bacterial

growth changes the light transmitted in a brath culture over
a

period of time, A decrease in the light transmissiondue to

turbidity
or color identifies a

positive specimen. ‘The Lu-
mac Biocounter M2010 measures bacterial adenosine tri-

phosphate (A'PP) in urine by the bioluminescence produced
in a luciferin-huiciferase system. Once these rapid tech-

niques
are

performed to determine which specimens have
increased bacteria, further identification and sensitivity
teating are performed, Chemical tests for the metabolic

activity of bacteria have been used in
studying bacteriuria.

‘Fhe most popular chemical testis that for nitrite. Ordinari-

ly, all urine specimens contain nitrate, but do not contain
nitrite. If # eoli,

or certain other organisms,
are presentin

sufficient numbers, they will reduce the nitrate to nitrite.

Calewli—Knowledge of the composition of renal and
bladdercaleuli (“stones”) is essential in planning the thera-

poutic regimen for suchdiseases. Mixedcalcium phosphate
and oxalate stones usually

oceur over the entire urme pH
range. Uric acid, cystine and calcium hydrogen phosphate
calculi generally

are associated with acid urines, while mag-
nesium ammonium phosphate calculi usually

oceur in alka-
lime urine. Hyperexeretion of one of the calculi compo-
nents, pH, ranal blockage

andthe presence of foreign objects
in the urinary tract are the most probable causal factors in
the formation of renal calculi. Calcium oxalate stones are
the most common type. ‘The chemical content of the stones
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is established by routine qualitative analysis for calciwn,

magnesium, ammonium, phosphate, carbonate, oxalate, uric
acid and eyatine. Subsequent confirmation by optical crys-

tallography, X-ray diffraction andinfrared spectroscopy in

also usedin the characterizationof the physical properties of

the calculi.

Feces

Normal feces consists of undigested food remnants, prad-
ucts of digestion, bacteria andsecretions of the gastrointesti-
nal tract. Macroscopic, chemical and microscopte determi-
nations are

performed routinely. The normal quantity
of

feces is about 200 g/day. The brown color is due to the
reduction of bilirubin to urobilinogen and then to uribilin

(stereobilin); bilirubin is not normally. present in feces, but

porphyrins
andbiliverdin (a component of meconium) are

exereted during the first days of life. Bilirubin can be de-

tected by tests previously deseribedfor bile pigments.
Color changes in the stool can be the result of dietary

intake or
diagnostic far biliary obstruction and gastrointes-

(inal bleeding.24.
Patients with steatorrhea and malahsorp-

tien may show a
yellow bulky stool containing Lal and gas.

The feces is clay colored whenbile is prevented from enter-

ing the gut. A red or black stool can occur whan excessive
doses of anticoagulants, phenylbutazone

or
salicylates

are

taken, producing bleeding in the gastrointestinal
tract.

Substances which interfere with the coloration of the stool

include antacids (whitish or
speckting), bismuth salts

(black), iron salts (black), pyridium (orange),
senna

(vellow
to brown) and tetracyclines (red).

Feeal urobilinogen
can be determined colorimetrically by

reduction of urobilin to urobilinogen with alkaline ferrous

guifate, and then reaction with acidified p-dimethylamino-
benzaldehyde (fthrlich's reagent). It is increased from a

normal range of 40 to 280 mg a
day to 400 to 1400 mg in

hemolytic jaundice (dark brown stool}, and is decreased In

obstructive jaundice (clay-coloredstaal).

Porphyrins and porphyrinogens do not arise from hemo-

globin catabolism, such as
bilirubin, but are

by-products of
the synthesis of heme, Increases in fecal and urinary elimi-

nalion of coproporphyrin, uroporphyrin and protoporphyrin
are valuable diagnostic aids in distinguishing the various

hepatic and erythropoietic parphyrias. Fecal copropor-

phyring (CP) and coproporphyrinogens (CPP)
are deter-

mined after extraction, conversion of CPP to CP by iodine
and

triple-point speclrophotometric estimation at 380, 40]
and 480 nm to correct for interfering substances (also see

Urinalysis).
Fecal occult blood is detected readily by the o-tolidine,

benzidine, guniac
or

diphenylamine tests; thia is valid only if
the patient hag been on 4 meat-fyee diet for 3 days. Guaiac
and diphenylamine

are
preferred due to the carcinogenic

potential of the other two chemicals.
The Hemoccult test kit (Smithline Diagnostics)

uses an

impregnated guaiac paperslide for detecting occult blood,
whichis a useful screening test for colon cancer. ‘Twoslides
are

prepared each day for 3 days frem different parts of the
same stool while the patient is on a meat-free bigh-bulk diet.

Interfering substances include aapirin, indomethacin and

corticosteroids, because they
can

produce bleeding, and Vi-

inmin C, which interferes with the oxidation reactionof the

test. If bleeding occurs
high in the GH tract, the bloodis

digested and converted ¢o acid hematin; 50 mi. of bloodin

the feces will cause melena (black stool}, Bleeding fromthe

lower GI tract is apparent fromred
streaking of atools. The

use ofCy-tageed erythrocytes haa been used to quantitate
andlocate the souree of gastrointestinal bleeding. ‘The sub-

ject’s red cells are mixed with an isotonic “Cr solution and
then reinjected intravenously. Jf bleeding occurs, the Cr.
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isotepe content of the feces will be ficreased. Location of
the hemorrhagic

area algo can be approximated by
an isa-

topic scan of the abdominal area.

‘The presence of excessive quantities of mucus is usually
indicative of dysentery, colitis or other inflammatory pro-
cesses in the infestinal mucosa.

Strongly alkaline or acidic
reaction in the feces is indicative of excessive quantities of

protein
or

carbohydrate in the diet, respectively.
Quantitative determination of fecal nitrogen is useful in

analysis of pancrealic function. In pancreslic disease, in-
ereases in fecal nitrogen will occur ag a result. of decreased
secretion of pancreatic prolectytic enzymes. The normal
individual will excrete 4 to 13% of ingested nitrogen in the
feces; in chronic pancreatitis, 9 lo 80%, Fecal nitrogen

can
be determined by the jeldahl digestion procedure.

Feeat fat is present in the form oftriglycerides of' fatty
acids (neutral fat}, free fatty acids (FFA) and soaps. Fat
determinations are based on the solubility of newtral fat and
FPA in ether; the soaps are insoluble in ether and have to be

acid-hydrolyzedto their respective FIA prior to extraction,
Neutral fat will liberate FFA only

on alkaline hydrolysis.
The FIFA, isolated from the above fractionalions,

are then
determined by titrimetric, colorimetric or

gag-chromato-
graphic procedures,

Determinations of blood, urine and feenl7 after oral
administrationof an iodinated glycery! trioleate or!“"J-oleic
acid preparationjs an index of pancreatic, biliary and intes-
tinal absarptive function and correlaios with feeal fat

excre-
don, The bile must emulsify the 'L-triglyeeride prior to

enzymatic hydrolysis by pancreatic lipase to yield FFA-'5],
which

subsequently
is absorbed and metabolized. An in-

creased amountof !74] in the fecos is associated with pancre-
alic diseases (cystic fibrosis with achylia), obstructive jaun-
dice, malabsorption disease (sprue, celiac disease) and ste-
atorrhea, The latter entity

can be differentiated as to a

pancreatic lipase
or intestinal absorptive defect. Jn the

“absorptive” disease, incrensed excretionof'*°] is seen afler
administration of !]-triolein oroleic acid. in the pancreat-
ic defect, adequate absorption of !?41 oleie acid occurs but
fecal!) ig increased after the triolein meal.

A microscopic examination of emulsified feces includes
analysis for the presence of crystals, food residues, body
cells, bacteria and parasites. Crystals oftriple phosphate,
calcium oxalate, fat and cholesterol, starchgranules, vogeta-
ble fibers and neutral fal globules are

normally present.
Qctahedral needle-shaped eryatals (Charcot-Leyden crys-
tals)

are
present in parasitic infestation and mucous colitis,

iexcessive quantities of fal or atarch are seen in malabsorp-
tion disease.

Adult, larval or ova
phases of parasitea may be encoun-

tered in the feces. ‘The most common
parasitic infestations

are caused by cestodes (tapeworms), trematodes (flukes),
nematodes (Toundworms) and protozca (amoeba) (wee Mi-
crobiology).

Toxicology

—

‘The determination of drug
or chemical concentrations in

biological Auids is an
imporlan( aspect. in diagnosing and

treating the toxic syndrome induced by various agents in
acule or chronic drug-abuse situations or in chemical paison-
ing.

Barbiturates, glutethimide, methaqualone, chlor-

dinzepoxide, diazepam, diphenhydramine, ethchlorvynol,
morphine, phenothiazines and salicylates are encounteredin

drug-abuse situations. Preliminary screening of serum or

urine samples for drug substances is accomplished by ‘TLC
procedures. ‘Che analysis of serumor urine levels of intact:
drug or ils metabolites usually is performed by extraction of
the sample with an

organic solvent, separation by gas-liquid

(GLC),
or

high-performance liquid (APLC) chromatogra-
phy, and quantitation by spectrophotometric, fuorometric
or electrochemical techniques. ‘The interpretation of the
gerum-concenlration dala in relation to clinical significanceand

toxicology
must. not be limited to numbers.

Tn acute drug overdosnge the time of drug ingestion, time
of blood or urine sampling

and
severity of clinical symptoms

or time of death must be interpreted in reference to data on

the absorption, liasue distribution, metabolism and elimina-
tion of the drug and its metabolites. ‘The specificity of the
chemical assay as to interference from other drugs

or metab-
olites of the parent drug must be considered, ‘The combined

techniques of GLC or HPLC and mass spectrometry con-

firms the identity of
specific drugs in biological smatrices,

The extent of absorption of many drug substances is not
related directly to the dose whenlarge amountsof a

drug
are

ingested, in comparison to the therapeutic dose.
The Lissue-distribution and metabolic rales can be affect-

ed by large drug overdoses in which ronal or
hepatic failure is

encountered, The plasma-elimination rate also can be af-

fected, ancitis important
to recognize the change in elimi-

nation kinetics and to be aware of Uhe nature of plasma
elimination as defined by

a mono-, bi- or
polyexponential

dlimination curve, ‘The drug overdose usually involves sev-

eral drug substances and the chemical, metabolic and phar-
macological aspects of drug interaction must be considered.

The methodology for the analysis of drugs in biological
fluids or tissues can be found in the books listed in the

Billiography. Analysis for serum barbiturate levels will be
deseribedin this section as &

specific example ofthe analyti-
cal methodology.

Serumis extracted at pH 6.4 with chloroform: the chloro-
form extract is washed with pil 7,0 phosphate buffer and
extracted with 1.454 NaOH. The UV spectrumofthe alka-
line aqueous layeris determined at pH 13 and 10.4. The UV
spectra are characteristic and distinguish barbiturates, N-

methylbarhiturie acids and thicbarbiturates. The barbita-
rates also can be detected by acidifying the alkaline layer,
extracting with chloroform and spotting this organic

extract.
on a

silica-gel TLC plate. Sequential spraying of the plate
with KMnQ,, HeSO, and diphenylearbazone will show Ry
values and color reactions Lypical of the various barbitue
rates. Blood barbiturates can be determined more accu-

rately by
a GLC procedure in which the retention times are

used to identify the specific barbilurates. The degree of
severity ofclinical symptoms has been correlated with blood
barbiturate levels, Comatose, areflexic signs

are observed
al 5.0 me% amobarbital, 2.0 mg% pentobarbital, 8.0 mg%
phenobarbital and 1.5 mg% secobarbital,

Opiates, amphetamines, barbiturates and methadone can
be detected rapidly by “Aomogenous” enzyme assay?" In
this procedure, the addition of drug antibodies to a

conju-
gate of drug and lysozyme results in the inhibition of lyso-
ayme activity. The addition of free drug to this reaction
mixture increases the ensyme activity in

proportion
to the

amount of free drug added. ‘The sensitivity of this type of
assay is 0.1

«g/ml of amphetamine and barbiturates, 0.5

ug/l, of methadone, 0.3 ag/mL
of opiates and 1.0

ug/L of

benzoylecvonine,
a cocnine metabolite. This assay is appli-

cable to large drug-screening programs.

Electron-spin-labeling lechniques also can be employedon
large-scale drug-sereening programs. In this procedure

known amounts of drug antibodies are mixed with drug
labeled with a stable nitroxide radical (spin-label) and with
the apecimen to be analyzed. Due to the competition for

antibody between spin-labeled drag and drug in the speci-
men, the spin-labeled drug becames detached from the anti-
body anc can be detected by electron-spin resonance spec-

troscopy,
This procedure is L000 times more sensitive than

TLC.
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Blood-ateahol levels may be determined by aeration, dis-

tilation, gas chromatography
or

specific enzymatic analysis
with ateohol dehydrogenase. Jn the chemical techniques
{he blood sampleis either oxidized ordistilled intoa dichro-

mate-sulfuric acid mixture; the excess dichromate is then

determined by titration with potassium iodide or
methyl

orange-ferrous sulfate solutions or
by colurimetric analysis.

The gas-chromatographic
and enzyme procedures

are spe-
cific for ethanol, whereas the chemical techniques are influ-

enced by athervolatile or oxidizable substancesin the blood.
The enzymatic method is based on the reaction of ethanol
and NADin the presence of alcoho) dehydrogenase

to form

acetaidehyde and NADH; the acetaldehyde ia removed with

semicarbazide and the NADH formed in the reaction is

estimated spectrophatometrically
at 340 nm. Ethanal lev+

ela of >0.10% are indicative of intoxication and apparent

psychomotor disturbance, Levels of 0.40to 0.50%are asso-

elated with medullary and diencephalic disturbances such as

tremors, coma, respiratory depression, peripheral collapse
and death.

Specific analysis of heavy metals is hest performed by

atomic-absorption apectroscopy. Analyses for arsenie, be-

rylliam, bismuth, copper,iron, lead, lithium, mercury, nick-

el, thallium and vine are encounteredfrequently in the toxi-

ecology laboratory. Blood lead is determined by forming
a

lead-dithiocarbamate chelate in the presence of ammanium

pyrrolidinedithiocarbamate
and extracting the chelate into

methy] isobutyl ketone for subsequent atomic-absorption

analysis. A lead concentration of >60 g/ml. in children

usually reflects significant absorption and accumulation of

lead and is interpreted
as anindicatoroflead toxicity (plum-

bism)},
Increased lead exposure will result in a decrease in de)ta-

aminolevulinie acid (ALA) conversion to porphobilinogen
by ALA-dehydrase in heme synthesis, ALA blood levels

will increase to the point that ALA is excreted in the urine.

Determination of urinary ALA is performed by removing
urine porphobilinogenand urea by ion-exchange chromatog-

raphy, reacting ALA with p-dimethylaminobensaldehyde
and determining the chromogen colorimetrically. Urinary
ALA levels >2.5 ma/i00 ml. are

unacceptable in children
andindustrial lead workers, Urinary ALA levels are not as

gensitive an indicatorof lead toxicity
as bloodlead, but they

ean be used Lo moniter prophylactic treatment pracedures,
Cholinesterase determinationsare of value in the diagno-

sie of suspected
cases of organophosphate

or carbamate pes-

ticide poisoning. ‘Two Lypes of cholincsterage are found in

tissues. ‘True cholinesterase ia found in RBC and nerve

tissue and exhibita a
specificity

for acetylcholine substrate.

Pseudocholinesterase ig found in plasma and has a greater

affinity for hydrolyzing butyrylcholine and other esters.

he organophosphate and carbamate insecticides inhibit

both enaymes. The activity of the plasma enzymeis inhibit-

ed more rapidly than the RBCcholinesterase, and recovers

mare rapidly due to synthesis of new enzyme by Uneliver.

‘The recovery of the erythrocy(e enzyme is slow andis gov-
erned by red-cell turnover rate, Cholinesterase activity

usually is determined by measuring changes in pH after the
incubation of plasma

or RBC lysates with acetylcholine,
‘The normal range of this enzyme is 4.5 to 10.9 (plasma), 34

to B.7 (whole blood) and 6 to 10.5 (RBC) units/ml,

Castrie Analysis

The chief constituents of gastric juice
are

hydrochloric
acid, gastric proteases (pepsin and gasieicsin), hematopoiet-
ie factor Gintringie factor and vitamin By», binders), gastric
horraones and mucosubstances (aminopolysaccharides,

mu-

capolyuronides, mucoids and mucoproteina), Tosts for gas-
trie function® usually

are
performed

on
gastric juice

sain-
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ples collected by direct Intubation into the stomach, ‘The

fasting content (normal, <100 mL) of the stamach is re-

moved and gastric secretion is collected in the basal state, or

after stimulation by the oral administration ofcaffeine-ben-
goate or alcohol,

or
parenteral adiminisiration of histamine,

insulin or the hormone pentapastrin. Samples
are collected

by continuous aspiration and analyzedfor acidity and gas-
tric protease activity al various time intervals. ‘The extent
of recovery of 4otal juice

can be estimated by oral, nonab-

sorbable indicators (polyethyleneglycol-MC, phenol red and

125]. HSA) inatilled into the stemachprior to the aspiration.
The recovery and specific concentration of these indicators
in gastric juice is an index of gastric secretory volume, com-

pleteness ofculleetion and gastric emptying
rate.

Gastric juice is a heterogeneous mixture of clear juice and

floceulent, dear mucus. The coler of the juice should be

noted as to the appearanceofblood,bile and excessive quan-
tities of mucus. The acidity

can be determined by
o

simple

pH measurement and conversion to mig Ht ar
by titration

of centrifuged gastric juice to pH 3,6, 4.5 and 7.4, the respec-
tive end-points for free acid (HC1), protease activity and

physiological neutrality. The basal acid output is about ]

miSq/hr in normal subjects and 2 to 4 mlfq/hr in duodenal

uleer patients. ‘The peak acid output (PAQ) after hista-

mune stimulation is 10 to 20 mlaq/hr in normals and 40 to 40

mBq/hrin duodenal ulcer; PAO following pentagastric stim
-

wiation is similar to histamine. Gastric acid secretion is

decreased in atrophic gastritis, gastric carcinoma andcer-
tain types af gastric ulcer, Hypersecretionis

seen in duode-
nal ulcer, Zollinger-Ellison (212) syndrome and hyperpara-

thyroidism.
Tnsit. measurements of pH may be made with a Heidel-

berg capsule apparatus, Tn this technique the subject awal-

lows a small pH-sensitive capsule (transmitter); radiowaves
are transmitted from the capsule

to a
sensing device (receiv-

ar), and the signals
are recorded as a function of pH. The

normal pH of the stomachis 1.2 to 1.8,
Tubeless gastric acidity analysts is performed by oral

administration of Diagaiex Blue (Squiba),
a

carbacrylic ion-

exchange reain reneted with azure blue dye. ‘Phe hydrogen
jone in the gastric juice exchange with the dye on the resin;

the dye is absorbed and then exereted in the urine. ‘The dye
concentration in the urine is a function of gastric acidity.
The normal value ig >0,6 mg of dye in the urine @ hoursafter

administration.
The principal gastric proteases are pepsinand gastriesin,

pepsinogen
is a precursor which is converted to active pepsin

by free HCl and by
an

autocatalytic procoss, Total gastric
protease activity is determined on hemoglobin

or radivio-

dinated human serum albumin (RISA) substrates at pl 1.8

to3.1 (RISA-!26]); protease activity on
hemoglobin will liber-

ate tyrosine which ean be estimated
spectrophotometrically

nt 280 nm; with RISA, liberated tyrogine-!#41,
as estimated

hy isotopic procedures,is
ap index of proteolytic activity.

Pensin activity
can be distinguished from the total prote-

ase activity by estimationof the 3,5-dilodotyrosine liberated
from N-acetyl-1-phenylalanyl-3,5-diiodotyrosine

substrate
at pH

2.1, Pepsin will react on this substrate; gastricsin will
not, Normal gastric juice protease activity ranges from 200
to 1200 up total protease activity/mL and 50 to 300 ug pep-

sin/mL. ‘The presence of bile, blood, saliva or excess mucus

in the sample will decrense both acidity and gastric protease
activity.

Gastrin, cholecystokinin, seeretin and pancreogymin
are

gastrointestinal hormones.”4 ‘The role of gastrin
andits

interaction with other gastrointestinal
hormones in the eti-

ology
and

proliferationof ulcer disease is of recent intercat.

Accurate RIA techniques have been developed for gastrin
and secretin-6-tyrosine due to the availability of a pure syn-

thetic polypeptide. Biological assays based on the effect of  
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these substances on
gastric, pancreatic and billary secretion

algo have been used,
Gastrin is foundin various species in two forms, G-I and

G-IL The only difference is in sulfation of the 12-tyrosyl
residue in G-11 of the heptadecapeplide amides. Gaatrinis
found primarily in the gastrin-producing

cells (G-cells) of

the antral mucosa, The C-terminal tetrapeptide represents
ihe biologically active part of the molecule. Gastrin infu-
sion will stimulate secretion of gastric acid, pepsin and in-

trinsic factor, Ht has a
light seeretin-like effect and a pow-

erful panereozymin-like effect on
pancreatic secration.

Gastrin also stimulates bile flow. ‘The instillation of HC)
into the slomach will inhibit gastrin release; protein and
meal stimulation will increase serum gaslrin.

The RIA ofserum gastrin is of
diagnostic value in the ZE

syndrome, pernicious anemia and duodenal ulcer. Basal
serum

gastrin levela in the normal individual are 20 to 30

ug/ml.
andincrease about 2-fold after a

protein meal stimu-

lus. Basal serumgastrin levels in duodenal ulcer are normal
or

slightly elevated, hut increase 4- to 6-fold aftera protein-
meal siimulus, Basal serum gastrin levels are elevatedin 416
to 500 to 4000 pg/mL due to the presence of a

gastrin-

producing
tumor. ‘I'he ZE patient is uniquely sensitive to

{V ealcium stimulation which will increase both gastric acid

secretion and serum
gaalrin in this syndrome. Basal serum

gastrin levels also are elevated in gastric hyposecrelion
as

seen in pernicious anemia and Type A gastritis, and in

chronic renal failure due to the decreased metabolic turn-
over of gastrin in the kidney.

The RIA of serum
gastrin is based on the competition of

gastrin in teal sample with 8L-pastrin for gastrin antibody

binding sites. ‘The antibodies used in this procedure
are

usually cospecifig for G-Land G-L1. However, they detect all
forme of circulating gastrin, ie, Big-Big Gastrin (G-39), Big
Gasirin (mol wt 7000; G-33), gastrin heptadecapeptide (G-
17, mol wt 2200), G-13 and G-8 (mini-gastrin). The Big
components can be converted to gastrin by trypsin hydroly-
sis. ‘The significance of changes in the ratio of the circulat-

ing gastring is not. known, but it has been suggested that G-
39 and G-33 predominatein the basal state and cleave to G-

17, which js the major
serum formafter a protein meal.

Other Body Fluids

Physical, chemical and microscopic examination ofcere-

brospinal fluid, gynovial fluid, human milk, wansudates and
exudates algo are

performedby the clinical laboratory. ‘The

principles of the various delerminations are similar to those
described for blood andurine.

Microbiology

Clinical medical microbiology is a science which is con-

cerned with theisolation and identification of disease-pro-
ducing microorganisms, ie, bacteria, fungi (including yeast),
viruses, rickeltgia and parasites. ‘The techniques employed
in the isolation and identification of the suspect organisin(s}
involve the propagation

on suitable primary culture media,
selective isolatian on

special culture media, use of suilable

living host material (mouse, embryonated egg, tissue cul-

Lure, otc), determination of morphological and, where appli-
cuble, staining characteristics of the organism and confirma-
Won by biochemical and/or immunochemical analysis.
Suitable animal inoculation, where applicable, may be em-

ployed to determing pathogenicily, Site, timing, Lechnique
(aseptic), instrumentation, and transportation of clinical

specimens (blood, urine, feces, cerebrospinal fluid, ete) are

prime variables involved in the final differentiation and
confirmation pracess.

Rapid manual onzymatic and immunological test kits
have been introduced (o identify pathogens for cerebrospi-

nal fluid analysis. ‘The latex-agglutination Lest coals a spe-
cific antibody onto latex particles and when an

antigen tg
preaent, the latex particles

are visible.” In the coaggluting.
tion Lest, the specific antibody is bound to protein A on the
surface of a

staphylococcal celi and the presenceof
antigen

produces agglutination.”°
Staphylococcus

aureus (Micrococcus pyogenes var aur-
cus) is a

Gram-positive
coccus

frequently found on normal
human skin and mucous membranes and frequently aggocj-
ated with abscesses, septicemia, endocarditis and osteomy.
elitis, Some strains elaborate an exotoxin capable of caus-
ing food poisoning. The primary isolation is on blood agar
and in thioglycollate broth, With feces and other heavily
contaminated specimens, phenylethyl alcohol agar and/or
mannitol-salt agar should be inoculated to suppress growth
af other bacteria, The identification of pathogenic staphy-
lococei is based op colonial (pigmentation) and microscopic
morphology (grape-like clusters), positive catalase produe-
Lion, positive coagulase production(slaphylocoagulase-plas-
ma clotting factor) and positive mannitol fermentation.

Streptacaccus pyogenes is another Gram-positive coceus

frequently associated with tonsillitis or
pharyngitis, erysipe-

las, pyoderma and endocarditis, Neopeptone agar contain.

ing 5% defibrinated sheep blood is preferred for primary
isolation and to demonstrate characteristic hernolysin pro-
duction by observing

a zone ofclear (beta) hemolysis around
the colonies on blood agar. Streptococcal groups are identi-
fied by precipitin

tests with group-specific anlisera for A, B,
C, D, F and G. Streptex (Wellcome Diagnostics)

uses a

iatex agglutination system for identifying the Lancefield
groupof streptococci. Other groups usually

are not ussoci-

ated with humanclinical materials.

Legionella pneumophilia identification includes speci-
men cultures on

lung tissueor sterile body fluids (eg, pleural
fluid or

pericardial fuid}. Direct fluereacent. antibody
methodis a test for L pneumophilia, Organisms

are hest.
seen in the acute stage of the disease. Since the antiserumis

species-specific, polyvalentantisera are necessary for identi-
fication.

Neisseria gonorrheaeis
a

Gram-negative diplococcus
as-

sociated with the venereal disease gonorrhea, The identifi-
cation is based on the primary isolation of the gonococeus
from urethral exudates on chocolate agar or

Thayer-Martin
(TM) medium, ‘The microscopic observation of Gram-neg-
alive intracellular diplococci resembling the gonococcus
constitutes a

presumpLively positive diagnosis of gonorrhea.
Confirmation of the oxidase enzyme activity of Uhe gono-
cocei is performed by

a reaction with p-dimethylaminoani+
line which turng oxidase-positive colonies black. A positive
oxidase Lest by Gram-negative diplecocei isulated on ‘TM
modiumconstitutes a

presumptively positive lest for N gon-
orrheae. Final identification rests on

typical sugar fermen-

tation or
specifie (luorescent antibody) staining.

Neisseria meningitidis ia the primary
cause of bacterial

meningitis and septicemia, ‘The primary isolation is bused
on

culturing of a
specimen (blood, spinal Guid or

nasopha-
ryngeal secretions)

on a Mueller-Hinton medium or choeo-
late agar containing

a
vancomycin-colistimethate-nystatin

antibiotic mixture. The confirmation of the isolate by bio-
chemical reactions (positive oxidase, positive catalase, etc}
and serological agglutination with group-specific (A, B and

C) anliserumis used in the differentiation. Young cultures
of groups A and C may show capsular swelling (Quellung
reaction) in the presence of a

specific antiserum,
The enteric bacilli Génterubacteriaceae)

are
Gram-nega-

Live, nonsporulaling rods associated with dysentery (Shigel-
la sp), typhoid fever (Sadmonella typhi), urinary tract. ond
Lissue infections (Escherichia coli, Proteus sp and Pseudo-
monas

sp), and pulmonary infections (Klebsiella sp), The

primary isolation of enteric bacilli is on selective and differ-

ential infusion agar such as MacConkey and eosin-methyl-

MYLANINST. EXHIBIT 1013 PAGE 138



MYLAN INST. EXHIBIT 1013 PAGE 139

 

ene blue (MB), and enrichment media such as selenite
broth and tetrathionate broth. ‘The primary isolation of
Salmonella sp. is on Leifson’s deoxycholate citrate agar

(LDC) or Salmonela-shigella agar (SS); if Salmonedia to

phi is suspected, brifliant green agar (BG) and bismuth
sulfite agar (BS) may be used and would constitute o pre-

sumptively positive diagnosia of 8 typhi.
The confirmation andidentification of enteric bacilli may

be performed by serological tests and biochemical reactions:

H.S8 production (triple-sugar iron agar), indole production,

acetylmethylcarbino! production, citrate utilization, urease,

lysine
andarginine decarboxylase and phonylalanine deami-

nase
activity, Enterotube (Roche Diagnostics) employs

conventional media to perform 11 standard biochemical
teata which can be inaculated simultaneously in one com-

parlanented tube, with a
single bacterial colony. The acrolo»

gical identification of Salmonella and Shigella sp is based
on the agglutination of antigens thatfall into three catego-
ries: “K" capsular (Klebsiella sp and Shigella sp), “O”

(Salmonella sp, Arizonaap, E coli, Shigella sp, ete) and “H”

flagellar (Sadmonetia sp).
Other Gram-negative rods of medical importance are the

hemophilic bacilli (Bordetella pertussis, whooping cough
and Hemophilus influenzae, bacterial meningitis), the hem-

orrhagic bacilli (Pasteurella pestis, bubonic plague, and P

tularensis, tularemia) and pyrogenic bacillus (Brucella me-

litensis, undulant fever).
Spore-forming Gram-positive rods of medical importance

belong to the emus Clostridium, which are associated with
tetanus (Cl detent), gas gangrene (Cl perfringens

or welchti)
and botulism (Cl botulinum), ‘The isolation of these organ-
iams requires anaerobic conditions. Once the strain to be
identifiedis obtained in pure culture by single-colony selec-

tion, its morphological characteristics are noted; the strain
then is grown in a

variety of definitive media to determine
catalaye activity, hydrogen peroxide decomposition and fer-
mentation or

hydrolysis of carbohydrates and organic acids.
The analysis of fermentation products (gas chromalogra-
phy) also is used for the identification of pathogenic

anaero-

bic Clostridia. The major clostridial exotoxin type can be

determined by typing withspecific antitoxin sera. A Gram-

positive, aerobic, spore-former of medical importance is Ba-
cilles anthracis, responsible for anthrax, a disease of ani-
mals transmissible to man,

The mycobacteria
are acid-fast bacilli associated with Lu-

berculosis in man (Mycobacterium. tuberculosis), in callie

(Mycobacterium bovis) and Jeprasy (Mycobacterium le-

prae). Pubercle bacilli in man are isolated from sputum
cultured on a tubed or bottled egg medium (Lowenstein-
Jensen} following enzymatic digestion and concentration of
the specimens. A provisional diagnosis of tuberculosis usu-

ally is made by demonstrating acid-fast bacilli microscopi-
cally, X-ray diagnosis and a

positive tuberculin skin test.

Other weakly and partially acid-fast bacilli of medical

imporlance
are mombers of the Actinomycetales, Nocardia

asteroides and Nocardia brasiliensis, which are
responsible

for severe
pulmonary infections and cutaneous and subcuta-

neous abscesses.

Bacteriophages (phages)
are a special group of viruses

that are hosted by bacteria, Any given phage is highly host-

specific and when in contact, lysis of the host occurs
(phage-

typing), ‘They
are usedprimarily

as
epidemiological Lools in

subtyping strains of £ coli, staphylococci
or Salmonella sp

that are presumed to be related epidemiologically. Phages
also furnish ideal material for studying host-parasite rela-

(ionahips and virus multiplication.
The medically imyportant fungal diseases include the su-

porficial mycoses, ie, fungal invasion is restricted to the
outermost Jayers of the skin or to the hair shafts (Micro-
sporum audouing, ringwormofthe scalp, Trichophyton sp,
athlete’s foot and Epidermophyton floccosum, Tinea pedis)
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and the syatemic pathogenic fungi (Hlastomyces dermatiti-

dis, Coceldioides immitis, Histoplaama capsulatum, Candi-
da albicans). "The diagnosis of the causative agent is based
onthe isolation of

organisms
on

Sabouraud's dextrose agar
or

tryplicuse soy agar with or without cycloheximide and

chloramphenicol
to suppress the growth

of saprophytic fun-

gi and bacteria, macroscopic examination of morphological
characteristics and microscopic examination using KOHor

lactophenol cotton-blue stain, Biochemical reactions usu-

ally
are limited (o Candida sp. Immunological reactions

include skin tests, where applicable, agglutination tests,
such as latex particie agglutination for histoplaamosis

and
tube precipitin and complement-fixation tests.

An antimierobial susceptibility test ig a determinationof

the feast amount of an antimicrobial chemotherapoutic
agent that will inhibit the growth of a

microorganism fn

vitro, using
a tube-dilution method, agar cup or disk-diffu-

sion method, The test may function as an aid in the selec-
tion of a chemotherapeutic agent by the physician, Also,
the concentration of antimicrobial agants in body Muids may
be determined by biological assay with an

organism of
known susceplibilily for the specific agent.

‘The laboratory diagnosis of viral infections is based upon
{1} examination of the infected tissues for pathognomonic
changes

or for the presence of viral material; (2) isolation
and identification of the viral agent; (3) demonstration ofa

significant increase in antibody Liter to a
given virus during

the course of the illness; (4) detection of viral antigens in

lesions—using fluorescein-labeled antibodies and (5) elec-
tron microscopic examination of vesicular fluids or tissue
extracts, Blood is used [or serologicalteata but seldom for

virus isolation, Acute and convalescent-phase blood speci-
mens muat. be examined in parallel to determine whether or

not antibodies have appearedor increasedin titer during the
course of the disease. Some examples of humanviral infec-
tions are

respiratory infections (Adenovirus group); diseases
of the nervous syalem, ie, polio and coxsackie viruses of Lhe

picornavirus group; smallpox (poxvirus group); measles

(paramyxovirus group); chicken pox (herpesvirus group)
and influenza (myxovirus group).

Members of Mycoplasmatacea pleuropneumonia-like
or-

ganisms (PPLO)
are of a range of size similar Lo Lhe larger

viruses, hey
are

highly pleomorphic because they lack a

rigid ceil wall, they
can

reproduce in cell-free media and
they

do not revert to or from bacterial parental forms as the L-
forms. Specimens (sputum, bronchial secretions, urinary
sediment, etc) for the primary isolation of mycoplasmas (M

pneumoniae, M hominis, etc) should be cultured on agar
media containing pepLone, serum, ascitic fluid, whole blood
or egg yolk. ‘The species identification may be by growth
inhibition on agur medium containing Lype-specific ralabit
antisera, Antigenic variants or

subspecies may be detected

by immunodiffusion. Various PPLO are
pathogenic, para-

gitic or
saprophytic. Mycoplasmas have a

predilection for
mucous membranes and are associated with primary atypi-
eal pneumonia and bronchitis,

Clinical parasitology is a science which is concerned with
the parasitic protozoa (amoeba), the helminths (cestodes,
tapeworms; Lrematodes, flukes; nematodes, roundworma)
and the arthropods. ‘he identification of protozoan

ovais

based on detailed microscopic morphology (nuclei, etc)
as-

ing wet mounts (saline or iodine)
or alained preparations

{iran hematoxylin, ete) obtained from fecal specimens (fresh
or

preserved with polyvinyl alcohol), which are concentraled

by sedimentation, centrifugation
or flotation techniques.

Trophozoite and/or cystie stages may be delected in fecal

specimens associated with intestinal protogea
ag in amoehic

dysentery caused by Entamoeba histolytica.
‘The commonly encountered helminths are Necator amer-

icanus Chookworm), Trichuris trightura (whipworm) and

Enterobius vermicularis (pinworm); Uney are identified by

q4
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characteristic ova, Characterization of tapeworm segments
(proglottids)

or head (scolex) in a fecal specimenwill differ-
entiale J'aenia saginata (beef tapeworm) from Taenia so-

lium (pork tapeworm), Eggs of T soliian and T saginata
cannotbe differentiated on a

morphological baaia.
Adult flukes oviposit

a characteristic egg which may reach

the urine, sputum or feces. Schistosoma japonicum eggs
have a

small, indistinct spine; S mansoni, a
distinct, large,

lateral apine; and § haematobium, a diatine! terminal spine.
Arthropoda constitute the largest of the animal phyla

which are characterized by
a

segmented body with the seg-
ments usually groupedin two or three distinct body regions,
by

a chitinous exoskeleton, several pairs of
jointed appen-

dages and characteristic internal organs, Most arthropods
can be preservedin 70% alcohol. They

are of medical impor-
tance since they

can infest man and cause mechanical trau-
maor

produce hypersensitivity from repented exposure (Ci-
mex

lectularius, the bedbug)
or

by toxin injection (Latro-
deectus mactans, the black widow spider), by skin invasion

(Sarcoptes scabiei, the itch mite) and by transmitting dis-
ease

(Anopheles mosquitoes, malaria), and Yersinia pestis
in fleas (plague).

The seradiagnosis of parasitic diseases includes the fol-

lowing Immunodiagnostic testa: complement-lixalion
(trichinosis), precipitin fest (schislLogomiasis}, bentonite
flocculation (ascariasis), hemagglutination (echingcocecais},
latex agglutination (richinosis), cholesteral flocculation

(schistosomiasis), fluorescent antibody (malaria) and meth-

ylene blue dye
test (toxaplasmosia),

immuncchemistry

Clinical Immunopathology”? includes general immunolo-
rey Gmmunofluorescence, immunodiffusion, immunaelectro-

phoresis and agglutinationtests), radloimmunoassay (RIA-
hormones,vitamins, drugs, immunoglebulins), dissee lyping
(hislLocompatibibily tesis in organ tranaplants), eelfudar t-

munology,
cancer

immunology and immunohematology.
Examples of each of these disciplines

are discussed in this
section and other parts of this chapter,

The ELISA, enzyme-linked immunosorbent assay, de-
teets antibodies by

an indivect technique using enzyme-
linked antibodies to label antigenic substances in tissue or

body fluid. The antigen is attached to a solid matrix and
reacts with a

specimen Chal may contain a
complimentary

antibody. ‘The antihuman globulin, which is conjugated
with the enzyme, is added and the antigen reacts with the
bound antibody of the patient. By adding Ube substrate
molecule the enzyme is detected. This system has been
used to identify antibodies to viruses, parasites, bacterial

products and quantitation of some
drags.

Antibodyresponseis a
complex process involving the ly:n-

phoid cell system response to foreign stimulus or
antigen.

Hematopoietic cells in the fetal yolk sac, liver or marrow

develop into lymphoid stem cells which, in turn, differenti
ate into 'T-lymphoeytes of thymic origin and B-lymphocytes
of bone-marrow origin. ‘The 'f-cells further differentiate
into lymphoblasts which are reaponsible for cedi-mediated
cellular immunity (graft.

ve host reaction, issue tranaplant
rejection, tuberculin akin testing, delayved-iype hypersenst-
tivity), B-cells differentiate into plasma cella which are

responsible for humoral immunity which is mediated by
circulating

serum immunoglobulins (mmediate-lype hiy-
persensitivily).

Macrophages
can

cooperate ik presentation of antigen fo
the 'T- or

B-lympheblasts. Cooperation between T- and B-

calls, iImmunoloyical memary, developmentof immune tol-
erance to antigens and genetic control of the immune re-

sponseare
integral properties of the imunune system and ara

related to development of immune deficiency and autoim-
mune disease.

The identification and determination of tnumunopglobu.
fins (IgG, IgM, IgA} by radial immunodiffusion and bnmu-
noelectrophoresis have heen discussed under Proteins. lM
(yM)is the earliest antibody foundin the primary immune
reaponse and falls rapidly after the onset of IgG antibody
aynthesis, [g¢G (yG) ia the majorclass of antibody in both
the primary and secondary immune reaponse. IgG

can crass

the placenta to provide the early forms of antibody protec.
tion for the newborn. IgG and IgM

can
participate in the

complementfixation reaction. IgA (yA) is found predomi.
nantly in saliva and secretions of the gastrointestinal and

reapiratory tracts. In contrast Lo TyM and IgG, only
a small

portion of total IgA is found in blood. IgA functions in

protection against pathogens that enter the host through the

respiratory
or

gastrointestinal
tract. [gD (y2) is found in

trace quantities in sera and its function is unknown, Ig
(y#) is probably the most important antibody im acute

hy-
persensitivity

or
allergic reactions. Reaction of mast cell- or

basophil-bound Ig? with antigeninitiates the release ofhis-

tamine, slow-reacting substance (SRS), serotonin and bra-

dykinin and the subsequentallergic response, gh is best

quantitated by RIA. Mean serumlevels (mg%} in healthy
adults are

IgG 1200 4: 500, IgA
210 + 140, IeM 140 + 70, [gD

3 and Igk <0.1.

Heterophile antibodies are
agglutinins which are

capable
of reacting with antigens that are

entirely unrelated to those
which stimulate their production, These antibodies, which
occur in the serumof patients with infectious mononucleosis
or serum

sickness, will agghulinate formalized horse erythro-
cytes. In order to dislinguish the apecific heterophile ag-

glutinins of infectious monanueleosis, the serum sample is
mixed with guinea-pig kidney tissue or beef erythrocyte
stromata: the infectious mononucleosis antibody will be ab-
sorbed and inactivated by the beet’ cells but not by the

kidney tissue, and subsequent agglutination of horse eryth-
rocytes will occur only in the kidney-tissue system. ‘This
Jest is used to detect infectious mononucleosis even

prior to
clinical symptoms. ‘The hetorophile titer has no relation to

the course or
severity of Lhe disense.

Two protein constituents of human plasma, rheumatoid

factor (RF) and C-reaetive protein (CRP)are ofvalue in the
differential diagnosis of rheumatoid diseases. CRPis a pro-
tein present in the serum of patients in the acute stages of
bacterial and viral infections, collagen diseases anc other

inflammatory processes. ‘The presence of this antigen in
serumis detected by agglutination of polystyrene latex. par-
ticles sensitized with specific CRP antibody globulin. In the

management of rheumatic fever, decreases in CRP blood
levels are used to measure the effectiveness of therapy.

Rheumatoid arthritis is characterized by the presence ofa
reactive group of macroglobuling known aa RE in bleed and

synovial fluid. RY is a
protein of the [gM globulin fraction

andis regarded
aa an

autoantibody against antigenic deter-
minants of IgG. Analysis of RF is based on

agglutination
procedures employing polystyrene latex particles coated
with a

layer of adsorbed human gamma globulin. The RP.

antibody reaction causes a visible agglutination of the inert
latex particles, CRP is not elevated in rhoumatoid arthritis,

B- Hemolytic streptococci, the causative agent in rheumat-
ic fever, produce streptolysin O and 8, streptokinase, hyal-
uronidase, desoxyribonuclease and NADase in the hody.
The growth of streptococci in tissue with elaboration of
theae proteins serves aa the antigenic stimulus to evoke the

production of specific antibodies (eg, antistreptatysin-O,
ASO). The quantitation of the antibody titer to these en-

aymes ia an index of the atrength of the antigenic stimulus
aud the extent of the streplococcal infection, ‘These anti-
bodies can be detected by latex agglutination (ASQ) artests

MYLANINST. EXHIBIT 1013 PAGE 140



MYLAN INST. EXHIBIT 1013 PAGE 141

 

 dependent
on the inhibition of enzyme action by the anti-

body (anti-hyaluronidase inhibition of hyaluronie acid de-

polymerization by hyaluronidase),
Thelaboratory diagnosis of syphitis (eponemal disease)

andthe evaluation of a chemotherapeutic approachis based
un

serological tests, Demonstration of an
antibody-like

substance, reagin,
or of true antitreponemal antibody in the

serum of infected individuals is accomplished by cample-
mentfixation or flocculation tests for reagin,

or immunoflu-
oreseent techniques for reponemal antibody.

in the complement fixation tesis (Solmer CI), reagin
reacts with a

complex phosphatidic acid antigen (cardioli-

pin) and complement; the complementia bound andwill nat

lyse hemolysin-sensitized red cells which were addedin the
second phase of the test. In normal serum the reagin-car-
diolipin complex is not formed and the complement is free ta
react with hemolysin and lyse the erythrocytes.

Floceulationceats Cor determining of syphilis
use a cardio-

lipin-lecithin-cholesterol antigen which clumps in the pres-
ence of serum reagin occurring in nontreponemal diseases
and syphilis (Venereal Disease Research Laboratory---
VDRL Test; rapid plasma reagin-—RPR lest),

Treponemal antibody
can be detectedalso by the reaction

of the patient's
serum with treponemal antigen and aubse-

quent confirmation with fluorescein-labeled antibuman

globulin
as an indicator of primary antigen-antibody

reac-

tion (fluorescent treponemal antibody-TA test). ‘Phe pa-
lient’s serum can be treated with an extract of treponemes
prior to the “PA (esd to remove

interfering antibodies and
eliminate biological false-positives (PTA-Abs Test), False-

positives
occurin related Lreponematosis such as yaws, pitta

and bejel. Increased reagin titers also occur in malaria,
Jeprosy, infectious mononucleosis, chronic rheumatoid ar-

thritis or
systemic lupus erythematosue and in patients

on

hydralazine therapy.
Febrile antibodies are present in the serum of patients

with certain bacterial or rickettsial infections (spotted, ty-
phus

or
Q fever). In typhus the patient's

serum contains a

febrile antibody which will agglutinale
a

suspension of fro-
teus OX-19 bactoria (Weil-Felix Reaction}. Salmonella Q-

H, Pasteuredia dularensis and Brucella abortus antigens
are

used in febrile antibody leats for diagnosis of typhoid
or

paralyphoid fever, tularemia and brucetlosis, respectively.
Toxoplasmosis is a major

cause of birth defects, An ex-

peetant mother may become infected with oocysts in un-

cooked meal, or from cat fur, and infect. the fetus transpla-
centally. ‘Toxoplasmoniy testing is based on

detecting
se-

rum antibody by
a

hemagglutination procedure. Red cells

sensitized by exposure to Loxoplasmosis antigen
are

aggluti-
nated by the specilic antibody.

Radioimmunoassay (RIA)®?" has been mentioned in vari-
ous sections of Uhis chapter

as an
analytical tool in the mea-

surement of hormones, immunoglobulins, drugs and ste-
roidg. ‘The basic principle of RIA is

Ag* + Ag + Ab es
Ag*tAb

+ AgAb+ Ag* + Ag (4)

RIA ia not to be confused with the specific reactor assay

using Jaheled antigen and nonantibody protein receptors
whichia used for vitamin By, TT? and cortisol assays.

All
procedures

are based on the observation that radiola-
beled antigens (Ag*) compete wilh nonlabeled antigen (Ag)
for binding sites on

specific antibody (Ab) in the formation
of anligen-antibody complexes (Ag*Ah, AgAb}, When in-

creasing amounts of Ag
are added to the assay, the binding

sites of Ab are saluraled progressively and the antibody
can

bind less Ag*. Therefore, the ratio of bound to free Ag*
(B/F)

or % Ag* bound is a direct index of the concentration
of Ag in the assay.

The requirements for RIA are (1) preparation and charae-
terization of Ag (2) radiolabeling of Ag, (3) preparation of
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specific Ab and (4) development of the assay system and
methods to separate free (Ag, Ag*) from antibody bound

(AgAb, Ag*Ab} antigen.
Antigens

can be prepared from natural tissue sources or

preferably synthesized. *H, 4Cor 4] labeled antigens
are

used roulinely in the assay, ‘The biologieal and imruno-
chemical activity of the antigen must not be altered jn the
tagging procedure, and the apecific activily of Ag* must. be
extremely high so that tracer quantities

can be used in the
ausay. ‘Tritium labeling and iodination (""D) produce the
highest. specific activity, bul also increase susceptibility of

Ag* to internal degradation and self-ractiolysis, in contrast.
do 4C. In many instances, the original antigen

cannot be

iodinated, but can be altered chemically in such a way as to
retain full antigenic croga-reactivily in RIA; eg, cyelie AMP
haa no

tyrosyl
or

histidy! residue for iodination; !74T-succin-

yleyclic AMP-Lyrosine methy! ester retains full croas-reac-

tivity with antibodies to cyclic AMPandis usedin the assay,

Hormones, steroids and drug substances are
haptens.

They de not produce the antibedy response when injected
by themselves, but. will produce antibodies specific for the

hapten when infected
as a

hapten-protein carrier conjugate.
Gaatrin (hapten) is coupled to albumin (protein-carrier) by
treatinent with carbodiimides (CCD), which couple func-
tional carboxyl, aming, alcohol, phosphate

or thiok groups.

Morphine must be converted to the 3-O-carboxymethyl de-
rivalive prior to CCD coupling with albumin to provide

a

functional coupling group in the hapten, ‘The hapten-con+
jugate usually is emulsified in a mineral oil preparation of

kilied Mycobacterium (Complete Freunds Adjuvant} and

injected intradermally in rabbits or
guinea pigs

on several
occasions, ‘The serum

antibody must have both high speci-
ficity and affinity for the antigens.

The assay system contains Ag*, sample-containing
en-

dogenous Ag or a standard Ag and antibody, at.apecified pH
(6.$608.5), After incubation at 5 to 37° for anywhere from 4
hour lo several days, free and antibody-bound antigen must
be separated, This is accomplished by double-antibody
technique, solid-phase RIA, resin techniques

or salt orsol-
vent precipitation. in the double-antibodytechnique, anti-

globulin (Ab’) serum is added to the assay ¢ystem after
incubation. Ab-Ag* and Ab-Ag complexes

are antibody-
globulin antigen complexes. The antiglobulin will react to
form insoluble Ab’-Ab-Ag*® and Ab’-Ab-Ag complexes,
which can be removed by centrifugation. ‘The free Ag*, Ag
is in (he supernate.

The solid phase RIA is performed by coating Cubes with

Ab; Ag and Ag* react, compete and bind with Ab on the wall
of tabe, Unreacted Ag and Ag* is separated by decanting
andrinsing the tube. Ab also can be bound covalently with

isothiocyanate to dextran ge) particles. Ag and Ag* will

compete and bind with Ab on
particles. Bound antigen then

can be separated from free antigen by centrifugation.
RIA has been applied to analysis of hormones (ACTH,

angiotensin T and J, gastrin, HOG, FSH, GH, glucagon,
HLH, HPL, insulin, thyroxine), steroid hormones (aldoste-
rone, androstenedione, glucocorticoids, testosterone, es-

trones, progesterone), drug substances (digoxin, digitoxin,
amphetamines, barbiturates, morphine, LSD, ouabain),

en-

dogenous substances (cyclic AMP, cyclic GMP, prostaglan-
cing, iuMunoglobulins, hepatitis antigen, carcinoembryonic
antigen--CVQA}. examples of the specific assays are dis-
cussedin other sections,

CHA and AFP (w-1-fetoprotcin}
are

proteins found in
fetal issue, CISA analysis

wasfirst proposed
ay a

specific
test for the early detectian of bowel cancer, Although the
test dos not have absolute specificilyfor this disease, it may
prove of value as a diagnostic aid and therapy monitor.
CEA can be detected by RIA. Serum levels >2.6 ng
CEA An.are found in 60 to 70% of paWients with adenocarci-
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noma of the colon; positive levels also are found in lower

percenlages in carcinomas of the pancreas, stomach, liver,
preast, endometrium, ovary, kidney and bronchus,

as well as
in other conditions such as

gastrointestinal polyps, colitis,
diverliculitis and cirrhosis. CISA appears to be associated

primarily with tumors of entodermally derived epithelial
tissue. Thesimilarity belween CEA andcell-surface glyco-
proteins and sialic acids hag stimulated considerable re-

search interest ina new approach Lo cancer
chemotherapy.

‘The study of (issue-transplantationantigens isan impor-
dant factor in studies on tissue and organ transplants. ABO
blood group antigens

are involved in survival of skin and
renal grafts. Tecause of the presence of natural occurring
anti- A and B, avoidance of ABO incompatibility is impor-
tant in clinical grafting. The HL-A antigens are found on
issue and on the white cells. ‘Phere is one

major histocom-

patibility locus, comprising a numberof alleles or linked
genes, on a

single chromosome segment. Rach allele con-

trols four to five groups of major transplantation antigens.
These HL-A isoantigens affect the survival of alogenictis-
sue

gratis and organ tranaplanis. HL-A antigens
can be

typed by
a

leukoagglutination method in which the patient'sor donor's white cells are rencted with specifie HL-A anti-
sera. HL-A typing also can be performed by

a
cytotoxicity

test in which lymphocytes
are mixed with antisera and com-

plement. ‘The antibody can
destroy the lymphocytesifa

corresponding antigen is present on Lhe cell surfares.
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CHAPTER 35
 

Drug Absorption, Action and Disposition
 

Stewart C Harvey, PhD
Professor of Pharmacology
School of Medicine. University of Utah
Salt Loke City, UT 84132

Although drugs differ widely in their pharmacodynamic
effecis and clinical application, in penetrance, absorption
and usual route of administration, in distribution among the

body tissues and in disposition and mode of terminationof

action, there are certain general principles that help explain
these differences. These principles have both pharmaceutic
and therapeutic implications. ‘They facilitate an under-

standing of both the features that are commontoa class of

drugs and the differentia among the members ofthatclass.
In orderfor a

drug to act it must. be absorbed, transported
to the appropriate tissue or organ, penetrate to the respond-
ing subcellular structure andelicit a response or alter ongo-

ing processes, The drug may be distributed simultaneously
or

sequentially to a number of tissues, bound or
stored,

metabolized to inactive or active products
or excreted, The

history of a
drug in the body is summarized in Fig 35-1.

Eachof the processes or events depicted relates importantly
to therapeutic and toxic effects of a

drug and to the mode of

administration, and drug design must take each into ac-

count. Since the effect elicited hy
a

drug is ils raisond'etre,
drug action and effect will be discussedfirst in the textthat

follows, even
though they

are
preceded by other events.

Drug Action
The word drug imposes

an action-effect context within
which the properties of a substance are described. ‘The

description of necessity must. include the pertinent proper-
ies of the recipient of the drug. Thus, when a

drug is

defined as an
analgesic,it is implied that the recipient

reacts
in a certain way, called pain,*

to a noxious stimulus. Both
because the pertinent properties

are locked into Lhe complex
and somewhat imprecise biological context and because the

types of possible response are many, descriptions of the

properties of drugs tend to emphasize the qualitative fea-
tures of the effects they elicil. Thus, a

drug may be de-
seribed as

having analgesic, vasodepressor, convulsani,anti-
bacterial, etc, properties. The specific effect (or use) cale-

gories into which the many drugs may be placed
are the

subject of Chapters 38 through 65 and will not be elaborated
upon in this chapler. However, the description of a

drug
does not end with the enumeration of the responses if may
elicit. There are certain intrinsic properties of the drug-re-
cipient system that can be described in quantitative terms

and which are essential to the full description of the drug
and to the validation of the drug for specific

uses. Under

Definitions and Concepts, below, certain general terms are

*
Sophisticatedstudies indicate that painis net simply the perception

of a certain kind of stimulus but, rather, a reaction to the perception of a

variely of kinds of stimuli or stimulus patierns.
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Fig 35-1. The absorption, distribution, action and elimination of a

drug (arrows represent drug movement). Intravenous administration
is the only process whereby a drug may enter a compartment without

passing through a
biological membrane. Note that drugs excreted in

bile and saliva may be rasorbed,

and Effect

defined in qualitative language; under Dose-Effect Rela-

tionships the foundationis taid for an
appreciation of some

of the quantitative aspects of pharmacodynamics,

Definitions and Concepts

In the field of pharmacology, the vocabulary that is unique
to the disciplineis relatively small, and the general vocabu-

lary is that. of the biological sciences and chemistry. Never-

theiess, there are a few definitions that are importantto the

proper understanding of pharmacology, It is necessary Lo

differentiate among
action, effect, selectivity, dose, potency

‘and efficacy.
Action vs Effect—The effect of a

drug is an alteration of

function of the atructure or process upon which the drug
acts. It is commonto use the Lerin action as a synonym for

effect, However, action precedes effect. Actionis the al-

teration of condition that brings about the effect.
Thefinal effect of a

drug may be far removed fromitssite
of action. For example, the diuresis subsequent

to the in-

gestion of ethanol does not result from an action on the

kidney but instead from a
depressionof activity in the su-

praopticchypophyseal region of the hypothalamus, which

regulates the release of antidiuretic hormone fromthe poste-
rior pituitary gland. The alteration of supraopticohypo-

G07
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physeal functionis, of course, also an effect of the drug,
as is

each subsequent change in Lhe chain of events leading to

diuresis. ‘The action of ethanol was exerted only at the

initial step, cach subsequenteffect being then theaction toa

following step.
Multiple Effeets-—-No known drug is capableof exerting

asingle effect, although
a numberare known Chat appearto

have a
single mechanism of action. Multiple effects may

derive from a
single mechanismofaction. For example, the

inhibition of acetyleholinesterase by physostigmine will elic-

it an effect al. every site where acetylcholine is produced, is

potentially active, and is hydrolyzed by cholinesterase.

Thus, physostigmineelicits a constellation ofeffects.
A drug also can cause multiple effects at several different

sites by
a

single action at only onesite, providing that. the

function initially altered at the site of action ramifies to

‘control other functions at distant sites, Thus, a
drug that

suppresses steroid synthesis in the liver may not only lower
serum cholesterol, impair

nerve
myelination and function

and alter the condition of the skin (as a consequence of
cholesterol deficiency) but also may affect digestive func-
tions (because ofa deficiencyin bile acids) and alter adreno-
cortical and sexual hormonal balance,

Although
a

single action can
give rise to multiple effects,

most drugs
exert multiple actions. ‘The various actions may

be related, as, for example, the sympathomimetic effects of

metaraminol that accrue to ils structural similarity to nor-

epinephrine and its ability partially
to suppress sympathetic

responses because it cecupies the catecholamine storage

pools in lieu of norepinephrine;
or the actions may he unre-

lated,
as with the actions of morphineto interfere with the

release of acetylcholine from certain autonomic nerves,

block some actions of 5-hydroxy@yptamine {seratonin) and
release histamine. Many drugs bring about immunologic

(ailergic
or

hypersensitivity) responses that bear no relation
to the other pharmacodynamicactions of the drug.

Selectivity-——Despite the potential most drugs have for

eliciting multiple effects,
one effect is generally

more
readily

elicitable than another, This differential responsiveness is

called selectivity. It usually is considered to be a property
of the drug, but it is also a property of the constitution and

hiodynamics of the recipient subject
or

patient.
Selectivity may come about in several ways. The subcel-

lular structure (receptor) with which a
drug combines to

initiate one response may have a
higheraffinity for the drug

than that for some otheraction. Atropine, for exampie, has
a muchhigheraffinity for muscarinic receptors (page 889}
that subserve the function of sweating than it does for the

nicotinic receptors (page 889) that subserve voluntary
neu-

romuscular transmiggion,
se that suppression of sweating

can be achieved with only
a

tiny fraction of the dose neces-

sary to cause
paralysis of the skeletal muscles. A drug may

.

be distributed unevenly,
so thal it reaches a

higher
concen-

tration at one site than throughout the lissues generally;
chloroquine is much more effective against hepatic than
intestinal (colonic) amebiasis because it reaches a much

higher concentration in the liver than in the wall of the
colon. Anaffected function may be much morecritical to or

haveless reserve in one organ thanin another, so that a
drug

will be predisposed
to elicit, an

effect at the more critical site.
Some inhibitors of dopa decarboxylase (which is also 5-

hydroxytryptephan decarboxylase) depress the synthesis of
histamine more than that of either norepinephrine

or 5-

hydroxytryptamine (serotonin),
even

though histidine de-

carboxylase is less sensitive to the drug, simply because
histidine decarboxylase is the only step and, hence, is rate-

limiting in the biosynthesis of histamine. Dopa decarboxyl-
ase is not. rate-limiting in the synthesis of either norepineph-
rine or

§-hydroxytryptamine until the enzymeis nearly
com-

pletely inhibited. Another example of the determination of

selectivity by the critical balance ofthe affected functionis
that of the mercurial diuretic drugs. An inhibition of only
1% in the tubular resorption of glomerwar filtrate usually
will double urine flow, since 09%of the glomerularfiltrate is

normally resorbed. Aside from the questionof the pessible
concentration of diuretics in the urine, a

drug-induced
re-

duction of 1% in sulfhydryl] enzyme activity in tissues other
thanthe kidney usually is not accompanied by

an observable

change in function. Selectivity also can be determined by
the pattern of distribution of destructive or

activating
cn-

zymes among thetissues and by other factors,

Dose-—éven the uninitiated person knows that the dose
of a

drug is the amount administered. However, the appro-

priate dose of a drug is not some
unvarying quantity,

a fact
sometimes overlooked by pharmacists, official comrnittees
and physicians, ‘The practice of pharmacyis entrappedina

system offixed-dose formulations, so that fine adjustments
in dosage

are often difficult to achieve. Fortunately, thereis

usually
a rather wide latitude allowable in dosages. It is

obvious that. the size of the recipient individual should have
a

bearing apon the dose, and the physician may elect to

administer the drug
on a

bedy-weight
or surface-area basis

rather than asafixed dose. Usually, however, a fixed doseis

given to all adults, unless the adult is exceptionally large
or

small, The dose for infants and children often is deter-
mined by

one of several formulas which take into account

age or
weight, depending

on the age group of the child and
the type of action exerted by the drug. Infants, relatively,
are more sensitive to many drugs, often because enzyme

systems which destroy the drugs maynot be developed fully
in the infant.

The nutritional condition of the patient, the menta} out-

look, the presence of pain
or discomfort, the severity of the

condition being treated, the presence of secondary disease or

pathology, genetic and many otherfactors affect the dose of
a

drug necessary to achieve a
given therapeutic response or

io cause an untowardeffect (Chapter 67). Even two appar-

ently well-matched normal persons may require widelydif-
ferent doses for the same

intensity of effect. Furthermore, a

drug is not always employedfor the sameeffect and, hence,
notin the same dose. For example, the dose of a

progestin
necessary for an ora} contraceptive effect is considerably
different from that necessary to prevent spontaneous abor-

tion, and a dose of an estrogen for Lhe treatment of the

menopauseis much teo small for the treatmentof prostatic
carcinoma.

From the aboveid is evident that the wise physician knows
that. the dose of

a
drug is “enough” (ie,

no
rigid quantity but

rather that which is necessary and can be tolerated) and
individualizes the regimen accordingly. The wise pharma-
cist also will appreciate Chis dictum and recognize that offi-r. :

cial or manufacturer’s recommended doses are sometimes

quite narrowly defined and may be very wide of the mark.

They should serve
only

as a useful guide rather than as an

imperative,
Potency and Efficacy—Phe potency of a

drug is the

reciprocal of dose. ‘Thus, it will have the units of per-

sons/unit weight of drug
or

body weight/unit weight ofdrug,
etc. Potency generally has little utility other than to pro-
vide a means of comparing the relative actividies of drugs ina

series, in which case relative potency, relative to some proto-
type memberof the series, is a

parameter commonly used
among pharmacologisis and in the pharmaceutical industry.

Whether a
given drug is more

potent than another has
littie bearing

on its clinical usefulness, provided that the

potency is not so low that. the size of the dose is physically
unmanageable

orthe cost of treatment is higher than with an

equivalent drug. Ifa drug is less potent but more
selective,

it is the one te be preferred. Promotional arguments in
favor of a more

potent drug thus are relevant Lo the impor-
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tant considerations that should govern the choice of a
drug.

However, it sometimes occurs that drugs of the same class
differ in the maximumintensity of effect; that is, some

drugs
of the glass may be less efficacious than others, irrespective
of how large

a doseis usec.

Efficaey connotes the property of a
drug to achieve the

desired response, and maximumefficacy denotes the maxi-
mum achievable effect. Even huge dases of codeine often
cannot achieve the relief (rom severe

pain that relatively
small doses of morphine can; thus, codeine is said to have a

lower maximum efficacy than morphine. Efficacy is one of
the primary determinants of the choice of a drug.

Dose-Effect Relationships

The importance of knowing how changes in the intensity
of response to a

drug vary with the dose is virtually self-
evident. Both the physician, who prescrihes

or administers
a

drug, and the manufacturer, who must package the drug in

appropriate dose sizes, must. translate such knowiedge into

everyday practice. Theoretical or molecular pharmacolo-
gisis also study such relationships in inquiries inte mecha-
nism of action and receptor theory {see page 702). It is

necessary Lo define two types of relationships: (1) dose~in-

tensity relationship—ie, the manner in which the intensity
of effect in the individual recipient relates to dose—and (2)
dose-frequency relationship—ie, the manner in which the

numberof responders among &
population of recipients

re-

lates to dose.

Dose—Intensity of Effect Relationships—Whetherthe

intensity ofeffect is determined imvivo (eg, the blood-pres-
sure response to epinephrine in the human patient)

or in
vitro (eg, the response of the isolated guinea pig ileum to

histamine), the dose-inlensily of effect (often called dose-

effect) curve
usually has a characteristic shape, namely

a
curve that closely resembles one

quadrant of a
reclangular

hyperbola.
In the dose—intensity

curve
depicted in Fig 45-2, the curve

appears to intercept the x axis at 0 only because the lower
doses are

quite small on the scale of the abscissa, the smaliest
dose being 1.5 * 10% ng. Actually, the «

intercept has a

positive value, since a finite dose of drug is required to bring
about a response, this lowest effective dose being known as

the threshold dose. Statistics and chemical kinetics predict
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Fig 35-2. The relatlonship of the intensity of the blood-pressure
response of the cat to the intravenous dose of norepinephrine.

50 60

that the curve should approach the y axis asymptotically.
However,if the intensity of the measured variable does not
start from zero, the curve

possibly may have a
positive y

intercept (or negative
x

intercept), especially if the ongoing
basal activity before the drug is given is closely related to

that induced by the drug.
In practice, instead of an asymptote to the y axis, dose~in-

tensity
curves

nearly always show an
upward

concave foot at

the origin of the curve, so that the curve has a
lopsided

sigmoid shape. At high doses, the curve
approaches

an

asympLote whichis parallel to the x
axis, and the value of the

asymptote establishes the maximum possible response to

the drug,
or maximumefficacy. Towever, experimental

clata in the regions of the asymptotes generally
are too errat-

ic Lo permit
an exact definition of the curve at the very low

and very high doses. The example shown represents
an

unusually good set of data.
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Fig 35-3.
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Because the dose range may be 100- or 1000-fold fromthe
lowest to the highest dose, it has becorne the practice to plot
dose~intensity

curves ona logarithmic scale of abscisaa;ie, to

plot the log of dose versus the intensity of effect, Figure 35-
3 is such a

semilogarithmicplot of the same data as in Fig 35-
2. In the figure the intensity of effect is plotted both in

absolute units (at the left) or in relative units,
as percent (at

the
right).

Although
no new informationis created by

a
semilogarith-

mic representation, the curveis stretched in such a way as to

facilitate the inspection of the data; the comparison of re-

sults from multiple observations and the testing of different

drugs also is rendered easier. Jn the example shown, the
curve is essentially what is called a

sigmoid
curve and is

nearly symmetrical about the point which represents an

intensity equal to 50% of the maximaleffect, je, about the

midpoint. ‘The symmetryfollows from the rectangular hy-
perbolic characterof the previous Cartesianplot (ig 85-2).
‘The semilogarithmicplot reveals better the dose-effect rela-

tionships in Lhe low-dose range, which are lost in the steep

slope of the Cartesian plot. Furthermore, the data about

the midpoint
are almosta straight line; the nearly fincar

portion
covers

approximately 60%ofthe curve. ‘The slope of

the linear portion of the curve or, more
correctly, the slope at

the pointof inflection, has theoretical significance (see Drug
Receptors and Receptor Theory, page 7102}.

The upper portion of the curve
approaches

an asymptote,
which is the same as that in the Cartesian plot. If the

response system is completely at rest before the drug is

administered, the lower portion of the curve should he as-

ymptotic
to the x axis. Both asymptotes and the symmetry

derive from the law of mass action (see page 703).
Dose-intensity

curves often deviate fromthe ideal config-
uration illustrated and discussed above, Usually, the devi-
ate curve remains sigmoid but not extended symmetrically
about the midpoint af the near segment. Occasionally,
other shapes occur, sometimes quite bizarre ones. Devi-
ations may derive from multiple actions that. converge upon
the samefinal effector system, from varying degrees of meta-
bolic alteration of the drug at different doses, from modula-
tion of the response by feedback systems, from nonlinearily
in the relationship between action and effect. or from other
causes.

It is frequently necessary toidentify the dose which elicits
a

given intensity of effect. ‘The intensity of effect that is

generally designatedis the 50% of maximumintensity. ‘The

corresponding doseis called the 50% effective dose,
or idi-

vidual EDS5U {see Fig 35-3), The use of the adjective, indi-

vidual, distinguishes the ED50 based upon the intensity of
effect from the median effective dose, aiso abbreviated

EDS50, determined from frequency of response data in a

population (see Dase-~Prequency Relationships, this page).
Drugs that elicit the same

quality of effect may be com-

pared graphically. In Fig 35-4, five hypothetical drugs
are

compared. DBrugs A, 8, C and E#all can achieve the same

~ oo

475

450INTENSITY
OFEFFECT

PERCENTOFMAXIMUM
RESPONSE
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A

 Fig 35-4, Log dose—intenshy of offect curves offive different hypo-
ihetical drugs (see text for explanatian}.

maximumeffect, which sugeests that the sameeffector sys-
tem may be common to all. D possibly may be working

through: the sameeffecter system, bul there are no a priort
reasons to think this is so. Only A and 8 have parallel
curves and commonslopes. Coramon slopes

are consistent

with, but in no way prove, Uheidea that A and B not only act

throughthe same effector system but also by the same mech-
anism. Although drug-receptor theory (see Drug Receptors
and Receptar Theory, page 702) requires that the curves of
identical mechanism have equal alopes, examples of excep-
tions are known. Furthermore, mass-law statistics require
that all simple drug-receptor interactions generate the same

slope; only when slopes depart from this universal slope in

accordance with distinctive characteristics of the response

system do they provide evidence of specific mechanisms.
The relative potency of any drug may be obtained by

dividing the 16150 of the standard,
or prototype, drug by

that of the drug in question. Any level ofeffect other than
50% may be used, but it should be recognized that when the

slopes
are not parallel therelative potency depends upon the

intensity of effect chosen. Thus, the potency ofA relativeto
C (in Fig 35-4) calculated from the £1950 will be smaller than

that caleulated from the D25,
The low maximum intensity inducible by D poses even

mare
complications in the determinationof relative potency

than de the unequalslopes of the other drugs. If its dose—in-

tensity
curve is plotted in terms of percentofits own maxi-

mumeffect, its relative inefficacy is obscured andthe limita-
tions ofrelative potency at the 1850 level will not be evi-

dent. This dilemmasimply underscores the fact that drugs
can be compared better from their entire dose~intensity
curves than from a

single derived number like 150 or

relative potency.
Drugs thatelicit multiple effects will generale a dose~in-

tensity
curve for each effect. Even though the various ef-

fects may be qualitatively different, the several curves may
be plotted together

on a commonscale ofabscissa, and the

intensity may be expressed in termsof percent. of maximum

effect; thus, all curves can share a commonscale ofordinates
in addition to commonabscissa. Separate scales of ordi-
nates could be employed, but this would make it harder to

compare data.
The selectivity of a

drug
can be determined by noting

what percent of maximum of one effect can be achieved
before a second effect. oceurs. As with relative potency,

selectivity may be expressed in terms of the ratio between
the EDS50 for one effect to that for anothereffect, or a ratio at
someotherintensity of effect. Similarly to relative potency,
difficulties follow from nonparallelism. In such instances,
selectivity expressed in dose ratios varies from one

imtensily
level to another,

Whenthe dose—intensity
curves for a numberof subjects

are
compared, it is found that they vary considerably from

individual to individual in many respects; eg, threshold dose,

midpoint, maximum intensity and sometimes even
slope.

By averaging the intensities of the effect at each dose, an

average dose-intensity
curve can be constructed.

Average dose-intensity
curves

enjoy
a limited application

in comparing drugs. A single line expressing
an average

response has little value in predicting individual responses
unless it is accompanied by

some expression of the range of
the effectatthe various doses. ‘This may be done byindicat-

ing the standard errorof the response at each dose. Occn-

sionally,
a

simple
scatter diagram is plotted in lieu of an

average curve and statistical parameters (see Fig 10-21).
An average dose—intensity curve also may be constructed
from a

population in which different individuals receive
different doses; if sufficiently large populations

are em-

ployed, the average curves determined by the two methods
will approximate each other.
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itis obvious that the determination of such average curves

from a
population sufficiently large to be statistically

mean-

ingful requires
a great deal of work. Retrospective clinical

data occasionally
are treated in this way, but prospective

studies infrequently
are

designed in advancetoyield average
curves. The usual practice in comparing drugs is to employ
a

quantal (all-or-none) end-point and plot the frequency
or

cumulative frequency of response over the dose range, as

discussed below.

Dose-Frequency of Response Relationships—-When
an

end-point is truly all-or-none, such as death,it is an easy
matter to plot the numberof responding individuals (eg,
dead subjects)

at each dose of drug
or intoxicant. Many

other responses that, vary in intensity
can be treated asall-

or-noneif simply the presence or absence of a response (eg,

cough
or no

cough, convulsion or no convulsion) is recorded,
without regard lo the intensity of the response whenit ac-

curs.

Whenthe response changes fromthe basal or control state

in a less abrupt
manner

(eg, tachycardia, miosis, rate of

gastric secretion) it. may be necessary Lo designate arbitrarily
some

particular intensity of effect as the end-point. If the

end-point is taken as an increase in heart rate of 20 heats/

min, all individuals whose tachycardia is Jess than 20/min
would be recorded as

nonresponders, while all those with 20
or above would be recorded as

responders. When the per-
cent of responders in the populationis plotted against. the

dose,
a characteristic dose-response curve, more

properly
called a dose-cumulative frequency

or
dose-pereeni curve,

is generated. Such a curve
is, in fact, a cumulative frequen-

cy-distribution curve, the percent of responders at a
given

dose being the frequency of response.
PDose-cumulative frequency

curves are
generally of the

same
geometric shape

as
dose~intensity

curves
(namely, sig-

moid) whenfrequencyis plotted againstlog dose (see Fig 35-

5). The tendency of the cumulated frequency of response (ie,

100

30

gO

EDHATCONVULS! 70

60

Tt ca 3

40)
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LL
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: perrert tetiefanmnn nese
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Fig 35-5. The relationship of the number of responders in a popula-
tion of mice to the dose of pentylenetetrazol (courtesy, Drs DG

MeQuarry and EG Fingl, University of Utah}.
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percent) to be linearly proportional to the log of the dose in
the middie of the dose range is called the Weber- Fechner

law, althoughitis not invariable,asa true natural law should
be. In manyinstances, the cumulative frequencyis simply
proportional to dose rather than log dose. The Weber-
Fechner law applies to either dose-intensity

or doge-cumu-
lative frequency data. The similarity between dose-fre-
quency and dose-intensity

curves may be more than fartu-

ious, since the tatensity of response will usually have an

approximately linearrelationship to the percentof respond
ing wits (smooth muscle cells,

nerve
fibers, etc) and, hence,

is also a type of cumulative frequency of response. These
are Uhe same kind of statistics that govern the law of mass

action.
H only the increase in the numberof responders with each

new dose is plotted, instead of the cumulative percent of

responders,
a

bell-shaped
curve is obtained, This curve is

the first derivative of the dose~cumulative frequency
curve

and is a
frequency-distribuiion

curve (see Chapter 10).
'Phe distribution will be symmetrica)-—ie, normal or Gausa-
jan (see Fig 10-5)-—onlyif the dose-cumulative frequency
curve is symmetrically hyperbolic. Because most dose-cu-
mulative frequency

curves are more
nearly symmetrical

when plotted semilogarithmically Ge,
as

log dose), dose—cu-
mulative frequency

curves are
usually log-normat.

Since the dose-intensity and dose--cumulative frequency
curves are

basically similar in shape, it: follows that the
curves have similar defining characteristics, such as 121950,
maximumeffect. (maximumefficacy) and slope. In dose-
cumulative frequency data, the ED50 (median effective
dose) is the dose to which 50% of the population responds
(seo Fig 35-5). If the frequency distribution is normal, the
#150is both the arithmetic mean and median dose andis

represented by the midpoint
onthe curve; if the distribution

is log-normal, the ED50 is the median dose but not the
arithmetic mean dose. ‘The efficacy is the cumulative fre-

quency summed overall doses; it is usuaily, but not always,
100%. The slope is characteristic of both the drug and fest

population. Even two drugs of identical mechanism may

giverise to different slopes in dose-percent curves, whereas
in dose—intensity

curves the slopes
are the same.

Statistical parameters (such
as standard deviation), in

addition ta ED50, maximum cumulative frequency(effica-

ey)
and

slope, characterize dose-cumulative frequencyrela-

tionships (see Chapter10).
‘here are several formulations for dosc-cumulative fre-

quency curves, some of which are
employed only to define

the finear segment. ofa curve and to determine the statistical

parameters of this segment. or the statistical treatmentof

dose-frequency data,
see

Chapter 10. One simple mathe-
matical expression of the entire log-symmetrical sigmoid
curve is

log dose

=

B+ flor
(

LO0% ~~

veponke)
au

where percent response may be either the percent of maxi-
mum

intensity
or the percent of a

population responding.
The equationis thus basically the same for both log normal

dose-intensity and log normal dose-percentrelationships.
K is a constant that is characteristic of the midpoint of the
curve, or ED50, and L/f is characteristically related to the

slope of the linear segment, which, in Lurnis closely related
to the standard deviation of the derivative log-normal fre-

quency-distribution
curve.

The comparison of dose-percent relationships among

drugs is subject to the pitfalls indicated for dose-intensity
comparisons (gee page 699), namely, that when the slopes of
the curves are not the game

(ic, the dose-percent
curves are

not parallel), it ig necessary to state at which level of re-

sponse a potencyratio is calculated. As with dose—-intensity  
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data, potencies generally
are calenlated from the 18150, but

potency ratios may be calculated for any arbitrary percent
response. ‘I'he expression of selectivityis, likewise, subject.
to similar qualifications, inasmuch as the dose-percent
curves for the several effects are usually nonparallel,

The term therapeutic index ig usedto designate
a

quanti-
tative statement.of the selectivityof a

drug when a therapeu-
tie and an untowardeffect are being compared. Ifthe unto-

ward effect is designated
as 7’ {for toxic) and the therapeutic

effect as EH, the therapeutic index may be delined as

TD50/ED50or ¢ similar ratio at. some otherarbitrarylevels

of response. ‘The PD andthe J2D) arenot
required

to express
the same percent of response; some clinicians use the ratio
TT/RD99 or

TD5/2D95, based on the rationale thatif the

untoward effect is serious, il is important to use a most-

severe therapeutic index in passing judgmentupenthe drug.
Unfortunately, therapeutic indices ave known in man for

only
a few drugs.

There will be a different therapeutic index for each unto-

ward effect Uhala drug mayelicit, and, if thereis more than
one

therapeutic effect, a
family of therapeutic indices for

each therapeutic effect. However, in clinical practice, it is

customary to distinguish among the various toxicities by
indicating the percent incidence ofa given side effect.

Variations in Response and Responsiveness-—From
(he above discussion of dose-frequency relationships and

Chapter 10, it is obvious that in a normal population of

persons there may be quite
a

large difference in the dose

required
to elicit a

given response in the least-respensive
memberof the population

andthat. to elicit the response in

the most-responsive member. ‘The difference ordinarily
will be a functionof the slope of the dose-percent curye, or,
in statistical terms, of the standard deviation. If the stan-

dard deviation is large, the extremes of responsiveness of

responders
are likewise large.

In anormal population 95.46%ofthe population responds
to deses within twostandard deviations from the 150 and
99,73% within three standard deviations. In log-normal
populations the same distribution applies when standard
deviation is expressed

as
lag dose.

In the population represented in Fig 35-5, 2.25% of the

population (wo standard deviations from the inedian)
would require

a dose more than 1.4 times the B50; an

equally small percent would respondto 0,7 the EDS0. ‘The

physician whois unfamiliar withstatistics is apt to consider
the 2.25% at either extreme as abnormal reactors. The stat-

istician will argue that these 4.5% are within the normal

population and only those who respond well outside of the
normal population,

at least three standard deviations from

the median, deserve to be called abnormal.

Invespective of whether the criteria of abnormality that
the physician

or the statistician obtain, the term hyporeac-
tive applies to these individuals who require abnormally
high doses and Ayperreactive to those who require abnor-

mally low doses. The terms
Ayporesponsive and hyperre-

sponsive also may be used. It is incorrect to use the terms

 

 

hyposensitive and hypersensitive in this context; /typersen-
sitivity denotes an

allergic response Lo a
drug and should not

be used 10refer to hyperreactivity, ‘The term
supersensitie-

ity correctly applies to hyperreactivity that resulls from
denervation ofthe effector organ; it is often more definitive-

ly called denervation supersensitivity. Sometimes hypor-
eactivity is the result of an immunochemical deactivation of
the drug,

or immunity, Hyporeactivily should be distin-

guished from an inereased dose requirement that results
from a severe

pathological condition, Severe pain requires
large doses of analgesics, but the patientis

not a
hyporeac-

tor; what has changedis the baseline from which the end-

point quantum is measured. The responsiveness af a pa-
Uent to cerLain drugs sometimes may be determined by the

history of previous exposure to appropriate drugs.
Tolerance is a diminution in responsiveness

as use of the-

drug continues. The consequenceof toleranceis an increase
in the dose requirement. It may be due to an increase in the
rate of climination of drug (as discussed elsewhere in this

chapter}, to reflex or other compensatory homeostatic ad-

justments, to a decreasein the numberof receptors
orin the

number of enzyme molecules or other coupling proteins in

the effector sequence, {9 exhaustion of the effector systemor

depletion of mediators, to the developmentof immunity
or

Lo other mechanisms. ‘Tolerance may be gradual, requiring
many doses and days to months to develop,

oracute, requir-

ing only the first ora few doses and only minutes to hours to

develop. Acute toleranceis called tachyphylaxis.
Drug resistance is the decrease in responsiveness of m-

croorganisms, neoplasms
or pests to chemotherapeutic

agents, antineoplastics
or

pesticides, respectively, Itis not

tolerance in the sense that the sensitivity of the individual

microorganism
or cancercell decreases; rather, it is the sur-

vival of normally unresponsive cells which then pass the

genetic factors ofresistance on to their progeny.
Patients whafail to respond to a drug

are called refrac-
tory. Refractoriness may result from tolerance or resis-

tance, but it also may result from the progression of patho-

logical
states that negate the response or render the response

incapable of surmounting
an overwhelming pathology.

Rarely, it may result from a
poorly developed receptor or

response system.
Sometimes a

drug evokes an unusual response that is

qualitatively different from the expected response. Such
an

unexpected response is called a meta-reaction. A not
uncommon meta-reaction is a central nervous stimulant
rather than depressant effect. of phenobarbital, especially in
women. Pain and certain pathotogical

states sometimes
favor meta-reactivity. Responses that are different in in-
fants or the aged than in young and middle-aged people

are

not micia-reactions if the response is usual in the age group.
The term idivsynerasyalso denotes meta-reactivity, but the
word bas been so abused thatit is recommended thatit be

dropped. Although hypersensitivity may cause unusual ef-

fects, it is not Included in meta-reactivity.

Drug Receptors and Receptor Theory
Most drugs act by combining with some

key substance in
the biological milieu that has an

important regudatory fune-
tion in the target organortissue, ‘This biological partnerof
the drug goes by the name of receplive substance or

drug
receptor. ‘Phe receptive substance is considered mostly to

be a cellular constituent, although in a few instances it may
be extracellular,

as the cholinesterases are, in part. The

receptive substance is Lhought of as
having

a
special chemi-

cal affinity and structural requirements for the drug. Drugs
such as emollients, which have a

physical rather than chemi-

cal basis for their action, obviously do not act upon recep-
tors. Drugs such as demulcents andastringents, whichact.

in a nonselective or
nonspecific chemical way, also are not

consideredto act upon receptors, since the candidate recep-
tors have neither sharp chemical nor

biological definition.
Evenantacids, which react with the exlremely well-defined

hydroniumion, cannotbe said to have a receptor, since the
reactive proton has no permanent liclogical residence.

Because of early preoccupation with physica] theortes of
action and the classical and illogical dichotomy of chemical
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and physical molecular interaction, there is a reluctance Lo

admit receptors for drugs such as local anesthetics, general
anesthetics, certain electrolytes, etc, which generally

are not

accepted to combine selectively with distinctcellular or or-

ganelle membrane constituents, The word
receptoroften is

used inconsistently
and

intuitively. However, the term is a

legitimate symbo!for that. biological structure with which a

drug interacts to initiate a response. Ignoranceof the iden-
tities of many receptors does not detract from, but rather

increases, the importance of tbe term and general concept.
Once a receptor is identified, it frequently is no

longer
thought of as a receptor, although such identification may
afford the basis of profound advances in receptor theory.
Since the effects of anticholinesterases are derivedonly indi-

rectly from inhibition of cholinesterase and no
drugs

are

knownthat stimulate the enzyme, it may be argued thatil is
nota receptor. Nevertheless,

a numberof drugs ultimately
act indirectly through the inhibition of such modulator en-

zymes andit. is important. for the theoretician to develop
models based upon suchindirect interrelations,

Enzymes, of course, readily suggest. themselves as candi-
dates for receptors. However, there is more to cellujar func-
tion than enzymes. Receptors may be membraneorintra-
cellular constituents thal govern: the spatial orientation of
enzymes, gene expression, comparlmentalization of the cy-

toplasm, contractile or
compliant properties of subcellular

structures or
permeahilily and electrical properties of mein-

branes. For nearly every cellar constiluent there can be

imagined
a

possible way for a
drug to affect its function,

therefore, few cellular constituents can be dismissed a
prior?

as
possible receptors. All the receptors for neuretransinit-

ters and autonomic agonists
are membrane proteins with

agonist-binding groups projecting into the extracellular
space. The transducing apparatus, whereby

an
occupied

receptorelicits a response,is called a
coupling system. Vix-

citatory neurotransmitters in the central nervous system,
and nicotinic receptors elsewhere,

are
coupied to ion chan-

nels which, when opened, permit. Lhe rapid ingress, especial-
ly of sodium ions. GABA (y-amino-butyric acid) and

gly-
cine are

coupled
to inhibitory chloride channels. Benzodia-

gepine receptors are
coupled to the GABA-receptor, Beta-

adrenergic receptors and a number of receptors for

polypeptide hormones interact with a
stimulatory GDP/

GTP-binding protein (G-protein) which can activate the
enzyme adenylate cyclase. ‘The cyclase then produces 3’,5’-
cyclic AMP (cAMP) which, in turn, activates protein ki-
nases. QOiher receptors interact with inhibitory G-proteins.
Some receptors couple to guanylate cyclase.

Alpha-adrenergic,
some muscarinic and various other re-

ceptors couple to the membrane enzyme, phospholipase-C,
which cleaves inositol phosphates from phosphoinositides.
The cleayage product,1,4,5-inositol triphosphate (IP), then
causes an increase in intracellular calciuin, whereas the

product, diacylglycerol (DAG), activates kinase-C. There
are a number of other less ubiquitous coupling systems.
Substances such as cAMP, cGMP, IPs and DAG are called
second messengers.

It has been found thal there may be several different

receptors for a
given agonist. Differences may he shown not

only in Lhe types of coupling systems and effects hut also by
differential binding of agonists and antagonists, desensitiza-
tion kinetics, physical and chemical properties, genes and
amino acid sequences. The differentiation ainong receptor
subtypes is called receptor classification. Receptor sub-

types
are

designated by Greek or Arabic alphabetical prefix-es and/or numerical subscripts, There are at least. two each
of beta-adrenergic, histaminergic, seroloninergic, GABAer-

gic and benzodiazepine receptors, probably three of musca-

rinic and alpha-adrenergic and five of opioid receptor suh-

types.
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Occupation and Oiher Theories

Drug-receptor interactions are
governed hy the law of

mass action, a concept initiated by Langley in 1878. Howev-
er, most chemical applications of mass law are concerned
with the rale at which reagents disappear

or
products

are

formed, whereas receptor theory usually concernsitself with
the fractionof the receptors combinedwith a drug, similarto

theories of adsorption. The usual conceptis that only when
the receptor actually is occupied by the drugis its function
transformed in such a way as to elicit a response. This

concept has become knownas the occupation theory, ‘The
earliest clear statementofits assumptions and formulations
is often credited to Clark in 1926, but both Langley and Hill
made important contrihutions to the theory in thefirst two
decades of this century,

Inall receptor theories, the terms agonist, partial agonist
and antagonist

are
employed. An agonist is a

drug that
combines with a receptorto initiate a response.

In the classical occupation theory, two attributes of the

drug
are

required: (1) affinity,
a measureof the equilibrium

constant of the drug-receptor interaction, and (2) intrinsic

activi£y,
or tntrinsie efficacy (not to be confused witheffica-

cy as
intensity of effect},

a measure of the ability of the drug
Lo induce a

positive change in the function of the receptor.
A partial agonist is a

drug that canelicit. some but not a

maximal effect and which antagonizes
an

agonist. In the

occupation theory it would be a
drug with a favorable affini-

ty but a low intrinsic activity.
A competitive antagonist is a

drug that. occupies
a

signifi-
cant proportion of the receptors and thereby preempts them
from reacting maximally with an

agonist. In the occupation
theory the prerequisite propertyis affinity without intringic

activily.
A noncompetitive antagonist may react with the receptor

in such a way as not. to prevent agonist-receptor combina-
tion but to prevent the combination from initiating

a re-

sponse,or it may actto inhibit some
subsequent. event in the

chain of action—-effect--action-effect that leads to the final
overt response.

The mathematical formulation of the receptor theories
derives directly from the law of mags action and chemical
kinetics, Certain assumptions

are
required to simplify cal-

culations. The key assumptionis that the intensity of effect
is a direct. linear function of the proportion of receptors
occupied. The correctness of this assumption is most imn-

probable
on the basis of theoretical considerations, but em-

pirically it appears Lo be a close enough approximation to he
useful. A second assumption upon which formulations are

based is that the drug-receptor interactionis at equilibrium.
Another common

assumption is that the number of mole-
cules of receptor is negligibly small compared to thatof the

drug. This assumption is undoubtedly true in most in-

atances, and departures from this situation greatly compli-
cate the mathematical expression of drug-receptor tnterac-
tions.

The first clearly stated mathematical formulation of

dyug-receptor kinetics was Lhat of Clark.! In his equation,
ee a

©Kx 100 -y (2)

where K is the affinity constant, x is the concentration of

drug,
7 is the molecularity of the reaction, and y is the

percent of maximum response. Clark assumed that y was a

linear function of the percent of receptors occupied by the

drug,
so that y could also symbolize the percent of receptors

occupied. Whenthe equationis rearranged tosolvefory,

= (3)
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A Cartesianplot of this equationis identical in form to that
shownin Fig 85-2, Wheny is plotted againstlog

xinstead of
x, the usual sigmoid

curveis obtained. ‘Thus, i. may be seen

that the dose-intensity
curve derives from mass action equi-

librium kinetics, which in turn derive from the statistical
nature of molecular interaction. The fact Unat dose—inten-

sity and dose-percent
curves have the same

shape shows
that they invoive similarstatislics.

If fq 2 is putinto log form

¥
100

~
y (4)

a
plotof log ¥/100

~
y against jog

x thenwill yield
a

straight
line with a slopeof n; 7is theoretically the numberof mole-
cules of drug which react with each molecule af receptor, At

present, there are no known examples in which more Chan
one molecule of agonist combines with a

single receptor,
hence,

n should be equal to 1, universally. Nevertheless, 7

often deviates from 1; deviations occur because of coopera-
tive interactions among receptors (cooperativity), spare re-

ceptors (ace below), amplifications in the response system
(cascades), receptor coupling

to more than one sequence {eg,
to both adenylate cyclase and calcium channels) and other
reasons. In these departures from n =

1, the slope becomes
a characteristic of the mechanism of action and response

system.
‘Fhe probahility that a molecule of drug will react with a

receptor is a function of the concentration of both drug and

receptor. The concentration of receptor molecules cannot
be manipulated like the concentration of a

drug. But, as

each molecule of drug combines with a receptor, the popula-
tion of free receptors is diminished accordingly. If the drug
ig a

competitive antagonist, it will diminish the probability
of an

agonisl—receptor combination in direct. proportion to

the percent of receptor moJecules preempted by the antago-
nist. Consequently, the intensity of effect will be dimin-
ished. However, the probability of agonist-receptor inter-
action can be increased by increasing the concentration of

agonist, and the intensity of effect can be restored by appro-

priately larger doses of agonist. Addition of more antago-
nist will again diminish the response, which can, again, be
overcomeor surmounted by

more
agonist.

Clark showed empirically, and by theory, that as
long

as

the ratio of antagonist to agonist
was constant, the concen-

tration of the competitive drugs could be varied over an
enormous range without changing the magnitude of the re-

sponse {see Fig 35-6). Since the presence of competitive
antagonist only diminishes the probability of agonist-recep-
tor combinationat a

given concentration of agonist and does
not alter the molecularity of the reaction, it also follows that.
the effect of the competitive antagonist is to shift the do-

ae-intensity
curve to the right in proportion to the amountof

antagonist present; neither shape
nor

slope of the curve is

 

log K +n logx
=

log

 
LogMolorconcAcetvichotine
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Fig 35-6. Direct proportionality of the dose of agonist (acetyicha-
line) to the dose of antagonist (atropine) necessary to cause a con-
stant degree of Inhibition (56%) of the response of ihe frog hoart

(courtesy, adaptation, Clark *').

 

 at
tog Molar Cone Acotylchaline

Fig 35-7. Effect of an antagonist to shift the log dose—intensity curve
to the right without altering the slope. The effector is iho isolated
heart, & no

atropine; it atropine, 107M; HE 107M: AS 10S
Ve 1078a vi 1074i 4078, 2% of maximum intensity
of rosponse; the function log y/(1G0-y) converts the log dose~

intensity relationship to a straight line (courtesy, adaptation, Clark").

changed (see Fig 35-7). Both Migs 35-6 and 45-7 are from
Clark’s original paper on

competitive antagonism.!
Manyrefinements of the Clark formula have been made,

but they will not he treated here; details and citations of
relevant literature can be found among various works on

receptors cHed in the Bibliography. Several refinements
are introduced to facilitate studies of competitive inhibition,
The introduction of the concepts of intrinsic activity? and

efficacy? required appropriate changes in mathematical
treatment.

Another important concept has been addedto the occupa-
tion theory, namely the concept of spare receptors. Clark
assumed the maximal response to occur

only when the recep-
tors were

completely occupied, which does not account for
the possibility that the maxinyum response might be limited

by
some step in the action-effect sequence subsequent to

receptor occupation. Work with isotopically labeled ago-
nists and antagonists and with dose-effect kinetics has
shown tbat the maximal effect sometimes is achieved when

only
a small fraction of the receptors

are yeb occupied. The
mathematical treatment. of this phenomenon has enabled
theorists to explain several puzzling observations that previ-
ously appeared to contradict occupation theory.

‘Fhe classical occupation theory fails to explain several

phenomena satisfactorily, and i is unable to generate
a

realistic mode}of intrinsic activity and partial agonism. A
rate theory, in which the intensity of response is proporlion-
al to the rate of drug-receptorinteraction instead of oceupa-
tion, was

proposed to explain
soine of the phenomena that

occupation theory could not, but the rate theory
was unable

to provide
a realistic mechanistic model of response genera-

tion, and it had otherserious limitations as well.
‘The phenomena that neither the classical occupation

nor
rate theory could explain

can be explained by various theo-
ries in which the receptor can exist in at least two conforma-
tional states, one of which is the active one; the drug

can
react with one or more conformers. In a fiee-state model!

R= R*

where R is the inactive and R* is the active conformer. The

agonist combines mainly with R*, the partial agonist
can

combine with both R and R* and the antagonist
can combine

with R, the equilibrium being shifted according (o the extent.
of occupation of R and R*. Other variations of occupation
theory treat the receptor as an aggregate of subunits which
interact cooperatively.®
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The Nature of Receptor Groups
and Models of Receptors

A receptor group is that portion of the receptor molecule
with which an

agonist acts and whichis vita] to the function
of the receptor. Studies of receptor group composition and

configuration
are too complex for the purposesofthis text;

consequently, only
a brief sketch will be madehere Loorient

the readerto the nature of the approach.
From the chemical configuration and reactivily of ago-

nists and antagonists, certain deductions can be made about
the structure of a receptor group. For example,all highly
active agonists of muscarinic receptors are cations at physio-
logical pH. This suggests that the receptor group contains
an anionic group and that the force of attraction is electro-

static, at Jeast in part, which agrees with thermodynamic
data. That van der Waals forces (especially Heitler-London
fluctuation forces) may also make an important contribution
te binding is suggested by the requirement for N-methyl
groups and by the low butdefinite activity of the nonioniz-
able quaternary carbonanalog

of
acetylcholine, 3,3-dimeth-

ylbutyl acetate. This establishes a
requirement foran auxil-

iary structure close to the anionic site. Studies of the contri-
bution to activity of ester and carbonyl oxygen among ana-

logs of acetylcholine, intramolecular distances and the

stereospecificity of various isomers and conformers have

indicated a
partial cationic (proton donor) site between 2.5

and 4 A and a
region of high electronic density (electron

donor) between 6 and 7

A

from the anionic site. This is
similar to the way in which the active site of acetylcholines-
terase was

mapped (see page 427, and Figs 25-44, 45 and 46}.
The structure-activity relationships among competitive

inhibitors also must be consistent with any modelof a recep-
tor. However, binding sites additional to the receptor group
can be involved, and results are

frequently
more difficult to

interpret than those with agonists. Nevertheless, studies
with antagonists bave made a substantial contribution to

receptar group analysis. There is considerable interestin

antagonists that combine irreversibly with the receptor,
since such drugs offer a way of marking (affinity labeling)
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the receptor forisolatian and for identification of the recep-
lor group.

Since receptors for autonomic agonists are embeddedin
the ceil membrane, they have beendifficult to isolate with-
oul inactivation. Several laboratories have succeeded in

isolating proteins, the chemical properties of which are con-

sistent with those expected of various receptors. Receptors
for steroid hormones have beeneasierto isolate, and some

have been characterized relatively well. Further details of

drug-receptor interactions and the nature of receptors can

be found in the works on receptors and molecular pharma-
cology.

Up- and Down-Regulation—In many receptor-effector
systems, if there is a

paucity of agonist, the system will

respond by increasing the responsiveness, numberofrecep-
tors on the effector membrane or numberof

coupling pro-
teins or enzymes in the effector system, This is known as

up-regulation. In adrenergic systems, sympathetic dener-
vation bas been shownto increase the numberof post-synap-
tic 6-adrenoreceptors al some

junctions and the availability
of nucleotide-binding protein units and/or adenylate cyclase
molecules at others. Hyperthyroid activity also increases
the number of S-adrenoreceplors in heart muscle, which

explains the excessive heart rate, Denervalion of skeletal
muscle causes a great multiplication of what is normally

a

minor type of nicotinic receptor, and the new receptors

spread
across the entire myocyte membrane. Prolonged

blockade of receptors by antagonists also may cause up-

regulation. The abrupt discontinuation of treatment, such
that drug fevels fall faster than re-regulation, may he fol-
lowed by excessive activity, eg, in pernicious tachycardia and

angina pectoris from abrupt withdrawal of propranolol,
Excessive agonism will lead to a decrease in the numberof

receptors or in stimulus-response coupling, This is one
cause of tachyphylaxis

or tolerance, such as occurs to the
bronchodilator effects of 8-adrenoreceptor agonists.
Abrupt withdrawal may result in poor residual functionorin
rebound effects, depending upon the typeof effect caused by
the agonist. JExcessive agonism also may cause desensitiza-
tion by agonist-induced changes in receptor conformation Lo

inactive, slowly reconformable states,

Mechanism of Drug Action

Any metabolic or
physiclogical function provides

a poten-
tial mechanism ofaction of adrug. The term mechanismof
action has been employed in a numberof ways. In the past
it was often the habit to confuse the site, or locus of action,
with the mechanism of action. For example, the mechanisin
of the hypotensive action of tetvaethylammonium ionorigi-
nally

was described as thal ofganglionic blockade, which did

nothing
more than identify the anatomical structure upon

which the drug acted, In a
general sense, this was a

partial
elucidation of the mechanismof action, if mechanismis used
in the mechanical sense of the entire linkage between the

input and output of a machine. However, there has heen a

gradual narrowing of the definition of mechanism of action
to be restricted to only the first event in the action-cffect

sequence, thatis, only to the alteration of receptor function

by the drug. in this sense, the mechanism of action of

tetraethylammonium is defined more
appropriately

as that.
of competition with acetylcholine for nicotine cholinergic
receptors

on the postsynaptic ganglion cell membrane, even

though the alteration in receptor function is not defined.
The ultimate mechanism of action is known for only

a few

drugs.
It is customary to speak of a

drug
as a stimulant or a

depressant, of the action as
being excitatory

or
inhibitory,

etc. Such terms describe only the effect and not the action,
and they have no

bearing upon whether the drug augments
receptor function or diminishes it, In hiological systems,
positiye and negative modulation and feedhack occur at

every level, the organ as well as the subcellular. Thus, an

agonist to a
negative modulator may be able to

bring about
the same effect as an

antagonist.
to a

positive modulator. It
is possible for an

antagonist
or inhibitortoelicit an excitata-

ry effect. An example is the convulsant action of strych-
nine, which results from its antagonismofglycine,

an
impor-

tant mediator of postsynaptic inhibition in the central ner-
vous system, Conversely, it is possible for an

agonist to

elicit an inhibitory effect. An example is the reflex brady-
cardia that resulls from the stimulant action of veratrum
alkaloids on chemoreceptors in theleft ventricle.

Because of the central role enzymes play in cellular func-

tion, it is net surprising that thoughts about the mechanism
of action of drugs has focused largely upon enzymes. Ago-
nist drugs conceivably could serve as

substrates, cofactors or

activators. At the present time, no
drug is knowndefinitely

to exertits action as a substrate or as a cofactor, exclusive of
vitamins and known nutrients. However, at least three
classes of drugs

are knownandseveral are
suspected to work

throughthe activation of enzymes.
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‘The most notable exampleof enzyme activationis that. of

epinephrine and similar §-adrenoreceptor agonists, which
activate adenyl cyclase (o increase the production of 3’,5/-

eyelic adenylic acid (cyclic AMP; cAMP). The metabolic
and cardiac effects of catecholamines are attributable, in

part, to the increment in cAMP. One modulatorof adenyl
cyclase is the f-adrenergic receptor. ‘The 8-adrenoreceptor
is coupled to adenylate cyclase through

a
regulatary protein

that binds GDP and GTP (G-protein). When GDPis

present, the agonist-receptor complex is associated with the

reguiatory protein, G'TP causes transfer of the regulatory
prolein to adenylate cyclase and dissociation ofthe B-adre-
noreceptar. Glucagon also owes its hyperglycemicaction to

activation of hepatic adenylate cyclase. A numberof other

agonists also activate adenylate cyclase. ‘There is, thus, the

interesting phenomenon of one enzyme, adeny! cyclase, be-

ing activated by numerous chemically unrelated dregs.
Since 6-adrenergic-blocking agents do not antagonize gluca-
zon, itis obvious that glucagon works uponadifferent recep-
tor than does epinephrine.

Thus, cAMPactivates protein kinases that increase the

activity of phosphorylase, actomyosin, the sequestration of
calcium by the sarcoplasmic reticulum and calcium chan-
nels. Therefore, a brief activation of the §-adrenoreceptor
sets in motion a cascade of events that greatly amplify the

signal. Kinases also participale in down-regulation and de-
sensitization.

Other important enzymes coupled to receptors
are gua-

nylate cyclase and phospholipases A and C, which are in-
volved with membrane fluidity and calcium channels, re-

spectively.
Many drugs

are inhibitors of enzymes. Whenthe drugis
a

competitive inhibider of a natural endogenous substrate of

the enzyme,it is called an antimetabolite (see also page 431).

Examples of antimetabolites are sulfonamides, which com-

pete with para-aminobengoic acid and, thus, interfere with
its incorporation into dihydrofolic acid and methotrexate,
which competes with folic acid for dihydrofolate reductase

and, thus, interferes with the formation of folimic acid. [tf

might
seem that anticholinesterases are also antimetaho-

lites, although they
are never

placed into that classification.
The reasonis that the preducts of cholinesterase-acelyleho-
line interaction do net subserve important metabolic fune-

tions, as dofolic and folinic acids,so that the organism is not

deprived of an important metabolite by the action of the
cholinesterase inhibitors.

Some drugs
are

competitive inhibitors of enayme systems
whose natural functios appears not to produce useful me-

tabolites but to rid the body of foreign substances. Inhibi-
tors of the hepatic microsomes and probenecid fall intothis

category; the hepatic microsomes do perform
a few biotrans-

formations on
endogenous substrates, but the renal tubular

anion transport system dees not appear fo be required
to

eliminate any important endogenous substances,
Since neither the hepatic microsomes nor the tubular an-

ion cransport system seems to be involvedin response sys-

tems, inhibitors of these enzyme systems are
antagonists

without corresponding agonists. Indeed, even natural en-

doyenous substrates of enzymes are rarely considered to be

agonists.
Noncompetitive enzyme inhibitors among drugs alsoare

known. Examples
are

cyanide, fluoride, disulfiramandcar-
diac glycosides. When enzyme inhibition brings about a

positive response—eg, the cholinergic effects of the anti-
cholinesterases or the effects of diazoxide cansequenl to

inhibition of phosphediesterase---Lhe drag appears to be an

agonist. Yet, there can be no
competitive antagonist to such

an inhibitor, since the competitor to the drug is more sub-

strate, to whichthe effect of the drug is actuallyattributabie.

Acetylcholine increases the permeability of the subsynap-

Lic membrane to cations and the heart muscle membrane to

potassium, The mechanismis Choughtgenerally to involve
a change in conformation of a

protein constituent of the

potassium channel,
so that pere size or

permeability
con-

slant is affected. ‘The muscarinic receptoris coupled Lo the

potassium channel through
a

G-protein. Other autonomic

agonists algo are known 1a alter the permeability
Lo ions, in

part. through activation of adenyt cyclase, guany] cyciase,
phospholipase-e

or other enzymes, Many drugs and toxins
act

through alterations inthe structural and physical prop-
erties of membranes. ‘To the extent that some ofsuch sub-
slances may disperse themselves generally Lhroughout the

lipid phase of the membrane rather than to combine with

special chemical entities, no definite receptors for such

drags
can be said to exist,

The mechanism ofactionofcertain drugs, especially auto-
nomic drugs, often is stated to be mimicry of a natural
neurohumoror hormone. ‘fhus, methacholine mimics ace-

tylcholine
as an

agonist. ‘This does not define the mecha-
nismof action, unless the mechanismof action of the natural
substanceis known,

Mimicry usually
occurs because ofa structural similarity

between the nagural substance and the mimetic drug. Mim-

iery in agonist fanetions is easy to demonstrate, but the site
of action may not always be mimieryof the natural agonist at

iis receptor but rather at an allosteric site on a
receptoror at

its storage site to release the natural agonist.
Examples of mimetics that. act by release of the natural

mediatorare
indirectly acting sympathomimetics such as d-

amphetamine, mephentermine, ephedrine (in part), tyra-
mine and others, which are now knawn40 act by displacing
norepinephrine from storage sites within the adrenergic
neuron. Manyof such indirectly acting sympathemimetics
lack a direct action on the adrenergic receptor, although
some, fike ephedrine, aet. both upon the receptor and the

storage complex. Another mimetic by
a release mechanism

is carbachol, which promotes the presynaptic discharge of

acelylcholine.
In these examples, there is a chose structural similarity

betaveen the mimetic and the released mediator. In the case

of many releasers of histamine (such as tubocurarine, poly-
myxin

or
morphine),

no close chemical relationship exists
between the releaser and the released. In such instances,
release has heen explained by activation of receptors on the
mast~cell membrane which promote exocytosis of the hista-

mine-containing granules, by
an influx of calciumandacti-

vation of micretubales, all of which may be involved in

moving the granules
outof the mastcell,

Structural similarity also may aid mimicry by promoting
chemical combination with an enayme of destruction or
some other means of disposition. For example,

metara-

minol, amphetamine, ete infldli membrane transport into
the neuron and, hence, inhibit the neuronal recapture of
released norepinephrine. Consequently, the extraneuronal
concentration of norepinephrine in the nearbyregion of the

receptors does not drop
as

rapidly
as in the absence of the

mimetic, and the action of the mediatoris sustained.
Some inhibitors of the enzymesofthe destructionof medi-

ators are
structurally similar enaughto the mediatorto have

some
agonist action. ‘This is true of neostigmine, which has

a direct. stimulant action on nicotinic receptors in addition to

its anticholinesterase action. In contrast, the anticholines-
erase, physostigmine, has some

antagonist actions on cho-

linergi¢ receptors and also an effect to interfere with acetyl-
choline synthesis.

‘Fhe above multipie actions come about because all the
slructures thatinteract with a small molecule mediator(the

receptor, synthesizing enayme, destructive enzyme, slorage
molecule, membrane transport carrier) must have some
common structural features and affinities. A drug thatre-

MYLANINST. EXHIBIT 1013 PAGE 152



MYLAN INST. EXHIBIT 1013 PAGE 153

 

acts with one of these molecules has a distinet probability of

interacting with another.
‘The recognitionof the critical role of fons in the function

of membranes, the excitability of cells and the activity of

many enzymes has generated
a renewed interest in ions in

the mechanism of action of certain drugs. The inorganic
ions, some of which are used as

drugs, lend themselves auto-

matically
to a discussionof ionic mechanisms. ‘The repair of

electrolyte deficiencies by replacement therapy warrants no

further comment here. Some nonphysiological ions act as

imperfect impersonators of physiological ions; lithium part-

ly substitutes for sodium, bromide for chtoride and thiocya-
nate for iodide, and each mayowe its pharmacological

ac-

tion, in part, to a
sluggish mobility through membrane chan-

nels, through which their sister ions normally pass readily
when traffic is not impeded by “slowly moving vehicles.”
Jodide has an effect. to increase the penetrance of drugs into
caseous and necrotic areas, to aid in the resolution of gum-
matous lesions, to reduce the viscosity of mucous secretions
and other oddeffects; 1 is Lhoughtto do se by increasing the

hydration of collagen and mucoproteins by
a

poorly under-
stood mechanism. ‘The transition elements and heavy met-

als have in common the ability to form complexes with a

variety of physiologically active substances, particularly the

active centers of many enzymes. Chelation and other Lypes
of complexation

are the mechanisms of action of several

drugs used to treat. heavy-metal intoxication, diseases that

invelve abnormal body burdens or
plasma levels of heavy

metals and hypercalcemia. Chelates and chelation are dis-

cussed in more detail in Chapter 14.
There is muchinterest in the effects of drugs

on ion move-

ments. Cardiac glycosides
are known to inhibit an ATPase
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involved in the membranetransport. of sodium andseveral
other substances, which indirectly causes an increase in in-
tracellular calcium content. In part, the mechanisms of
action of local anesthetics, quinidine and various other drugs
also are

speculated to involve calcium movements. In the

past decade there has appeared
a whole newclass of drugs,

the calcium channe] blockers.
Concomitant with the development of molecular biology

was the appreciation that drugs act through nuclear and
extranuclear genelic mechanisms. Nitrogen mustards
have long been known to interfere with the replication of
DNA. Streptomycin, kanamycin, neomycin and gentemicin
cause misreading by the ribosomes ofthe code incorporated
into messenger RNA; tetracyclines, erythromycin and chior-

amphenicol inhibit the synthesis of protein at the ribosomes;
and chloroquine, novobiscin and celchicine inhibit DNA

polymerase, Other drugs induce the productionof enzymes;
aldosterone appears to act by inducing the synthesis of the
enzyme, membrane ATPase, necessary to sodium transport.
In general, steroid hormones combine with a

cytosolic recep-
tor, the complex of which is processed and translocated to

the chromatin, where gene expression is altered. Many
drugs induce one or more of the hepatic and extrahepatic
cytochrome P-450 enzymes,

A number of drugs have simple mechanisms that do not
involve an action at the cellular level. Examples

are bulk
and saline cathartics, osmotic diuretics and cholestyramine.
Although such drugs usually do not. generate much excile-
ment among pharmacologists, they do serve as a reminderof
Lhe many avenues

through which a mechanism ofaction may
be expressed. Throughout the various chapters of Part 6,

specific mechanisima of action may be mentioned.

Absorption, Distribution and Excretion
No matter by which route a

drug is administered it must

pass through several to many biological membranes during
the processes of abserption, distribution, biotransformation
and elimination. Since membranes are traversed inall of

these events, dhe subject of this section will begin with a brief

description of biological membranes and membrane process-
es andthe relationshipof the physiochemical properties ofa

drug molecule to penetrance and transport.

Structure and
Properties of Membranes

The concept that a membrane surrounds each cell arose

shortly after the cellular nature of tissue was discovered.
The biological and physiochemical properties of cells
seemed jn accord with this view. In the past, from time to

time, the actual existence of the membrane has been ques-
tioned by brilliant men, and ingenious explanations have
been advanced to explain cellular integrity and the osmotic
and electrophysiological properties of cells. Microchemical,
x-ray diffraction, electron microscopic, nuclear magnetic
resonance, electron spin

resonance and other investigations
have proved both the existence and nature of the plasma,
mitochondrial, nuclear and other cell membranes. ‘The de-

scription of the plasma membranethatfollows is muchover-

simplified, butit will suffice te provide
a

background for an

understanding of penetrance into and through membranes.
Strueture and Composition—The cell] membrane has

been described as a
“mayonnaise sandwich,” in which a

bimolecular layer of lipid material is entrained between two

paraliel monomolecular layers of protein. However, the

protein does not make continuous Jayers,like the bread in a

sandwich, but rather is sporadically scattered over ihe sur-

faces, like icebergs; ie, much of the protein is below the
surface. In Fig 35-8 the lipid layers

are
represented

as a

somewhatorderly, closely packed lamellararray of phospho-
lipid molecules associated tail-to-tail, each “tail” being

an

alkyl chain or steroid group and the “heads” being polar
groups, including the glycerate moieties, with their polar
ether and carbonyl oxygens and phosphate with attached

polar groups. In reality, the lamellar portionis probably not
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Fig 35-8, Simplifiod
cross section of a celt membrane {components

are not to scale). The lipid interior of the lamellar portion of the

membrane consists of various phospholipids, fatty acids, cholesterol
and othersteroids. lons are indicated in orderto illustrate diffarances
in size ratative to the channel. Pr: protein; Su; sugar.
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so
orderly, since its camposition is quite complex. Chains of

faldy acids of different degrees of saturation and cholesterol!
cannot array themselves in simple parallel arrangements.
¥arthermore, the polar heads will assume a numberoforien-
tations depending upon the substances and groups involved.

Moreover, the lamellar portion is penetrated by large globu-
lar proteins, the interior of which, like the lipid layers, has a

high hydrophobicity, and some fibrous proteins.
The plasma membrane appears to he asymmetrical,

The

lipid composition varies from cell type to cel] type and per-

haps fromsite to site on the same membrane. There are, for

example, cifferences between the membrane of the endo-

plasmic reticulum and the plasma membrane, even though
the memhranes are coextensive. Where membranes are

double, the inner and outer Jayers may differ considerably;
the inner and outer membranes of mitochondria have been
shownto have strikingly different. compositions and proper-
ties. Some authorities have expressed doubt as to the exis-
tence of the protein layers in biological membranes, al-

thoughthe evidence is preponderantly in favorof at least an

outerglycoprotein
coat. Sugar moieties also are attached to

the outer proteins; these sugar moieties are important to

cellular and immunological recognition and adhesion and

have other functions as well,
The cell membrane appears to be perforated by

water-

filled poresof various sizes, varying from about 4 to £0 A, the

majority of which are ahout 7 A. Probably all major ion
channeis are through the large globular proteins that tra-
verge the membrane. Through these pores pass inorganic
ions and small organic molecules. Since sodium ions are

more
hydrated than potassitum and chloride ions, they

are

larger and do not. pass as
freely throughthe pores as potassi-

um and chloride, The vascular endothelium appears Lo
have pores alt least as large

as 40
A, but these seem to be

interstitial passages rather than transmembrane pores.

Lipid molecules small enough to pass through the pores may
do so, but they have a

higher probahility of entering into the

lipid layer, from where they will equilibrate chemically with
the interior of the cell. From work on monolayers,

some

researchers contend that it is net necessary to postulate
pores to explain the permeability to water and small water-

soluhle molecules.
Stratum Corneum—Although the stratum corneumis

not a membrane in the same sense as a cell membrane, it

offers a barrier to diffusion, which is of significance in the

topical application of drugs. The stratum corneum consists
of several Jayers of dead keratinized cutaneous epithelial
cells enmeshed in a matrix of keratin fibers and bound to-

gether with cementing desmosomes and penetrating Lonofi-
byils of keratin. Varying amounts of

lipids and fatty acids
from dying cells, sebum and sweat are contained among the
dead squamous cells. Immediately beneath the layer of
deadcells and above the viable epidermal epithelial cells is a

layer of keratohyaline granules and various water-soluble

substances, such as
alpha-amino acids, purines,

monosac-

charides and urea.

Both the upper and lowerlayers of the stratum corneum
are involved in the cutaneous harrier to penetration, ‘The
barrier to penetration from the surface is in the upperlayers
for water-soluble substances and the lower layers for lipid-
soluble substances, and the barrier to the outward move-

ment of wateris in the lowest layer.
Membrane Potentials—--Across the cell membrane there

exisis an electrical potential, always negative
on the inside

and positive
on the outside. Ha cell did not have special-

membrane eclectrolyte-transport processes, its membrane

potential would be mainly the result of the Donnan equilib-
rium (see Chapter 14} consequentto the semipermeabilityof
the membrane. Such potentials generally lie between 2 and
5 my.

 

Acell with a membrane across which diffusible electrolyte
distribution is purely passive would be expected

to have a

high internal concentration of sodium, suchasis true for the

erythrocytes of some
species. However, the interior of most

cells is high in potassium and Jow in sodium, as
depicted in

Fig 35-8, This unequal distribution of cations attests to

special electrolyte-transport processes and to differential

permeabilities of diffusible ions, so that the membrane po-
tential is higher than that which would result from a

purely
passive Donnandistribution. In nerve tissue or skeletal and
cardiac muscle, the membrane potential ranges upwards

to
about 90 mv. ‘he electrical gradient is on the order of

50,000 v/em, because of the extreme thinness of the mem-

brane. Obviously, such an intense potential gradient: will

influence strongly the transmembrane passages of charged
drug molecules.

Diffusion and Transport

Transport is the movementof a
drug from one

place to
another within the body. ‘Fhe drug may diffuse freely in
uncombined form with a kinetic energy appropriate to its
thermal environment, or it may move in combination with
extracellular or cellular constituents, sometimes in connec-

tion with energy-yielding processes that allow the molecule
or

complex to overcome barriers to simple diffusion.

Simple Nontonic Diffusion and Passive Transport
Molecules in solution move in a

purely random fashion,

provided they
are not charged and moving in an electrical

gradient. Such random movementis called diffusion,if the
molecule is uncharged, it is called nonionic diffusion.

In a
population of drug molecules, the probability that

dering unit time any drug molecule will move across a

boundary is directly proportional to the number of mole-
cules adjoining that boundary and, therefore, to the drug
concentration. Except at dilutions so extreme that only

a

few molecules are present, the actual rate of movement

(molecules/unit time) is directly proportional to the proha-
bility and, therefore, to the concentration. Once molecules
have passed through the boundaryto the opposite side, their
random motion may cause some to return and others to

continue to move further away from the boundary. The rate

of returnis likewise proportional to the concentration on the

opposite side of the boundary. It follows that, although
melecules are

moving in both directions, there will he a net
movement from the region of higher

to that of lower concen-

tration, and the net transfer will be proportional to the
concentration differential, If the boundary is a

membrane,
which has both substance and dimension, the rate of move-

ment is also directly proportiona!
to the permeability and

inversely proportional! to the thickness. These factors com-

bine into Fick’s Law of Diffusion,

ag
_
DAC

=

C2)
dt x

where @ is the net quantily of drug transferred across the

membrane, ¢ is time, Cy is the concentration on ane side and

Cz on
theother,

x is the thickness of the membrane, A is the
area and D is the diffusioncoefficient, related to permeabili-
ty. The equation is more

nearly correct if chemical activi-
ties are used instead of concentrations. Since a

biological
membrane is patchy, with pores of different sizea

and proba-
bly with varying thickness and composition, both 2 and x

probahly vary from spot to spot. Nevertheless, some mean

values can be assumed.
It is customary to combine the membrane factors into a

single constant,called
a permeability

constantor coefficient,
P,so that P

=
D/s, Ain fq $ having unit value. ‘The rate of

net transport (diffusion) across the membrane then becomes

(5)
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As diffusion continues, C) approaches C., and the netrate,

dQ/dl, approaches
zero in exponential fashion characteristic

of a first-order precess. Equilibrium is defined as thatstate
in which C,;

=
Co. The equilibriumis, of course, dynamic,

with equal numbers of molecules being transported in each
direction during unit. lime. If wateris also moving through
the membrane,it may eitherfacilitate the movementof drug
or

impede il, according
to the relative directions of move-

ment of water and drug; Uhis effect of water movementis

called solvent drag.
Jonie or Electrochemical Diffusion--I{ a

drug is ion-

ized, the transport properties
are modified. The probability

of penetrating the membraneis still a function of concentra-

tion, but it is also a function of the potential difference or

electrical gradient
across the membrane. A cationic drug

molecule will be repelled from the positive charge
on the

outside of the membrane, and only these molecules with a

high kinetic energy will pass through the ion barrier. If the

cation is polyvalent, it may not penetrate at all.
Once inside the membrane,

a cation simultaneously will
be attracted to the negative charge

on the intracellular sur-

face of the membrane and repelled by the outersurface; it is

said to be moving along the electrical gradient. If it alsois

moving from a
higher towards a lower concentration, it is

said to be moving alongits electrochemical gradient, which
is the sumof the influences of the electrical Held and the
concentration differential across the membrane.

Onceinside the cell, cations will tend to be keptinside by
the attractive negative charge

onthe interior of the cell, and
the intracellular concentrationof drug will increase until, by
sheer numbers of accumulated drug particles, the outward
diffusion or mass escape rate equals the inward transpart
rate, and electrochemical equilibrium is said to have ac-

curred. At electrochemical equilibrium at body tempera-
ture (37°C), ionized drug molecules will be distributed ac-

cording to the Nernst equation,

Cy oe
hlog=

C; Gt

where C, is the molar extracellular and C; the intracellular

concentration, 4 is the numberof charges per molecule and
E is the membrane potential in millivolts. Log Cy/C; is

positive when the molecule is negatively charged and nega-
tive when the molecule is positively charged.

Facilitated Diffusion—Sometimes a substance moves
more

rapidly through
a

biological membrane than can be
accountedfor by the process of simple diffusion. ‘This accel-
erated movement is termed facilitated diffusion. It is

thought to be due to the presence of a
special molecule

within the membrane, called 4 carrier, with which the trans-

ported substance combines. ‘There is considered to be a

greater permeability
to the carrier—drug complex thanto the

drug alone, so that the transport rate isenhanced. Afterthe

complex traverses the membrane, it dissociates. The carrier
musteither return to the original side of the membrane to be
reused or

constantly be produced
onone side and eliminated

on the otherin order [or the carrier process to be continuous.

Manycharacteristics of facilitated diffusion, formerly at-
tributed to ion carriers,

can be explained by ion exchange.
Although facilitated diffusion resembles active transport,
below, in its dependence upon a continuous sourceof energy,
it differs in that facilitated diffusion will only transporta

molecule along its electrochemical gradient.
Active Transport--Active transport may be defined as

energy-dependent
movement of a substance through

a bio-

logical membrane against
an electrochemical gradient. fis

characterized by the following:

(7)
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1. ‘The substance is transported from a region of lower to one of

higher electrochemical activity.
2. Metabolic poisons interfere with Wransport.
3. ‘The transport rate approaches

an asyinptote (ie, saturates) as
concentration increases.

,

4. The transport system usually shows a
requirement for specific

chemical structures.
5. Closely related chemicals are competitive for the transport sys-

tem.

Many crugs
are secreted from the renal tubules into urine,

fromliver cells into bile or from the cerebrospinal fluid into
blood by active transport, but the role of active transport of

drugs in the distribution into most body compartments and
tissuesis fess well known. Active transport is required far
the penetrance of a numberof sympathomimetics into neu-

ral tissue and for the movement.of several anticancer drugs
acrass cel] membranes.

Pinocytosis and Exocytosis--Many, perhaps all, cells
are

capahie of a type of phagocytosis called pinocytosis.
The cell membrane has been observed to invaginate into a

saccular structure containing extracellular materials and
then pinch off the saccule at the membrane, so that the
saccule remains as a vesicle or vacuole within the interior of
the cell. Since metaholic activity is required

andsince an

extraceliular substance may be transported against
an elec-

trochemical gradient, pinocytosis shows some of the same

characteristics as active transport. However, pinocytosis is

relatively slow and inefficient compared ta most active

transport, except in gastrointestinal absorption, in which

pinocytosis is of considerable importance.
It is not known to what extent pinocytosis contributes to

the transport of most drugs, but many macromolecules and
even

larger particles
can be absorbed by the gut. Pinocyto-

sis probably explains the oral efficacy of the Sabin palio
vaccine. Some drugs themselves affect pinocytosis; eg, ad-

renal glucocorticoids markedly inhibit the process in macro-

phages and other cells involvedin inflammation.

Exocytosis is more or less the reverse of pinocytosis.
Granules, vacuoles or other organelles within the cell move

to the cei] membrane,fuse withit and extrude their contents

into the interstitial space.

Physicochemical Factors in Penetrance

Drugs and other substances may traverse the membrane

primarily either through the pores or
by dissociation into the

membranelipids and subsequent. diffusion from the mem-

brane into the cytosol
or other fluid on the [ar side of the

membrane. The physicochemical prerequisites
are differ-

ent according to which route is taken. To pass through the

pores, the “diameter” of the molecule must be smaller than

the pore, but the molecule can be longer than the pore
diameter. The probability that a

Jong, thin molecule will be

oriented properly is low, uniess there is also bulk flow and
the transmembrane passage of iarge molecules is slow.

Water-soluble molecules with low lipid solubility usually
are

thought
to pass through the membrane mainly via the

pores and, to a small extent, by pinocytosis, but recent work
with lipid monolayers suggests that. small water-soluble mol-
ecules also may he able to pass readily throughthelipid, and
the necessity of postulating the existence of pores has been

questioned. Nevertheless, experimental data on pene-
trance overwhelmingly favor the concept of passage of wa-

ter-soluble lipid-insoluble substances through pores. If
there is a membranecarrieroractive transport system, a low

solubility of the drug in membrane lipids is no
impediment

to penetration, since the drug-carrier complex is assumed to

have an
appropriate solubility and energy from an active

transport system enables the drug to penetrate the energy
barrier “imposed by the lipids.” Actually, the lipids

are not
an important energy barrier; rather, the barrieris the force
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Fig 35-9. The relatienship of absorption of the un-ionized forms of

drugs from the colon of the rat to the chleroform:water partition
coefficiont (courtesy, Schanker®}.

of altraction of the solvent water for its dipolar to polar
solute, so that it is difficuls for the solute to leave the water

and enter the lipid.
Drags with a

high solubility in the membrane lipids, of
course, pass easily through the membrane. Even when their
dimensions are small enough to permit passage through
pores, lipid-soluble drugs primarily pass through the merm-

brane lipids,
not only because chemical partition favors the

lipid phase but also because the surface area
occupied by

pores is only
a small fraction of the totalmembranearea.

Lipid Solubility and Partition Coefficients—<Asearly
as

1902, Overton investigated the importanceoflipid solu-
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bility to the penetrance and absorption of drugs. Eeventual-

ly, it was
recognized thal more

important than Hpid salubili-

ty
was the lipid-water distribution coefficient; ie,

a
high

lipid solubility does not favor penetrance unless the water

solubility is low enough
so thal the drug is not entrained in

the aqueous phase.
In Fig 35-9 is illustrated the relationship between the

chloroform--water partition coefficient and the colonic ab-

sorption of barbiturates. Chloroform probably is not the

optimal lipid solvent for such a
study, and natural lipids

from nerveor other Lissues have been shown to be superiorin
the fewinstances in which they have been employed. Nev-

ertheless, the correlation shownin the figure is a
convincing

one.
When the water solubility of a substanee is so low that a

significant concentration in water or extracellular fluid can-

not be achieved, absorption may be negligibic in spite of a

favorable partition coefficient. Hence, mineral oil, petrola-
tum, ete are

virtually unabsorbed. The optimal partition
coefficient for permeation of the skin appears to be iawer
than thatfor the permeation of the cell membrane, perhaps
being

as low as one.

Dipolarity, Polarity and Nonionie Diffusion---The

partition coefficientof a
drug depends upon the polarityand

the size of the molecule. Drugs with a
high dipole moment,

even
theugh un-ionized, have a low lipid sotubility and,

hence, poor penetrance. An example of a
highly dipolar

substance with a low partition coefficient, which does net

penetrate into celjs, is sulfisoxazole. Sulfadiazine is some-

what less dipolar, has a chloroform-—water partition coe!fi-
cient ten times thatof sulfisoxazole and readily penetrates
cells. Ionization not only diminisheslipid solubilitygreatly
but also may impede passage through charged membranes

{see Ionic Diffusion, page 709).
It is often stated that ionized molecules do not penctrate

membranes, except for ions of small diameter, This ts not

necessarily rue, becauseofibe presence of membranecarri-
ers for some

ions, which effectively may shield or neutralize
the charge (ion-pair formation}, The renal tubular trans-

port systems, which transport suchobligate ions as
tetraethyl-

ammoniuin, probably form ion-pairs. Furthermore, if an

ionized molecule has a
large nonpolar moiety such that. an

appreciable lipid solubility is imparted to the molecule in

spite of the charge, the drug may penetrate, although usually
ataslow rate. Tor example, various morphinan derivatives
are absorbed passively from the stemach even

though they

Table i—Raies of Entry of Drugs in CSF and the Degrees of tonization of Drugs at ph 7.4?

% binding
te plasma % un-ionlzed Pormoability constant

  Drug protein pk," at pH 7.4 (P min’) & SLE.

Drugs mainlyionized at pH #4

§-Suilfosalicylic acid 22 (strong) 0 <0,0001

N-Methylnicotinamide <10 (strong) 0 0.0005 2: .00006

5-Nitrosalicylic acid 42 23 0.001 G.001 4: 0.00074

Salicylic acid 40 3.0 0,004 0.006 +: 0.0004

Mecamylamine 20 11.2 0.036 6.021 +: 0.0016

Quinine 76 8.4 9.09 0.078 +: 0.0061

Drugs mainly unionized at pit 7.4
Barbital <2 1S 55.7 0.026 + 0.0022

Thiopental 75 76 6L3 0.680 +0061

Peniobarhital 40 al 83.4 O17 +: 0.014

Aminopyrine 20 5.0 99.6 0.26 + 0,020
Aniline 15 4.6 99.6 040 + 0.042

Sulfaguanidine 6 >10.0¢ >89.8 0.608 4: 0.0002

Antipyrine 8 1.4 >99,9 O12 40.013

N-Accetyl-4-aminoantipyrine <a 0.5 >99.9 @.012 4 0.0010    

«The dissociation constant of bath acids ane bases is expressed ag a pli nogalive logarithm ofUaeacidic dissocialion constant.
>

Sulfaguanidinehas a very wenkly acidic group (pK, > 10) and yovery weakly basic groups (pis, 2.75 and 0.5). Consequently, Gic compoundis almoal com-

pletely undissocintod at. pH 7.4.
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are jonized completely at the pHofgastric fluid. Neverthe-

less, when a
drug is a weakacid or

base, the un-ionized form,
with a favorable partition coefficient, passes through

a bio-

logical membrane so much more
readily than the ionized

form that, for all practical purposes, only the un-ionized
form is said to pass through the membrane. This has be-
come known as the principle of nonionic diffusion.

This principle is the reason that only the concentrations of
the un-ionized form of the barbiturates are

plotted in Fig
35-9.

For the purposeof furtherillustrating the principle, Table
Fis

provided.
In the table, the permeability constants for

penetrance into the cerebral spinal fluid of rats are
higher

 DRUG ABSORPTION, ACTION, AND DISPOSITION Tit

for un-ionized drugs than for ionized ones. The apparent
exceptions—harbital, sulfaguanidine

and acelylaminoanti-
pytine-——may be explained by the dipolarity of the un-ion-
ized molecules. With barhital, the two lipophilic ethyl
groups are too small to

compensate
for the considerable

dipolarity of the un-ionized bayhituri¢ acid ring; also it may
be seen that barbital is appreciably ionized, which contrib-
utes to the relatively small permeability

constant. Sulfa-

guanidine and
acetylaininoantipyrine

are hoth very polar
molecules. Mecamylamine also might be considered an ex-

ception, since it shows a modest. permeahility
even

though
strongly ionized; there is no

dipolarity in mecamylamine
except in the amino group.

Absorption of Drugs

Absorptionis the process of movement of a
drug fromthe

site of application into the extraceilular compartinent. of the

hody. Ynasmuch as there is a
great similarity amang the

various membranes that a
drug may pass throughin orderto

gain
aceess to the extracellularfluid, it might be expected

that the particular site of application (or rowée) would make
litue difference to the successful absorption of the drug. in
actualfact, it makes a great deal of difference, manyfactors,
other than the structure and composition of the memhrane,
determine the ease with which a

drug is absorbed. These
factors are discussed in the following sections, along with an

account of the ways Uhat drug formulations may be manipu-
lated to alter the ability of a

drug to be absorbed
readily.

Routes of Administration

Drugs may be administered by many different routes.

The various routes include oral, rectal, sublingual
or

baccal,
parenteral, inhalation and topical. The choice of a route

depends upon hoth convenience and necessity.
Oral Route—-This is obviously the most convenient route

for access to Lhe systeinic circulation, providing that various
factors do not militate against this route. Oral administra-
tion does not always give rise to sufficienUy high plasma
concentrations to be effective; some

drugs
are alsorbed un-

predictably
or

erratically; patients occasionally have an ab-

sorption malfunction. Drugs may not be given by mouthto

patients with gastrointestinal intolerance,
or who are in

preparation for anesthesia or who have hadgastrointestinal
surgery. Oral administration also is precluded in coma.

Rectal Route—Drugs that ordinarily are administered

by the oral route usually
can be administered by injection

or

by the alternative lower enteral route, through the anal

portal into the reclum or lowerintestine. With regard te the

latter, rectal suppositories
or retention enemas

formerly
were used quite frequently, but their popularity has abated

somewhal, owing to improvements in parenteral prepara-
tions. Nevertheless, they continue to he valid and, some-

times, very important ways of administering
a

drug, espe-

cially in pediatrics and geriatrics. In Fig 35-10 the availabil-

ity of a
drug by retention enema may he compared with that

by the intravenous and oral route and rectal suppository
administralion. Jt is apparent thal the retention enema

may be a very satisfactory
means of administration butthat

rectal suppositories may he inadequate where rapid absorp-
tion and high plasmalevels are

required. Theillustrationis
not intended to lead the reader lo the conclusion that a

relenlion enema
always will give

more prompt and higher
blood levels than the oral route, for converse findings for the
same

drug have been reporled,” but, rather, to show that the
retention enema may offer a useful substitute for the oral
roule.

Sublingual
or Buccal Roule—-Even though

an
adequate

plasma concentration eventually may be achievable by the
oral route, it may rise much too slewly for use in some

situations where a
rapid response is desired. In such situa-

tions parenteral therapy usually is indicated. However, the

patients with angina pectoris may get quite promptrelief
from an acute attack by the sublingual

or buccal administra-
tion of nitroglycerin,

so that parenteral administration may
be avoided. When only small amounts of drugs

are
required

to gain
access to the hlood, the buccal route may be very

satisfactory, providing the physicochemical prerequisites
for absorption by this route are present in the drug and

dosage form. Only
a few drugs may be given successfully by

this route.

Parenteral Routes--These routes, by definition, include

any route other than the oral-gastrointestinal (enteral)
tract, but in common medical usage the term excludes topi-
ea) administration and includes only various hypodermic
routes. Parenteral administration includes the intrave-
nous, intramuscular and suhcutaneous routes. Parenteral
routes may be employed whenever enteral routes are con-

traindieated (sec above) or
inadequate.

The intravenous route may be preferred
on occasion, even

when a drug may be well-ahsorbedby the oral route. There
is no

delay imposed hy absorption before the administered

drug reaches the circulation, and bloodlevels rise virtually

ESO

 
1.25

Time After Administration
-

Hr

Fig 35-10. Bloed concentration in mg/ 106 mL of theoptyltine (or-
dinates} followIng administration io humans of aminophylline in the

amounts and by the routes indicated. Doses: per 70kg. Theophyl-
line-ethylenediamine by various routes;

--——
intravenous, 0.5 g:~+-+-

refention enema, 0.5 9g;
— 6+ -~

oral tablets-PL, 0.5 9;---
oral tablats-Pl., 0.3 gjrectal suppository, 0.5 g (courtesy,

Trultt, at a/,29 adaptad).
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as
rapidly

as the time necessary to empty the syringe
or

infusion bottle. Consequently, the indravenous route is the

preferred
route when an emergency calls for an immediate

response.
In addition to the rapid rise in plasma concentration of

drug, another advantage of intravenous administration is
the greater predictability of the peak plasma concentration,
which, with some

drugs, can be calculated with a fair degree
of precision, Smaller doses generally

are
required by the

intravenous than by other routes, butthis usually affords no

advan(age, inasmuch as the sterile injectable dosage form
costs more than enteric preparations and the requirements
for medical or

parainedical supervision
of administration

also may add10 the cost and inconvenience.
Because of the rapidity with which drug enters the circula-

tion, dangerous side effects to the drug mayoccur which are

often not extant by other routes, The principal untoward
effect is a

depression of cardiovascular function, which is
often called drug shock. Consequently,

some
drugs must be

given quite slowly to avoid vasculotoxic concentrations of

drug in the plasma. Acute, serious, allergic responses also
are more likely to occur

by the intravenous route than by
other routes.

Manydrugs
are tooirritant to be given by theoral, intra-

muscular or subcutaneous route and must, of necessity, be

given intravenously. However, such drugs also may cause

damage to the veins (phiebitis) or, if extravasated, cause

necrosis (slough) around the injection site. Consequently,
suchirritant drugs may be diluted in isotonic solutions of

saline, dextrose or other media and
given by slow infusion,

providing thatthe slowerrate of delivery does not negate the

purpose of the administration in emergency situations.

Absorption by the adéramuscular roule is relatively fast
and this parenteral route may be used where an immediate
effect is not required but. a prompteffect is desirable. Intra-
muscular deposition also may be madeof certain repository
preparations, rapid absorption

not being desired. Absorp-
tion from an intramuscular depot is more

predictable and
uniformthan from a subcutaneoussite.

Irritation around theinjectionsite is a
frequent accompa-

nimentof intramuscular injection, depending upon the drug
andother ingredients. Because of the dangers of accidental
intravenous injection, medical supervision generally is re-

quired. Sterilization is necessary.
In subcutaneous adininistralion the drug is injected into

the alveolar connective tissue just below the skin, Absorp-
tion is slower than by the intramuscular route but, neverthe-

less, may be prompt with many drugs. Often, however,
absorption by this route may be no faster than hy the oral
route. ‘lherefore, when a

fairly prompt response is desired
wilhsome drugs, Ube subcutaneous roule may not offer much

advantage
over the oral route, unless for some reason

the
drug cannot. he given orally.

‘Fhe slowerrate of absorption by the subcutaneous route is

usually the reason
why the route is chosen, and the drugs

given bythis route are
usually those in whichit is destred to

spread the action out over a number of hours, in order to
avoid either too intense a response, too short a response or

frequent injections. Examples of drugs given bythis route
are insulin and sodiumheparin, neither of whichis absorbed

orally and both of which should be absorbed slowly
over

many hours. In the treatmentof asthma, epinephrine
usu-

ally is given subcutaneously to avoid the dangers of rapid
absorption and consequent dangerous cardiovascular ef-
fects. Many repository preparations, including tablets or

pellets,
are

given subcutaneously. As with other parenteral
routes, irritation may oecur. Sterile preparations also are

required, However, medical supervision is not required al-
ways and self-administration bythis route is customary with
certain drugs, such as insulin.

 

Intradermal injection, in which the drug is injected into,
rather than below the dermis, is rarely employed, except in
certain diagnostic and test procedures, such as

screening for

allergic
or local irritant reaponses.

Occasionally,
even

by the intravenous route, iis not possi
-

ble, practical or safe to achieve plasma concentrations high
enough

sethat an
adequate amountof drug penetrates inte

special compartments, such as the cerebrospinal fluid,
or

various cavities, such as the pleural cavily. The brain is

especially difficult to penetrate with water-soluble drugs.
The name blood-brain barrier is applied to the impediment
to penelration. When drugs do penetrate, the choroid plex-
us often secretes them back into the blood very rapidly,

so

that adequate levels of drugs in the cerebrospinal fluid may
be difficult to achieve. Consequently, iitrathecal* or intra-
ventricular administration may be indicated.

Body cavities such as the pleural cavity normally
are wet-

ted by a smal) amount of effusate which is in diffusion

equilibrium with the blood and, hence, is accessible Lo drugs.
However, infections and inflammations may cause the cavity
to fill with serofibrinous exudate which is too large

to be in

rapid diffusion equilibrium with the blood. Jntracavitary
administration, thus, may be required. Ti. is extremely im-

portantthat sterile and nonirritating preparations be used
for intrathecal or

intracavitary administration.
Inhalation Route-——Inhalation may be employed for de-

livering gaseous or volatile substances into the systemic cir-

culation, as with most general anesthetics. Absorption is

virtually
as

rapid
as the drug

can be detivered intothe alvecii
of the lungs, since the alveolar and yascular epithelial

mem-

branes are
quite permeable, blood flow is abundant and

there is a very large surface for absorption.
Aerosols of nonvolatile substances also may be adminis-

tered by inhalation, but the route is used infrequently for

delivery into the systemic circulation because of various
factors which contribute to erratic oy difficult-to-achieve
blood levels, Whether or not an aerosol reaches and is
retained in pulmonary alveoli depends critically uponparti-
cle size. Particles greater than 1 wmin diameter tend to
settle in the hronchioles and bronchi, whereas particles less
than 0.5 zm fail to settle and mainly

are exhaled. Aerosols
are employed mostly when the purpose of administrationis
an action of the drug upon the respiratorytract ilself! Ap

example of a drug commonly given
as an aerosolis isoproter-

enol, whicb is employedto relax the bronchioles during
an

asthma attack.

Topical Route—Topical administration is employed to
deliver a

drug at, or
immediately beneath, the point of appli-

cation. Although occasionally enough drug is absorbed into
the systemic circulation to cause

systemic effects, absorp-
tion is too erratic for the topical

route to be used routinely
for systemic therapy. However, various transdermal prepa-
rations of nitroglycerin and clonidine are

employed quite
successfully for systemic

use. Some work with aprotic sol-
vent vehicles such as dimethyl sulfoxide (OMSOQ)also has

generated interest in topical administration for systemic
effects. A large numberof topical medicaments are

applied
to the skin, although topical drugs

are also applied to the
eye, nose and throat, ear, vagina,etc.

In man, percutaneous absorption probably
occurs

mainly
from the surface. Absorption throughthe hairfollicles oc-

curs, but the follicles in man occupy too small a portion of
the Lota] integumentto be of primary ianportance. Absorp-
tion through sweat and sebaceous glands generally appears
to be minor. When the medicamentis rubbed on

vigorously,

*
Intrathecal administration denotes administration into the cerebro-

spinal fluid at any level of the cerebrospinalaxis, inchading injeclion into
the cerebral ventricles, which is the most common mode of intrathecal
administration.
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the amountof the preparation that is forced into the hair

follicles and glands is increased. Rubbing also forces some

material through the stratum corneum without molecular

dispersion and diffusion through the barrier. Rather large
particles of subgiances such as sulfur have been demonstrat-
ed to pags intact through the stratum corneum. When the
skin ig diseased or abraded, the cutaneous barrier may be

disrupted
or

defective,
so that percutaneous absorption may

be increased. Since muchof adrugthatis absorbed through
the epidermisdiffuses into the circulation without reaching
a

high concentration in some
portions of the dermis, system-

ic administration may be preferred in lieuof, or in addition

to, topical administration.

Factors That Affect Absorption

In addition to the physicochemical properties of drug moi-

ecules and biological membranes, various factors affect the
rate of absorption and determine,in part, the choice of route

of administration.
Concentration—1tis self-evident that the concentration,

or, more
exactly, the thermodynamic activity, of a

drug in a

drug preparation will have an
important bearing upon the

rate of absorption, since the rate of diffusion of a
drug away

from the site of administrationis directly proportional
to the

concentration. Thus, a 2% solution oflidocaine will induce
local anesthesia more

rapidly than a 0.2%solution. Howev-
er, drugs administered in solid form are not ahsorhed neces-

sarily at the maximal rate (see Physical State of Formuta-
Hion and Dissolution Rate, below).

After oral administration the concentrationof drugs in the

gut is a function of the dose, but the relationship is not

necessarily linear. Drugs with a low aqueous soluhility (eg,
digitoxin) quickly saturate the gastrointestinal fluids, so

that the rate of ahsorption tends to reacha limilas the dose
is increased. The peptizing and solubilizing effects of hile
and other constituents of the gastrointestinal contents assist.
in increasing the rate of absorption but are in themselves
somewhat erratic. Furthermore, many drugs affect the
rates of gastric, biliary and small intestinal secretion, which
causes further deviations from a linear relationship between
concentration and dose.

Drugs that are administered subcutaneously
or intramus-

cularly also may not show always
a direct linear relationship

betweenthe rate of absorption and the concentration of drug
in the applied solution, because osmotic effects may cause

dilution or concentration of the drug, if the movement of
water or

electrolyles is different from that of the drug.
Whenever possible, drugs for hypodermic injection

are pre-

pared
as isotonic solutions. Some drugs affect the local

blood flow and capillary permeability,
so that at the site of

injection there may be a
complex relationship of concentra-

tion achieved to the concentration administered.

Physical State of Formulation and Dissolution
Rate—The rate of absorption of a

drug may he affected

greatly by the rate at which the drug is made available to the

biological fluid at the site of administration, The intrinsic

physicochemical properties, such as
solubility and the ther-

modynamics of dissolution, are
only

some of the factors
which affect the rate of dissclution of a

drug from a solid
form. Other factors include not onlythe unavoidable inter-

actions among the various ingredients in a
given formulation

but also deliberate interventions to facilitate dispersion(eg,
comminution, Chapter 75 and dissolution, Chapter 31) or

retard it (eg, coatings, ChapLer 90 and slow-release formula-

tions, Chapter 91). There are also factors that affect. the
rate ofdelivery from liquid forms. For example,

a
drug ina

highly viscaus vehicle is absorbed more slowly fromthe vehi-
cle than a drug in a vehicle of low viscosity; in oil-in-water
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emulsions, the rate depends upon the partition coefficient.
These manipulations

are the subject of biopharmaceutics
(see Chapter 91),

Area of Absorbing Surface—-The area of absorbing
sur-

face is an
important determinant of the rate of absorption.

‘To the extent that the therapist
must work with the absorb-

ing surfaces available in the hody, the absorbing surface ts
not subject to manipulation. However, the extent to which
the existing surfaces may be used is subject to variation. In
those rare instances jin which percutaneous absorption is

intended for systemic administration, the entire skin surface

is available.

Subsequent to subcutaneous or intramuscularinjections,
the site of application may be massaged in order to spread
the injected fluid from a

compact mass to a
well-dispersed

deposit. Alternatively, the dose may be divided into mullti-

ple small injections, although this recourse is generally
un-

desirable.
The different areas for absorption afforded by the various

routes account, in part, for differences in the rates of absorp-
tion by Uhose routes. The large alveolar surface of the lungs
allows for extremely rapid absorption of gases, vapors and

properly aerosolized solutions; with some
drugs the rate of

absorption may be nearly
as fast as intravenous injection.

In the gut. the small intestine is the site of the fastest, and
hence most, absorption because of the small }umenand

high-
ly developed villi and microvilli; the stomachhasarelatively
small surface area, so that even most weak acids are ab-

sorbed predominately in the small intestine despite
a

pH
partition factor that should favor absorption from the stoin-
ach (see The pH Partition Principle, page 716).

Vascularity and Blood Flow-—Aithough the thermal ve-

locity of a
freely diffusible average drug molecule is on the

order of meters per second, in solution Une rate at whichit
will diffuse away from a reference point will be muchslower.
Collisions with water and/or other molecules, which cause a

random motion, and the forces of attraction between the

drug and water or other molecules slow the net mean veloci-

ty.
The time taken totraverse a

given distance is a function of

the square of the distance;
on the average it would take

about 0.01 sec for a net outward movementof } xm, | sec for
10 wm, 100 sec for 100 wm, etc. Ina highly vasculartissue,
such as skeletal muscle, in which there may be more than
1000 capillaries/eq

mm of cross section, a
drug molecule

would not have to travel more than a few microns,hence, less
than a second on the average, to rcach a

capillary from a

point of extravascular injection.
Once the drug reaches the blood, diffusion is not impor-

tant Lo transport and the rate of bloed flow determines the
movement. The velocity of blocd flow in a

capillary is about
1 mm/sec, which is 100 times faster than the mean net

velocity of drug molecules 1 mm away from their injection
site. The velocity of blood flowis even faster in the larger
vessels. Less than a minute is required to distribute drug
molecules from the capillaries

at the injection site to the rest

of the bady.
From the above discussion it follows that absorption is

most rapid in Lhe vasculartissues. Drugs
are absorbed mare.

rapidly from intramuscular sites than from less vascular
subcutaneous sites, ete. Despite the small absorbing

sur-

face for buccal or
sublingual absorption, the high vascularity

of the huceal, gingival and sublingual surfaces favors an

unexpectedly high rate of absorption. Because of hyper-
emia, absorption will be faster from inflamed than from

normal areas, unless the presence of edema lengthens the
mean distance between capillaries and, thus, negates the
effects of hypermia

on
absorption.

Vasoconstriction may have a
profound effect upon the

rate of absorption. Whena localeffect of a drug is desired,
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as in local anesthesia, absorption away from the infiltered
site may be impededgreatly hy vaseconstrictors included in

the preparation. Unwanted vasoconstriction somelimes

may causeserious problems. For example, in World War Hi

many wounded soldiers were
given subcutaneous morphine

without evident effect. As a resull, injections
were some-

umes repeated
more than once. When the patient

was re-

moved to the field hospital, toxie effects would occur sud-

denly. The explanation ig (hat cold-induced vasoconstric-

tion occurred in thefield; when the patient
was warmed in

the hospital, vasodilation would result and the victim would
be flooded with drug. Shock alsa contributes to theeffect,
since during shock the blood flow is diminished and there
also may be a

superimposed vasoconstriction; repair of the
shock condition then facilitates absorption.

fxtravascularly injected molecules too large fo pass

through the capillary endothelium will, of necessity, enter

the systemic circulation through the lymph. ‘Thus, the

lymph flew may be important to the absorption of a few

drugs.
Movement—--A numberof factors combineso that move-

ment at the site of injection increases the rate of absorption.
In the intestine, segmental

movements and peristalsis aid in

dividing and dispersing the drug
mass. ‘The continual mix-

ing of the chyme helps keep the cancentration maximalat

the mucosal surface. The pressures developed during sep-
mentation and peristalsis also may favor a small amount. of
filiration. Movementat the site of hypodermic injection
also favors absorption, since it tends to force the injected
material through the Lissue, increasing the surface area of

drug
mass and decreasing the mean distance to the capil-

laries. Movement also increases the flow of blood and

lymph, The selection of a site for intramuscular injection
may be determined by the amountof expected movement,

according to whether the preparation is intendedas a fast-

acting
or a

repository preparation.
Gastric Motility and Emptying-—The motility of the

stomach is more
important to the rate at which an

orally
administered drug is passed

on Co the small intestine thanit
is to the rate of absorption from the stomachitself, since for
various reasons noted above, absorption from the stomach is

usually of minor importance,
The average empLying time of the unloaded stomachis

about. 40 min aad the half-time is around 10 min, thoughit

varies according to its contents, reflex and psychological
factors,

as well as the action of certain autonomic drugs
or

disease. The effect of food to delay absorption is due, in

part, Loifs action Lo prolong emptying time. ‘The emptying
time causes a

delay in tbe absorption of drug, which may be
unfavorable or favorable according to what is desired, In

the case of therapy with antacids, gastric emptying is a

nuisance, since it removes the antacid from the stomach
where i is needed.

Solubility and Binding-—The dissolution of drugs of low

solubility is generally
a slow process. Indeed, low solubility

is the resultofa low rate of departure of drug molecules from
the undispersed phase. Jurthermore, since the concentra-

tion aroundthe drug
massis low, the concentration gradient

from thesite of deposition to the plasmais small and Unerate

of diffusionis low, accordingiy.
Whenitis desired that a

drug have a
prolongedaction hut

not a
high plasma concentration,

a derivative of low solubili-

ty is often sought. ‘The “insoluble” estalates and other
esters of several steroids have durations of action of weeks
because of the slow rates of absorption fram the sites of

injection. Insoluble salts or
complexes of acidic or basic

drugs also are
employed

as repositery preparations; for ex-

ample, the procaine salt. of penicillin G has a low solubility
andis used in a slow release formof Uhe antibiotic.

The solubility of certain macromolecules is dependent

erilically
on the ionization of substituent groups. When

they
are

amphiprotic,they
areleast soluble al their isoeiec-

tric pH. Insulin is normally soluble at the pH of the extra-

cellular fluid, but by combining insulin with the right pro-

portion of a basic protein, suchas
protamine, the isoelectric

pH
can be made to be approximately 7.4 and the complex

can be used as a low-solubility prolonged-action drug. For
more details, see Chapter 94.

Some drugs may bind with natural substances at or near

the site of application. ‘The strongly ionized mucopolysac-
charides in connective tissue, ground substance and mucous

secretions of the gul
are retardants to the absorption of a

number of drugs, especially large cationic or
polycationic

molecules. In the gut, the binding is the least at iow pH,
which should faver absorption of large cations from the

stomach; however, absorption from the stomachis slow (see

above),
so that the absorption of Jarge cations occurs

mainly
in the upper duodenum where the pHis still relatively low.

Pharmacologicaliy inactive quaternary ammonium com-

pounds sometimes are included in an oral preparation of a

quaternary ammonium drug for the purpose of saturating
the hinding sites of mucin and other mucepolysaccharides
and, thereby, enhancing the absorption of drug.

In addition to mucopolysaccharides in mucous secretions,
food in the gastrointestinal track binds many drugs and
slows absorption. Antacids, especially aluminum hydroxide
plus other basic alaminum compounds and magnesiumtri-

silicate, bind amine and ammonium drugs
andinterfere with

absorption.
Donnan Effeet---The presence of a

charged macramole-
cule on oneside of a

semipermeable membrane Cimperme-
able to the macromolecule) wil} alter the concentration of

permeantionizedparticles according to the Donnanequilib-
rium {page 716}. Accordingly, drug molecules of the same

charge
as the macromolecule will be constrainedto the oppo-

site side of the membrane. The presence of appropriately
charged macromolecules not onlywill influence thedistribu-
tion of drug ions in accordance with the Dannan equation
but also increase the rate of transfer of the drug

across the

membrane, because of mutual ionic repulsion. This effectis
sometimes used to facilitate the absorption of ionizable

drugs from the gastrointestinal Gract. The Donnaneffect
also operates to retard the absorption of drug ions of appo-
site charge; however, the mutual electrostatic attraction ofa
macromolecule and drug ion generallyresults in actual bind-

ing, which is more
Importantthan the Donnaneffect.

Vehicles and Abserption Adjuvants---Drugs thatare to
he applied topically to the skin and mucous membranes
often are dissolved in vebicles that are

thought to enhance

penetrance. Fora long time it was
thought that oleaginous

vehicles promoted the absorption of lipid-scluble drags.
However, the role andeffect of the vehicle has proven to be

guile complex. In the skin at leastfive factors are involved:

1. Theoffeetof the vehiele to alter the hydrationof the keratin in the
harrier layer.

2. 'Theeffect. of the vehicle to promote
or prevent the collection of

aweal at Lie surface of the skin.
3. The partition coefficient of the drug ina vehicie-water system,
4. ‘The permeability of Une skin to Ghe undisselved drug.
5 ‘The permeability of the skin Lo the vebicte.

Theeffect of the vehicle to aid in the access of the drug to
thehairfollicles and sebaceous glands also maybe involved,
although in manthe follicles and glands

are
probably orcti-

narily of minor importance to absorption.
A layer of oleaginous material over the skin prevents the

evaporation of water, so that the stratum corneum may be-
come macerated and more

permeable to drugs. 1n derma-

tologyiL is sometimes the practice te wrap the site of applica-
tion with plastic wrap or some other waterproof material for
the purpose of increasing the maceration of the stratum
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corneum. However, the layer of perspiration that forms
under an occlusive vehicle may become a barrier to the
movement of lipid-soluble drugs

from the vehicle tothe skin,
but it may facilitate the movement of water-soluble drugs.
Conversely, polyethylene glycol vebicles remove the perspi-
ration and dehydrate the barrier, which decreases the per-

mealhility to drugs; sucb vehicles remove the aqueous medi-
um

through which water-soluble drugs may pass down into
the stratum corneum but at the same time facilitate the
transferof lipid-soluble drugs from the vehicle ta the skin.

Even in the absence of a
vehicle, it is not clear what

physicochemical properties of a
drug favor cutaneous pene-

tration, highlipid-solubility being
a

prerequisite, according
to some authorities, and an ether~water partition coefficient
of approximately one, according

to others. Yet, the pene-
tration of ethanol and dibromomethane are nearly equal,
and other such enigmasexist, [tis not surprising, then, that
the effects of vehicles are not altogether predictable.

A general slatement might be made that if a
drug is quite

soluble in a
poorly absorbed vehicle, the vehicle will retard

the movementof the drug into the skin. For example,sali-
cylic acid is 100 times as

permeant when absorbed from
water than from polyethylene glycol and pentanclis 5 times
as permeant from water as from olive oil, Yet, ethanol

penetrates 5 times faster from olive oil than from either
water or ethanol, all of which denies the trustworthiness of

peneralizations about vehicles.
Since the 1960s, there has been muchinterest in certain

highly dielectric aprotic solvents, especially dimethyl sulfox-

ide (DMSO). Such substances generally prove to be excel-
Jent solvents for both water- and lipid-soluble compounds
and for some

compounds not soluble in either water or
Hpid

solvents. The extraordinary solvent properties probably
are due to a

high polarizability and van der Waals bonding
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capacity,
a

high degree of polarization (dipole moment) ane
a lack of association through hydrogen bonding. As a vehi-

cle,DMSOgreatly facililates the permeation of the skin and
other biological] meinbranes by numerous drugs, including
such large molecules as insulin. The mechanismis under-
stood poorly. Such vehicles have a

potential for many im-

portant uses, but they
are at present only experimental,

pending further investigations
on

Loxicity.
From time to time,

a claim is made that a new
ingredient

of a tabletor elixir enhances the absorption of a
drug, and a

comparisonof plasma levels of the ald and new
preparations

seems to support the claim. Upon further investigation,
however, it may be revealed that the newso-called absorp-
tion adjuvant is replacing

an
ingredient that previously

bound the drug
or

delayed its absorption; thus, the new

“adjuvant”is nol an
adjuvant but ratheril is only

a nonde-
terrent.

Other Factors-—A numberof other less-well-defined fac-
tors affect the absorplion of drugs,

some of which may oper-
ate, in part, through factors already cited above. Disease or

injury has a considerable effect upon absorption. For exam-

ple, debridement of the stratum corneum increases tbe per-

meahility
to topical agents, meningitis increases the perme-

ability of the blood-brain barrier, biHary insufficiency de-
creases the absorption of lipid-solubie substances from the
intestine and acid—base disturbances can affect the absorp-
tion of weak acids or bases. Certain drugs, such as ouabain,
that affect active transport processes may interfere with the

absorption of certain other drugs. ‘The condition of the

#round substance, or “intracellular cement,” probably bears
on the absorption of certain types of molecules. Hyaluroni-
dase, which depolymerizes the mucopolysaccharide ground
substance,

can be demonstratedto facilitate the absorption
of some, but notall, drugs from subcutaneoussites.

Drug Disposition

The term drug disposilion is used here to include all
processes which tend to Jower the plasma concentration of

drug,
as

opposed to drug absorption, which elevates the

plasma level, Consequently, the distribution of drugsto the
various tissues will be considered under Disposition. Some
authors use the (erm disposition synonymously with elimi-

nation, that is, to Include only those processes which de-
crease the amount of drug in the body. In the present
context, disposition comprises three categories of processes:

distribution, biotransformation and excretion.

Distribution, Biotransformation and Excretion

The erm distributionis self-explanatory. Jt denotes the

partitioningof
a

drug among the numerouslocations where a

drug may be contained within the bedy, Btotransforma-
tions are the alterations in the chemical structure of a

drug
that are

imposed uponit by the Hfe processes, Excretionis,
in a sense, the converse of absorption, namely, the transpor-
tation of the drug,orits products,

out of the body. ‘The term

applies whether or not special organs of excretion are in-
volved.

Distribution

The body may be considered to comprise
a number of

compartments: enteric (gastrointestinal), plasma, intersti-

tial, cerebrospinal fluid, bile, glandular secretions, urine,
storage vesicles, cytoplasm

or intracellular space, ete. Some
of these “compartments,” such as urine and

secretions,
are

open-ended, but since their contents relate to those in the
closed compartments, they also must be included.

Atfirst thought, it may seemthat if a
drug

were distrilut-
ed passively (ie, by simple diffusion) and the plasma

concen-

tration could be maintainedat a
steady level, the concentra-

tion of a
drug in the water in all compartments oughtto

become equal. It is true that some substances, such as

ethanol and antipyrine,
are distributed nearly equally

throughoutthe body water, but they
are more the exception

than the rule. Such substances are
mainly small, un-

charged, nondissociahle, highly water-saluble molecules.
The condition of small size and high water solubility al-

lows for passage through the pores without the necessity of

carrier or active transport, Smail sive also places
a limit on

van der Waals binding energy and configurational comple-
mentariness, 30 that binding

to proteins in plasma,orcells, is

slight. ‘Fhe presence of a
charge

on a drug molecule makes
for unequal distribution across

charged membranes, in ac-

cordance with the Donnandistribution (see below). Disso-

cinbility
causes

unequal distribution when there is a
pH

differential between compartments,
a8 discussed under The

pH Partition Principle (see below). Thus,evenif a
drug is

distributed passively, its distribution may be uneven

throughoutthe body. Whenactive transportinto,
or

arapid
metabolic destruction oceurs within, some compartments,
uneven distribution is also inevitable.

The pH Partition Principle-An important
conse-

quence of nonionic diffusion is that a difference in pH be-
tween two compartments will have an

important influence

upon the partitioning of a
weakly acidic or basie drug be-

{ween those compartments. The partition is such that the
un-ionized fori of the drug bas the same concentration in

both compartments,sinceit is the form that. is freely diffus-

ible; the ionized form in each compartment will have the
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concentration that is determined by the pH in that compart-
ment, the pK and the concentration of the un-ionized form.
The governing effect of pH and pKonthe partitionis known
as the pH partition principle.

Po illustrate the principle, consider the partition of sall-

cylic acid between the gastric juice and the interior of a

gastric mucosal cell. Assume the pH ofthe gastric juice to
be 1.0, which it occasionally becomes. ‘The pK, of salicylic
acid is 3.0 (Martin!® provides

one source of pK values of

drugs). With the Henderson-Hasselbach equation (see
page 242) it may be calculated that the drug is only 1%

ionized at pli 1.0." The intracellular pH of mostcells is

about 7.0. Assuming the pH of the mucosal cell to be the
same, it may be calculated that salicylic acid will be 99.99%

ionized within the cells. Since the concentration of the um-

ionized form is theoretically the same in both gastric juice
and mucosal cells, it follows that the total concentration of
the drug (ionized + un-ionized) within the mucosal cell will

be 16,000 times greater than in gastric juice, ‘This is illus-

trated in Fig 35-11. Such a
relatively high intracellular

concentration can have important osmotic and toxicclogic
consequences.

Hadthe drng been a weak base instead of anacid, the high
concentration would have been in the gastric juice. In the
small intestine, where the pH may range from7.5 to 8.1, the

partition of a weak acid orbasewill be the reverse of that. in
the stomach, but. the concentration differential will be less,
because the pH differential from lumen to mucosal

cells, etc,
will be less. The reversal of partition

as the drug
moves

from the stomach to the small intestine accounts for the

phenomenon that some
drugs may be absorbed from one

gastrointestinal segment and returned to another. ‘The

weak base, atropine, is absorbed from the smal} intestine,
but, because of pH partition,it is “secreted” inte the gastric
juice.

The pH partition of drugs has never been demonstrated Lo
be as markedas thatillustrated in Fig 45-11 and im the text.
Not only do many drug ions probably pass through the pores
of the membrane to 4

significant extent, but also some may

*'Phe relationship ofionization and partition Lo pH and pit has been
formulated in several different ways, bul. the student may caicuiate the
concentrations from simple

mass law equations. More saphistiented
calculations andreviews of this subject are available.&0%

MUCOSAL CELL GASTRIC JUICE
CYTOPLASM

pH 7.0 pH 1.0

$= LUnionized)
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2
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 Fig 35-11. Hypothetical partition of salicylic acid between gastric
juice and the cytoplasm of a gastric mucosal cell. It is assumed that
the jonized form cannot pass through the cell membrane. The

inteagastric concentration of salicylic acid is arranged arbitrarily to

provide unit concentration of the un-ionized form. Brackated values:

concentration: arrows: rolative size depicts the direction in which
dissociation-assectation is favored at equilibrium.

 

pass through the lipid phase,
as

explained above for the

morphinans and mecamylamine. Jfurthermore, ion-pair
formation in carrier transport also bypasses nonionic diffu-
sion. All processes that tend toward an

equal distribution of

drugs
across membranes, and among compartments, will

cause further deviations from theoretical predictions of pA
partition.

Electrochemical and Donnan Distyibution—-A drug
ion may be distributed passively

across a membrane in ac-

cordance with the membrane potential, the charge
on the

drug ion and the Donnaneffect. The relationship of the
membrane potential

to the passive distribution of iona is

expressed quantitatively by the Nernst equation (iq 7, page

709) and already has been discussed. Warring active trans-

port, pH partition and binding, the drug will be said to be
distributed according to the electrical gradient

or to its

“equilibrium” potential. If the membrane potential is 90
mv, the concentration of a univalent cation will be 30 times
as

high within the cell as without; if the drug cation is

divalent, the ratio will be 890. ‘The distribution of anions
would be just the reverse. Ifthe membrane potential is but
3 mv,

the ratio for a univalent cation will be only 1.4 andfor a

divalent cation only 2.0. EH, thus,
can be seen howimportant

membrane potential may be to the distribution of ionized

drugs.
It was

pointed out under Membrane Potentials, page 707,
that large potentials derive from active transportaf ions but
that small potentials may result, from Donnandistribution.
Donnan membrane theory is discussed in Chapter 14. Ac-

cording
to the theory, the ratio ofthe intracellular/extracel-

lular concentrationof a permeant univalentanionis equal to
the ratio of extracellular/intraceilular concentration of a

permeant univalent cation. A more
general mathematical

expression that includes ions of any valenceis

A

\

Vu CMA (3)
oe ce folk,

os)

A, C;

where A; is the intracellular and A,the extracellular concen-

tration of anion, 4, is the valence of eation, Z, is the valence
of anion, C; is the intracellular and (, the extracellular con-

centrationof cation and ris the Donnanfactor. The vaiue of
r

depends upon the average molecular weight and valence of
the macromolecules (mostly protein) within the cell and the
intracellular and extracellular volumes. Since the macro-

molecules within the cell are
charged negatively, the cation

concentration will be higher within thecell, that is, C; > C).
Since a Donnandistrilation results in a membrane poten-
tial, the distribution of drug ian also will he in keeping with
the membrane potential,

The Donnandistribution also applies lo the distribution
of a

charged drug between the piasina
andinterstitial com-

partment, because of the presence of anionic proteins in the

plasma. Kq 8 applies by changing the subscript / to p, for

plasma, and ¢ to ¢, for interstitial. The Donnanfactor, 7, for

plasma—interstitial space partition is about 1.05:1.

Binding and Storage—Drugs frequently
are bound to

plasma proteins (especially albumin), interstitial sub-
stances, intracellular constituents and bone and cartilage.
If binding is extensive and firm, it will have a considerable

impact. upon the distribution, excretion and sojourn of the

drug in the body. Obviously,
a

drwy that is bound to a

protein
or any other macromolecule will not pass through

the membrane in the bound form; only the unbound form
can

negotiate among the various compartments.
The partition among compartments is determined by the

binding capacity and binding constant in each eormpart-
ment. As long

as the binding capacity exceeds the quantity
of drug in the compartment, the following equation general-
ly applies:
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pape
etnasuetnineennaA log D,

=
log K + a

log D, (9)

where D,is the concentration of bound drug, Dy; is the con-

centration offree drug and a and Kare constants character-
istic of the drug and binding macromolecule. The equation
is that of a Freundlich isotherm. As the binding capacily is

approached, the relationship
no

longer holds. For a nondis-
sociable drug at

equilibrium, D, will be the samein all com-

municaling compartments,
so that it would be possible to

calculate the partition if K and a are known for each com-

partment. Except for plasma, the values of K and a are

generally unknown, hut the percent bound is often known.
Fromthe percent bound, the partition also can be calculat-

ed, as in Fig 35-12. However, the logarithmic relationships
shown in Eq 9 serve as a reminder that the percent bound

changes with the concentration, so that the partition will
vary with the dose. If the drug is a weakacid or

base, the un-

ionized free form negotiates among the compartments, but
the ionized form is often the more

firmly bound, and calcula-
tions must take into account the dissociation constant and
the different K’s and a’s of the ionized and un-ionized fomns.

It is mishelieved commonly that binding in the plasma
interferes with the activity of a

drug and the intracellular

binding in a
responsive cell increases activity

or Loxicity.
Both binding in plasma and in the tissues decreases the
concentration of free drug, but this is easily remedied by
adjusting the dose to give

a sufficient concentration for

pharmacological activity. The distribution and activity of
the free form is not affecled by binding. The principal
effect of binding is to increase the initial dose requirement
for the drug and create a reservoir of drug fram which the

drug may be withdrawn as the free form is excreted or me-

tabolized. However, if the binding is extremely firm and
release is slow, the rate of release may not be enoughto
sustain the free form at a sufficient level for pharmacological
activity; in such instances the bound drug cannot. be consid-
ered a reserve.

The effect of binding upon the sojourn of a
drug may be

considerable. For example, quinacrine, which mayhe con-

centrated in the liver to as much as several thousand times
the concentration in plasma, may remain in the body for
months. Some iodine-containing radiopaque diagnostic
agents

are bound strongly
to plasma protein and may remain

in the plasmafor as long as 2 yr. In pathological conditions,
such as

nephrosis, diahetes or cirrhosis, in which plasma
proteinlevels may be decreased, Lhe plasma protein hinding,
loading dose and duration of action all may be decreased.

If adrug is hound to a functional macromolecule, binding
may relate to pharmacological activity and toxicity, provid-
ing thal the bindingis ala critical center of the macromole-
cule. The binding by nucieic acids of certain antimalarials,
such as

quinacrine, undoubtedly contributes to the parasiti-
cidal actions as well as to toxicity.
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Fig 35-12. Distribution of a crug between two compartments In
which the degrees of binding to protein differ. The percent of binding
is indicated. Onty the unbound drug can pass through tho membrane.
Bracketed values: concentration (courtesy, Schanker!'?),
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Most drugs
are bound to proteins by relatively weak

forces, such as van der Waals (London, Keesom or
Debye)

forces, or
hydrogen

or jonic bonds, Consequently, binding
constants generally

are small and binding is usually readily
reversible. ‘The larger the molecule, the greater the van der
Waals bonding, so that. large drug molecules are morelikely
to be hound strongly than ave small ones.

dust. as
shape

andthe nature of functional groups is impor-
tant to drug-receptor combination, so

they also are to bind-

ing. Drugs of similar shape and/or chemical affinities may
bind al Lhe saine sites on a binding protein and hence com-

pete with one another, For example, phenylbutazone dis-

places warfarin from human plasma albumin, which may
cause an increase in the anticoagulant effect of warfarin.
Some drugs also may displace protein-bound endogenous
constituents. For example, sulfisoxazole displaces bilirubin
from plasma proteins; in infants with kernicterus the freed
bilirubin floods the central nervous system and causes some-

times fatal toxicity.
Depending

on the lipid-water coefficient, a
drug may be

taken up intofatly tissue. The ratio of concentrationin fat,
to that in the plasma, will not be the sameas dictated by the

partition coefficient because of the content of water and

nonlipids in adipose tissue, and because electrolytes and
other solutes aller the dielectric constant and hence solubili-
ties from those of pure water. Lipoproteins, and even nen-

polar substituents on plasma proteins, also take uplipid-
soluble molecules, so thatsolubility in plasma

canbe consid-

erably higher than that in water. The relatively high
solubility of ether in plasma makes plasma

a
pool for ether,

the filling of which delays the onset of anesthesia, However,
ether and other volatile anesthetics are taken up gradually
into the adipose tissue, which acts as a store of the anesthet-
ic. The jonger the anesthetic is administered, the greater
the store and the longer it takes for anesthesia to terminate
when inbalation has been discontinued.

Another notable substance thatis taken up readily intofat
is thiopental. Even thoughthere is a

high solubility of this
barbiturate in fat, the low rate ofblood (towin fat limits the
rate of uptake. Because the blood flow in the brain is very

high, thiopental rapidly enters brain tissue. However, it
soon

equilibrates with the other tissues, and the brain con-

centration falls as that in the other tissues (eg, muscle or

jiver) increases. Gradually, however, the fat accumulates
the drug at the expense of other compartments. The gradu-
at entry of thiopental into fat at the expense of plasma,
muscle or liveris Hlustrated in Fig 35-13.

Nonequilibrium and Redistribution~-Thus far, the
distribution of drugs has been discussed mainly

as
though

equilibrium
or

steady state conditions exist afler a
drug is

absorbed and distributed. However, since most drugs
are

administered at intervals and the body content of drug rises

and falls with absorption and destruction-excretion, neither

100
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Fig 35-13. Predisposition of thiopental for fat. 25 mg/kg was given
toadog. Aftor a brief sojourn in the more vascular tissues,thiopental
gradually transfers to fat, where the fipid-solubte drug cissolvesin fat

droplets (courtesy, Brodie and Hogben™).
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a true equilibrium among the bedy compartinents
nor a

sleady
state exists.

The term equilibriumis used misleadingly to deseribe the
conditions that exial when the plasma concentration andthe
concentration in a tissue are

equal,
as exemplified at the

point ofintersection of the curves for plasma and muscle or

plasma
andfat. in Fig 35-13, But such “equilibrium” with

fat. occurs much later than “equilibrium” with muscle, sa

that Ho true equilibriumreally exists among
all the compart-

ments. Furtherinore, the crossover
point for plasma and

any one tissue is not necessarily an equilibrium point, be-
cause the rates of ingress and egress fromthe Lissue are not.

necessarily equal when the internal and external concentra-
tions are

equal, since there are nusnerous factors that make
for unequal distribution (pil partition, Donnaneffect, elec-
trochemical distribution, active transport, binding, etc).

A study of Fig 35-13 shows that the distribution of thio-

pental continually changed during the 3.6 hr of abservation.
At the end of the period, the contentin fat was still increas-

ing while that. in each of the other compartments
was de-

creasing. This time-dependent shift. in partition is called
redistribution. Eventually, the content in fat would have
reached o

peak, which would represent as
nearly

a true

equilibrium point
as could be achieved in the dynamic situa-

tion where metabolic destruction and a
slight amount. of

excretion of the drug
was

taking place. Once the concenira-
tion in the fat had reachedits peak, its content would have
declined in parallel with that in the other Cissues and the

partition among the compartments would have remained

essentially constant. Redistribution, then, takes place only
until the concentration in the slowest filling compartment
reaches its peak,

so
long

as the kinetics of elimination are

constant.
An index ofdistribution knownas the volume of distribu-

tion (amount of drug in the body divided by plasma
concen-

tration) is of considerable usefulness in pharmacokinetics
but is of limited value in defining the way in which a drugis

partitioned in the body. Volumeofdistributionis discussed
on page 727.

The word space is often used synonymously with volume
of distribution, It is employed especially when the distrib-
uted substance has a volume of distribution that is essential-

ly identical to a
physical real space or

body compartment.
N-acetyl-4-aminoantipyrine is distributed evenly threugh-
out the total body water andis not bound to proteins

or other
tissue constituents. Thus, the acelylamincantipyrine space,
or volume of distribution, coincides with that of total body
water, Inulin, sucrose, sulfate and a numberof other sub-
gtances essentially

are confined to extracellular water, so

that an inulin space, for example,
measures the extracellular

fluid volume. Evans biue is confined to the plasma,
so that

the Evans blue space is the plasma volume. Such space
measurements with standard space indicators are a neces-

sary part. of studies on the distribution of drugs, since it is
desirable to compare the valumeof distribution fo a

drug to
the physiological spaces.

Biotransformations

Most drugs
are acted upon by enzymes in the body and

converted to metabolic derivatives called metabolites. The
process of conversionis called biotransformation. Metabo-
lites are

usually
more

polar and less lipid-soluble than the

parent drug because of the introduction of oxygen into the

molecule, hydrolysis to yield more
highly polar groups or

conjugation with a
highiy polar substance. As a conse-

quence, metabolites often show less penetrance intotissues
andless renal tubular resorption than the parent drug, in
accordance with the principle of the low penetrance ofpolar
ang high penetrance of lipid-soluble substances. For simi-

lar reasons, metabolites are
usually less active than the par-

ent drug, often inactive; evenif they
are

appreciably active,
they generally

are excreted more
rapidly. ‘Iberefore, the

usual net. effect of biolransformation may he said Lo be one of
Mactivation oy deloxication.

There are, however, numerous
examples in which bio-

transformation does not reault in inactivation. ‘Table IIL

(page 742) lists a number of drugs that generate active me-

tabolites; in a few instances activity derives entirely from the
metabolite.

There are also examples in which the parent drug has no

activity of its own but is converted to an active metabolite:

parathion, malathion andcertain other anticholinesterases

require metabolic activation; inactive chloroguanide is con-

verted to an active triazine derivative; phenylbutazone is

hydroxylatedto the antirheumatic hydroxyphenylbutazone;
inactive pentavalent arsenicals are reduced totheir active
trivalent metabolites and there are other examples of an

activating bictransformation.
Whena delayedor prolonged response to a

drug is desired
or an

unpleasanttaste or local reactionis to be avoided, it is a
common

pharmaceutical practice to prepare an inactiveor

nonoffending precursor, such that the active form may be

generated in the body. This practice has been termed drug
fatendiation. Chloramphenicol pahmitate, dichtoralphena-
zone and the estolates of various steroid hormones are exam-

ples of deliberately latentiated drugs. Because inactive me-

tabolites do not always result from biotransformation, the
term detoxication should not be used as a synonym for bio-
transformation. See Chapter25.

Biotransformations take place principally in theliver, al-

thoughthe kidney, skeletal muscle, intestine or even
plasma

may be important siles of the enzymatic attack of some

drugs. Since plasmalacks the enzymes andstructures re-

quiredfor electron transport, biotransformations in plasma
are

mostly hydrolytic.
Endoplasmic Reticulum and Microsomal System

Biotransformations in the liver mainly occur in smooth en-

doplasmic reticulum. The endoplasmic reticulumis a tu-

bular system which courses
through the interior of the ceil

but also appears to communicate with theinterstitial space,
and its membrane is continuous with the cell membrane.
Someof the reticulum is lined with ribonucleoprotein parti-
cles, called ribosomes, which are

engaged in protein synthe-
sis; this is the reugh endoplasmic reticulum. Althoughthe
smooLh endoplasmic reticulumJacks such a

granular appear-
ance, it is invested heavily with numerous enzymes which
biotransform many drugs and some

endogenous substances.
When a broken-cell homogenate of the liver is prepared,

Lhe reticulum becomes fragmented and Che fragments form
vesicular structures called microsomes. Although the mi-
crosomes are artifacts,itis Lhe practice to refer Lo the miero-
somal drug metabolizing system rather than to the smooth

endoplasmic reticulum,
The microsomal systemis peculiarin that both oxidations

and reductions usually require the reducing cofactor, re-

duced nicotinamide adenine dinucleotide phosphate
(NADPH). This is because microsomal oxidations proceed
by way of the introduction of oxygen rather than by dehy-
drogenation and NADPHis essential to reduce one of the
atoms of oxygen. ‘The drug first binds to an oxidised cyto-
chrome P-450. ‘The drug—cytochrome complex then is re-

duced by NADPH-cytochrome reductase; the reduced com-

plex then combines with oxygen, after which the metabolite
is released and oxidized cytochrome P-450 is regenerated.
Cytochrome P-450 is a

generic term that includesat least30
and perhaps

as many as 100 separate envymes.!"
Some of the enzymes of the microsomal system are

quite
easily induced; that is,

o substrate of the enzyme may in-
crease considerably the activityof that enzyme by increasing
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the biosynthesis of that enzyme. Anincrease in the amount
of smooth endoplasmic reticulum sometimes also occurs

concomitantly with enzyme induction.
Treatment of an

experimental subject with phenobarbital
greatly will increase the rate of metabolism of phenobarbi-
tal, which necessitates larger and more

frequent doses of the

drug in order to maintain a constant sedative effect. More-
over, phenobarbital may induce an increased metabolism of
some other, but not ail, barbiturates as well as some unrelat-
ed drugs, suchas

strychnine and warfarin. Oddly, warfarin
does nol. induce its own biotransformation readily. At the

present time, both self-induction and cross-induction ap-
pear capricious and unpredictable.

Induction may create therapeutic problems. For exam-

ple, the use of phenobarbital during treatment with warfarin
increases the dose requirement for warfarin. If the physi-
cian is unaware of this interaction and fails Lo increase the

dose, the patient may suffer a thrombotic episode. If the
dose of warfarin has been increased and (he phenobarbital is
then discontinued, the rate of metabolism of warfarin may

drop to its previous level,
so Uhat the patient is overdosed,

with hemorrhagic consequences. Some drugs inhibit rather
than induce the microsomal system, which reduces the dose

requirement and may lead to toxicity. Cimetidine is an

example of a
drug that. inhibits the hepatic metabolisin of a

numherofother drugs.
The activity of the microsomal systemIs affected by many

factors other than the presence of drugs. Age, sex, nutri-
tional states, pathological conditions, body temperature and

fenetic factors are among the influences that have been
identified. Age, particularly, has received considerable at-
tention. Infants have a

poorly developed microsomal sys-
tem, which accounts for the low dose requirementfor mor-

phine and aiso explains the hightoxicity of chloramphenicol
in infants.

‘The activity and selectivityof the microsomal system var-

ies greatly from species to species,
so that care must be

exercised in extrapolating experimental findings in labora-

tory animals to man,

Types of Biolransformations—-Biotransformations
may be degradative, wherein the drug molecule is dimin-
ished to a smaller structure, or

synthetic, wherein one or
more aloms or groups may be addedto the motecule. Very
few drugs

are
degraded completely. However, it is more

useful to categorize biotransformations with respect to

“metabolic” (nancanjugative) biotransformations and con-

jugalive hiolransformations. The formeris called phase |
and the latter phase II, In phase ], pharmacodynamic actiy-

ity may be lost; however, active and chemically reactive
intermediates also may be generated. The polarity of the
molecule may or may not be increased sufficiently

to in-
crease excretion markedly. Jn phase JJ, metabolites from

phase I nay be conjugated and sometimes the original drug
may be conjugated, thus bypassing phase I, Phase II gener-
ates metabolites of high polarity which are excreted readily.

Biotransformations may be placed into five categories:
(1) oxidation, (2) reduction, (8} hydrolysis, (4) conjugation
and (5) miscelianeous. Oxidation, reduction and hydrolysis
comprise phase I, Conjugation comprises phase 1]. Most af
the miscellaneous biotransformations belong in phase I.

Oxidation—Oxidation is more common than any other type of bio-
transformation. Oxidations that occur primarily in the liver microsam-
al system include side-chain hydroxylation, aromatic hydroxylation, de-
amination (whichis oxidative and results in the intermediate formation
of RCHO), N-, O-, and S-dealkylation Gvhich probably involves hydrox-
ylation of the alkyl group followed by oxidation fo the aldehyde) and
sulfoxide formation. N-Demethylatian involves a different systemfrem
N-dealkylation of higherradicals.

Oxidations that occur elsewhere, other than the microsomes, are gen-
erally dehydrogenations followed by the addition of oxygen or water.

Examples
are the oxidation of alcohols by alcohol dehydroenase, the

oxidation of aldehyde by aldehyde dehydrogenase and the deamination
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of moneamines by monoamine oxidase and diamines by diamine oxidase.
‘The oxidation of purines,like caffeine and theophyliine,is also extrami-
crosomal,

Reduction—Reductions are relatively uncommon. ‘They mainlyac-
curin liver microsomes, but. theyoccasionally take piace in other tissues.
Examples are the reduction of nitso and nitroso groups {as in ehloram-
phenicol, nitroglycerin and organic nitrites), of the azo group (as in

prontosil) and of certain aldehydes to the corresponding alcahols (as
with the deaminated serotonin metabolite, 5-hydroxytrypiophal,

to 5-
hydroxytryptophal).

Hydrolysis—-Hydrolysis is a common biotransformation among es-
ters and amides. Esterases are located in manystructures besides the
microsomes. For example, cholinesterases are found in plasma, erythro-
cytes, liver, nerve (erminals, junctional interstices and

postjunetionalstructures, and procainc esterases are found in plasma. Various phos-
phatases and sulfatases also are distributed widely in tissues and plasma,
although few drugs

are
appropriate substrates. ‘The hydrelytic deami-

dation of meperidine
occurs

primarily in te hepatic microsomes.
Conjugation—-A large number of drugs,

or their metabolites, are

conjugated, Conjugation is the biosynthetic process of combining
a

chemical compoundwith a
highly polar and water-soluble natural suly-

stance to yield
a water-soluble, usually inactive, product. Conjugations

generally involve either esterification, amidation, mixed anhydride for-
mation, hemiacetal formation or elerization.

Glucuronic acidis Use most frequent. partner fo Che drug in conjuga-
tion. Achually, the drug reacts with uridine diphosphoglucuronic acid
rather than with simple glucuronic acid. The drug or

drug melabolite
combines al. the number J carbon (aldehyde end) and not. atthe carboxy!
end of glucuronic acid. The hydroxyi group of an aleoho} ar a

phenol
attacks the number 1 carbon of the pyranring Lo replace uridine diphos-
phate. ‘Phe productis

a hemiacetal-like derivative. Since the product
is net an ester, Lhe term glucuranide is appropriate, Rarely, thiols and
amines may form analogous ghucuranides.

Carboxy] compounds formesters, appropriately called gluctranates,
in replacing Uhe uridine diphosphate. Sulfuric acid is alsa a

frequent
conjugant, especially with phenols and to a lesser extent with simple
aleshols. The sulfarated produetis called an ethereal sulfate. Occa-
sionally sulfuric acid conjugates with aromatic amines to form siifa-
mates. Phosphoric acid also conjugates with phenols and aromatic
arsines. ‘The conjugation of benzoic acid with glycine to yield hippuric
acid isa classi¢al exampleof an amidation conjugative process. Cyste-
ine may take the place of glycine, through the intermediatiunof glutathi-one,to yield mezeapturic acids with certain aromatic acids.

Amidations with aminoacids are less frequent than acetylation, part-
ly because few drugs are carboxylic compounds. Aromatic amines and
accasionally aliphatic amines or heterocyclic nitrogen frequently are

acetylated. Acety)-CoA is the biological reagentrather than acetic acid
itself. Unlike most other conjugates, the acetylate (amide) is usually
less water-soluble than the parent. compound. ‘The acetylation of the
para-amina groupof the sulfonamides is a

prime example
of this type of

conjugation.
Although most conjugations

eecur in thefiver, the microsomal sysient
is not invelved. Some conjugations oceur in the kidney

or in other
tissues,

Miseellancous— Manyamines, especially derivatives of8-phenyleth-
ylamine and heleroeyclic compounds,

are methyiatedin the body, The
products are usually biologically active, sometimes more so than the
parent compound. A-Afe¢iyfadion mayoccur in thecell sap efLheliver
andelsewhere, especially in chromaffin tissue in the case of phenyleth-
yiamines.

Phenolic compounds may be Q-methylated, O-Afedhaytadion is the

principal routeof biotransformationofcatecholamines such as
opineph-

Tine and norepinephrine, the methy} group being inGroduced on the

mela-hydroxy substituent. Both N- and O-methylation require S-

methyladenosy! cysteine.
Desulfuration, in which oxygen mayreplace sulfur, takes place in the

liver. Thiopental is converted in part 1o pentobarbital by desulfuration,
and parathion is transformed to paraexon,

Dehalogenation of certain ingecticides and various halogenated hy-
drocarbons may take place, principally in the Jiver but net in the micro-
SONLGS,

 

Excretion

Some drugs
are not bictransformed in the body. Others

may
be biotransformed, but their productsstill remain to be

eliminated, It follows that excretion is involvedin the elim-
ination of all drugs and/or their metabolites. Although the

kidney is the mostimportant organof excretion, some sub-
stances are excreted in bile, sweat, saliva, gastric juice

or

from the lungs.
Renal Exeretion—The excretory unit of the kidney is

called the nephron (Fig 35-14}. There are several million

nephrons in the humankidney. The nephronis essentially
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Fig 35-14. Diagram of a mammalian nephron. Note how the lower

loops of the postglornerular capiltaries course downward and double
back along with the tubule. This allows countercurrent distribution to
maintain hyperosmolar urine within the thin segment.

a filter funnel, called Bowman’s capsule, with a
long stem,

called a renal tubule. It also is recognized
now that the

collecting duct. is funetionally
a part of the nephron. ‘The

blood vessels that invest the capsule and the tubule are also
an essential part of the nephron.

Bowman’s capsule is packed with a tuft of branching in-

terconnected capillaries (glomerular tuft}, which provide
a

large surface area of capillary endothelium (“filter paper’)
through which fluid and small molecules may filter into the

capsule and begin passage down the tubule. ‘Phe glomerular
tuft, together with Bowman’s capsule, constitute the glo-
merudus, The glomerular capillary endothelium and the

supporting layer of Bowman's capsule have channels rang-

ing upward to 40. A. Consequently, all unbound crystalloid
solutes in plasma, and even a little albumin, pass into the

glomerular ftrate.
‘Fhe postglomerular vessels, whichlie close to the tubules,

are
critically important to renal function in that substances

resorbed from thefiltrate by the tubule are returned to the
blood along these vessels, ‘The tubule is not straight but
rather first makes a number of convolutions (called a

proxi-
mal convoluted Cubule}, then courses down and back up a

long loop (called the loop of Henle), makes more convolu-
tions (the distal convoluted tubule) and finally joins the

collecting duct. The loop of Henle is divided inte a
proxi-

mal (descending) tubule, a thin segment and a distal (as-

cending} tubule.
As the glomerular fitrate passes through the proximal

tubule, some solute may be resorbed (nebular resorption)
through the tubular epithelium and returned to the blood,

Resorption
occurs in part by passive diffusionand in part by

active transport, especially with sodium and
glucose. Chio-

ride follows sodium obligatorily,
In the proximal region, the tubule is quile permeable to

water, so that resorbed solutes are
accumpanied by enough

water to keep the resorbate isotonic. Consequently, al-

though the filtrate becomes diminished in volume by ap-

proximately 86% in the proximal tuhule,it is nol eoncentrat-

ed,

 

Some acidification
occurs in the proximal tubule as the

result of carbonic anhydrase activity in the tubule cells and
the diffusion of hydronium ions into the lumen. in the
lumenthe hydroniumion reacts with bicarbonate ion, which
jg converted Lo resorbable nonionic CO.

There is also active transport of arganic cations and an-

jons into the limen (éibular secretion), each by
a

separate
system. ‘These active Lransport systems are

extremely im-

portant in the excretion of a numberofdrugs; for example,
penicillin G is secreted rapidly by the anion transport sys-
tem and iciraethylammonium ion by the cation transport
system, Probenecid is an inhibitor of anion secretion and,
hence, decreases the rate of loss of penicillin from the hady.

As thefiltrate travels throughthe thin segment it becomes

concentrated, especially at the bottom,as a result of active

resorplion and a countercurrent distribution effect enabied

by the recurrent and parallel arrangement of the ascending
segment, the parallel orientation ofthe collecting duct and
the similar recurrent geometryof the associated capiiaries.

In the thick segmentofthe ascending loop of Henle, both
sodium andchloride are transportedactively.

in the distal tubule, sedium resorption
occurs

partly in

exchange for potassium (potassium secretion) and for hy-
dronium fons. Adrenal mineralocorticoids promote distal
tubular sodium resorption and potassium and hydronium
secretion, Anunonia secretion aiso occurs, so that the urine
either may be acidified or alkalinized, according toacid-base
and electrolyte requirements.

Water is resorbed selectively from the distal end of the

distal convoluted tubule and the collecting ducts; water re-

sorption is ander the control of the antidiuretic hormone.

Drugs also may be resorbedin the distal tubule; the pH of
the urine there is extremely important in determining the
rate of resorption, in accordance with the principle of non-

ionic diffusion and pH partition. The pH of the tubular
fluid also affects the tubular secretion of drugs.

As an
example of the importanee of urine pH, in humans

the secondary amine, mecamylamine, is excreted more than
four times faster when the urine pH is Jess than 5.5 than
whenit is above 7.6; Fig 85-15 illustrates the effect of urine

pHonthe excretionof this amine. The effectof urine pH
on

the excretion of a weakacid, sulfaethidole Vor the structure,
see page 1109, RPS-15), is shownin Fig 35-16.

The urine pH and, hence, drug excretion may fluctuate

widely according
to the diet, exercise, drugs, time of day and

other factors. Obviously, the excretion of weak acids and
bases can he controtled partly with acidifying

or alkalinizing
salts, such as ammoniumchloride or sodium bicarbonate,

respectively, Comparative studies on potencyandefficacy
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Fig 35-15. The effect of urinary pH on the mean cumulative excre-
tion in man of mecamytarnine during the first day after oral adminisira~
tion of 10 mg. Vertical brokenlines: standard deviation (courtesy,
Miine, et af"),
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Fig 35-16. The effect of urinary pH
on the excretion of sulfaethidole

ina human subject after oral administration of 2g. Bars (towerhalf):
urinary pH; circles {open and closed, top): log of the amount of drug
romaining in the body; negative siopes (of lines defined by the cir-

clas}: a function of the rate constant of excretion, Note the abrupt
increase in rata whenthe urinary pH is changed from acidic to neutral
or slightly alkaline (courtesy, Kostenbauder, ef ai *).

in man have demonstrated the importance of controlling
urmary pH. Urine pH is important only when the drug in

queslionisa weak acid or base of whicha significant fraction
is excreted. The plasmalevels will change inversely to the

excretory rate. For example, it has been shownclinically
with quinidine thatalkalinization of the urine not only de-
creases the urine concentration but also increases the plas-
ma concentration andLoxicity.

The collecting duct also resorbs sodium and water, se-

cretes potassiuin, acidifies and concentrates the urine.
Antidiuretic hormone (ADH) controls the permeability to
water of both the coliecting duct and the distal tubule.

Renal clearance and the kinetics of renal elimination are

discussed in Chapter 36 (page 730).

Drug Interaction

Frequently
a

patient may receive more than one
drug

concurrently, Case records show thatsurgical patients
com-

monly receive more than ten, and sometimes as many as 30,

drugs
andthe patientis often under the influence ofseveral

drugs al once, sometimes unnecessarily. Multiple-drug ad-
ministration also is common for patients hospitalized for
infections and other disorders. Furthermore,

4
patient may

be suffering from more than one unrelated disorder which
demands simultaneous treatinent with two or more

drugs.
In such instances, interactions are unsolicited and often

unexpected.
In addition to the administration of drugs concurrently

for their independent and unrelatedeffects, drugs
are some-

times administered concurrently deliberately to make use of

expected interactions.

Types of Interaction and Reasons for Combination

Therapy

A drug
may

affect the response to anotherdrug in a quan-
titative way. On the one

hand, the intensity of either the

therapeutic effect,
or side effeel, may be augmentedor sup-

pressed. On the other hand, a
qualitativelydifferenteffect
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Biliary Excretion and Fecal Elimination~-Many
drugs

are secreted into the bile and, thence, pass into the
intestine, A drug that is passed into the intestine via the
bile may be reabsorbed and not lost from the body. ‘This

cycle of biliary secretion and intestinal resorptionis called

enierchepatic circulation. Examples of drugs enterohe-

patically circulated are morphine and the penicillins. ‘The

biliary secretory systems greatly resemble those ofthe kid-
ney tubules. ‘The enterohepatic system may provide a con-

siderable reservoir for a drug.
Ifa drug is not absorbed completely from the intestine, the

unabsorbed fraction will be eliminated in the feces. An
unabsorbable drug that is secreted into the bile will likewise
be eliminatedin the feces. Such fecal eliminationis called

fecal excretion. Only rarely
are

drugs secreted into the
intestine through the succus entericus (intestinal

secre-

tions), although
a numberof amines are secretedinto gastric

juice.
Alveolar Excretion-—The large alveolar area and high

blood flow make the lungs ideal for the excretion of appro-

priate substances. Only volatite liquids
or gases are elimi-

nated from the Jungs. Gaseous and valatile anesthetics es-

sentially
are eliminated completely by this route. Only

a

amali amountof ethanolis eliminated by the lungs, but the
concentralion in the alveolarair is related so

constantly to
the blood aleoho! concentration that the analysis of expired
air is acceptable for legal purposes. The high aqueous solu-

bility and relatively low vapor pressure of ethanol at body
temperature account for the retention of most of the sub-
stance in the blood. Carbon dioxide from those drugs that
are

partly degradedalso is excreted in the lings.

Pharmacokinetics

Pharmacokinetics is the science that treats of the rate of

absorption,
extent of ahsorption,rates of distribution among

hody compartments, rate of climination and related phe-
nomena. Because of its importance, two chapters, Basic
Pharmacokinetics (page 725) and Clinical Pharmacokinet-
ics (page 74G), have been devoted to the subject.

and Combination
may be brought out, Fhe mechanisms of such interactions
are many and not always

are understood. A drug may not

necessarily affect either the qualify
or initial intensity

or

effect of another drug, but may cause
significant to profound

changes in the durationof action. The nature ofthis type of
interaclion generally is understoodfairly well, although it

may not yet have been ascertained for any particular drug
combination. The deliberate use of combined interacting
drugs is inost valid when the mechanismofthe interactionis
understood and the combined effects are both quantifiable
and predictable. ‘Phe rationales of drug combination and
the principles involved are discussed below,

Combinations to Increase Intensity of Response
or

Effieacy-—Sometimes the basis for the action of one
drug to

increase the intensity of response 10 another is well under-

stood, but often the reason for @
positive interaction is ob-

secure. A terminology has arisen that frequently is not only
enlightening

as to mechanisms and
principles but also which

ig somewhat confusing.
Prugs thatelicit the same

quality of effect and are mutual-

ly interactive are called Aomergic, regardless of whether
there is anything in common betweenthe separate response
systems. ‘Thus, the looseness of the term admits a pressor
response consequent 1o an increase in cardiac output. io be
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homergic with one
resulting from arteriolar constriction,

even
though there is nol one common

responsive element,
the blood pressure itself being but a

passive indicator.

However, homergic drugs usually have in commonat least

part of a response system, ‘Thus, both norepinephrine and

pitressin stimulate some of the same vascular smooth mus-

cle, even
though they do notexcite the same receptors.

Two homergic drugs can be agonists
of the same receptor,

so that the entire response systemis commonto both. Such

drugs
are culled hemodynamic.

As discussed under Drug

Receptors and Recepter Theory (page 702), homodynamiec

drugs will generate dose—intensity of effect curves with par-
allel slopes, but. not necessarily with identical maxima or

efficacies,if one of the drugs is a
partial agonist.

From mass-law kinetics and dose-effect data of the sepa-
rate drugs, it is possible

Lo predict. the combined effects of
two agonists to the same receptor. Iboth drugs

are full

agonists, theory prediets that an Dx of Drag A added to an

EDyof Drug B shouldelicit. the same effect as that of an
EDy

of Drug A added to an Dx af Drug B. An example is shown
in Fig 35-17. Dose~percent data with homodynamic drugs
can be treated in the same

way.”!
Drugs whose combinedeffects fit the above conditionsare

called additive. If the response Lo the combination exceeds
ihe expected value for additivity, the drugs

are considered to

besupra-additive. Purely homodynamic drags do nol show

supra-additivily; however, if one
drug in the pair has an

additional action to affect the concentration or penetrance
of the other or to prime the response system in some way,
two agonists Lo the same receptor may exhibit supra-additiv-
ity. ‘Two homergic drugs

are
infra-additive if their com-

bined effect is less than expected from additivily. As with

supra-additivity, infra-additivity must involve an action
elsewhere than on a commonreceptor,

Two drugs
are said to be summative if a dose of drag that

elicits respense x addedLo a dose of anotherdrug thatelicits

response y gives the combined response x + y. Verylittle

significance usually can be attached to summation. Unless
the dose-intensity

curve of each drug is linear, rather than

log-linear, summation cannot be predicted from the two
curves. When summation does oceur with the usual clinical
doses of two drugs, it almost never occurs over the entire

dose range; indeed, if the dose of each of the two drugs is

greater than an EDAO, summationis theoretically impossible
unless it is possible

to increase the maximal response. At
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Fig 35-17. Additive inhibitory effects of totraethyiammonium (TEA)
and hexamethonium (C4) on the superior cervical ganglion of the cat.
The theoretical line for additivity was Calculated on the basis that an

incremant of TEA added to an EDx of C6 should have the same effect
as if it wero added to an EOx of TEA. When TEA and C6 wore
administered together, an equal amount of each was given. The dase
is the sum of the doses of the two components (courtesy, Harvey**),

best, summation is an infrequent. clinical finding limitedto
one or wo doses.

Two drugs
are said to be Aeierergic if the drugs do not

cause responses of the same
quality. When heterergy is

positive, ie, the response to one
drug is enhanced by the

ather, synergismis said te occur, The word often has been
used to describe any posilive interaction, butit should be
used only to describe a

positive interaction between heterer-

sic drugs. The term potentiation has been used synony-

mously with synergisin, but misuse ofthe term has led to the

recommendation that. the term be dropped. Synergism is

often the result of an effect to interfere with the elimination
ofa drug and, thus, Lo increase the concentration; synergism
also may result from an effect on penetrance or on the re-

sponsivity of the effector system. Examples of a
synergistic

effect, in which responsivity is enhanced,
are the action of

adrenalcorticoids to enhance the vasoconstricLlor response to

epinephrine and the increase of epinephrine-induced hyper-
glycemia consequentto impairment by theophylline ofthe

enzymatic destruction of the cAMP which mediates there-

sponse.
In clinical practice two homodynamic drugs rarely

are

coadministered for the purpose of increasing the response,
since a sufficient dose of either drug should be able to

achieve the sameeffect as a combination of the two. Most
clinical combinations with positively interacting drugs

are

with heterergic drugs.
Combinations te Decrease Individual Doses and Toxi-

cily-—When homodynamie drugs are coadministered, itis

usually for the purpose of decreasing Loxicity. If the toxici-
ties of two homodynamic drug

are infra-additive, the loxic-

ily of combined partial doses of the two drugs often will be
less than with full doses of either drug. This principle is
valid for trisulfapyrimidines mixture (see page 1181).

Combinations to Attnek a Disoase Complex at Differ-
ent Points—-With many diseases, more than one organ or

tissue may be affected or events at more than one locus inay
bear upon the ultimate perturhation. For example, in duo-
denal ulcer, psychic factors appearto increase activity in the

vagus nerve, which modulates gastric secretion, se thatit is

rational Lo explore the effects of sedatives, ganglionic block-

ing drugs, antimuscarinic drugs and antacids, singly and in
combination. In heart failure the decrementin renal plas-
ma flow and changes in aldosterone levels promote the re-

tention of salt and water, so that diuretics and digitalis
usually

are
employed concomitantly. Pain, anxiety and agi-

tation or
depression

are
frequent accompanimentsof various

pathologic processes, so thalit is to be expectedthat analge-
sies, tranquilizers, sedatives or

antidepressives frequently
will be given at the same time, along with other drugs intend-
ed to correct the specific pathology.

Combinations to Antagonize Unieward Actions—The
side effects of a numberof drugs

can be prevented,
or sup-

pressed, by other drugs. An antagonist may compete with
the drug at. the receptor that initiates the side effect, depress
the side-effector system ata point other than the recepLor, or

stimulate an
opposing system.

Antagonism at the receptor is competitive antagonisne if
the antagonist attaches at the same receptor group as the

agonist (see page 703). Antagonisin at a different receptor
group, or inhibition elsewhere in the response system, is

noncompetitive antagonism, Both competitive and non-

competitive antagonism
are classified as

pharmacological
antagonism. The stimulation of an

opposing system is

physiological antagonism,
Examples of pharmacological antagonism

are the use of

atropine Lo suppress the muscarinic effects of excess
acetyl-

choline consequentto the use of neostigmine and the use of

antihistaminics to prevent the effeets of histamineliberated

by tubocurarine. Examples of physiological antagonism
are
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the use of amphetamine

to correct partially the sedation
caused by anticonvulsant doses of phenobarbital and the
administration of ephedrine to correct hypotension result-

ing from spinal anesthesia.
Combinations That Affect Elimination—-Only

a few

drugs presently
are used purposefully to elevate or

prolong
plasma levels by interfering with elimination, although

con-

tinued interest in such drugs probably will increase the num-

ber.

Probenecid, which already has been mentioned to antago-
nize the renal secretion of penicillin,

was introduced origi-
nally for this purpose. However, because penicillin G is

inexpensive and available in repository forms, as well as oral
forms (obviating the need for injection), it is less imperative
to retard the excretion ofpenicillin. The low nonallergenic
toxicity of penicillin permits very large doses to be given
without concern for the high plasma concentrations that

result, which also means that there is little necessity for

increasing the biological half-life of the drug. Consequent-
ly, probenecid is not used routinely today in combination
with penicillin,

The use of vasoconstrictors to increase the sojourn
oflocal

anesthetics at. the site of infiltration continues, but few other

clinical examples of the deliberate use of one
drug to inter-

fere with either the distribution or elimination of another
can be cited. Nevertheless, the subject of the effect of one

drug
on the elimination of another has become immensely

active. Innumerable drugs affect the fate of others and the

therapist
must be aware ofsuch interactions.

Drugs that induce cytochrome P-450s enhance the elimi-
nation of drugs that are metaboHzed by the liver micro-
somes. There would be very little point ordinarily to solicit
combinations that would shorten the duration of action or

lower plasmalevels, unless it were to reduce an
overdosage.

However, since such combinations are used unwittingly
or

unavoidably, this type of interaction is of great clinical im-

portance.
Combinations to Alter Absorption—lIn the section on

Vehicles and Absorption Adjuvants (page 714) it was men-

tioned that certain substances facilitate the absorption of
others. The use of such absorption adjuvants generallyis

included underthe subject of formulationrather than under

drug combination. Although drags which increase blood

flow, motility, etc have an effect to increase the rate of

absorption, the use of such drugs
so far has not proved to be

very practical, Whenit is desired to slow the absorption of

drugs, various physical
or

physicochemical
means prove to

be more effective and less troublesome than drug combina-
tions.

Fixed Combinations of Drugs

Concomitanttreatment with two or more
drugs frequently

is unnecessary, and it, generally, immeasurably complicates
therapy and the evaluation of response and toxicity, Never-

theless, it is often warranted,
even essential and cannot be

condemned categorically. However, with fixed-dose or

fixed-ratio combinations, in which the drugs
are

together in
the same

preparation, there are certain disadvantages,
ex-

cept for a few rare instanceslike trisulfapyrimidines.
The disadvantages

are as follows: patients differ in their

responsivity
or

sensitivily to drugs and adjustments in dos-
age or dose-interval may be necessary. If adjustment of only
one component of the mixture is required, it is undesirable
that the schedule of the second component be adjusted
obligatorily,

as it is in a fixed combination. According to
which way the dose is adjuated, either toxicity

or loss of the

therapeutic effect may result, Furthermore, when adverse
effects Lo either component occur, both drugs must. be dis-
continued. The fixed combination denies the physician
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flexible contro]
of therapy. Hspecially when one

componentin a mixture is
superfluous yet potentially toxic, as is often

the case, the promotion offixed combinations 18 reprehensi-
ble. However, the separate administration of drugs used in
combination often complicates treatment for the patient,
who, in an

outpatient situation and sometimes in the hospi-
tal, may not take all of his medication or who may

takeit
at

inappropriate intervals. The resulting consequences may
be worse than those of fixed combinations in certain in-
stances. Consequently,

a summary dismissal of fixed com-

hinations is unwarranted. Rather, the fundamentals of

pharmacokinetics and clinical experience must be brought
together with biopharmaceutics

to analyze present combina-
tions and to

predict possible
new allowable combinations.

Dangers in Multiple-Drug Therapy

Some objections
to fixed-dose combinations were stated

above, Also the unanticipated effects of drug combinations
have been touched upon, particularly with respectto effects

upon elimination. But it should be made clearthat more is
at stake than simply the biological half-life of a

drug. On

page 717 an
example

was
given of the grave clinical conse-

quences of the effect of phenobarbital
to enhance the bio-

transformation of warfarin. Other examples of dangerous
interactions, such as the effect. of several antidepressants

greatly
to synergize catecholamines, may he cited. Even

some antibiotics antagonize each other and increase mortal-

ity.
In addition to the obvious pitfalls posed by the interac-

tions themseives, the use of multiple-drug therapy fosters
careless diagnosis

anda false sense of security in the number
of drugs employed. Multipte-drug therapy should never be

employed without a
convincing indication that each drugis

beneficial heyond the possible detriments or without proof
that a

therapeutically equivocal combination is definitely
harmless. Finally, the expense to the patient warrants con-

sideration.
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Basic Pharmacokinetics
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Pharmacokinetica is Uhe discipline which is concerned

with Uhe rates of movement of a drug
or its metabolites into

the body, among its many compartments,
out of the body

and also which attempts to evaluate the rates of biotransfor-
mations of the drug and its metabolites, As in chemistry, it
involves primarily following the rate of change in concentra-

tion in the appropriate compartment(s),
most often in the

extracellular fluid (plasma) and/or urine, However, phar-

Orders of

'The order of any process is determined by the probability
that the appropriate unit. events will occur in a

given popula-
tion within a

giventime. Processes may be zevo-order,first-
order, second-order, ete, depending upon the number of

variables that determine the probability. In pharmacokt-
notics, only zero-order and first-order processes are impor-
tant, the latler being of overwhelming significance;

conse:

quently, only the kinetics of these two processes will be

treated in this chapter.

First-Order Processes

When activity is random within a
population

ofa single

species, the probability that a
given event will occuris di-

rectly proportionalto the size of the population. For exam

ple, the probability that some atom in a
populationofradio-

nuclides will disintegrate in any instant is directly propor-

tional to the number of radionuclide atoms in the

population. Similarly, the numberof molecules of drug that,

diffuse across a
given boundary (eg, the vascular endotheli-

um) per unit. time will he proportional directly to the num-

ber of molecules near the boundary, which, in turn, is pro-

portional to the concentration. This is the basis of Fick’s

Law of Diffusion (page 208). Any process in whichthe rate

of change in a
population is directly proportional

to the

population is known as a
first-order proceas. In such a

process, the time-dependent change in concentrationis de-

fined by the equation

C= Cyer
ht

where C ig the concentration at timo ¢, Cy is the initial

concentration(time zero), ¢ is time, ¢ is the natural (Naper-
ian) log base and & is a

proportionality
constant known as

the rate constant, (Por a derivation of Eq 1, see page 247.)
Ina diffusion process, the magnitude

of 2is determined by
the temperature, mobility, permeability and other factors,
The numerical value of & algo will depend upon the time
units (min va

hr, etc) chosen.

lq 1 predicts that as ¢
approaches infinity, C approaches

zero, which would be true for irreversible processes like ra-

funita of wi- vol”! or molar, etc] (1)

725

macokinetics is by
no meana limited to observations of con-

centration; rates of movementof a
drug

can be followed by
isotopes

or other means. The application of pharmacoki-
netics to drug formulation and treatment regimensalso is

within the scope ofthis title. The applications
to treatment

regimens and other clinical uses of pharmacokinetics
are

treated in Chapter 37, Principles of Clinical Pharmacokt-
netics,

Processes

divactive decay, diffusion into infinite space, some exen-

tropic SN, chemical decompositions and certain enzymatic
reactions, However, in a confining space, diffusion and

many chemical reactions reach an
equilibriumstate in which

C approaches
a finite asymptote

ag é approaches infinity.

Figure 36-1 Yluatrates a
simple situation in which the asymp-

tote is necessarily finile. ‘To satisfy the conditions of this
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Fig 36-1. Idealized diffusion kinotics of a
hypothetical drug that

equillbrates batwean two compartments. Transfer Is from compart-
ment 1 Into compartment 2. The equilibrium concentration is Vy of

that Initially In compartment 1, because the final volume of dlstribu-
tion is 5 times that of compartment f.
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closed system, (Ca
~

C.) must be substituted for Co in lq 1,

C, being the equilibrium concentration.
In Jaq 1, the algebraic sign of & is usually negative, which

indicates a diminishing concentration with time, However,
jn Mig 36-1 the concentration in compartment 2 rises loga-
rithmically with Lime; nevertheless, & is negative, since the

rale diminishes exponentially with time. The equation for

the logarithmically rising concentration in compartment 2

will take the form of Eq 5 (page 727), in which C, would be

used in lieu of
Cy.

fag 1 can be writtenin Uhe log form,

log C
=

log Cg
—

O.484R¢

The evelfieient 0.434 results from the conversion of the nat

ural log base, ¢, to log base 14 (0.484
=

1/2.308), The equa-

Uion determines thala plotof log C against
¢ will be rectilin-

ear (bottom of Fig 36-1) with a
slope of —0.434k and an

ordinate-intercept of Co. For pharmacokingtics, thig is a

useful type of plot, because, in the straight-line form, back

extrapolation to eatimate Cois easier and moreaccurate than

{rom a curve, and & can also be determinedgraphically.
Rato Constants and Half-Life--Since firat-order pro-

ecanes are characterized by exponential
or

logarithmic kinet-

ics, it follows that a constant fraction of the present or

instantaneous population (eg, concontration) changes per

unit Lime, thatfraction being equal
to 0.434; & has the units

of it~. Another way of expressing the rate of change is that

of half-time (or especially half-dife, if the population is de-

ercasing), with the notation t1.. ‘The half-timeis the time

{no units] (2)

thatit Lakes Une population to decrease (or increase) by 50%

of the total possible change. By setting C equal to Yotty in

either Eqs 1 or 2 and solving for ¢ (whichis (12 under these:

constraints),

fig
=——=

—

{units
of time} (3)

Zero-Order Processes

When an enzyme or transport system is saturated, the

activity cannot be increased further by inercases in the con-

centration of substrate. Consequently, the rate remains

constant so
long as Lie concentration of substrate is in excess

ofthe saturating concentration. In this situation, the rate is

independent of the concentration. The kinetics are te-

seribed as
being of zero-order,

anditis customary to speak of

the process as being
a zero-order process, The equation

deacribing zero-order kinetics is

Ce Cy— kt

—

foone vol] (4)

where k has the untls of amount/unit time. A plot of C

against ¢ on Cartesian coordinates will yield
a straightline; a

plot oflog C againgt
¢ will yield

a curved line, As the process

continues, he concentration eventually will fall to subsatu-

ration levels, and the kinetics will change, usually to first-

order kinetics,
so that it is more

appropriate
to speak of the

initial kinetics and not the process as
being zero-order.

Pharmacokinetic Models

The plasma, cerebrospinal fluid, interstitial space, glan-
dularor renal tubular lumina, pail bladder, etc and each cell
are all compartments which a

drug may or may not enter or

leave with different rate constants, In addition, binding to

protein
or other sequestrationalgois governed by character-

istic vate processes, Consequently, it, might be expected
that the kinetics of absorption, distribution and elimination

would be very complex and perhaps beyond analysis and

mathematica) description. Fortunately, the rates of distri-

bution among the various tissues and myriad celis generally
are not diapersed greatly, and most such processes are first-
order, Thus, the kineties behave as

though the drug
were

being distributed among one, two or, at the most, a few

compartments, and they
are amenable to mathematical

modeling, Like the volume of distribution (page 727),
a

pharmacokinetic compartmentis fictive or virtual and may
be difficult Lo define in precise anatomical terms. ‘There-

fore, a compartinentis defined mainly by ite pharmacokinet-
ic parameters.

Open One-Compartment Model

In this model, the body is assumed to behave as though it
were a

single compartment, that ig, as hough there were no

barriers lo movement of a
drug within the total bedy space

and ag
though the final equilibrium distribution is attained

instantaneausly, in practice, the model adequately de-

geribes the pharmacokinetic
behavior of a

drug if the final

equilibriumdistributionis attained rapidly in comparison Lo

the rates of absorption and elimination. The term open
indicates that input and output (rem any and all routes of

administration and elimination, respectively)
are unidirec-

tional and that the one compartment (ie, body) is not within
a confined space and hence does not come into chemical

equilibrium with its external environmont, In simple dia-

gram, such an open one-compartmont model is depicted in

Fig 86-2. In the diagram, the compartment represents the

entire body (excluding the lumina of the gastrointestinal
tract, urinary tract, pulmenaryalveoli, etc, which communi-
eate with the open environment), The term, Vqis the vod-
ume of distribution (ace page 727). However, Vy is not

necessarily that of the body
or even total hody water; as

noted on page 728, the volumeof distribution, Vy is a fictive
one conaidered to be equal to /D/C, (where / is the fraction

absorbed, D is the dose and
C,

is the plasma concentration)
in whichit hypothetically

is assumedthat the concentration
is the same throughoutLhe volume and is equal Lo the plas-
twa concentration. in reality, concentrationis net homoge-
neaus throughout, but this cannot be determined from Cp
alone (which simply averagesall inputs and outputs);

as
long

as distribution equilibrium
is achievedrapidly, the kinetics

as
perceived through bloud or urine concentrations axe the

same whether distribution is homogeneous
or

heterogenc-
ous.

Volume *
Vy

  
 

 
 OUTPUT

(aliminotion)

Fig 36-2, The apen one-compartment pharmacokinetic model. An

amountof drug, Og, {3 absarbed from tho administered dose, D, with a

rate constant of K, into a compariment with volume Vand is distribut-

od Instantaneousiy to reach a plasma concentration Cy Vg ls ab-

talnad by dividing Oy by G,. Dy
=

dose D times f, the fraction

absorbed. QOrug is eliminated from tha compartment with a rate

constant kK, 2, is the arnount excreted Inte urine, feces, oxpirad alr,

sweat, milk, ete; Gis the amount of drug metabolized.
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In order to derive formulae lo describe time-related

changes in
C,,

it is convenient to cansider absorption and
elimination separately,

as
Uiough each were oceurring in the

absence of the olher, Liento add themalgebraically
lo deter-

mine the total integral kinetics.

Absorption-—Ifa drugis actministered intravenouslyina

single, rapid injection, absorptionis bypassed. ‘Thetime for

such injections is usually
so short compared

to other phar-
macokinetic processes thal it is custamary $0 consider the

peak plasma concentration and equilibrium distribution to
occur

instantaneously in ong-compartinent systems. ‘Thisis

depicted in panel A of Fig 36-3. Ln the model for thefigure,
there is no elimination aad C, remains constant once injec
tion is accomplished. With constant intravenous infusion

(panel 3), C,
rises rectilinearly

so
long

as infusion continues
at a conetant rate. With other routes of administration,

absorption usually manifests first-order hineties, since most

drugs
are absorbed by simple diffusion. ‘Thus, the drug

disappears exponentially from thesite of administration(as
from compartment tin Fig 36-1). ‘The equation for the

concentration of a
drug in the plasmaaftera single extravas-

cular dose of a
drug, assuming

no elimination talces place, is

Cy
=

Oy cre
Junits: wh voi, ete] (8)

where
Cy

is the concentration at time 7, Cy
is the final

concentration al Snfinile? time andRyis the
absorption

rate
constant (units: times), Absorption is characterized by

a

halftime equal to 0.698/k,. Bimolecular absorption pra-
cesses, such as facilitated diffusion or active Granspert, also
often showfirst-order kinetics, especially at drug coneentra-

Lions well below these at which the carrier system will be-
come saturated. Al saturation, the kinetics become zero-

order. Even the rate of dissolution of a
drug approximates

¢

first-order process, provided that. the drug is soluble readily
and diffases rapidly. If the solubility and diffusibility

are

low, it will approximate
a zero-order process so

long
as there

js saturation around the solid phase. Some sustained-re-
jease dosage forms are

designed
to release drugs at a con-

siantrate (zero-order) aver
long periods of Line,

Absorption by the oral route rarely conforms to simple
first-order kinetics, A drug is absorbed al different rates

from the slomach and the three segments of the intestine,

partly simultaneously and partly sequentially, Absorption
from the stomach usually is quite slow compared

ta that

from the small intestine, and it is sometimes se slaw that a

aignificant amountof drug appears in the biaad only after

the stamach contents are
emptied. ‘Thais, there maybe n

fag
betaveen the Lime of drug administration and the appearance
of drug in the bloed. ‘Phat. is, the curve describing Lhe time-

dependentriae in
Cy does not pass through the origin. An

example
of
Jag in the absorption ofpentobarbital is shownin

Wig 36-4. Enteric-coated or other delayed-release dosage
formsalso cause

lag, ‘Nhe mathematical formulation of lag

 

Conglant jntra~ Extravenous
B venous infusion © administration

Rapid intravenous
A injection  

 {nso4a abheeded eam decsinalanecderetteerI LLdee eich ne
G63 4 6 BOW tH O 2 4 °6 8 10 ff GO # 4 6 8 We

Hours Hours Hours

Fig 36-3,  Tlrae-concentration curves for injaction (A), infusion (B)
and oxtravenous (C} administration of drug in the one-coamparinment
modal. The volume of the compartment is 100 |. (Vy

= 100 1); the
amount of drug administered in cach instance is 1000 mg. Drug
dlimination has been set to zara, so that the time-cancantration curve
for each model of adminisiration can be oxamiped without the compli-
cation of simullaneous olimination (courtesy, Bigger,’ adaptod).
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2ug
Pentobarbital/mL,
siasma

o in

 Hours

Fig 36-4. The time course of pentobarbital in the bioad of a
fasting

human subject following the oral administration of 50 mg. The figure
shows a fag-time of about 20 min, approximately tho emptying lime of

{ha fasting stomach (courtesy, Dittart®).

will be deferred to the next section in connection with Mg 28.

Factors affecting absorption
are enumerated on page 713,

Some changes in gastrointestinal conditions during the
course of absorption

are part of diurnal rhythms
or are

caused by the drug itself, which makeit impassible
te estah-

lish a
sleady basal state for description; others may result

from emotionality, Ingestion of foodstuffs, water, other

drugs, ete, and can be controlled adequately for scientific

purposes but. mayvary greatly in practical circumstances,

Absorption hy other routes is alse subject to variability.
Some drugs that are

completely absorbedin normal patients
maynot be absorbedin persons with almormai gastrobatesti-
nal function, as the result ofgenetic, pathological

or
surgical

factors. Many drugs
are not absorbed completely

even

when gastrointestinal function is optimal. Absorption can

be limited by the physical state of the dri and by other
substances in the dosage form. ‘The amount of drug ah-
sorbed inte (he body (2) is relatedto the dose as follows:

Da= {PD

—

lunits: we] (6)

where 13) is the amount absorbed (drug in the body), /is the
fraction absorbed and D is Uie dose administered. ‘The

property of a
drug lo be absorbed from its dosage form is

known as biowvallobifity, and fis the bioavailability factor.

The bioavailability factor often is determined by compari-
son of the area under the concentration curve

(AUC) of a

given dose of drug givenorally with that. of the same dose

given miravenously (see page 736),
Distribution—In the open one-compartinent model, the

body is treated as
though it were a

single compartment in
which the absorbed drug is mixed instantaneously and ho-

mogencously, Clearly,
the asstunption of instantaneous

equilibrium establishes only
an ideal mathematical bound.

ary condition tofacilitate pharmacokinetic calculations. At
best, no

drug eould be equilibrated in less than one circula-
tion time, and ne

drug has been shown to distribute so

rapidly. However, for practical purposes, a distribution
time of a few minutes is negligible campared to absorption
and elimination dimes. Only water-soluble drugs of smalt
molecular size which are confined completely to the extra-

ceflular space equilibrate rapidly enough
Lo meet Lhe re-

quirements of the ideal one-compartinent model, but, for
clinical purposes, the one-compartment model is adequate
(q deseribe the pharmacokinetics ofa large numberofdrugs.

Volame of Distribution and Distribution Coecffi-

eient—The hypothetical volume within which a
drugis dis-

Wibuted is known as the volumeof distribution, Va Th may
be cateulated by dividing the amountof drug in the body,
Da, by the plasma concentration, Cp,

where C,is the concen-

tration in plasma. It is important to nate that C,is usually
the Lotal concentration of unbound plus hound drug. Under
real conditions, Dy and C,,

vary with time, and computelion
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must be made in such a wayas to eliminate the time variable.
Gne such way

is to extrapolate ap
to vero time (eg, see Figs

36-6 and 36-8), in which case

Va f Dics
(7)

where J) is the dose administered, { is the bioavailability
factor (fraction that reaches the systemic circulation} and

Chis the plasma concentration at zero time, determined by
extrapolation. Whon the drug is given intravenously, Dy

=

dD.
Of course, Vy will vary with body weight,

so that it needs Lo
be normalized ina way that allows comparisons among Indi-
viduals of different body weights. Such a normalized Vy is
the distributioncoefficient,* 4’, caleulated by the equation

Als Vu/BW (8)

where AW is body weight. Units are
usually mL/g

or
L/kg,

and care must be taken to employ the appropriate units of
weight, concentration and volume in Eqs 7 and & ‘The
notation A’ is a more serviceable parameter than Vy andis
the form of Vy usually found in tables of pharmacokinetic
data, usually under the heading, “Volume of Distribution,”
rather then A’.

Although Vy and A’ are derived as
though the concentra-

tion was
equal te C, throughout the volume, concentration

is, in fact, almost never
homogeneous, and consequently Vy

and A’ are
only imaginary (ictive, virtual) volumes, Factors

that make for nonhomogeneous distribution are:
binding to

proteins, dissolution into body lipids, pH partition, active
transport, electrochemical and Donnan distributions, etc.
Hivenif

Cy (free) rather than
C, (total) is used to calculate

Vay Ve would not represent a real space, because of these
manifold factors that cause uneven distribution, Conse-

quently, the principal utility of Vy or A’ is vol 80 muchin

permitting
an estimation of where the drug ig distributed

but rather as a measureof the reservoir from which o
drug is

being delivered and/or cleared (gee page 729 and ‘Table II,
page 731). However, with appropriate considerations, Vy

or
A’ alao may indicate the general ability of a

drug
to penetrate

membranes, dissolve in fat or bind extensively to extravas-
cular macromolocules.

Highly polar, poorly penetrant drugs tend to be confined

mostly lo the extracellular space; if these drugs
are little

bound to plasma proteins, they will have A’s of about 0.3

mL/s, tess if there is significant binding to plagma proteins.
The lower limit te A’ is about.0.04 mL/g, which approximate-
ly is equal to the plaama volume. Drugs that are distribuled
throughout body water and are not bound or concentrated
have A’s of

approximately 0.7 mL/g, the A’ of body water,

Lipid-soluble drugs that are bound negligibly Lo plasma pro-
tein have A’s that range usually from about. 0.7 to 3-4

mL/g,
depending upon water-lipid distribution coefficients, Same
drugs that bind strongly to chromatin have A‘s that ap-
proach 1000 mL/g. However, many drugs combine pene-
tranee, lipid sohability and protein binding in such propor-
tions to make it difficult to interpret the meaning of A’
without ancillary information.

Since, by definition, Vg varies reciprocally with
Cy,

it is
essential to recognize that binding to plasma proteins, by
increasing Cy, will decrease Vy. Despite this, plasma pro-tein binding has

no real effect on extravascular distribution.
Sinee it is only the free form that moves among the spaces
and tisaues, it follows that alterations in plasma protein
binding alone will not aller the extravascular (indeed, extra-

plasma) distribution. Only the calculated, fictive quantity,
A‘, ja affected, For example, nafeillin has @ A’ of 0.29 mL/gand is 90% bound to plasma proteins. Uf there was no pro-

*
A‘ is not to be confured with water-lipid distribution coefficients,

 

tein binding, A’ would equal 2,9 mL/g,
a volume sufficiently

larger than that of water, to suggest. considerable exlravas-
cular binding, However,it is not the masking

of the degree
of extravascular distribution that is the source of difficully
when there is significant binding

to
plasma proteins, but

rather because the extent of protein binding is nol always
constant. Both the quantity and binding properties (affini-
ty and capacity) of human plasma proleing

can vary in

health, disease and the presence of other drugs (see pages
195 and 716). If tho degreo of binding of nafcillin to plasma
proteina

waa to
change to 60% aa Che result of hypoalbumin-

uria, A’ would become nearly 0.48 mL/g. The A’ of ampicil-
lin, which is bound only lo the extent of 18%, would nol be
affected so

greatly, A further complication of binding Lo

plasma proteins is occasioned when the degree of binding,
and hence the magnitude of A’, is dose-dependent. There
are a numberof known examples in which A’ varies with the
dose,

Elimination.Once a
drug is absorbed, it ig transporled

by the blood to the tissues, among which it is distributed,
metabolized and/or excreted; all of these processes lower the

plasma concentration of the drug. Hach separate process
ordinarily has first-order kinelics, and the overall change in

plagma concentration is described by the linear eombination
(or algebraic addition) of the separate equations. In the

one-compartment model, the kinetics of distribution are

ignored, aince distribution oceurs ao
rapidly that distribu-

tion occurs before any practical blood-sampling
or

repetitive
dosing

occurs,
‘Thus, after intravascular administration the

plasma concentration, C,,
will fall exponentially accordingto

Eq
1. Such an

exponential eliminationof theophylline,
tiven intravenously, ia shown in Fig 36-6, According to Bq
2, if the data of Fig 86-6 are

plotted semilogarithmically,
as

in Mig 86-6,
a

straight line should resull. Several derived
data can be obtained from such a

plol. Extrapolation to
zero time (ie, Lhe y intercept) gives

Cy
the theoretical plas-ma concentration at time zero, It isa theoretical concentra-

tion, beenuse neither injection
nor distribution actually is

ingtantaneous. Nevertheless, C2
is a very practical figure.

For oxample, from it may bo derived the volumeof distribu-
lion, Va, simply by dividing the dose, 2, by C}

(see page 727),
In the figure, C}

=
0.0116 mg/ml,

go that Vy is 43.5 L, or
about 89% of the volumeof total body water in a

70-kg adult.
The plasma half-time, ty), can be determined directly from
the graph

or from the elimination rate constant, ke, bymeans of iq 3. (Conversely, 2, could be derived fromt)7,
determined visually frorn a graph.) When determining ia
from the slope, it must be kept in mind that the log of the
cancentration must he used rather than the antilog that is

[.50

125

°Bloodconcentration,
mg/700rmL

oa
o

a
ore

Qo
a

e ne on

0
O!12345 678 910

Hours.

Fig 96-6, Eliminatton curve of averago blood levals of theophylline
in 11 human subjects after Intravenous administration of 0.5 g ami-
nophylline per 70 kg to each (courtesy, data, Trultt, ef al).
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Fig 36-6. Semllog plot of the alimination curve in Fig 96-5, Note
the log scale of the ordinate.

 

 
 

plotted
on the log-sealed ordinate in the figure. In natural

logarithms, the stope (In Cay

~
In

Capa

>
£1) 1s equal to Aes;

in decilogarithnis, the slope (log Cyr

—
log Cpa)/(tg

-
44) is

equal
to 0.434k,, From the figure, &. is found to be 0.22

hee!) However, this is an anstandaneous rate and is nel. the
saineas thefraction that disappears

overafiniteinterval, ex,
ihr. Nevertheless, it is sometimes convenient to use 2for
catenlation of dhe amount of drug iost per anit ime, eg, for
the calculation of maintenance doses during chronic drug
therapy. If the time interval under consideration is very
short (atleast '4}

as comparedto the half-dife of the drug, Ro
may be considered to be an indication of the percentage of
the drug lost. during the timeinterval, For example, if the
half-life of a

drug is 6.93 hr, &.. would equal 0.1 lire}, and

approximately 10%of the drug would be lost in J hr. Thus,
if 100 mg of drug were present at the beginning of the hour,
10 mg would be Jost by the end of the hour, (The exact
amountof drug lostis delermined by

use of 6g 2 andis found
to be 9.61 mg in 1 hr,

a difference of about 5%from the

approximated value.) if such an
approximation

was used in
the example given in Fig 86-6 (1 fr is a little Jess than '4 of
the half-life} and the amount af drug presentis 100 mg, the

figures comparable to the ilhistration above would be 22
versus 19.7 mg, respectively, almost a 12% difference.

Within the group of 11 subjects in the above study, there
were considerable differences in ky

or Cyamong the mem-

bers. Qne cannot overemphasizethe caveat. not to lake too

literally the averape half-life data found in various tables or

other literature but rather 10 assume a
probability Ghat the

half-life in a
given patient may depart. considerably from

that average value. ‘The half-lives of some
drugs vary overa

wide range even in normal individuals. ‘The half-life af

amitriptyline,
a

drug with a
complex metabolic and excre-

tory elimination, varies nearly tenfold; even the half-life of

penicillin,
a

drug with a
simpie excretory elimination, varies

twofold, In persons with hepatic
or renal failure, the pub-

lished mean half-life data may nol even be in a range appli-
cable to sueh persons.

ThehalfJife also may vary widely from species
Lo species;

for example, in man,
the half-tife of sulfaethidole is about8

hr, whereas in cattle it is less than 2 hy. Half-lives also vary

considerably
even among congeneric drugs, as may be seen

with the sulfonamides shownin‘lable 1.
Thebiological half-Jife must not. be confused with the Lime

for the response to decline by 50%, since dose, the require-ment for a threshold concentration, latency of response and
other factors may cause a

nonparallefism between blood
concentravion and intensity of response, fn fact, because
the relationship between effect and plasma concentration is
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Table |—The Approximate Biotogic Half-Lite in Man of
Several Sulfonamides!

 Drug

Solfamethylthiadiazale 3
Sulfaethidole &
Sulfisoxazole
Sulfamethoxypvriduzine

:

 
usually logarithmic, effect Lends to decline in a linear, not

toglinear, fashian,
In Fig 36-2, the rate constantfor elimination is designated

ka, Without reference to (he mode or route of elimination,
However, 2,, may be a

compound constant equal
to the sum

of the rate constants that define the various simultaneous

(ie, parallel} contributory processes, such as hiotransforma-

tion, renal excretion, biliary secretion, ete, ‘Thus, the cain-

poundoroverall constant is &
=

Ay ct het As... ts where hy,
ko. Ry ave the rate constants of the separate contributory
processes, Consider the case in which «

drug simuilaneous-

ly is biotransfarmed and excreted unchanged in the urine,
The initial concentration,

Ch
therefore will he diminished

by both
Chet

and
Chev*t,

where m
designates metabolism

and vw renal exeretion. (In some notations, fh, is designated
Ry Rig ky

or ke) Therefore, 8q 2 adapted for the two

processes becomes

log C,

=
log

Ch,

~
0.4848, 0

~

0.434k,6“at
=

Jog Ch

-

O.d84(h,,
+ AE jno units] (9)

Thus, fy, + &, combine to make a
single constant, which is

the overall elimination rate constant, In order toidentifyit
aé a compound,

or overall, constant, it is sometimes desiz-
nated as A, rather than 2...

Clearance and Routes of Mlimination--The half-life ofa

drug isa useful pharmacokinetic parameter. Since half-Hfe
is expressed in units of time, it is an

easily understood,
concise indication of the rale of disappearance

or aceumula-
tion of a

drug. Further, it is usect to estimate the time

necessary to attain a new steady stale whenever a
steady

state is altered hy a change in the facters determinisg dase

regimen, namely, drug dose, bioavailability, the dose inter-

val, rate of elimination and volume ofdistribution (see page
740). However, the elimination halftife of a

drup is a com-

plex function of drag distribution, biotransformation and
elimination, A more direct expression of the rate of drug
elimination is drug clearance.

Clearance is the rate of removal of a
drug

or other sub-
stance from the body, expressed

as the in vive volume equiv:
alent of the substance being removed per unit time, In
order to ilhustrate the concept, assume that drug 2 is being
eliminated from the bedy at a rate of 0.1% per minute, ‘Phe
absolute amount of drog that was eliminated would there-
fore be equal

to 0.1%D, per minute, Since Dyis distributed
as

though i were in a volume Vy (volumeof distribution,
page 740),

one ean calculate thefietive volume cqnivalentof
the amount of drug lost per minute, which in this instance
would be 6.1% Vu/min. Sinee the relative rate of loss,
0.1%/min or 0.001/minia, in fact, ku, it may be seen that

CL
Be

Ret x Va (10)

where Cl, is total body clearance. IL may be expressed in
units of mLAnin, L/hr or

mL/ke/min; the reader must be
alert to the units in which given clearance dala are ex-

pressed, JL must be emphasized Uhat clearance is a
hypo-

thetical or fietive quantity, since the badlyrarely clears a

drug completely from a
specific volumeof bodyfluid, Only

when elimination is flow-limited is the blood that passes

through the eliminating organs{s) totally cleared, so that the
effluent blood is essentially devoid of drug; in such an in-

 

Jvol/onit Lime]
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stance the clearance approximates the rate of bluad flow, Lf

the concentration in the effluent blood were to be anly 0.6 of
the affluentblood, the clearance would be said to be 0.5 that
of the bload flow.

Althoughclearanceis the @V/dt equivalent of dD,/dt,
or

the volume equivalent of the drug fost per unit time, the

hypothetical volume cannot be rezarded as also having been
climinated. Just as the depleted effluent blood from the

eliminating organ is returned to the systemic circulation to

mix with all the blood and as
drug is redistributed andre-

equilibrated among the vascular and extravascular compo-
nents of Vq, the fictive volume that ig “cleared” remains a

part. of V4,
so that the only change thatis effected is one in

concentration, of which C,is the index, Since Vy and #,,are
both constant, it follows that Cl, is also constant.

The canceptof clearance can be applied to the whole body
or

Loapecific organs, ‘The former applicationis
a convenient

way to indicate overall drug elimination; the latter applica-
tionis used to indicate the contributionof a specific organ to

drug disappearance.
Total Systemic (Whole Body) Cleavance-—Total bady

clearanceis the sumofall Lhe separate clearances that. con-

tribute te drug elimination, ie, Clry
=

Clnems + Chenats ete.

It is essential that &, be expressed in the same Lime units as

are used in clearance (usually min), In Eq 10, dividing by 60
converts #,, in hr7! to min”),

so that clearance can be ex-

pressed in mL/min. Whole-body clearance in a one-com-

partinent system is also equal to dose divided by the area

under the curve:

Chae
=

D/AUCS [ml]. ay)

where AUCis the area under the curve (ALC), discussed on

page 736. The determination of Cliin the two-compart-
ment system is discussed on page 739,

Renal Exeretion and Clearance—The principles of renal

excretion andclearance have been used for approximately 5¢

years as lools for studying renal physiology and pathology
and henee were

adapted early to pharmacokinetics, Conse-

quontiy, renal clearance of drugs is a classic lustration of
the general subject of clearance. As discussed in Chapter
95, all drugs

are filtered in the glomerulus and some alseare

secreted into the urine by renal tubularcells; there is also

resorplion af drags from the tubular luminal fluid back into
the blood as the fluid passes along the tubule. Glomerular
filtration ig the passage through the glomerular vascular
endothelium ofthe plasma fluid andall solutes therein smail

enough to pass through the pores; that is, it is the filtration
of water and all micromolecular solutes. ‘Thus, it is inde-

pendent. of the presence of drug and is a function of the
fillration pressure (whichrelates to blood pressure) and the
mean (ransit time across the glomerular capillaries, The
rate of filtration is knownas the glomerularfildration rate,

GFR, andbas the units of yol/min (usually mL/min). In

smin™]

turn, the transit dime is determined by the rate of flow of
blood through the glomeruli; this rate of bloodflowis known
aa the renal plasma flaw, RPP, Since only

a fraction of the

plasmais filtered during passage through the glomerulus,it
is useful to designate this fraction aa the filtration fraction,
FR, whore FF

=
GFR/RPP. The average renal plasma (not

blood) flow in the adult human male is approximately
600-700 mL/min, and the GFR is

approximately
100-125

mL/nin (of which 99% of the wateris resorbed and returned
to the blood}; Lhus, thefiltration fraction is approximately
G2,

Under basal conditions, the GFR is roughly constant in
time. Therefore, the only major variable that determines
the rate ofAlirationof free drug is the concentration of drug
in the plasma, ‘hus,

P=
Cy- GFR {units:

mI»
min@!] (22)

where ?* is thefiltration rate of the drug, usually in units of

mg/min, and
Cy;

is the amount af
free drugin the plasma, Lf

the drug is unbound, Cy
=

Cy.
If the drag is bound to

plasma protein, then

P=
(C,(1

~

p)] «GER

where p is the fraction boundto plasmaprotein.
The GFR may be determined by the steady-state rate of

excretion of any nanbound chemical substance that is not

seereted subsequently and/or resorbed by the renal tubules,
80 that he amountof substance which appears in the urine is
all of that which was filtered and no more. ‘Two sueh sub-
stances are creatinine and inulin. With creatinine, the en-

dogenous plasmalevels are nearly constant, and thus ereati-
hine lends itself readily to the determination of GFR. Fei-
ther inulin or creatinine may be given by constant.
intravenous infusion; usually, creatinine is used, However,
it is not customary ¢o express the GFR ofcreatinine or of

drugs
as

/*, in erms of mg/min, bul rather in terms of clear-
ance. Ag discussed above, clearance is a

hypothetical vol-
ume of plasma which, if completely clearedof i(s content of

drug in unit time, would be equivalentto the amount af drug
that disappears in unit time. In theinstanceoffiltration,i
is casy to visualize clearance as thai volume filtered/min,
aince the filtered volume actually is separated physicallyfrom the bleed, ‘Thus, the creatinine clearance, or GER, is

equal to the total amount ofcreatine found in the urine

(equal te urine concentration times urine volume) divided

by the plasma concentration,
The general concept of clearance can be applied ta the

kidney aceording to the equation

Gv
Choy oeron

ti

(13)[mL mine}

(14)
 

[mL
+
min”!

where Clea is renal clearance, C, is coneantration in mg/mL
of drug in urine collected during timed, V is urine volumein
mL generated in time ¢ (min) and

Cyi
is Lhe mean concentra-

ion (during the collection interval, () of drug in theplasma
in me/mis the wnils are hus mL/min, Urineis collected
from the adder by catheter or

by voiding. At the begin-

ning
of the collection interval (Gime fromlast voiding) both

C,
and C,

are
higher

than al the end. Consequently, Cymust be calculated; €, is
automatically the mean of the

instantaneous collecting duct concentrations, Tiquation 14

is valid whether the drug is “eleared” by fillralion or by
tubular secretion and whetheror not tubular resorption

o¢-
curs, If the drug is protein-bound, the formula becomes

CVClontean BOR
OT

mL/min (15)
deorry ™

6,td p} [ |
where Cheateorn 18 the

corrected
renal clearance,

The ratio between Chon and Clorean Chen/Clevat (ar C
lalClauin), is known ag the elearance ratio. If the drug is

protein-bound
andthe corrected clearanceis used,the ratio

Chentearr\/Clorea: 18 known as the exeretion ratio,
If an unbound drug is filtered only and not. resorbed, the

excretion ratio will be 1 and the elearance about 125

mL/min; if the drug subsequently is resorbed, the excretion
ratio will be jess than | and the clearance will lie between 125
and | mL/min, the values depending upon the degree of

resorption. A clearance of 1 ml/min suggests distribution
and elimination like those of water. If there is tubular
secretion (plus obligatory filtration), the exeretion ratio may
exceed f, and the clearance could be as

high
as 600-700

mL/min, depending upon the extent of tubular secretion
and resorption, Para-aminohippuric acid (PAHA) is not

bound {to plasma protein, is not tubularly resorbed and is
secreted so fast by the renal tubules that the plasma passing
through the kidney is 90% cleared ofPAHA. Thus Clpaia is
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equal to 0.90 APF, ‘This is called the effective renal plasma

flow, ERPF. ‘The excretion ratio of PAHAis about 5 to 6.

Eq 14 canbe rearranged
so that

Cy _
G6

ou

i v
aren

[wt
+
vol7!- min”) (16)

Thus, it may be seen that the concentration of drug in newly
formedurine is directly proportional

to the plasma
coneen-

tration, Since the plasma concentration falls exponentially
during the collection interval, ¢, it follows that the instanta-
neous urine concentration in the collecting ducts, likewise,
muat fall exponentially

and hence the rate of fall can be

expressed by
a first-order rate constant, fy, This constant

relates 1o renal clearance as follows:

 
The excretory rate constant may be simple,

as with a
drug

lice ereaLinine, or
compound,

as with a drug thal ia secreted

tubularly and/or resorbed.
The overall renal elimination constant, &,, is defined by

hy
=

Ry
+ fie

m
Ree [in|] (18)

where ky is the constant for glomerular filtration, ky. for

tabular secretion and &,, for tubular resorption, Although
k, might be thought to be the same as

kh,
on page 729, in

practice it ia not, because clearance data are obtained from

time-averaged concentrations and cannot provide ingtanta-
neous rates. However, creatinine-derived k, is clase Lo the

instantaneous Ry at the midpointof the collection period.
By combining Eqs 3 and 17 andassuming that there is no

olher route of elimination,
.

Va
by,

=
0.698 (19)[time]( rent

The units of time must be the same for both 1 and Chen.
The equation enables the calculation of some

Lhought-pro-

voking information about the biological half-dives of non-

metabolized drugs of different excretion profiles and vol-
umes of distribution. Approximate hypothetical

half-lives

of drugs ofdifferent volumesofdistribution and renalclear-
ance are shown in Table LL. ‘The drags

are assumed to be

eliminated only by renal excretion. A volume ofdistribu-

tion of 50 L te that of total body water, 15 L is that of

extracellular water and 50,000 Lis that of a
drug strongly

bound in the tissues. Because of biolransformations, few

drugs have half-lives longer than | yr. However, a few

radioopaque jodine-containing diagnostic agents
are vo

tighUly bound that their half-lives exceed yr. At the other

extreme, a half-life of 15 min by renal eHmination is uncom-

mon, because few drugs Uhat are
totally cleared have vol-

umes ofdistribution as small as Lhat of extracellular water.

However, the half-life of penicillin G is about 30 min.

Although data fromcollected urine cannot provide
instan-

taneous rates, it does ollow the calculation of the plasma
half-life. The instantaneous excretion rate, dD,/dl (where

Drug Va

Table il-—Hypothatical Half-Lives of Drugs of Dilfering Volumes of Distribution and Clearances
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D,, is the amount of drug in uring), is dircetly proportional
to

the bady burden, Dy, such that

dDfdt
=

kyDy (20)

But, Dy is falling exponentially with a rate constant h, 80

that Dy
=

Dierks therefore, dA/dt
=

k.De
*. It follows

that the slope of a
plot of the log of the excretionrate versus

Lime will have aslape of -0.4344, analogous to eg2 (adapted
to total contentrather than concentration). ‘Phe yintercept
of aucha plot is log Re

=
DS,

where Df,is
the amount ofdrug

in Uhe body at zerotime. However, data on exeretion rates

require renal catheterization and are
subject to considerable

error. An alternative, usually
more accurate, method of

estimating & from urine concentration is to employ the cu-

mulative amountexcreted, In this method,
_

Dil,
ian

Since ky/lz expresses the propertion
of Dy being transferred

to the urine, DYkth represents the total amount of drug
excreted, or

DY,
where

©
designates infinite time, Iq 21 in

log form, with the above substitution and transposition,
becomes

{wi min” |]

Qn (1
=

eA) {wt] (21)

ke
log (8

=
D,)

=
log Di

%

~
O.AB4RE

=
log DE

~
O.4d4kt [no units} (22)

The slopo of the plot againat time is also —0.434k and (pe
-

D,) is the amount of drag thal remains in the body. Vhe

equation applies if the drugis administered intravascularly.
This is known as the sigma minus method {sigma for the

integral D* and minus for the —D,). Urine needs to be

collected for only 3 or 4 half-lives in order for the semilog

plot to yield
a reliable slope and #1. ‘The method is useful

especially when plasma concentrations are low.

Hepatic Clearance—The concept of hepatic clearance is

like that of renal clearance, and hepatic clearanceis likewise
a

hypothetical volume of blood per min imagined
to be

tolally cleared of drug during passage through the liver.

Unlike renat clearance, the input is both portal
venous and

hepatic arterial blood and the outputis both hepatic
venous

blond and bile, rather than arterial blood anduring, respec-

tively, Portal venous blocd and bile cannot be sampied
readily, ao that the concepts involved in hepatic clearance
serve better to

provide
a model for understanding the role of

the liver in pharmacokinetics
than a clinical methodology

for its direct. measurement.

Although the mathematical treatment. of hepatic clear-
ance has been developedfor steady-state conditions, rather

than for exponentially falling drug concentrations in the

inputs and outputsto the liver, the subjectis appropriate
at

this place, in conjunction with otherclearances,
The hepatic clearance, Cly,

can be defined by the equa-
tion

1.
Cas

7

©y
|Cl, = LBP

(*)

m= HBE. fale min] (28)
+
ap

 

 
Claarance,

No. Distribution L Ronal Gispositlon anfran Halt-Lite

J Total body water BO Filtered and resorbed with water 1 24 clays
2 Total body water 50 Miltered, no resorption 126 4.67 hr

3 ‘Total body water 50 Tubular seerction, tata) clearance TO 50in

4 sxtraceluar walter 18 Tubular secretion, total clearance 7O0 Homin

6 Strong)y bound in tissues 60,000 Filtered and resorbed with water i GG yr

i Strongly bound in tissues 60,000 Tubular secretion, total clearance FG a5 days
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where HBF ig the total hepatic blood flow, Cay the hypo-
thetieal menn of mixed hepatic arterial and portal

venous

concentrations and C, is the hepatic
venous concentration,

The ratia, (Cap
=

C/Cyp,
18 the extraction ratio, &. Unlike

glomerularfillration, there is an upperlimit to the absolute

quantity of drug that can be cleared and hence tothe extrac

tion ratio. Extraction is flow-limited only
so

long
as the

biotransforming enzyme system is not approaching satura-
tion. ‘Phe maximal clearance in the presence of normal
blood flow hag been called the total intrinsic clearance,
Clay, The extraction ratio expressed in terms of Clingis

.
Chip

HBF+ Cl.,,,
which may be substituted into Hq 23, to yield

Es (24)[no units]

Cly
=

usr -)

= HBF tml.+min@}|

(25)

The intrinsic clearance beeames

(26)Clan
=>

Jr. amin”|]
 

Clie is (hus somewhat analogous
to Ving/ia in enzying

kinetics.

eqs 23 through 26 emphasize that hepatic clearance and
extraction are funetions both of hepatic blood flow andthe

capacity of hepatic enzymes to biotranafarm(or secrete into

bile} the drug that is delivered. In order to appreeiate Lhe
relative dependencies

on
Clu, and HBF, various assumed

values may be substituted into the equations. What will be
foundis that the larger the Clay, the more Cly Lends to be

flowllimited Ge, dependent upon the rate of delivery of

hlood), whereas when Clas is small, Cl; is metabolism-
limited. At constantblood flow with a

drug in which elimi-
nation is predominately hepatic, when intrinsic clearance

and hence extraction ratios are small, a
significant change im

intrinsic clearance will be accompanied by
a significant.

change in do; whenintringic clearance is high,
a

significant
change may be accompanied by

a small, often insignificant,
change in fy but a

significant decrease in bioavailability.
In the latter instance, é1/2 is determined mostly by the frac-
tion of the cardiac output that passes through the liver.

Figures iflustrating these features, an excellent discussion of

hepatic clearance and various models of hepatic elimination
are

availoble,®
as well ng a treatment of the offeetof binding

of drug to plasma protein, Binding
to plasmaprotein limits

clearance when intrinsic clearance is low but not whenit is

high.
Although the determination of Cling, is toa invelved for

rouline investigative purposes, if, may be estimated accord-

ing to the equation

1- Pun
.

i)
_

Chip
*

abe:

fer
oe min}

where Dy, i8 Lhe tolal quantity of drug excreted unchanged, {
is the fraction absorbed, D is the dose administered and

AUC, is the total area under the blood concentration-time
curve after intravenous administration. ‘The meaning of
AUCwill be discussed later (page 797),

Some drugs may be used to justrate some of the points
emphasized by the model. For example, at blood concentra-
tions of ethanol above 0.02--0,04%, the hepatic alcohol dehy-
drogenase systemis saturated, and hence hepatic blood flow
will have little effect on

Cty of ethanol above the concentra-

tion Indicated. This implies that liver disease or
injury will

not much affect the rate that ethanol is cleared from the

blood, & fact of some forensic importance. The hepatic

(27)

biotransformations of pentobarbital and phenytoin are rela-
tively slow, ie, Clie,

are low; consequently, the induction of

hepatic cytochrome P450 will increase Cly, almost in pro-

portion Lo the degree of induction, and the t1/2 will be shart.
ened accordingly. ‘Phe hepatic biatransformation of lido-
caine is extremelyrapid, je, the Cl,,;, is very high,

se that Cl,
is Jimited by hepatic blood flow. ‘This means that by the oral
route, in whichall of the absorbed drug obligatorily passes

through the liver, only very small amounts will survive the
pass through the liver into the systemic circulation, This
nearly total clearance as the drug passes through the liver
inte the rest of the body is known as the first-pass effect.
The clinical significance of the first-pass effect is discussed
in Chapter 37. ‘The flow-limitationin the hepatic metabo-
lism oflidocaine also menns that in congestive heart failure
or shock, in which hepatic blood flow is diminished, the rate
of biotransformation will decrease and f)/2 will increase,

Biliary secretion contributes to hepatic clearance and
hence is included in the above pharmacokinetic consider-
ations. However, drugs that are excreted intact or ina form
from which the drug

can be sequestered
in Uhe intestines and

subsequently resorbed (enterohepatic recirculation} may
have complex pharmacokinetics if the rate of billary

secre-

tion is an
appreciable fraction of the hepatic clearance andif

the enterchepatic reservoiris large,
Other Routes and Clearances~—The kidney

andliver are

usually the major organs in the elimination of drags,
andall

other routes combinedoften contribute negligibly. Howey
er, with the volatile anesthelies, pulmonary clearanceis the

major route, and pulmonary clearance becomes dominant,
pulmonary clearance of gases is flow-limited. With some

drugs, mammaryseerclion is appreciable, and the presence
of drug in milk may present hagards to nursing children;
however, pharmacokinetics in the mother usually is not af-
feeted by lactation. Salivary secretion is Loo small to affect

systemic pharmacokinelies, but the concentration of drug in
saliva usually parallels that in plasma,

so
that, with some

drugs, it is possible to follow systemic pharmacokinetics by
samplingsaliva,

Absorption Plus Elimination—-The kinetics of absorp-
tion and disposition must. now be put together

ta define the
time-related curve which describes the plasma

concentra-

tion of a
drug administered extravascularly. ‘The curve is

determined bythe algebraic
sum of all processes involvedin

absorption, distribution and elimination. Since disposition
{distribution plus elimination) begins

as soon as the drug
enters the blood stream, the plasma concentration reflects
all these processes from the outset.

The time course of the plasma concentration of a drug in a

one-compartment body
can be obtained by combining alge-

braically Jigs
| and 5, with appropriate rate constants, and

substituting /D/Va for
Cy.

Whenthe equations for absorp-
tion and elimination are thus combined

[DhyJy Wikth) (ett
—
ey wee vol“! (28)

dhe ‘el

where f is the fraction absorbed, 2is the dose, ete,
This equation simplifies to

Cy
2

Chet

—

C8e
twee val!) (29)

where
Ch

and the
C,

of eq § are the same, since they both
represent ali of dose, D, distributed in Vy. If there is a

lag,
the t-factarin the exponents of ¢ should be ¢

—
£), where £ is

the lag time. Figure 86-7 shows a
plotof the plasma

concen-

tration for each of absorption and elimination separately
and when (he two are combined.

ln Fig 36-7 the parameters of absorption and elimination
were assumed, in order to construct the figure. In practice,
drug concentration-time data are obtained empirically, and
ihe parameters are obtainedfram a

semilog plotof the data,
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Fig 36-7. Time course of the plasma concentration of a
hypothetical

drug with simplefirst-order absorption and elimination kinetics, The

rate constants are shownin the figura. The half-time tor olimination

is 3.47 hr.

as in Fig 36-8, ‘The rising phaseof theplot is patlog-linear,
ince that which is added hy absorption is diminished by
elimination. Only after abaorption is camplete doosthepiot
become log-linear, since now Lhere is no

opposing process al.

work against ihe mono-exponential decline in concentra-

tion. ‘The time al which absorption easentially is complete
is called the absorption time andis detected as that time at

which Uie plot becomes log-linear. However, prior
to the

absorption time, the concentration af the site of deposition
becomes equal

to that in plasma, This is called the equilib-
riumtome. is also the peak-time for plasma

concentra-

tion. Beeause of the interplay of physicochemical and ac-

tive transport factors that affect the distribution of a drug,
true chemical equilibrium is not reached necessarily at the

pharmacokinetic equilibrium point. The log-linearline de-

scribed by the elimination phase, when back-extrapolated Lo

the y-axis, yields
a theorctical

Cy
just

as with intravascular

injection, and Viyestepy
can be calculated accordingly. Fur-

thermore, the slope of Che log-Hnearelimination segment of

the semilog plot is equal to —0.434k.4, as with intravascular

injection,
‘The absorption rate constant, Ke, also can be

‘Thooretical blood concentration if
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Fig 36-8. Kinetics of absorption and disposition of thoaphyliine in

the human subject after orat administration of 0.5 g of aminophylline
per 70 kg. Blood concentration is plotted on a log scale (courtesy,
data, Frultt, of af),
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obtained from the plot, if the empirical curve is subtracted
from the back-extrapolated elimination ling. 'Phis is done

by subtracting the real values for C, (Cy, Cy, ete) at various
times during the absorption phase

from the extrapolated
values for C,, designated (”,

on the back-extrapolatedelimi-
nation ling. Tt must be remembered that the antilog and not

the log of C must be usedif fog C is plotted in Cartesian

coordinates. This methodof dissecting
9

compound func-

tion Into its separate components is known as the method of
residuals, or back-feathering. ‘The back-feathered absorp-
tion. line is the dashed Hino; its slope is negative,

as though it
were

being
seen from the site of administration.

The peak concentration, time of peak concentration and

duration of action are affected by various factors,
some of

which are discussed below.

Peak Concentration—That the peak concentration

should vary with the dose is self-evident; according to Wey 28,

itis directly proportional
to the dose (assuming that absorp-

tion and eliminationare first-order processes), Figure 36-9

shows how peak concentration varies directly with dose.

Note that the time of peak concentration is the samefor all

doses; this independence af peak time from doseia approxi-

mately
trae in all multicompartment systems. Departures

from the generalization
occur especially when the rate of

absorption
or eliminationis different at high from those at

low concentration; ie, when it ig dose-dependent (see page

744),
Time of Peak Concentration—The time of peak concen-

tration must not be confused with the time of peak effect.

Effect oflen iags behind plasma concentration, sometimes

because the tissue concentration at the point of action has
not yetreachedits peak and someLimes because a response
may have a considerable latency. The latency of effeet of

reserpine
or

phenytoin(in its anticonvulsant effect) is mea-

sured in hours 40 days. Occasionally, the timeof peak effect

may precede the time of peak concentration because ofa

reflex or other compensatory process which limits effect.

before the concentration becemes maximal. ‘This is often
true with oral administration of ethanol or

ephedrine. Both

the peak concentration and time of peak concentration are

considerably affected hy the rate constants for absorption
and elimination. In Jig 36-10, the effect of differences in

absorption rate is shown indicating that the higher the ab-

sorption rate, the higher the peak concentration and the

earlier Lhe time of peak concentration, Figure 36-1) shows

the effect of differences in rate of elimination depicting that
the higher the elimination rate, the lower the peak

concen.

tration bud the earlier the time of peak concentration. The

io effects of absorption
rate and elimination rate can be
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Flg 36-9. The effact of the size of the dose of a drug on the poak
concontration, time of peak concentration and duration of action.
The data are calculated from a one-comparimant model.
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Fig 36-10, The affect of differences in the rate of absorption of

drugs on the peak concentration, time of peak concentratlon and

acjourn Inthe body, The rate of elimination is the sameforalf curves.

The dotted line (k,
=

©) ta approximately whal the concentration
curve would ba, had the drug bean given intravenously. The data
were calculated from a

ons-compartment model,
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Fig 96-11. The affect of differences in the rate of eliminatlon of

drugs
on the peak concantration, tims of peak concentration and

sojourn in tha body. Tha rata of absorption Is the samefor all curves,

The data were calculated fram a one-compartment model.

treated as
asingle phenomenonif the ratio of Ra/Ry is consid:

ered rather than the separate rate constanta (Fig 36-12),
The effects iHustrated in Figs 36-10 to 86-12 have certain

clinical impHeations:
1. Differences tn the rate of absorption are of more significance for

stowly than fer rapidly absorbed drags. Jn Fig 86-10, the penk blood
levels are achieved whendy

=
2hr! (¢)2 "0.35 hr) is only 13% lower than

when ky
= 20 be! (éy2

=
0,035 hr}, bul the differencein the level when ky

OO.) bre! (yyy 6.98 hr} is 49% Jower than that whon Aa
* 0.5 he7! (ti

=

1.39 hr), evon thoughin the Jatter the rate difference was less than in the
former comparison. [4 js thus apparent that differences in dhe release
rites among different products of the same drug, or What. differences in

gastrointestinal motility, blood flow, ate, may be imporiant, depending
uponReker “This point has a special relevance Lo austained-release and

depot formulations, With a number of drugs, expecially among the
anorectic drugs, the dese with a sustained-reloaso form oftenig approxi-
mately tho same as that of a rapid-releaae form; flu, the former has a

long duration in the body butyields low biood levola whon used in ao

single dosy, Except with the initiat doag, the differences are of lesser
imporlanee in a multiple-dose regimen. Small differencos in the rate of

absorption of rapidly absorbed drugs are usually of minor significance.
2 Whenthe rate of absorption {s rapid relative to that of elimines

tion, differences in dhe rate of eliminationda nat greatly affect the peak
concentration consequent ta a single dose (compare lop two curvon of

Fig 86-12. Thus, in such inetancea, tie peal concentrationis relatively
insensitive to normal variations in the rate of elimination. Congequent-
ly, with sucha drug, Lhe aise of the initial doso ina mulliple-cdose regimen

  
k

ie

=
Ok

= =)

 
08

O2

0

Fig 36-12, The effect of diffarancos In the ratlo, koi, (Ke/Ka In

dlagram), on the peak concentration, time of paak concentration and

sojourn In the body. The ordinate, X/Mj, actually represent tha

fraction of a dose that [s In the body,but they are
directly proportional

to concentration and thus serve to represent concentration. The

abacissa can ba convertedto time bydividing by &,, the elimination
rate constant(courtesy, Goldsteln, et af ty,

often may not need to he diminished in Lhe presence of renal or hepatic
impairment; however, subsequent desea require adjustment.

3. A change in the time ef peak concentration orof peak effect tx

usually ar indicadion of a change in one of ar both ky and kop

Duration of Action-—The duration of action of a
drug is

related to its pharmacokinetics
in a rather complicated way.

It is usually shorter han the sojournof the drug in the body,
because a threshold, or minimal effective, concentration
must. be reached before the effect. occurs (see Fig 36-9), and

the effect usually
ceases when tho plasma concentrationfalls

below the threshold level. In a one-compartmentayatem,
duration of action tenda to be proportionalto log-dase. Ina

two-compartment system, it tends Lo be proportionalto log-
dose only whenthe site of action is in the central compart-
ment and the effective concentrations (minimum Lo maxi-

mum)
are

entirely within the concentrations found during
the elimination phase. In Fig 36-9, the durationof actionis
3,26 br with dose D, 4.6 hr with 1.82 and5.4 hr with 2D; were

the threshold at 6 (dotted line), instead of 4 (dashed line),
the reapective durations would have been 1.5, 4.25 and 4.25

hr. Although the example in whichthe threshold is 6 pro-
vides that the duration of action would be disproportionate-
ly prolonged

as the dose is increased, the contrary is seen

whenthe threshold ig 4. Consequently, increasing the dos-

age is usually not a
feastble way of increasing the duration

of action and toxic concentrations are often reached more

predictably than durationis prolonged.
With a few drugs, there ia no mathematically definable

relationship between duration of action and poraistence of
the plasma concentration. With reserpine, for example, the

effect outlasta the sojourn of the drug, because ofthe deple-
tion of a slowly replaceable biological mediator.*

Multiple-Dose Administration—-This refers to the ad-

ministration of a succession of doses at intervals such that

the drug does not leave the body completely in each interval

betwoen doses. The usual procedure in a multiple-dose
regimen ig to administer a

drug repetitively with a constant

dose interval, designated 7, with both dose and r chosen so as

to maintain the plasma concentration in the therapeutic

*
Careful studies show that trace amounts of reserpine in the body

outlast the affect and the durationof action maybe relatedLo these trace
amounts. These residual amounts, however, ave much smoltor than are

required toinitiate the catecholamine-deploting action.
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Fig 36-13.

equal to the half-life, fp.
dose is administarad.
each dose interval thereafter. Approximately 5

stippled area Is the area under the ellenination curve of a single injection, If no sacond dose had been givan.
The two areas are equal.under the curve during a single-dose Interval.

range, Some feutures of such repetitive dosing maybe seen

from the construction reproduced in Fig 36-18.
Accumulation and Plateau Principle-—-H{ the noviec read-

er will make his own
construction, it will aid greatly his

understanding of the subject. In the construction, the
amount of drug in the bedy, Dy, is plotted against time,

Dose, D, is given repetitively, intravenously, at intervals
such that 7 =

ty), in order to facilitale the construction,
The first dose is given at. + =

0; singe ILis given intravenously,
the amount in the body rises to Da

=
I essentially irstanta-

neously, Immediately, Dp falls exponentiaily with the first-
order kinetics of Eq 1, except that whole-body content, rath-er than Cp, is

plotted.
Since 7 *

fj, at7, Dy
=

Vals when the
next dose, D, is added, it brings the

body
content up to 2 +

WD), During
each dose interval, Dy falls exponentially to

one-half the previous postinjection peak. As Dy rises after
each odministration, the rate (not the rate constant) of elim-
ination rises proportionately, until eventually the amount

eliminated during
7

essentially equals the amountinjected.
The maximum and minimum values of Day Paoaay and

Deon, during 7, approach respective asymptotes, shown on

the graph. Ast-* ©, Dyoner
7

20 and Drone? 2. Thus,

although Dyfluctuates between Dypiexsy ANd Dxgainy,
oboe the

asymptotes
are

approximated closely, Dg can be thoughtof
as

having reached a
qualified steady-state condition, and

the pharmacokinetics
are sometimes called steady-state

pharmacokineties. Also, 2, is said to have reached a
pla-

teau, IL is important
to note that the rate at whieh the

plateauis reachedis at exactly the samerate at which dragis
eliminated from the body aller a

single dose. ‘Thus, the

exponentially falling line for Uie elimination of D given
at 7

=() (bad no further doses been given) is the mirror image of
the Hne connecting the sequential Dyonags. The principle
that when the rate of absorptionis fast compared to the rate

of elimination (Rg > Site) the rate at which the muttiple-
dose steady state ts approached {s determined only by ket,
and is known as the plateau principle, This is the funda-
mental feature of one-compariment multiple-dose kinetics.
It oblains irrespective of the value of +, However, the pta-
teau concentrations do depend upon + (se¢ below).

Tn Fig 36-13, the drug
was administered intravenously,

so

that no
Lime-dependent absorption had to be eonsidered.

When absorption is involved, the Chimes)
is pot as

high
as

The accumulation of drug In the body during a regime of multiple dosing.
Thus, afier each dose, fhe amount in the body, Op, has dacreasadto half the previous peak amount at the time each

Wher the cumulated amount in the body after injection reaches 20, te body content will fhictuate from 22 {0 19 during
§ halfdives are required before this leveling off (plateau) of the body content occurs.

Dose, 2, is administered intravenously al intervals, 7,

The
The cross-hatchedarea is the area

with intravascular administration, but is blunted and occurs

with a
latameyafter administration that. is determined by Ry/

#4, just
as in single-dose administration, ‘The appearance of

the Cy-time
curve with multiple-dose administration is

shown in Wig 36-14. ‘Phe value of
C,

at any time doring
multiple-dose administration can be calculated according ta

By 80,
+ oe

[Ry Diethe + pel.
e@ het

—
hi) a

 (8
Oe

PVRe
mabyt
 aber +p).

]

ire

-(
De (30)[wis voim!] 

where nis the ath dose,
¢ is the dose-interval, ¢ is the time

sinee the last dose, 2 is the maintenance dose, 2)" is the
initial or

loading dose (see below) and fis the fraction ab-
sorbed (bioavailability factor). With this equation, C,,
rather than Dy, is caleulated; however, it wile recalled that.
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Time course of the plasma concentration of a drug
C" (ordinate):

seennaereeneesevcnisnecdyess yegee cee
 

 

Fig 36-44,
adivnistared according to a multiple-dose scheduic.
concentration; {abscissa}: tine; D': initlaldasa: 2: maintenance
dose; 7: doso-intorval (equal to fy,2 In this illustration): Gf jaa! mini.
mum concentration aflar each dase {same a8

Chys.yq i text) (Courtesy,
Kriggor-Thlamer’,
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oe

=
D/Vq, and similarly, C,,

&
Da/Va, so that the equation

easily is modified to calculate either C,
or

Dy and the same

principles apply in either form.
His important to know how many half-lives must tran-

spire before the plateau is approached closely enough to be
considered complete for practical purposes. The value of

Daun) 18 Approximately 98% complete at 47 and 97%xt. 57;

Ditenay) is O79 at 47 and 98.5%al 67. ‘Thus, it may be stated

that, for practical purposes, the plateau slate is reached in

approximately 5 half-lives, provided fy > 54... ‘Phis is an-

other formof the plateau principle, The principle applies
wheneverthe steady stale conditions are

perturbed; Unalis,

Shalf-times uaill be required
Lo reach a new

plateau, wheth-
er the plasma concentration is rising or

falling to a new

plateau (see Fig 36-14).
Maximum and Minimum Concentrations-—-During mul-

tiple dasing, Cpraas) ANd Cruniny
APE described by Eqs 31 and

32:

pattya (31)iwt vol]

 mAh,

gucem)C
=

(32)pla

 
5 iwt- val

l-e

where nis the nth dose,
CP

is the concentration that would
have occurred from instantaneous absorption

anddistribu-
tion (obtained by extrapolation of the elimination curve to
zero time) and ¢, is the abserplion time. The term

Ch
may

be replaced by (/D/V¥. During the plateau state, 1
—

eter
becomes er, and

Crtmary
ANd Couniny

ave designated Chay
and C**.,, vespectively, ‘The equationis valid only when k, >

Ske. Ut can be seen that
Cymer is

determined by bothfy and

hey (ity Shows itgelf only indirectly, in £4) and
Cyoniny by Fei.

The greatest difference between
Crmmary

avd Cpunin
occurs

when the drug is given intravenously; when + =
()2, after

intravenous injection, Cpumna/Cponiay thearetically is equal
to 2. With extravascular administration, the ratio is always
less than that wilh intravenous administration, the ratio

being determined by &a/Kw. Ab No/her decreases, Cognari/
Choniny decreases,

Average Concentration and Body Content-—Phe average
concentration during the plateau

state is described by iq 33.

[D_ VadbypfDC
BE coed

“plave) ,

Vokwat Vor
‘The coefficient 1.44 is the reciprocal of 0.693 in iq a. The
term

Coenis
a

time-averaged concentyation and therefore
is really

amean concentration. Since
C,

=
Da/Vy, it follows

that

[wie vol} (38)

DN 144
bypyf/D

Prave) =

i

ee
[we]

It js self-evident. that the plasma concentration,
or amount.

of drug in the body,is directly proportional
to the fraction of

drug absorbed (/, bioavailability factor). ‘The appearance of

fin these equations
and

tq 30, however,
serves asa reminder

that a change from one
drug product to another with a

different bioavailability, 7, will be accompanied by changes
in

Coe)
ANA Daten

08 well as in the maxima and minima.
‘The equations also reemphasize that a

change in £)/2 (or Rep)
will affeet Cotas and Daten, all other factors being held
constant. Sinee ky and f (and sometimes V4 in relation to

weight) vary from patient Lo patient, dhe dosage of certain

drugs always needs Lo be ascertained with laboratory assis-
tance and acumen. ‘The effects of changes in 7 are discussed
below.

Importanee of Dose-Interval-"Phe ratio
Crunag!Cponia

depends
on the dose-interval,

7. If Lhe interval is increased

(34)
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Fig 36-15. The offect of the dose intorval onthe tlme course of the

plasma concentration of a drug administered Ia a
muitiple-doso regl-

men, O'
=

4,0
= 3 and ko/Kg

=
3. The dose interval is 1.7 hr in

Curve 1, 7.7 hr in Gurve 2 and 3.6 hr in Curve 3 (courtesy, Notar?").

and the dose is unchanged, Chunasy Catainy
ANd Cotaeoy

all

decrease, but.
Cotmaci/Cpunim

i8 INereased. If 7 is decreased,
then

Chunash Couniny
and

Cotuery Ncrease, DUt Coimas/Crain
is decreased. ‘This is shownin Fig 36-15. To avoid a

change
in

Cote) COnsequend to a
change in 7, the dose may be

changed appropriately, in accordance with Kgs 32 and 33.

Nevertheless, the wider fluctuations between Cormay and

Chiminys
When 7 is lengthened, cannot be avoided simply by

adjusting the dose (see Fig 86-16, broken lines). Tf
Cousin,

rather Chan
Coney

38 held constant, the fluctuations become
even

larger (tig 36-16, solid lines), and the hazard of the
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Fig 36-16. Fluctuations in the plasma concentration of a drug when
the dose interval is changed but the doso is altered to maintain the
same minimal (solid ilnes) or average (broken lines} concentration

duriag maintenance.
CG"istha

minimal concantation (correapond-
Ing t0

Gry In the text) and
Gy

Js the average concentration during
maintenance (corresponding to Gavin the text). Time ts in muitl-

ples of the half-life (courtesy, Kriiger-Thiemer,” adapted).
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eoncentealion reaching the toxic range is increased. Can-

versely, (he greater Ure numberof divided doses, the smaller
the fluctuations in plasma coneentration, For drugs with a

narrowLherapeutie range, it is usually inadvisable to dose al

intervals longerthan die. With digiloxin,
7 is much smailer

than fy, and the fluctuations in plasma concentration are

consequentlyleas than 10%. However, for drugs witha high

therapeutic index and which do not require a steady plasma
concentration for an adequate therapeutic action, dose in-

tervals much larger than ty, may be used conveniently.
Penicillin G is such a drug; itis more conveniantto give large
doses nt d-hr intervals, or

Jonger, than at. 30- to 6Q-min

intervals (t)/2
=

30 Lo GO min).
Caumuiation Ratio and Pursistence Factor-—From the

above, it is evident that the drug cumulated in the boy

duving, the repetitive administration approaches differant

amounts (asymptotes}
in the plateau slate according toe the

magnitude of 7 in relation Lo dry (or kya). The dose-interval

must be a convenientinterval that nol only is easy fer Lhe

patient
or medical and paramedical personnel

to keep track

of but abso one which does not subject Lhe patient
lo an

annoying
or difficult number of doses per day. Furthee-

more, £4) varies frompatient
to patient. Consequently, itis

rare when + =
(72, althoughiL is sometimes chose enough that

the differenceis inconsequential. ‘Therefore, it is important
to be able Lo estimatethe extent of cumulation with any dose

interval in any patient. ‘his can he done with information

derived from a
single dose, by

means of the accumulation

factor, Ta.

[no units] (35)

 
She component factar, eh, is the persistence factor, ry

whichis the fraction by whieh C,,
or 1); falls during the dose

interval. When the plateau,
or steady state, is reached the

cumulated plagma concentration or
body content will be

larger than that fromthe first dose by
a factor known as the

cumulation ratio (or drug amounl ratio), Ry.

 Ge
ory ~

oh
Din

where ("is
the mean

concentration dusing
one

dosageinter-

val during the steady state and Cy is the mean caneentration
from € =

Oto d
= «

after

a

single dose; Dy,
and Dy, are the

corresponding respective body contents. Since both C3 and

6
can be estimated from the AUC, it is appropriate

lo

discuss this further.
Area under Curve (AUC)-~The

area ander the manoex-

pomentially falling, single-dose plasma concentration-time
curveis the integral of the differential form of liq 1, from é

=

Oto £
= 2;

Ina units} (36)

 

 

 AUCS a OR
|

Cdt
la

_ *

nha
a

Ci wd oat ne=]
OP ds

i fwt- vol
l-
time) G37)

ral

Althoughthe units are concentrationlimestine,the valueis

equal a the Lime-averaged concentration
and henceis called

the average eancentration Cy, although it is more
appropri-

ately a log-meen concenlaauion. If the amount of drug in

the hedy is used, instead of plasma concentration, the A uc

is equal to the time-averaged body content. The average

bedy content could, of course, be calculated from
Cy by

multiplying by Vy.
liven when two or more

exponential processes act addi-

tively
on the plasma concentration (or body content),

as in

absorption plus elimination, the AUC?
°°

equals Ch
(or J})).

The interested student may
verify this by integrating any of
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eqs 28-30 In the two-compartment system {see below),

AUCt?™
for a plasma concentration-Gime curve correctly

equals Cy;
however, Dj eamolbe ealeulaled from

Cy,
be-

cause the plasma concentration differs fram the average

hocy concentration.
Since AUC®*™

=
C'/Rin the one-compartment system,

it is obvious that AUC dees notprovide any new information

that olherwise cannot be obtained,
as

hy bach-extrapolalion
ar

regression analysis, Nevertheless, AUC Frequently is

used in lieu of
ORRete For example, in the determinationof

the bioavailability factoy, f, the AUC!
°°,

afler extravascular

adrninistration (AUCE8,"),
divided hy the A UC after tnéra-

vascular administration (AUCH)
is equal to/.

The term AUC!
*
ig not the only AUCthat mayhe used

in pharmacokinetics.
The AUC during different time inater-

vals, undersupposedly steady-state conditions, could be em-

ployed
to deieet Gime. or concentration-related changes in

clearance (eg, see gs 1) and 27). During the plateau,
or

steady state, Lhe AUC during
one dosein terval (AUC*) is of

special interest. ‘To evaluate AUICe
“*

requires many sam-

ples taken over a long period
of Lime, whieh is an inconve-

nence to the subject
or

patient, The value of AUCean

provide the same derived information with fewer samples
andjess ime. This is because AUCs

=
AUC! +’, ‘Phus, in

Vig 36-13, the stippled area, whichis AUC! would he

equal to Lhe cross-hatchedarea, AUC™,exceptfor the negli-

sible stippled
area that. remains after 57. Ati

= », the two

areas would be essentiallyidentical, Jn this comparison of

AUCs,
the identical areas do not mean that

Cy,
is identical Lo

Cs,
but it does enable ALC™ vo be used to calculate values of

single-dose parameters
andvice versa,

Constant Infusion and Sustained Release—A constant

infusion or sustained release of a
drug maybe regardedas a

series of minidoeses givenat infinitely short dose intervals.

When infusion ig intravascular, the plasma concentration

will sise in logarithmic fashion with the same time course

and cumulation fietor as with multiple dosing, je, witha rate

constant of ky. ‘Thus, the plateau principle applies equally
Lo constantinfusion and multiple dosing. After discon tinu-

ation of infusion, the plasma concentration falls exponen-

tially with a rate constant &,., in accordance with liq 3.

These principtes
are illustrated in Tig 36-17.

 

 

  oot
sennaTime (hr)

Fig 36-17. Sermlogarithmnic pict of plaama concentration durlng and

afior cessation of a constant intravenous Infusion of a drug in a one-

compartment sysiam. Whether Infusion is stopped prior to the al-

lainment of 4 plateau or after, the plasma concentration will fall log-

linearly with a slope of -0.434k,, In the figura, is k,and 142,303
=

0,434, Cy, ls the staady-slale concentration,
oy

{courtesy, Gi-

baldi and Parrter™.
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The steady-atale plasma concentration, C*, is equal to the. : Ns pt
infusion rate divided by the whole body clearance:

sees R* I
0 ;

C88
=

eae
se
A [wie vol"! (38)

Chay Yaka
where /¢" js the infusion rate, ‘The term Ve must be ex-

pressedin the same volume units na #% Cl... and 8° mustbe
in the same time units as 2:

With sustained-release dosage forms, in which the release

is approximately constantfor long periods of time, the phar-
macokineties are like those of constant infusion.

Leading and Maindenance—Iny Vig 36-13, Dignan
7"

203

consequently, had 2D been given for the first dose and D

thereafter, the plateau condition would have been reached

immediately. ‘This illustrates the principle of loading.
The same effect of loading ja shown by

curve 3 in Fig 36-14;
in both theae figures,

7 =
fa. ‘The initial dose is called the

loading dose, D*, and each subsequent dose is called the
maintenance dose, D. Since it takes about 4 half-lives to

reach the plateaustale, it is very important
to use a

loading
dose with drugs that have long half-lives or in situations in

whichit is desirable that the optimal therapeutic concentra-
tion be reached rapidly.

The loading dose, D*, should approximate the amountof

drug in the body which will be contained during mainte-
nance (ie, the plateau state}. ‘Phe most direct way to caleu-
Jate D* is with the equation

VapunasyD*
we

[wt
(39)

f

assuming that Vi and
Cyonax)

are both known. A first dose
so culéulated achieves a

Cntonen)
that is equal to that at the

steady slate only for infravascular administration, After
extravascular administration Cages

is less Chan that after
intravascular administration and hence the Joading dose is

proportionately smaller. With some intravascularly admin-
istered drugs, the loading dose is caiculated deliberately to

be less than that calculated by Bq 39. Among
reasons for

choosing
a fower dose than that calculated by liq 39 ia that

the effects of the first ofa series of doses oftenelicits greater
responses than do subsequent doses, because reflex, horme-
nal and other counter-regulatory effects have nat had

enough time to come into full play. This practice applies
even to some

exéravascularly administered drugs, such as

prazosin. Consequently, CS,
or even

Ci
agay May be used t7

Hiew of
Cfimagy

Et must be remembered that with such wn-

derloading the steady stute is not achieved fully with the

loading dose. With drugs which have a very low anderratic

therapeutic index and potentially fatal toxicity, the loading
dose may be divided into smaller doses, to be givenat various
intervals before the firal maintenance dose; this permits
monitering of both

C,
andclinical effects during loading and

allows an assessment of whether the intended maintenance
dose is correct. Fractional loading aise is used when a

drug
with a low therapeutic index has a

significantdistribution

phase, such that toxic plasma concentrations occur before
diaLribution equilibrium

occurs. With some
drugs, an ap-

propriate V7
is not known, thua making Eq 39

inapplicable.
With such drugs, D* can be colewated from traditional,

empirical maintenance doses by means ofthe equation

D*
=

[we] (40)

 The equation correctly applies only when hy > 3h. Also,
D* can be calculated according to

D*
=

(DIR,
=

144{Dtyolr [wt]

where Jt, is the cumulation ratio (see Tq 36),
The Gime course of the plasma concentration after differ-

(49)

ent
loading doses is shownin Fig 36-14. When D*

=
21), the

plateau maintenance concentration is approximated closely
when?

©
t4, but is smaller than 2 when + < f1/;, and greater

when 7 > di,
in Fig 86-14, it should be noted thatif the loading dose is

not optimal, either too Jow or too high, the plateau state is

approached with the same time course as when no
loading

dose is given.
Whena constant intravenous infusion is used, Ube princi-

ple of loading also applies, because the plateau principle
applies; loading may be accomplished with one or more

rapid
intravenous doses, called boluses or

slugs,
or

by
an initial

period of rapid infusion to
bring the plasma concentration to

the maintenance level. ‘The loading dose ean be calculated
from Hy 39 or the infusion rate and hall-time,

as

, Roby:
De

Ba ee
ME

iwt]0.494 log 2 (12)

Open Two-Compartment Mode!

The one-compartment model adequately describes the

pharmacokinetics
of many drugs. However, with an even

larger number of drugs, after intravenous administration,
the decline in plasma concentration is nol monoexponential
but rather manifests two or more

monoexponential compo-
nents which are discernible in the semilogarithmic plot of C,,versus time, The most commonis a decline which manifests
two components; the open two-compartment model most

adequately descrihes such pharmacokinetics. Other models

having
more compartinents

or other complexities will be
mentioned later briefly.

Deseription of the Moedel-—in the open two-compart-
ment model, the body is considered Lo comprise two com-

partments in dynamic equilibrium,
as

depicted in Fig 36-18.
The compartment into which the drug is directly absorbed
andfrom which the drug is eliminatedis called compartinent
1, or the central compartment, The bloodis a

partof this

compartment, is the transporting and distributing medium
andis the medium actually sampled for chemical and phar-
macokinetic analysis; consequently, compartment1 is some-

 
 

 
  

  
 

 

Compartment 2
(peripheral compar tingnt}

Ba.
eft,ify

Volume &
Wy

ox

r

e
°

SiRBOT OnLetiminetiony

   
Compartment| Volume
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Fig 36-18. Diagram of open two-compartmont pharmacokinetic
model. An amount of drug, #2, is absorbed from the administered
dose, 23, with a first-order rate constant of k, into Compartment tf of

volume ¥,. Someof the absarbed drug enters compartment 2 with a
first-order rate constant of Ky. aad ls returned info compartment 1 with
& first-order rate constant of key, 2, is the amount of drag in

compartinent 1 and De ln compartment 2; C, and C, aro the respec-
tive concentrations in compartments 1 and 2 (C,

=
C,}. Drug ts

eliminated from compartment 1 with o first-order rata constant, Ke.
which, however, Is obscured by the jag in transfor of drug from

compartment 2 to compartment f. 2,ts the amount excreted inte

urine, feces, expired air, sweat, milk, etc: D,, is the amount of drug
metabolized. The relative volumes of ¥; and Vs may vary greatly, ;
sametimes belng the larger and other times the smaller.
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times misleadingly called the bleod or
plasma compartinent,

even though the erythroeytes
or

plasma proteins may some-
times behave kinetically

as
though they

were part. of com-

partment 2. In the simple two-compartinent model,
com-

partment 2 is closed and communicates with the enviren-
ment only through the central compartment, being, as it
were, peripheral to the events of absarption and elimination;
consequently, it is called the peripheral compartment.
Sometimes, italso is called the tissue compartinant, which is

misleading, since usually
some

tissues,
or cerlain cell types

wilhin otherwise peripheral tissues, may be lhinetically in

compartment 1. Ht is important to reiterate that the com-

partments are fictive and are defined by the kinetic behavior
of the drug within the body and not. necessarily by identili-
able anatomical entities. ‘To avoid confusion and to enable
a

simple numerical designation of model components and
distribution rate constants by number, the terms compart.
ment t and compartinent 2 wilk be used hereafter.

The movementof drug between compartments is defined

by characteristic first-order rate constants. ‘Phe subseript
indicates the direction of mavement; Ubug Aye (subscript

one-

two, not twelve) indicates movementfrom compartment. | to

compariment 2 and ky, the reverse direction. ‘Phe constants

Ro ant Ay;
are

entirely analogous to the like-designated
re-

spective absorplion and elimination rate constants of the

one-compartiment madel, However, /,.; is not observed di-

rect]y from the dectine in plasma concentrations, siice both
the characteristic overal) rate of the elimination processes
and the rates of diffusion into, and recruitment from,

com-

partinent 2 combine to contro] the rate of decline im plasma
concentration (see below). Once an infinitesimal anvountof

drug is absorbed, all processes occur
simultaneously, ig, in

parallel. Nevertheless, since the various processes havedif-
ferent time constants, one process will run its course fo a

practical end earlier than another, and events may be

thought. of as
oceurring sequentially, with overlap, in the

order; absorption, distribution and elimination, So long
as

Ra > Uta + Res) fRey > Ron the terminal phase will be a
steady

decline in concentration (see ig 86-19), during which the
distribution ratio, C)/Ce, will be conatant.,

Absorption--Absorption does notdiffer from that in the
open one-compartiment model and does not require further

description. Nowever, the determination of absorption
characteristics from the log plasma concentration-time
curves is complicated by the distribution phase, and the
method of residuals (page 733) entails the resolution of

three, rather than two, components (see below).
Distribution and Whimination-—After the intravascular

administration of a drug which obeys two-compartment. ki-

neties, Lhe plasma concentration falls in a
complex twe-

process fashion, but in an arithmetic plot the two compo-
nents may not always be evident to the eye. When concen-

tration-lime data are plotied semilogarithmically, however,
the separate processes of distribution and elimination are

identified easily by the methedof residuals (back-feather-
ing, page 793 and

Wig 36-8), if the rate of distribution exceeds

significantly that of elimination. In Fig 36-19, such a resolu-
tion has been madefor the drug pralidoxime. In the figure,
if may be seen Lhal after 2 hr the curve assumes a

log-linear
character. The assumption is made that the distribution
phase essentially is complete and a

pseudoequilibrium has
been reached between the two compartments. ‘Therefore,
the late log-lineaxy segment of the line, with the slope
0.434f, represents the elimination phase. If this line is
subtracted fram the nonlog-lincar partion of curve, the dis-
tribution phase is the residual line. In erder to do this, the

log-dingar segment. is back-extrapolated. Irom this extrap-
olated line are obiained the antilogs io be subtracted from
the Lemporally corresponding antilogs

on the unresolved,
original curve. The respective differences, or

residuals,
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Fig 36-19. Rasolution of the plasma concentration curve for prait-
doxime Into fs distribution and elimination components after intrave-
nous administration. Note that plasma concentrationis plotted

on a

logarithmic scale. The time constant tor the elimination phase is
delarmined from the slope, -0.434/; itis a hybrid cansiant and f is
nol ihe same as ke (sce text, Likewlse, ihe time constant for
distribution, a, is obtained trom the stope, —0.434e, of the distribu.
tlon lino; a is also a hybrid constant (courtesy, Gibaidi and Perrier®).

then are
plotied semilogarithmically

to réveal the log-linear
line that represents distribution only. From the log-linear
properties of the separate, but algebraically additive, lines

representing he tavo processes ofdistribution and elimina.

tion, it may be inferred that the equation for the original
compound

curve was

C,
=

Ae™ + Bev" [wis vol” 4] (43}

where C) is the concentration of drug in compartinent | (the
central compartment),

a and @ are first-order rate constants
for the distribution and elimination phases, respectivelyand
Aand 3are fictive plasma concentrations to be discussed on

page 740. ‘The constant # deseribes the late rate of disap-
pearance of drug from cormpartinent F but is net the same as

but (see below). Itis the rate constant from which the biolog-
ical half-life ts ealewated tn a

two-compartorent system (t1/2=
(6938/8),
Hybrid and Prime Kinetic Parameters-—1n Fig 36-19, the

slope of thelate, slower elimination line is ~0.4044, where
is a first-order time constant for elimination. However, fis
determinednot only by the rate capacities ofthe irreversible
elimination processes but also by the rates at which drug is
transferred oul of and back inte campartiment 1. Therefore,
Bisa compound,

or
hybrid, rate constant. ff is equal Lo the

fraction ofdrug in the central comparunent, sometimes des-

ignated
as /*, in the postdistributive (elimination) phase

times the elimination constant, Raj, for the central compart-
ment. ‘Thus

 

(44)

Alpha,
«,
is

a
hybrid

constant that combines Roy, Re and &:

a= fk Jtime']

|time”*} (45)

 
Intorestingly, the equation for ae does not include ky, al-

though /* does depend upon (ey + Ay fie. The sum of «

and 2 can be expressed entirely in Lerms of prime consLants:  
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at
h=Ry the thy

—

[time!] (46)

However, these prime constants cannot be determined di-

rectly and must. be derived from the hybrid constants Wat
are obtainable from graphical

or
regression analysis. ‘The

formulae are

 

wy
ALB

ime"! AThey
A,B

{lime |] (47)

we
6

AB EB
-

ay*
woe

gel
ayeAETE time], 48fia VT AAR + Bed itime™*] (48)

and

bass
AB+Ba

timant t
Ray a [time] (49)

where A and #are the 2era-time intercepts of the residual

distribution line and the postdistributive (elimination) tne,

respectively. Bach represents
a Gctive concentration Lhat

doseribes a init when the othervariableis set to zero(ie, the

other process is nonexistent),
‘The volume of compartment| (central compartment)

can

be obtained from
Cy,

Ge, V|
=

(DICH).
From the fictive

caneentration, 8, the apparent volumeof distribution dur-

ing the postdistributive phase
can be calculated, since A + B

=

Ci,
From A

~
8 maybe obtained the value of compart:

ment 2. (Volumes ofdistribution are discussed below.)
Chean he determined more

accurately by summing the twolog-
linear extrapolates than from extrapolation of the unre-

solved curve, The coefficients A and 2 are also hybrid, since

the value af B depends uponall ofky, Aye and Re.
Volumes of Distribution-—'The volumeofdistribution, V4,

of a
drug is a useful pharmacokinetic parameterthat relates

C,,
to Dp (gee page 727). Even thoughitis fictive, iL provides

not only
some insight into distribution butalae importantly

relates to the rate of clearance of drug [rom plasma, and

changes in
pathological conditions reveal changes in the

physiological-biochemical conditions, By
means ofthe dis-

tribution coefficient, A’, dala from one
patient may be ap-

plied Lo others of different body weights (see page 728).
In the open two-compartmentsystem, the determination

of Va is complicated by the slow atlainment of distibution

“equilibrium”(ie, steady slate) between vo compartments,
and the volume ofdistribution is changing continually dur-

ing the distribution phase. H, is especially important to

know Va during the postdistribution phase (in which case Va

only apples during postdistributiontimes) orto estimate Va

by methods that. cancel the distributive factors.

Theoretically, the most accurate methodfor estimating Vu
is known as the steady-state method, of which there are

three variations. In this, the ideal procedure is to give
a

continuous intravenous infusion until the steady state (ie,

plateau)
is reached. During the steady state, the amountof

drug in the peripheral compartment (compartment 2) is

constant. Under these conditions

oe
Bip

t
heyy

Vi
It we

Vv
key

| [vol] (50)

Note that Vis independentof ky and 8. ‘There are, howev-

er, several disadvantages to Lhis approach, the principal
ones

being that for most drugs the steady slate is reached only
after prolonged infusion, since § or morehalf-lives often will

require days oCinfusion, and that Vj, fy, 4g) and f need tohe

determined. This can be done by discontinuing infusion
andresolving the curve of the declining plasma concentra-
tion into its componentparis. Fortunately, Che same infor-

  

mation can be obtained from the mean
plasma

concentra-
tion during

one dose-interval at steady stale, C*. Inthis,

Dt
yy & RyVir

=

aan
Roy) ivol]

where #,. is the rate ofelimination from the central compart-
ment. Provided thatelimination occurs only fram the cen-

tral compartment, Eqs 50 and 61] are valid for any n-com-

partment model. ‘Phis method has the same disadvantage
as the infusion methed in that dosing

must. be continuedto

the sleady stale, which, however, with repetitive dosing is
more comfortable and Jess expensive than continuous infu.

gion. An advantage is that extravascular routes may be

employed and thal only
one dose-interval need be sampled,

thas making the determination of V7 applicable to drugs
with jong half-lives.

‘The value of Vf
also can be determined from arcas under

the curve (AUC) during andafter constant Intravenous infu
sion

(82)
 Rap teyl

Dy
AUC

0
Ho Auch

where ¢(ss) is the (ime to reachsteady state, Dy is the cumu-

lated dose at t(ss), AUCas is the area under the plasma
eoncentration-time curve from é

=
Otot

=
eles} and AUCO

is the total area under the curve fram £
=

0 to 6
=

©,

providing that the infusionis stopped at the achievement, af

steady state or that the AUC, during any overrun into the

plateau slate, is eliminated from the determination of

AUC®-*_ The method bas the advantage that the determi-

nation of kya, Ray, key
or

Vy) is not necessary.
A second methodof determining Vy is that in which Vuis

calculated fram Vj, &esand ft

Evol] (82)

Veg
=

(53)

 
The designation Vain indicates the method of calculation.
The rationale for the methodis the valid assumption that

plasma
andtissue concentrations decline in parallel during

the postdistribative phase,
so that the distribution ratio,

which will be equal to A‘, is constant after the distributive

phase has come Lo completion, ‘Pho method has been shown
to yield the same values for Vyas one based on area:

IPAPace
*

(Ales mrp” Yen Wo

The methodis independent of the route of administration,
so long

as the fraction absorbed,/, is used.
On page 739, on which (he parameters derived from curves

such as that in Fig 86-19 were discussed, it
was

pointed out

that the zero-Lime extrapolates A and 8 were fictive concen-

trations from which apparent volumes ofdistribution could
be obtained. The extrapolate 8 gives a volume known as

Vatextrap!

 

(54)
 

Va(area)
=  

y D.dlextrap)}
=

B [vol] (55}

The method does nottake into account Lhe effect of process

deny bo limit the size of the peripheral compartment and hence

tends tw overestimate Jy, except at zero time. However,it
has the advantage of rapid determination.

Thevalue of Vecarea) is the most correct approximationof

Vy to apply to the poatdiatriinution phaso and Vaiss) is correct

for constant infusion at steady state but otherwise underes-

timates Dy. By magnitude, these three volumes of distrthu-

tion rankas follows; Vi"
>

VP
> Vi.

Clearance—The definition and concept of clearance can

be found on page 729. ‘The definition of clearance appiles
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whether the elimination occurs in a one- or multi-compart:
ment. system, hence clearance is model-independent.

THow-
ever, mathematical identities of clearance do depend

on the

rhode}. In dhe open two-comparément madel, J and Vutarea
are applicable in the calculation of total body clearance:

Chae
®

BVatevay usually mimi (56)

Sines it is customary fa express clearance ino units of

mL/min, § must be expressed in min and Vara in mb. An

analogous formula is based on the condition of the madel
that elimination occurs

only from the central compartment,
so Lhat. the applicable volume and elimination-rate conalant
are used:

Cheap Rye [miss
min” || (57)

Clalso
can be expressed in forms of a, 4.4, Band 2:

.
}

. .

Chay
!

JmL.
+
min’ (88)

Afe + B/8

Absorption Plus Distribution and Wlimination-After

extravascular adminigleation ina (wvo-campartiment system,
there are three first-order processes occurring simuhancous-

ly: absorption, distribution and elimination. ‘These pra-
cosses all add algebraically,

as folows
f

C=
Ae Bent

an

8M tweevol] (9)

They
ean be resolved by various methods, of which the

ousieat is the mathod of residuals already Jlustrated in Figs
36-8 and 36-19. However, in a two-compartment system,
the first residual line is a

compound line (absorption +

distribution) and must be reselved further into its two com-

ponent lines. Figure 36-20 is an
example of the method of

residuals applied to two-compartinent data, ‘Thefirst step
is the sublraction of the late posidistribulion (elinination}
Hine (with slope —0.434,) from the curve, which leaves a two-

component residual curve, ‘Phis residual curve has a late,

postabsarptive log-linear segment of slope ~G.434a, If the

absorption segment of the curve of residuals is subtracted
fram the extrapolated a-line, a

log-dinear second residual
line with a

slope of -0.4344, will be generated. The extra-

polated intercepts A and 8 have the meanings previously
discussed. The zero-Lime interceptof the absorplion resid.
ual line is equal to

cm
and henee, Lheoretically equals A -+ B.

Kinetic parameters other than a, A, @ and 2 are calculated

by
means of igs 44 and 45, ‘The absorption parameters for

other routes of absorption
ean be determined similarly,

ex-

cept with certain sustained-release dosage forms, whichre-

lease approximately
at a

steady rate over long periods of
dime,

In the exaunple illustrated by Fig 36-20, only twoar three

poils each could be used fer establishing the log-linear
segments of the residual distribution and absorption lines,
which, therefore, may be in considerable error. ‘This indi-
cates the importance of taking frequent enough samples,
especially during the absorption and distribution phases, to

provide reliable kinetic data.

Multiple-Dose Administration.Mqualions 30--34,
which describe various aspects of Lhe fluctunting plasma
concentrations in the one-compartment system, are com-~

plex. It may be appreciated thal the additional complex:
ities conferred by lwo compartments renders the analogous
equations intricate anddifficult to follow for the nonspecial-
ist. However, one-compartment equations modified in mi-
nor ways apply to two-compartment systems with reason-

able accuracy, when the distribution phase after one dose is

approximately complete before the next dose is adminis-
tered. Under these conditions, 6 may be substituted for ky
und Vien for Vy, io

adapt one-compartment equations to

bvo-compartment syslems for rough approximatioss of Lhe
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Fig 36-20, Resolution of absorption, distribution and oflmination

components of a concentration-tima curve of a drug with two-com-

partment kinetics. The sofid curve is a semilogarithmic plot of

plasma cencentrations. The methodof residuals was used to resolve
the compenent lines. The postdistribution, or elimination, line of

slope 0.4348 (-— —-) was subtracted from the congantration-time
curve. The differance, or residual line (X—-X) ratained the absorption
and distribution components. The log-linear segment ef this Hne

reprasents the pastabsorption("distributian’’) line, of slope ~G.4394c,
A second rasidual line representing the absorption phase was ob-
talnod by subtracting the absorptive segmant (tirst four points) of the
first residual curve (X—~X} trom tho extrapolated

« line of slope
~0.434a(---) to giva the residual abserption line of slapa ~-0.434k,,
(+++++}, The zero-time intercepts of the extrapolated fines dotined

by Ky fereee} a
fens} and 8 ¢ -)are C

i
Aand 8, respoctively

(courtesy, data, Gibaldl and Perrior").

 

two-compartment parameters and plasma conventraions.
‘Thusety

oe
KEE rece ed acecerenenreeeree

B Vterreeyt

Adaptation of one-compartment equations for accumula-
ion ratios and loading dose also usnaily gives values that

satisfactorily approximate (hose calculated with more rigor-
ous

equations. ‘The respective adapted equations
are

}

bo

Jwt vol] (60)

R [no units] (61)

and

De RD [wt] (62)

where R,, Dy and D are the accumulation rate, optimal

loading dose and maintenance dose, respectively, In same

instances, eg, when a rapid responseto lidocaine is desired, a

loading dose calculated with iq 61 will be too lowto provide
adequate antidysrhythmic effects of Uhe drug daring the

distribution phase. In this case, 4
loading dose can be ap:

proximated by use of the formula

pe=
VIC, [wl (63)

where 22* tp Lhe loading dase, Vy is Uie volume of the central  sEéREAeamTO

sempaanen
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compartment and C,
is the target Gmmediate central com-

parlment} plasma concentration,
The rate at which the steady state is allained depends

almost entirely on @. The plateau principle essentially ap-

plies, and approximately
§ half-lives, based an 8, are re-

quired to reach the steady séate. Mssentially all precepts
emanating from the one-compartinentplateau principle

are

applicable if two-compartment # is ased in place of one-

compartment &,;.

Nonconformities and Miscellany

Fallibility of Assumptions—General pharmacokinetic
concepts are applicable to many drugs withoutsignificant
modification. Implicit in these concepts are certain ay

sumptions which, however, do not apply to all drugs
or

drug
recipients, Some of the basic assumptions

are
(1) the phar-

macological effectis elicited by the drug administered (and
whiehis being assayedin the blood), (2) the pharmacokinet-
ic parameters remain constant with both time and dose and

(8) the peak effect occurs when the concentration ig at ifs

peak
at the site of action, binding and sequestration follow

first-order kineties and, in short, the models chasen for ki-

netic analysis
are correct, When these assumptions

are nol.

valid, significant clinical consequences accrue, and theoreti-

cal and/or empirical modification of the models may be
necessary, ‘Therefore, it is worthwhile to examine some

departures from the more common or
commonly assumed

behavior and some miscellancous pharmacokinetic consid-
erations not stresaed elsewhere in this chapter.

Active Metabolites and Latentiation—Some drugs
are

biotransformed to a metabolite that has a
pharmacological

actionlike thatof Lhe parent drug. With these, the pharma-
eokinetics of each of parent drug

andits metabolite may or

may not be simple and easy to define, but the combined

pharmacodynamic (and sometimes pharmacokinetic) action
may rise and fall in a

compicx way hecause of the different
time courses, distributions and routes of climination of the
two active molecules. For example, the anticonvulsant (ri-
methadione (PMO)is an-ionized at body pH, is litte excret-

ed and haga Vy of about GOO mL/kg and a half-life of about 4

hr, whereas its anticonvulsant metabotite, dimethadione,is
a weak acid, is excreted and excretion is affected by urine

pH, has a Vu of 400 mbL/ky and has a half-life of about 10
days. His obvious thal a study of the pharmacokinetics of
TMOalone would be of litle value in predicting

a therapeu-
tic regimen and precautions.

Two or more active metabolites may increase the cam-

plexity greatly, There are a few drags in whichItis only the

metabolite, not the parent drug, that is active; with these,
the relationship of pharmacokinetics to pharmacodynamics
is simpler, provided thatit is the metabolite that is followed.
It is sometimes deliberately the practice to prepare a

drug
that ts inactive with the intention that the drug be converted
to an aclive metabolite once if is in the tissues. This prac-
tice ig known as fafentiation. Latentiation may be used
whenitis desired to slow downtherate ofdelivery of

drug
to

the tissues, a kind of systemic sustainedrolease,
aa il were, or

when the active metabolite is locally toxic at the site of
administration, Some drugs which generate active metabo-
lites are shawn in Table UL Not shown are

drugs whose
metabolites have no

therapeutic activity bul which have
(oxic or other pharmacodynamicactivity.

The amount of a metabolite of a
drug in the body at any

one time depends upon both the rate of transformation of
the drug to metabolite and the rate of disposition of the
metabolite. The body content of metabolite will continue to
rise so

Jong
as Une content of precursor fa high enough that

the rate of biotransformation to metabolite exceeds the rate

Table |il—Some Drugs with Pharmacotogically Active

Acetohexamide

Altlopuringl
Aldophosphoramide
Amitriptyline
Chloral Hydrate
Chlordiazepoxide
Codeine
Dacurhazine
Diazepam
Digtitaxin
Murazepam
Muvrouracil
Glutethimide
Imipramine
Lidevaing
Meperidine
Mephobarbital
Methyldopa

Methamphetamine
Phenacetin
Phenylbutazone
Prednisone
Primidone
Propoxyphene
Procainamide
Propranclal
Spironalactone
Sulfasalazine
Tamoxiphen

Hydroxybexamicde
Alloxanthine

Phosphoramide mustered
Nortriptyline
Trichioroethanal
Dosmethylehlordiagepoxide, Demoxepam
Morphine
5-Aminoamidazole.4-carboxamide
Desmethyldiazepam
Digoxin
Desalkyiflurazepain
Mluorodeaxyuridine phosphate
4 Hydroxyglutethimide
Desipramine
Glycinexyldide
Normeperidine
Phenobarbital
c-Mothylepinephrine,

aanethy norepinephrine
Amphetamine
Acelaminaphen
Oxyphenbutazane
Predaisalone
Phenobarbital
Norpropoxyphene
N-Acetylprocainamide
4-Fydroxyproprangigl
Canrenone, Canrenoate
Sulfapyridize
4-lydroxytamoxiphen

Trimethadione
(TMQ) Dimethadione

(DMO)

of eliminationof the metabolite. When the eoncentration of

drug
or precursor falls to a level below which there is no

longer
& net gain in content of metabolite, the metabolite

eoncentration will fall,
The kinetics of the fall in concentration depends upon

whichrate is faster, the elimination of drug precursor ar the
elimination of metabolite. If that of the drug is faster, the
content of metabolite will rise above that of the drug, and the

drug will soon disappear. This eventually leaves the con-

tent of cumulated metabolite to decline according to the
kinetics of its own

disposition.
In Fig 36-21, drug Billustrates the rate-limiting effect of

the disposition of a metabolite. When the rate constant for
the elimination ofLhe drug

or precursoris slowerthan that. af

the metabolite,
as with drug A in Fig 36-21, the content of

metabolite never reaches that of the drug
andit eventually

declines according to the kinetics af biotransformation of
the drug. That is, the content of metabolite is mainty that
whichis being produced moment-to-moment. Thefigure is

adapted from a plot of data from a computer analysis of a

multivariable model.
The kinetics of the generation and eliminationof a metab-

olite relative to those of its drug precursor are
important

whenLhe metabolite is either toxic or
therapeutically aetive.

In the latter instance the kineties are the kinetics of latentia-
tion. Where the metabolite is toxie, a paltern such as in A
would be leas likely to generate toxic coneentrations us in B,

Whenthe disposition of the drug precursor involves more

than one process, or when there is more than one metabolite,
(he kinetics necessarily

are more complex than in the illus-
trations presented above.

Other Pharmacokinetic Modela--Apparent kinetic
nonconformities may result when the system does not obey
the simple open one» or

two-compartment models. In the

two-compartment model discussed in this chapter, climina-
tion took place from the centra) compartment; however,
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Fig 36-21. Gomputer plot of the refationship of tha amount of drug
metabolite in the body to the amount of drugin the body al difforent
relative ratos of disposition of drug and metabolite, With Drug A, the
motaboite is eliminated at a4 much faster rate than the parent drug.
Curve “IV Metabolita A’: the bleod conceniration when tha melabo-
lite Is given intravenously;

curve “Metabolite from Drug A‘: tho
concentration of metabolite actually biotransformed from Drug A.
With Drug 8 the metabolite is eliminated at a much slower rate than
the parent drug (courtosy, combinad repict of twe figures, Martin),

other two-compartment models in which elimination takes

place partly
or

entirely in the peripheral compartment are
more

appropriate with some drugs. Even absorption into a

peripheral compartment appears to occur with some
drugs,

In addition to alternale Gvo-compartment models, three- or

muUuHE-compartment models are
required occasignally to ae-

count for the pharmacokinetic hehaviorof eertain drugs. In
the common (iree-compariinent model, the central com-

partinent communicates with two peripheral compartments
(which are not interconnected), one called Ute shallow com-

partment and the other the deep compartment, Distribu-
tion into the shallow compariment is faster ian inte the

deep campartment.
Many drags that are described as

having
ene- or two-

compartment kinetics actually have more
complicated ki-

netics, "Phere is no
drug that displays true one-compart-

ment kinetics, since distribution is never instantaneous.
With any drug, sampling within the first minute to one-half
hour will show one ar more distribution phases.

Nonlinearities--Nonlinearity is a term applied to all
nonconformilies in which a

semilogarithmic plot of plasma
concentration-time data cannot be resalved completely inte

log-linear components, ie, intofirst-order processes, ‘There
tay be various causes, such as

capacity-Himited elimination
{ie, saturation of elimination system), capacity-timited ab-
sorption or Lrangport, changes

in
protein binding, changes in

DHatthe sile of absorption, changes in bload Flow tothesite
of

absorption and/orelimination, low or erratic dissolution
or release rates from dosage forms, low solubility of the drug,
drug-induced or other change in body temperature, etc.
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seme apparent nonlinearities are the result. of fitting
straight

lines to nontinear data under the assumption that
deviations are

experimental
error,

Protein Binding--The binding of a
drug to

protein
or

other macromolecules can affect he pharmacokinetics ofa

drug, the magnitude of the effect depending
on the fraction

of the drug that is bound, the fraction of the binding sites
that are octupied by the drug and the rates of association
and dissociation. If only

a small fraction of drug is bound,
the kinetic consequences muy be minoror

negligible,
even if

binding is very ight. The effeet of the binding of a
large

fraction of drug depends somewhat on whether the drug is
bound tightly

or
Joosely; if the rate of dissociation is quite

rapid in comparison to the rate of delivery to sites of distri-
bution and elimination or ip comparison 40 the intrinsic rate
ofelimination, the kinetie consequences also may be minor,
The greatest consequences accrue to binding with high

ca-

pacity and slaw dissociation.
Ht cannot. be overemphasized thai iy the analysis of plas-

ma, the total concentration of drug Cie, both free and bound

drug) usually is determined. However, it is only the free

drug Uhat can move across cel) membranes, and equilibriumor
steady-state conditions are established only through the

movement of free drug. ‘Therefore, total drug concentra-
tions are defective indicators of a true kinetic situation un-
fess a correction is made for the extent of protein binding.
Without such correetions,

errors can be serious, Binding
to

plasma protein has a
profoundeffect not only

on
Va but alsa

on
apparent renal filtration fraction and clearance, as may

be seen in ifqs LQ and 16. Tf the plasma concentration was
nol. correctedfor binding, Cl... would be in error

by
a factor

af 1/1)
~

p)}, where p is the fraction bound; however, when
excretion occurs

mainly by active tubular transport, protein
binding often bas a

negligible effect. on renal clearance.

Similarly, when intrinsic hepatic clearance is low, protein
binding greatly affects the clearance, the effect being to
decrease clearance.

The binding of a
drug to plasma proteins retards the rate

of distribution and delays the attainment. of equilibrium
or

steady-state conditions, Tt is as
though the transport of

some molecules of the drug
across a membrane has lo wait

until these molecules dissociate and are free to diffuse.
Whenthe amount ofa drug bound(o plasma proteins docs

nol approach saturation, ie, the binding capacity ofthe pro-

teins, the fraction of drug bound approximately is constant
over a

therapeutic dose range. However, when the amount.
exceeds about 50%of the saturation value, the percent of

drug bound may vary considerably with dose, which will give
rise 10 dose-dependentkinetics (see below), Underthe con-

dition of near-saturation, changes in the protein contentof
(he bioad also will make large differences in the percent
bound and henee in the various pharmacokinetic parame-
ters. Certain pathological conditions, such as uremia, some

conyestive heart failure, starvation, ote, may be accompa-
tied by bypoproteinemia and albumin with altered binding
properties and hence abnormal pharmacokinetics,

Time-Dependent Kineties--A drug with low to interme-
diate intainsie clearance, and which induces an inerease in
the activity of its own bietransforming enzyme system, will
decrease ty. and increase clearance and, if its kineties show

two-comparLmnentkineties, iis Va. Since such an induction

requires lime, usually several cdose-intervals of repetitive
dosing, he kineles vary with time and are called time-

dependent. Allosteric (or feedback) inhibition by
aceumu-

lated metabolites ofa drug,
or an effect of a

drug to impairits
route or climination, also will cause

time-dependent (and

dose-dependent) changes in the kinetics, Drugs that cause
the depletion of some

slowly repleteable intermediary fac-
tor, such as the depletion of norepinephrine by reserpine

or

the irreversible inhibition ofacetyleholinesteraseby isofiur-
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ophate, will manifest time-dependenteffects on body func-
tion which do not correlate with the drug pharmacokinetics.
With some drugs, especially central nervous system depres-
sans, the drug effect recruits time-dependent homeostatic

counteradjusiLments that tend to terminate the effeet pre-

maturely and to increase the dose requirementforeffect. (ie,
causes tolerance}, so thal the pharmacokinetics

lose their

predictability with time, Similarly, drug-induced changes
in the receptor properties of the response system will tend to

produce
a

lime-dependent dissociation of the pharmacoki-
netics from the pharmacodynamics.

Dose-Dependent Mineties—With some
drugs, the phar-

macokinetics differ more with high, than with low dases.

Such ehanpes may be due Lo: saturation of a biotransform-

ing enzymeorexcretory transport system, toxic impairment.
of the organ of excretion at high doses, differences in inter-

compartment permeability and Vg al high and low doses,

drug-indueed changes in blood flow and hence in distribu.
tion and clearance, saturation of protein binding sites or the

recruidment of new
binding sites at high doses, etc, In those

instances in which the elimination route is saturated (alse
called capacity-limited), it. is evident that the half-life will

increase, as can he seen in Fig 86-22. ‘The cause of the dose-

dependent increase in éy/2 at the higher doses is the satura:

tion of the enzyme systems Uhat form salieyluric acid and

carhoxybenzoxygtucuronide, Jt is usual to speak of the ki-

netics during the saturation phase
as being zero-order, but

they
are not truly zero-order, ‘The saturated system mani-

fests zera-order kinetics, bul alternative routes of elimina-

tion, such as
through salicyl glucuronide and glomerular

fijtralion and renal tubular secretion, sii] manifest first-

order kinetics, so thatelimination is a mixture of zero- and
first-order processes, In any event, since eliminationis ne

longer completely
a first-order process in the saturation

phase, there is no overall elimination rate constant and

hence no constant half-life. During repetitive dosing with

the large doses, the new C>* will be determined by both the

zero-order and first-order elimination processes, as well as

the dose, but the time required
to reach the new

plateau will

be delermined only by the remaining first-order processes;
sinee the first-order overall eliminations constant, K, has

been diminished, the time-lo-plateau will be increased ac-

cordingly. Kinetic behavior of this type is mathematically
analogous to the familiar Michaelis-Menten expression for

enzyme kinetics, and dose-dependent kinetics are some-

limes called Michaelis-Menten kinetics. ‘They also are

called saturadion,
or

capactty-timited, kinetics.

Examples of imporlant drugs which show dose-dependent
kinetics are

aspirin, phenylbutazone, probenecid, levodopa,
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Fig 36-22. Dose-dependent elimination of salicylate in a normal 22-

year-old mate, Doses taken were 0.25, 1.0 and 1.5 g aspirin, raspec-

tively. Vertical arrows on the time axls indicate tho time necessary
to eliminate 60% of the deso. Stated half-times(f,,2) are for straight-
line portion of curves where allmination rato Is first-order, However,

during the early hours after the largar doses, the slope at any time

(tangont to the curve) is flatter, hence é&.1/2 Is tanger, than during the
first-order phage (courtesy, Gibatdi and Parriez,® moditied from

Levy"),

phenytoin and dicumarol. Ethanel cheys essentially
zero-

order elimination kinetics at blood concentrations above

0.02--0.04%, which is a fact of considerable importance in
court. cases involving ethanol. The clinical significance of

dose-dependentkinetics will be discussed further in Chapter
37,

Chirality--Chiral drugs often are
given

as racemic mix~

tures, and the pharmacokinetics and pharmacodynamics of
the drugs

are studied as if the drug
were one

entity. ILis now

becoming clear that this approach may be in error because

evidence is accumulating which shows that the pharmacoki-
netica (as well as

pharmacodynamics) of individual enantio-
mers are not the same and that failure to differentiate

among themwill give misleading kinetic data for the active
form of the molecule. Details of the importance of chirality
in pharmacokinetics have been summarized.”

Kinetics in the Evaluation of Drugs and Drug Products

The utility of pharmacokinetics
in

devising appropriate
dosage regimensis obvious. Kinetic studies also are impor-
tant to the study ofthe influence of inhibitorsofelimination,
ag, probenecid

on Lhe excretion of penicillin, and the effect
of one

drug
on the disposition of another.

Piaama ortissue concentrations and their kinetics are nat

only valid but essential in comparing the bioavailability of

drug products in which the excipients, adjuvants, ele, may
vary but the active ingredients

are the same. Such data are

critical to a proper appraisal of the practice of prescribing
drugs by proprietary

names.

Kinetics also ave
employed

to compare different drugs,
but the meaning of such comparisons is often obscure, and
claims of therapeutic superiority based on kinetics must he

accepted cautiously. The kinetics of disposition
are impor-

dant Lo a comparison of drugs in a class in whichtoxic effects

are frequent; it is often desirable to use a
drug with a short

biclogieal half-life,
so that a toxic episode may be terminated

quickly upon discontinuation of medication. Furthermore,
itis valid Lo compare the fluctuations in plasma concentra-

tion among drugs consequent to multiple-dose administra-

Lion, provided,of course, that for the class of drugs in ques-

tion, the extent of fluctuation has an
important bearing

on

efficacy
or toxicity,

A comparison of peak
or mean blood levels achieved by

equal doses of different drugs is not entirely meaningless. It

is true that the dose of a drug may be adjusted
to compensate

for a difference in potency from some reference drug, butitis
often difficult for the physician to aller the dose except in

multiples of the unit dose provided by the manufacturer.

Partly because of the inertia of precedence and habit and

partly because it is easier for the physician to memorize
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doses as agroup, closely related drugs whose potencies differ

only moderately may all be available in the same dose.

Thus, tetracyclines
are available as °250's”or 500's,” even

though they
are not equipotent, sulfonamides as 1 g,ete. LH.

is therefore valid for Ghe physician Lo choose Lhe drug whose
unit dose yields

a blood level closest. to the optimum, Un-

fortunately, many physicians de not have tha prerequisite
knowledge for such a choice and hence mayhe susceptible to

misteading promotional arguments aboutthe superiority of
one

product
over another. Some of these points will be

elaborated in the following chapter
an Clinical Pharmaceki-

nelies,
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CHAPTER 37

Clinical Pharmacokinetics
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In Chapter 96 the basic principles of pharmacokinetics
were

presented, Clnical pharmacokinetics is the discipline
in which basic pharmacokineticprinciples

are
applied

to the

developmentof rational dosage regimens. In this chapter
the concepts of pharmacokinetics

are
placed into perspec-

tive with the development of individualized drug dosage

regimens, ‘The clinical significance
of the processes of drug

absorption, distribution, elimination and influenee of dis-
ease states on these processes are

emphasized. Hxamples
will be given of the ways pharmacokinetic principles

can be

applied
in the calculation and adjustment of dosage regi-

mens
designed

tofit the pharmacokinetic and pharmacody-
namic properties of drugs and specific disease states that

alter drug disposition. The principles of therapeutic drug
monitoring and the rational use of this clinical science in the

managementofpatients also are discussed.
Anindividualized dosage regimenfor a

patient involves a

decision about the dose or amount of drug lo be adminis-

tered, Interval between doses, route of administration and

patient. factors thal may change during the course of drug
administration. The latter implies that there is a

plan for

monitoring Ube therapeutic and adverse effects of the drug.
Decisions about drug dose, dosage intervals and route of

administration are based on the clinical knowledge of the

disease being treated, efficacy of the drug in treating the
disense and absorption, distribution and eliminationof the

drug.

Absorption

Drups
are administered by a variety of routes including

intravenous, intramuscular, inhalation, oral, rectal, vaginal
and topical application to the skin. ‘The choice of the route

depends on the many patient- and drug-related
factors dis-

cussed in Chapter 36. In practical terms, the important
considerations in this choice include the systemic availabil-

ily of a
particular dosage form, rate and extent of drug

absorption and patient convenience.
Oral Route—This route is chosen most frequenUy be-

cause of ease of administration and patient acceplance.
However, the number of variables involvedin the absorption
of drugs from the stomach and small intesline make the oral

route of administration quite complex.
Plasma concentration-Lime curves will reflect some of

these complexities. One of these is the relative rates of

absorption of different preparations of the same drug (ig
87-11), in which preparation A represents

a
simple, rapidly

absorbed preparation
of a

drug;
4 is a more slowly absorbed

derivative of the same base. ‘lhe bioavailabilities of A and B
are identical and C is the same

compound
as

B, but in a

dosage form that is only 50% as bioavailable as B.A is

absorbed rapidly (ie, k, for A is greater thanfor Bor C) and
the peak level is in the therapeutic plasma concentration

range.
The advantage of such a

preparation is that a
pharmaco-

dynamicresponse can be expected to occur
quickly, provid-

ed the response is related to plasma concentration. To

appreciate the clinical relevance of the situation, consider A
to be quinidine sulfate, an

antiarrhythmic drug. For quini-
dine sulfate, the absorption rate constant, ka, ig large in

relation to the elimination rate conalant, kg, and the peak
concentration usually

eccurs inl to 2hr. The rapid absorp-
tion is importanticlinfeal situations in which some

degree
of urgency exists.

It may be desirable, in the initiationof therapy of ominous

ventricular premature contractions, to use a
preparation

with the characteristics of quinidine sulfate. The half-life

of quinidineis 4 Lo 6 hr, so thatfrequent doses (every 4 hr)
are necessary Lo maintain effective blood concentrations of

the drug. The short half-life can be an advantage, since

steady-state concentrations of quinidine
are achieved within

24 hy (plateau principle), ‘Therefore,
one can decide within

a
day whether quinidine will be useful in suppressing the

ventricwar premature contractions, However, the fact that
a dose must be administered every 4 to 6 hr to maintain

therapeutic plasma concentrations is somewhat of a disad.

vantage in that iLis inconvenient and may result in noncom-

plianee,
B, with tts slower rate of absorption, reaches 4 lower peak

concentration at. a considerably latertime even
hough given

in the same dose. There are clinical consequences of this.
For example, if J was the sustained-rclease form of quini-
dine gluconate, it would be less desirable than quinidine
sulfate for the initiation of drug therapy, where a

rapid
therapeutic response is needed, Becauseof ils prolonged

Toxic Concentration

|
Therapeutic

Plasma Concentration
Range 

 

 “IME
Plasma drug concantration-time curves of three prapara-Fig 37-7.

tlons of the same drug. A is rapidly and complataly absorbed, 4 is
not absorbed asrapidly as A but is 100% avaliabla. Chas the same

time-to-peak concentration as 8 bul is only 50% as available (Courte-
sy, adaptation, Banal").
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absorption, thi preparation commonly is administered ev-

ery 8lo 12hr. This is so because the slower rate of absorp-
tion enables the dose to be increased commensurate with a

Jonger dose-interval without peak concentrations that rise

into the toxic range.
Whentreating

a
patient in whicha rapid (bul notimmedi-

ale) effect is required (as with asymptomatic ventricular

premature contractions), it is advisable to use a dosage form

to initiate therapy that ig rapidly and completely absorbed.

Once the drug is shownto be effective in a
particular patient,

the dosage form can be changed to one with characteristics

similar to B, a0 that less-frequent dosing is required and

patient. compliance is improved.
The preparation represented by Cinthe same dose as A or

Bis probably
not an

acceptable way to administer this drug.
‘The total amount of drug C that is absorbedis only half of

that of B (area-under-the-plasma concentrations-time
curve, AUC, for Cis half of the AUC for 8). Thus, it would

require twice the dose to attain blood levels equivalent
to A

or B.
‘The treatmentof asthmawith theophylline is an

example
in which a

rapidly absorbed dosage form is used to initiate

therapy and a
prolonged-release dosage form is used for

maintenance therapy. When a
patient has an acute asthma

attack or worsening bronchitis that requires bronchodilator

therapy, it is advisable to use the theophyline-ethylenedia-
mine complex (amingphylline). This dosage form can be

administered either intravenously
or

orally; the former

should be used to initiate treatment in the acute asthmatic

patient who requires prompt therapy, 80 thal neither a delay
in achieving therapeutic plasma concentrations nor bioavail-

ability
are factors in the imitial therapeutic response.

Following the administration ofa loading dose (nee under

Distribution, page 749), the drug should be given by contin-
uous intravenous infusion until the acule symptoms have

subsided, which may take 24 to 72 hr. In the patient with

lews-severe symptoms, aminophylline
can be administered

orally four times a day. Once the patient's condition has

improved and an effective dose of theophylline has heen

established, then it may be possible to switch the patient
toa

prolonged-rejeage formulation for maintenance therapy.
The absorption and bioavailability of Theodur and Sus-

taive, Lwo sustained-release theophylline preparations, per-
mit 12-hr dosing intervals; Sle-Phyllin Gyrocaps should be

given every 8 hr. ‘The total daily dose of theophylline that
was

required during intravenous aminophylline aciministra-
lion is divided into smaller oral doses given at intervals

appropriate for the characteristic of the preparation
or dos-

age form used.
Itis important to keep in mindthat the absorption and

plagma-time
curve characteristics for these preparations

usually have been established in healthy volunteers or asth-
matic patients without otherillnesses. Patlents who elimi-
nate theophylline rapidly (ie, smokers) may have increased

dosage requirements, and the dosage interval may have to be

shortened to avoid recurrent asthmatic symptoms between

iloses,

Prolonged-release dosage forms have the additional ad-

vantage that fluctuations in bloodlevels of the drug will he
jesa than with rapidly absorbed dosage forms. ‘Thera is

evidence for some
drugs that the reduction in rapidly chang-

ing blood levels may improve efficacy and decrease adverse

effects. For example, the dose of fentanyl
or ketamine re-

quired to maintain anesthesia was reduced by nearly 50%
when the drugs

were given by continuous infusion rather
than by intermittent bolus.?

This reduced dose alsa resulted in more
rapid recovery

With less-prolonged sedation, ‘These findings suggestthata

reduction of fluctuation in the plasma concentrations will

reduce dotal dosage requirement. Wf such o reduction in

CLINICAL PHARMACOKINETICS
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plasma concentration fluctuation also applies ta oral pro-

longad-release dosage forms, it would provide a distinct ad-

vantage for their use.

The bioavailability of a
particular drug produet, hy any

route of administration,
can be determined by comparisonof

the AUCof a
drug given by the route of interest with that of

ibe same dose given intravenously (see Chapter 35), In the
case of an

orally administered drug,it is the ratio of the AUC
after an oral dose to the AUCafter an intravenous dose.
The decreased bioavailability of an oral dese may he due to

poor gastrointestinal absorption of the drug because it does
not go completely inte solution, as it. may be degraded in the

gastrointestinal lumen, orit does not pass across the intesti-
nal mucosa. Furthermore, in order to reach the general
cirewation, drugs taken orally

must pass through the wall of

the gastrointestinal
tract and then to the liver via the portal

vein. Thus, drug metabolism mayoccurin the gut wall orin

the liver and severely limit the delivery of parent drug to the

general circulation.
If the extraction of the drug by the liveris efficient, oral

administration results in low bioavailability and sometimes
limited pharmacological effect. ‘This is commonly referred
to as

first-pass medabolism. ‘Table | lists someofthe drugs
known to exhibit first-pass metaholiam. Because their ex-

traction is high and their rate of metabelism great, Lhe rate-

limiting step in the clearance of drugs in Table 1 is liver

blood flow. The metabolism of these drugs
can be referred

io as
flow-limited. ‘The clinical significance of changes in

liver blood flow on
drug bioavailability will be discussed

under Drug Therapy in Hepatie Disease.
Different dosage forms of the same

drug mayhave differ-
ent systemic bioavailabilities, ‘The ratio of the AUC for one

dosage form to that of another dosage form is termed the

relative bioavdilability. A drug usually has the highest bio-

availability if administered orally
as an aqueous solution;

finely comminuted drugs in suspension follow elasely.
However, as a drug is packed into hard gelatin capsules

or

compacted into Lablets, its bioavailability decreases. Fur

thermore,
a

drug in one dosage form made by
one manufac-

turer may have a difforent bioavailability from that of an-

other manufacturer.
With drugs for which bicavailability varies significantly

from product
lo

produet, if one product initially has been

efficacious, it is advisable to continue with that product. If

for economical or other reasons the product
must be changed

to that manufactured by
a different company, it is wise to

observe the patient carefully for a
poasible changeinclinical

response indicative of a
change in bioavailability. Products

designed for prolonged-release sometimes have a low bio-

availability, However, this may not be a
problem during

maintenance therapy
so long

as
therapeutic

serum concen-

trations are achieved consistently.
‘The presence of foodin the stomach or intestine can have

a
profound influence onthe rate and extent(bioavailability)

of drug absorption. Initial absorption studies for a new

drug, performed in bealthy volunteers, commonly include

fasting and nonfaating conditions, ‘Therefore, jn general,
and for controlled diets, the effect that. food may have on

Table 1—Druga that Exhibit Firat-Pass Metabolism  

Acetylantieylic acid Metoprolol
Alprenoiel Morphine

Amitriptyline Nitroglycerin
Desipramine Nortriptyline
Dopamine Pentazocine

Imipramine Pragesin

Iyoproterenal Propoxyphene
Lidocaine Propranolel
Meperidine Salicylamide 
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drug absorption may be known when a drug is introduced
into the market. Unfortunately, food-drug interactions are

not consistent, and Lhe presence of food may enhance oF

diminish the absorption of drugs. ‘Fhe moat common type
of interaction oeeurs when a food constituent binds the drug
and the food-drug complex

cannotpass through the gut wall.
For example, complexation of tetracycline antibiolics may
occur when these drugs are administered with dairy prod-
ucts or with antacids containing aluminum, calcium or mag-

nesium.
The presence of a

large meal in the stomach will delay

gaatric emptying. Ifa drug Uhatis absorbed in the intestine
is ingested with a

large meal, the delay in gastric emptying
may result in a

delay in absorption of the drug. However,
the presence of foodin the stomach also has been shownto

inerease absorption of some
drugs. For example, the bio-

availabilities of the #-adrenergic blocking drugs, propranolol
and metoprolol,

are enhanced by the presence of foud.4

‘Therefore, because ofUne difficulty in predicting the absorp-
tion pattern of a drug in the presence of food, it is usually
advisable to administer drugs when the stomachis empty or

30 min prior Lo meals; an exceptionia with drugs which cause

gastrointestinal irritation and nausea. ‘These drugs must be

given with food Lo prevent these side effects. It is recom-

mended thal such drugs always be taken with food Lo com-

pensate for the differences in absorption thal might
occur if

they
were

given
one time with food andanothertime without

food.
Water (alten concomitantly with certain drags may in-

crease bioavailabilily. The administrationof aspirin, eryth-

romycin stearate, amoxicillin or
theophylline with 250 miof

waterresults in greater bioavailability thanif the samedrugs
are

ingested with only 25 ml. af water.’ Itis probable that

the increased amount of water enhances Lhe amountof drug

absorbed by improving drug dissolution as well as
by hasten-

ing gastric emptying.
Diseases that affect the structure and function of the gas-

trointestinal tractalso are
capable of altering the absorption

of drugs after oral administration. However, no consistent

pattern develops; rather, dhere appears Lo bea complex rela-

Vionship between the effect of the disease on stomach and

intestinal functions and the absarplian of the drug in ques-
lion, For example, diseases, such as diahetes meliitus or

chronic renal failure, which delay gastrie emptying,
will

markediy delay the absorption and onset ofeffect of drugs
that must reach the small Intestine before they

are absorbed.

This has been a
problem with the use of phenytoin in pa-

tients with chronic renal failure. Celiac disease and Crohn's

disease, which alter the intestinal epithelium, have been

atudied in detail.® tn Usese diseases, absorption of some

drugsis affected greatly, hut. there is no consistent pattern of

aliered drug absorption.
Whena drug is to be administeredorally ta. patient with

altered pasLrointestinal motility, diseases of the slomach

and small or
large intestine, previous stomach orintestinal

surgery or
gastrointestinal infection, there is a considerable

probability that drug-absurption characteristics in these pa-

lients wilt differ from those in healthy volunteers. ‘This may

result in a change iy the ime of peak blood level or the
extent of absorpion. Ht. is advisable to observe such pa-

Lients closely for clinical effect. during initial drug adminis-

tration and during chronic dosing in order to assess the

influence of alterations in absorption and correct dosing

regimens accordingly. Monitoring drug blood concentra-

tions may be beneficial in adjusting dose.

Nonoral Routes——Drugs are administered by
a variety of

nanoral routes ineluding subcutaneous, intramuseular, in-

ravenous, nbalation, percutaneous, buccal, sublingual, rec-

tal, vaginal, intra-arterial and intrathecal. In the cases of

inbalation, topical application
Lo the skin or mucous mem-

branes, rectal, vaginal, intra-arterial or intrathecal adminis-
tration, the route often is chosen Co ensure that drugs reach a

specific site with a minimum of systemic absorption. The

rationale is that the maximum concentration of druy will be
al the site of action so that side effects will be lessened.

Nevertheless, if large doses are administered by these routes,

enough drug may reach the general circulation to produce
side effects. ‘Therefore, the dase and preparation shouldbe

such that limited quantities of drug reach the systemic circu-

Jation,
The beta-adrenergic agonists, metaproterenol and albu-

terol, when administered by inhalation, produce hronchodi-

latation at doses that avoid serious systemic side effects,

Similarly, the corticosteroid, beclomethasone, also can be

administered by this route for the management of chronic

asthma. Low doses of beclomethasone by inhalation are

withoul the serious systemic side effects of oral steroids.

However,
as the dose is increased beyond two inhalations 4

Limes a
day, for an average daily dose of 400 yg, there in a

greater incidence of side effects, including adrenal suppres-
sion.

The topied! administration of drugs rapidly is becoming
an

imporLant routeofdrug administration of systemic drugs.

Previously used only for the application of drugs for local

affects in diseases of the skin, it now is being exploredas a

means of administering drugs for their systemic effects.

Nitroglycerin commonly is applied to the skin in the form

of an ointmentor transdermal patches;it
is absorbed rapidly

and provides sustained blood levels. Sublingual nitroglyc-
erin alsois employed

to produce therapeutic blood levela; it

produces
a maximaleffect on anginal pain within 3 to 5 min

butlasts only 20 to GO min, In contrast, nitroglycerin oint-
ment provides penk blood concentrations in about 1 hr and
the effect. on anginal pain may lastfor several hours. ‘The

sublingual tablets should be used to suppress acute angina
attacks, whereas nitroglycerin ointment or transdermal

patches may be useful to prevenirecurrence of episodes of

angina for prolonged periods, such as
during the night.

Whetheror not the continuaus administration of nitrates by
this route will result. in the development of tolerance is nol

clear at this ime. ‘Transdermal patches containing cloni-

dine or estrogen are available for the Lreatment of hyperten-
sion or

estrogen-replacement Lherapy, respectively.
Close intra-arterial administration of drugs is used to get

drugs directly Lo a Largel site or organ in high concentration,
Aflerit has passed Lhrough the target regionit is distributed
in Lhe entire bioud volume, whichreduces the systemiclevels

of the drug andthe consequentside effects. One exainple is

the use of cytotoxic drugs for the treatment of primary
or

melastatic Lumors of the liver. The infasion of drugs into

the hepatic artery exposes the tumorte higher drug
concen-

trations than canbe tolerated with intravenous administra-
lion. If the drug is extracted efficiently by theliver, the

exposure of sensitive tissues such a6 bone marrow and gas-
trointestinal epithelium

to the drug will be decreased. For

example, afler hepatic artery infusion of floxuridine

(PUD), hepatic vein concentrations are 2 $06 times higher
than comparable drug concentrations following intravenous

infusion, yel syslemic blood concentrations are 76% tess.®

‘Thus, the therapeutic index of FUDRin the treatment of

liver cancer is increased considerably by hepatic arterial

infusion, ‘This type of selective drug administration may he

beneficial with other drugs that have low therapeutic indi-
ces,

Intrathecal injection is uaed to deliver drugs to the spinal
cord or brain in sufficient concentration to produce

an effect

but at the same time to reduce the incidence or
severity of

systemic side effeets. ‘The intrathecal administration of the
eaneer chemotherapeutic agent, methotrexate, frequently is

employed in the management of leukemic involvement of
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the central nervous system. ‘The epidural administration of

morphine, which produces long-lasting (6 o 90 hr) analgesia
with minimal sideeffects, is proving to be of benefié in the

management of chronic pain.

Distribution

Once a
drug is absorbed into the general circulation, it

dishibutes inte various tissues and body fluids, ‘The nature
and extent of this distribution depends

on several factors
such as the extent of drug binding to plasma

or tissue pro-
teins, blood flow to selected areas of the bady, Hpid-solubili-
ty of the drug and, consequently, its ability to permeate
membranes. In clinical practice,

concern about drug distyi-
bution offenarises regarding the penetration of an antibiotic
into the central nervous systern, Into abscesses al any loca-
Lion, into bone for the treatment of osteomyelitis and into

specific body Huids such as
synovial fluid.

In most. enses, the distribution of a
drug within the hadyis

determined by the nature of the drug. However, distribu.
Lion occasionally is allered ly the disease process for which i
is being used. For example, in healthy individuals, the con-

centration of penicillin in the nervous system is much less
than in serum.

lHowever, in patients with niflamed menin-
ges, asin bacterial meningitis, large daily parenteral doses of

penicillin
can result in bactericidal concentrations in the

cerebrospinal fluid. ‘Thus, pneumococcal and meningococ-
val meningitis

can be treated effectively with intravenous

penicillin, Increased penetration inte the brain fn these
diseases occurs because Uhe inflamed meninges

are nore

permeable
to the penicillin. Also, active Leansportof peni-

cillin out of the cerebrospinal fiuid back into plasma may be

ipaired in meningitis, ¢hus causing
an increase in penicillin

concentration in (die brain,
In Chapter 86 the term volume of distribution (Vy) was

introduced. Despite the fact that the Vy of a drug is a very
important pharmacokinetic term, it is important to recall
that knowing the Vy of a

drug does not indicate necessarily
how or where a

drug is distributed within the body. ‘The
abstract nature of Che V4 is illustrated with a

drug such as
the dricycHe antidepressant, amitiptyline, ‘Phe Vy for ami-

triptyline is 20 L/kg, which represends a lotal Va of 1400 £, in
a

7)-lkg
man. ‘his large Vy indicates that the amount of

drug in the plasma is small in relation to the amount in
extravascular compartments and implies Chat Lissue concen-

trations of the drag probably
are very large. Sinee the

volumeoftotal body water in a70-kg
manis less than 70 L, a

¥,of 1400 Lalso illustrates that Vy does not representa real
volume, Drugs with a

large Vy usually
are distributed ex-

lensively Lo tissues where they commonly
are boundto tissue

constituents such as DNA or other isacromolecules, or dis-
solved in lipids, whereas drugs that. are bound extensively to

Dlésma proteins will have smaller Vas.
Onesituation in which knowledge of the aive of the Vy is

usefal clinically is in the managementof Lhe patient with a
severe

drug overdose. Ifa drug such as amitriptyline has a

large Vy, (tis likely that after an overdose neither hemadial-

ysis nor
bemoperfusion will be an effective way of lowering

the total bady concentration af the drug. Dialysis may
lower the plasma drug concentration temporarily, but there
will be redistribution from tissues ilo plasma

soonafter the

dialysis is stopped.
Knowledge ofthe Vy also ig important in determining the

loading dose of a
drug, ‘This is the dose of a

drug adminis-
tered initially to bring the plasma concentration to s level
anticipated during maintenance. An example will illustrate
how the Vy is used to detormine the loading dose of theo-
phylline, “The Vy of theophylline is approximately 0.5 L/kg,
and a

commonly desired plasma concentration is 10 agAnL
(0 mp/E). Equation ? (page 728) shows that
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where fis the bioavailability factor or the fraction of drug
administered Chat reaches Lhe systemic circulation, 2 is the
dose of drug administered and Cis the plasma concentration
desired. Since the f for (heophyflineis 0.96 it can be consid-
ered tobe). Thus

iW)
0.6LA JRE

cooneen
DAKE

10 mg/l

and

D= § mpfke
=

350 mp/70 hye

This dose, administered as a SQ-rain intravenous infision, an

oral solution or as an
uncoated, rapidly dissolving tablet, will

resuli in a
peak plasina theophylline concentration of ap-

proximately
10 mg/L. in patients who have not received

theophylline recently.
The ¥q usually is considered to be a constant parameter of

a
drug,

30that. the loading doseis independentof subsequent
changes in drug elimination produced by disease. Jor ex-

aye, the loading dose of gentamicin in a
patient with

severe renal failure usually will not be different from that in
a

patient with normal renal funetios. Therefore, therapy
can be ytarted with the conventional loading dose without

knowbiythe actual status of renal funelion.
The severity of renal failure as measured by creatinine

clearance (see below) nevertheless will have to be deter-
mined prior to calculation of the maintenance dose. ‘There
are someclinical situations, however, in which the Vyus of
various druga may he altered so that the loading dose may
have to be altered appropriately, ‘Phe Vg of a

drug maybe
affected by

a
variely of factors such as

protein binding,
disease states, body habitus and age. Asa rule,theeffectof

changes in protein binding
en the Vy

are
important onlyfor

drugs which are bound 90% or
greater Lo plasma proteins,

Propranolod provides
an

example in which in patients with
chronic fiver disease the Vy is increasedsignificantly because

plasma protein binding is decreased. ‘This occurs because a

greater fraction of unbound drag has access to tissue, The

V, of digoxin in patients with severe
congestive heart failure

ustilly is decreased from Lhatin patients with normal cardi-
ac output, Consequently, the loading dose of digoxin is
reduced ip these patients. Severe dehydration and sepsis
result in contraction of the extracecliular space and a conse:

quentdecrense in the Vy of drugs Lhal largely
are confined to

this physiological space.
‘The depreeof obesity also may affect the Vy of some

drugs.
The relative Vy (A Vy/lqe) of water-soluble, lipid-insoluble
drugs varies inversely with percent bady fat; the A‘ oflipid-
soluble, water-insoluble drugs varies directly with body fat.
Evenin extremely obese patients the increase in body weight
may not be accompanied by

an increase in the V, for water-
soluble drugs, such as aminoglycoside antibiotics, which will
not distribute into fat tissue.

Caleulation of the loading dose of Lhese antibiotics in
obese patients illustrates this problem, If actual body
weight, rather than the ideal hody weight

or lean body mass,
is used to enleulate a loading dose of an

aminoglycoside
antibiowe, elevated penk concentrations may occur in obese

patients. Nevertheless, an excessive loading doseis prefera-
hle to the risk of possible subtherapeutic concentralons
from a miscalculated adjusted dose in a

seriously il patient.
Calculation of maintenance desing should be made using

ideal body weightto avoid consistently elevated peak plasma
concentrations, ln the first yearoflife, infants are known to
havea larger extracellular space per unil of body weight than
adults so that the A’ of some

drugs is also greater, ‘This has
been shown Lo be true for ampiciiiin, Giearcilin and amily:
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ein. Changes in the Vy
occur

frequently in elderly patients
as Lhe result of changes in lean body

mass. A linearincrease
in the A‘ with increasing age has been demonstratedLo occur

with diasepara,?
ILshould be keptin mindthat the Vy for a

particular drug
in an individual patient may change during therapy, An

example might
accur when a severely dehydrated patient is

treated with intravenous fluids. Unfortunately, there are
no accurate means

by which the Vy of a
particular drug

can

be determined in an individual patient withoutfirst admin-

istering Une drug in question. ‘Therefore, in situations where
one suspects that the Vz maybe altered, it is important to

moniter blood concentrations of drug,
or clinical response, Lo

ensure that therapeutic, and neither toxic nor inadequate,

plasma concentrations are
being achieved. ‘This particular.

ly is true during initial cumulative drug administration or

whena loading dose is being given.
Protein Binding—Pharmacological effect. is related

closely to the free concentration of drug
at. its site of action.

However, all drugs
are bound to some extent to plasma

and/or tissue proteins, and the free-drag concentrationof-
Len may represent only

a fraction of Lhe amount of drug in

the body. For most drugs the fotal-drug concentration is

measured in plasma andrelated to an observed therapeutic
effeel. Thus, recommended therapeutic concentrations

commonly
are

expressed
as the total drug concentration in

plasma, simply because Lotal-drug concentration is much
easier Lo assay than free-drug concentration. If something
oceurs that. perturbs the protein binding of drug, theneither
more of less may be [ree in plasma (and thus free at the site
of action) and “standnrd” therapeutic drag concentration

guidelines
no jonger apply. ‘This situation is made more

complex because changes in protein binding may alter elimi-
nation as well as distribation. Thereis definitely

a need to

understand the therapeutic consequences of alterations in

drug-protein binding in order Lo individualize drug therapy.
The major factors that affeet drug-protein binding in-

clude the types of proteins available for binding, the binding
affinities and capacities and the presence of competing sub-

stances, such as
endogenous substances and other drugs.

Albuminis the major protein in serum, and drug binding to

albumin, consequently, has been studied in detail. Drug
binding Lo alpha;-acid glycoprotein and lipoprotein alsohas
heen shown to be ofclinieal significance for certain drugs.
There are little data on the ability of other plasma proteins
to hind most drugs.

Por the purpose of discussing protein binding, drugs
can

be classified as either acidic or basic (Table 1). Acidic

drugs commonly bind (o plasma albumin, and concomitant-

ly administered acidic drugs may displace one anotherfrom

their binding sites. Basic drugs may bind to gitber albumin
or

alphay-acid glycoprotein, If a
drug is displaced fromits

Table It—Drugs More Than 80% Sound To Plasma Proteins 

fiasle drags Acidic drags  

Alfentanil Acetylsalicylic acid

Amitriptyline Cloxaedlin
Chlorpromazine Naproayn
Desipramine Penicillin
Diazepam Phenylbutazone
Flurazepam Phenytoin
Imipramine Probenecid
Lidocaine Sulfinpyrazone
Lorazepam Tolbutamide

Nifedipine Warfarin

Nortriptyline
Propranolol
Quinidine
Verapamil

binding protein by another drug
or

by
a disease process, Lhe

concentration of free drug in plasma (and at the receptor
site) will increase temporarily,

an effecL which then may
increase Lemporarily the pharmacologic reaponse.

The clinical impactof displacement depends
on the total

amount of drug in the body that is bound, the extent of

displacement, whether the drug is also tissue-bound, the Va
and whether the drug is a

high-clearance
or low-elearance

drug. High-elearance druga
are those with an extraction

ratio (sea below) ofclose to 1, so that the extraction usually is

insensitive to the extent of protein binding. A low-clear-
ance drug,

on the other hand, has a lower extractionratio,
and the clearance of the drug may be very sensitive ta pro-

tein binding,
Warfarin is an exampie of a low-clearance drug for which

the clearance has been ahown to vary with the fraction of

unbound drug. Thus, after warfarin has heen diaplaced
from protein binding sites, Cyjree)

increases and clearance

increases, ‘The increased metabolismwill resultin theelim-

ination of excess
Corireo) and restore the original free-drug

Jevela. Nevertheless, (ie initial release of bound drug may
cause a temporary depletion of clotting factors and conse-

quentbleeding,
The effects of protein displacement

are
usuallyof clinical

significance only when binding exceeds 85 to 90%. Consider
a

drug whichis 98% hound to plasma proteins. A displace-
ment of 2% potentially will increase free-drug concentration

by 100%. However, Unis does not meannecessarily thatfree.

drug concentration in plasmaactually will increase by 100%,
because free drug usually distributes quickly inte tissues,

Afterredistribution, the actual increase in free-drug
concen-

ivation in plasma depends
on the Vy Ifthe Vu is large, the

increase in plasma concentration may be minimal; if the Vy
is small, the concentration at the receptor site may rise

significantly and elicit. an increase in intensily of drug
ac-

lion. To make matters more
complex,

a decrease in protein
binding also can increase directly the Vg hy decreasing the
total cancentration in plasma, from which the Vy is calculat-
ed,

Diseases can alter drug-protein binding by decreasing the
amountof protein available for binding and by inhibiling

drug binding. Table 11] lists some conditions that increase
or decrease plasma proteins,

Hypoalbuminemia and elevated alpha,-acid glycoprotein
have been shown to have the most dramatic effect on drug-

protein binding, A normal concentration of serum albumin
is 4

g/dL, and a concentration of 2 g/d. would be considered

Tabte ill--Conditions Capable of Altering Plasma Protelns 

Aiphn,-Acid
Albumin Glycoprotein

Decrensed plasma Burns Nephrotic
pratein syndrome

Chronic liver disense
Cystic fibrasis
Protein: losing

enteropathy
Nephrotic syndrame
Pregnaney
Chronic renal failure
Trauma

Increased plasma Hypothyroidism “celiac disease

protein Crohn's disease

Myocardial
infaretiors

Renal failure
Rheumatoid

arthritis
‘Trauma
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severe

hypoalbuminemin,
‘Phe effect of

hypoalbuminenia
on

drug-pretein binding has the greatest impact. if 90%or

greater of Lhe drug is bound, if the numberof binding sites
on albumin are limited or if the drug has a tow Vy. Tt has

been shown that 4
change in plasmaalbumin concentration

from 3.5 down to 2.3 g/d],
causes the pratein binding of

phenytoin
to chanwzefrom 90% Lo 80.8%," "The reduced bind-

ing reaults in an inversely proportional increase in total

plasma clearance, so Ghatin steady-state Lhe unbound-drug
concentration remains unchanged. ‘Thus, it ia probably

ua-

necessary Lo alter the total daily dose. However, the de-
erease fn Lotal plasma drug concentration poses a

potential

problem
for the interpretation ofroutine plasma

concentra:

tions. ‘This problem
is discussed in further detail under

Drug Therapy in Renal Disease,
Diseases also can affeelthe affinity of drugs for albumin.

‘The best-Imewn example
occurs in ehronig renal failure, in

which accumulated endogenous compounds, which are not

significantly
removedhy dialysis, displace acidic drugs frais

albumin hindingsites, In disorders or situations in whieh

free fatly acid levels are increased,acidic drags
are displaced

from albumin bindingsites. Quantitatively, when the [ree

falfy acid/albumin ratio exceeds 3.8, the binding ofacidic

drags usually is reduced significantly.”

Elimination

The elimination of drags from the body usually
occurs

cither by exereloninto the urineor by biolransformation to

metabolites that are eliminated in the urine or feces, The

mechanisms wherebythe kidneys and liver eliminate drugs
and the pharmacokinetic principles behind these processes
were

presented in Chapters 35 and 36, respectively. In this

section, emphasis will be placed
on the practical application

af Lhese principles Loward the developmentofindividualized

dosage regimens.
Whendrugs

are
approved by the FDA, their elimination

has been studied in detail, usually only in healthy volun-
teers. Nevertheless, there is often enough information
available to make rational decisions aboutthe individuatiza-
tion of drug doses in patients whe might have impaired
elimination. ‘The moat important information is whether
the drug is eliminated unchanged in the uring or biolrans-

formed in the liver. With a
drug for which the major route

of elimination is renal, it is necessary to knowif excretion is

by tubular secretion, gtomerularfiltration ar
by

a combina-
ion of secretion and filtration. With a

drug of which the
elimination is principally by the liver it is necessary lo know
if the biotransformationis primarily by

a Phase | oxidation)
reaction or a Phase II (conjugation) reaction, if the metabo-

Hite(s} is/are pharmacologically active andif the drug exhib-
its first-pass melabolism. With the knowledge ofthese facts

about each drug,
ane can determine if i. is necessary to

adjust the dosage regimen in a
patient with kidney

or liver

impairment.
As indicated in Chapter 36, drug clearanceis a more direct

expression of elimination than is half-life. ‘This ia men-

tioned here onlyto remind the reader to be cautious about

equating impaired renal or
hepatic fmetion with a

change in

drug half-life. If a decrease in the renal elimination of a

drug ig accompanied by
an increase in half-life, it is neces-

sary to know this to adjustthe dosage regimen, However,
the elimination half-life of a drug is a

complex function of

elimination and the Vy, and it is possible
Lo have a change in

the Vu in patients wilh renal or
hepatic impairment such

that there is no alteration in half-life. Furthermore, it is

possible to have a drug with a
high total body clearance yela

long half-life. ‘This seeming contradiction occurs when

drags with a very high clearanee also have a
large Vi
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One class of drugs that dispkaya this contradiction is the

irieyelic antidepressants; the members have rapid clear:
ances of about. 1500 ml/min as the resull of hepatic melaho-

lism, hut their plasmaelimination half-Hfe maybe as
long

as

20hr. Beeause of their large Vg (000 te 2000 L) and rapid
redistribution between tissues and plasma, drug clewred
from the plasma almost completely is replaced by drug from
the peripheral compartment. As already mentioned, this is

important ta remember when deciding about the useof ex:

tracorporeal (hemodialysis
or hemeoperfusion) systems to

remove
drugs

from the bady of an overdosed patient.
For a

drag with a hall-life of 20 hr it might appear that an

extracorporeal system would enhance drag climination,

However, clearanceof the Wieyclic anLidepressants by dialy-
sis is small compared

to normal hepatic clearance. If the

drug alsohas a
large Vu, redistribution likely would keep the

plasmalevels elevated and hemodialysis
or

hemaperfusion
would have to be continued for an

unusually long time to

enhance significantly the removal of drug fromthe body.
Renal Exeretion--Unchanged drag

or drug metabolites
“an be eliminated from the body by wayof the kidneys,

as

mentioned above. Drug excretion by this route takes place
either as a result of filtration through the

glomerulus, by
tubular secretion or both. A knowledge of how a

drug is

exereled can be useful in predicting the effect that renal
disease will have onils elimination. Drags that are excreted

by tubular secretion generally
can be divided into organic

acids, stich as
penicillin and probenecid, and organic bases

such as cimetidine.
As indicated in Chapter 35, the arganic acids and bases are

secreted by separate transport systems. Among the organic
acids there is competition in transport such Unat the coad-
ministration of two sueh drags

can result. in decreased elimi-
nation and clevated blood concentrations of each,

Sometimes (his competition
can be used to advantage,

as

in the administration of probenecid in combination with

penicillin in the treatment of gonorrhea. The resultis that

the clearance ofpenicillin is reduced and the plasma penicil-
lin concentrations remain high for a

prolonged period of

Lime; the combinationis moreeffective than penicillin alone.

Since the therapeutic index of penicillin is high, such inter-
actions are useful. However, if probenecid is administered
with the cylofoxic drug, methotrexate, the secretion of the
latter driis impaired and significant toxicity may occur.

When tubular secretion is high, plasma protein binding
usu-

ally does not affect active secretion by the proximal tubule,
Most. drugs

are excreted by the kidneyvin filtration across

the glomerular membrane. Glomerular filration is a pas-

sive, Honsaturable process, Because of the small size of the

pores of Lhe glomerular membrane,only free drug in plasma
can be filvered; consequently, drugs that are bound to plas-
ma

proteins
are filtered poorly. Displacementfrom pro-

teins actually ean inerease the amount of drugfiltered
in the

glomerulus and hence eliminatedin the urine.
‘She gdomerular clearanceof drugs is directly proportional

to the
glomerularfiltration rate (GFR). it follows thata

decrease in GFR will result in a
proportional decreaseip the

rate of glomerular elimination of a
drug. ‘Thus, mensure-

ment of the GFRean be very helpful in the individualization

of dosage regimens in patients wilh impaired renal function,

The GPR generally is estimated by measuring the clearance
of either inulin or creatinine. Inulin must be infused intra-

yenously, whereas creatinine, 8
product of muscle metabo-

lism, is released in vivo ata relatively constantrate, Gus

obviating the need far constant intravenous infusion. Uri-

nary creatinine excretion usually exceeds the amount fil-

tered by about 10% because of a small amount of renal
tubular secreion of creatinine. However, because determi-
nation of GER by creatinine clearance is inexpensive and
easy to do and, because the difference between inulin and
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creatinine clearance is not significant clinically, crealinine
clearance commonly is used to estimate GFR. It is very

important Lo realize that the creatinine clearance is an accu

rate estimate of GFR only ifrenal function is stable. If renal

function ig decreasing,
serum creatinine concentrations will

be increasing, and il may take several days to reach a new

steady-state. Until a new
steady state is reached, the GFR

cannotbe estimated acourately from serum creatinine con-

centrations, and sergum creatinine should not be used to

cateulate an individualized dose of a
drug. Although creati-

nine clearance only measures the GFR,it frequently is used
in the determination of the dosage regimens ofdrugs thaiare

eliminated bothby filtration and
by tubularsecretion, Un-

fortunately, there ig no simple
test. to measure tubular secre-

tion, ‘Therefore, dosage adjustment based on creatinine

clearance may not be appropriate
for

patients receiving

drugs that are secreted actively by the renal tubules."
The effect of changes in urine pH and urine flow on drug

excretion already have been discussed in Chapter 35. In

routine drug therapy, these parameters are not considered to

be of great importance. However, the alkalinization of urine

to pH 8 by Lhe administration of sodiumbicarbonateis used

routinely lo treat overdoses of phenobarbital and salicylates,
since jonization of these weak acids reduces their reabsorp-
tion andinereases their elimination,

Drug Therapy In Renal Disease-—Drug administration
to patients with impaired renal function is complicated by
their associated medical problems, by the numberof drugs

they receive and by the altorations in drug disposition and
elimination thateceur. In renal disease, the protein binding
of acidic or

neutral, but not basic, drugs in plasma usually is

altered. Some of the reasons lo explain changes in protein
binding include:

1. Hypoulbuminemia that oecure as a result of protein loss in the
urine.

2, Competition for protein binding sites with small acidie molecules
that accumulate in uremia.

3, Changes in the conformation of albumin (sat results in decreased
nffinity for binding sites.

4. Acaamutation of drug metabolites that might displace parent drug
frany proteins.

Whichever the eause for changes in binding, the clinical

importance of changes in plasma binding and/or protein
concentration is that care must be used Lo interpret plasma

drug concentrations.
Measured plasma drag concentsations usually

are repart-
ed aa total drug, ie, bound plus free drug. For example,

therapeutic plasma concentrations of phenytoin in persons
wilh normal plasma protein content are 10 to 20 mg/L, af

which only 1 to 2 mg/l represents free drug. In putients
with renal failure, the free phenytoin concentration is un-

changed, whereas the fotal drug concentrationfalls to 6 to 10

mg/L, because of changes in protein concentration. The

clinician might, therefore, be mislead into thinking that an

increase in dose wag necessary Lo increase the plasma
con-

centration. In fact, because the free phenytoin levels are

unchanged in patienls with renal disease a
dosage adjust-

ment is pot warranted. The renal elimination of metaba-
lites can also be affected by impaired renal function.
he uremic state has been shown to have an effect on the

biotransformation of many drugs. However, the effects of

uremia on
drug metabolism often are inconsigtent and not

predictable, and theclinical significance of such effects usu-

ally
are not known. ‘The clinical importance

of the reduced
climination ofdrug metabolites is better understood, Table
Hin Chapter 36lists active drug metabolites, many which
are eliminated by the kidneys.

Procainamide is acetylated in the liver to N-acetylpro-
cainamide, which has cardiac effects similar fo those of the

parent drug. ‘This metabolite is eliminated by the kidneys,

 

and ita plasma concentration is increased in patients with

impaired renal funetion. Patients with renal failure whoare

treated with procainamide should be observed closely for

signs of clinical procainamide toxicity, and plasma concen-

trations of both procainamide and N-acetylprocainamide
should be monitored,

Dosage adjustment of drugs in patients
with renal impair-

ment should be based on a knowledge of the pharmacokinet-
ic parameters of the drug and, when indicated,

on monitor

ing of plasma drug concentration. ‘The aim ofIndividualiz-

ing dosing regimens in patients with impaired climination

(renal
or

hepatic)
is to maintain an average plasma

concen

tration (Cycvey) similar bo that ofpatients with normal elimi-
nation and, thus, to avoid unnecessary toxicity

or loss of

efficacy.
In Bq $2 in Chapter 36 it can be seen that

Chawo
isa direct

function of dose (2) and bivavailability (9 and an inverse

function of the daging interval (7) and clearance (Veal In

the patient with impaired elimination or decreased clear-

ance, Cpiavey Will increase until a new
plateau is reached

(plateau principle). If clearance is impaired markedly
orif

the therapeutic index of the drug is small, loxicity may
oceur,

it is apparent from the same equation that either an ap-

propriate decrease in dose or increase in the dosing interval
will offset a decrease in elimination, and a

Cyraya
can be

attained that js similar to that in a
nonimpaired patient.

In the patient with rena) impairment, individualization of

drug therapy requires knowledge of the dogree of impair-
ment andits effect on

drug elimination in order Lo choose a

proper dose or
dosing interval to achieve a desired Craver

As discussed above, the endogenous creatinine clearance is

usually Ube mostpractical index of GFRandit is used widely
(with the Himitations indicated) to determine the degree of

rena] impairment in a
patient with renal disease.

The translation ofthe degree of impairment into a
dosage

regimenis notsimple. In the literature there are 4 variety of

nomograms and equations available to aid in calculating

dosage regimens in patients with renal impairment. Hach

has itg proponents and opponents and each is based on a set

of assumptions thal provide limitations to its use. None

tnke into account all of the complexities discussed above,

Therefore, a nemog‘an oF an oquation used to determine ¢

dose of a drug lo be given toa patient with renal impairment
must be used only

as a
guideline and, when passible, should

beused along with monitoring of plasma drug concentration,
when indicated, and careful clinical observation to ensure

optimal therapy.
Drug clearance in patients with renal insufficiency (Cd;)

can be estimated from the relationship of the creatinine

clearance in the renal-impaired patient, the creatinine clear-
ance of normal persons and the clearance of drug by renal

and nonrenal clearance mechanisms according to the equa-
tion

cl
mal 7 {eal

impaired + Cl
Clevo Hormal

where Chena: is the normal renal clearance, Cleeat impaired 38

the creatinine clearance in the patient, Cloreat aarmai 18 the

creatinine Gearance in nermal persons and Clyonrena fs the

nonrenal clearance. ‘The renal and nenrenal clearances may
not be available; therefore, Lo determine a proper dosage

regimen,
one must rely

on the pharmacokinetic information

that is available in the literature; the elimination rate con-

stants, 2a, in normal patients and in patients with complete
anvuria frequently

are available. ‘The values for hese con-

stants for many drugs have beenlisted in Table 1V. Dettli!!
hos derived a nomogram in which these elimination rate

consLants and Lhe creatinine clearance can be used to deter-

mine an individualized dosage regimen for patients with

Cl,
=

Cl
  

ti re nonzetial a )
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Table i¥V—Drug Elimination Rate Constants in Normai and

Anephric Patents 

Nornal Anephiic
Kay Ket

Org (heey they

Alpha-methyldopa O17 0.03
Amikacin 0.40) dle
Amoxicillin 0.70 O10

Amphotericin 13 0.04 0.02

Anmpicilin 0.70 0.10
Carbenicillin 0.60 0.05
Cefazolin 0.40 O04

Cephacetrile O70 0.03
cephalexin 1,09 0,08

tephalothin 14a 0.04

Cephaloridine G50 0.03

Chloramphenicol 0.30 0,20

Chlorpropamide 0.02 0,008

Chlorteatracyeline O18 0.10
Clindamyein (LA? O10
Cloxacillin 1.40) 0,36
Colistimethate 0.20 0.04

Digitoxin {).004 0.004

Digoxin O.G17 0.006

Doxyeycline 0,08 0.03

Brythromysin 0.50 Odd
Ethambutol 0.58 6,09

Fuaracytosine 1.24 0.0)
Gentamicin 0.30 0.01
lsoniavid

(fast acetylators) 0.60 6.30
(slow acetylators} 0,20 0.08

Kanamycin 0.40 0.04
Lidocaine 0.40 0.36

Lincemycin O48 0.06
Methicillin 1,40 0.1?

Minocycline ONS 0,03
Nafeillis 1.20 048
Oxacillin 1.46 0.35

Oxvtelracyeline 0.08 0.02
Ponieilin G 1.40 0.08

Polymyxin B 0.46 0,02
Procainamide 0,22 0.04

Propranatal 0.20 Q.1G

Quinidine O07 0.06

Rifampin 0,25 0.25

Streptomyeln 0.27 0.01
Sulfadiazine 0.08 O08
Sulfamethoxazole 0.70 0.70

"Petrneycline 0.08 On
"Picarcillin 0.60 0.06
‘Pobramyein 0.36 0.01

"Primethoprim 0.60 0.02

Vancomycin 0.12 003

decreased renal function, ‘This nomogramis reproducedin

Fip 3762.
Av example of how this nomegram can be applied is as

follows. The ratio Mutanepheia/Relinorman
18 the fraction of the

usual dose of a drug Lo be administered when there is anuria.
Whenthis ratio is entered on theleft ordinate of ie nomo-

#ramin Fig 37-2 and connected by
a line to the upper-right-

hand corner, the dose fraction is described for a range of
creatinine clearances from 0 to LOG mi./min (100 mL/min is
Chat of a normal 70-kg person}. A line then is drawn verti-

cally fvom the palent’s creatinine clearance on the abscissa
to the dose fraction Hine, Irom this pointof intersection,

a
secondline is drawn Ddorigontally to the left ordinate of the

Homogram, ‘Phe point ofintersection on the left ordinate is
(he dose fraction for that particular drug corresponding

to
the compromised creatinine clearance,

Insofar as the maintenance dose is
concerned, the dosape

regimen ja the padent in renal failure can be modified by
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Fig 37-2. Nomogram used to determing the fraction of a dese that
should be administered to a pationt wih a parlicular creatinine clear-
ance. An exampleIs givon for a pationt with a creatising clearance
of 35 mL/min and a ratio Of KojanepnrieKoimnnay

OF 0.03. The dose
fraction in this case Is determined to be 0.36, This dose fraction then
is used to adjust the dose er dosage interval fer a pationt with that

dagree of renal impairment (ceurlosy, adaptation, Dettf!’),

adjusting either the dose or (he dosage interval according to
the calculated dese fraction. ‘The maintenance dose can be

adjusted by multiplying the normadose by the dose fraction

D.
=

D-Dose Fraction (2)

where 2; is the dose in renal insufficiency, 2 is the usual
dose in normal persons and dose fraction is the value deter-
mined from the nomogram as described above. ‘Phe dosage
interval, 7, can be adjusted by dividing by the dose fraction

7,
=

7/Dose Fraction (3)

where +, is the dosage interval in renal ingulficieney. An

example of an
adjustment in a

gentamicin dasage regimen
for a

patient with an
impaired creatinine clearance of 35

m/minis as follows: the usual gentamicin dosage regimen
ina patient with normal renal functionis a loading dose of 80
mg follawed by 80 mg every & hr, Prom Tabie [IVit can be
seen that.

R
edganophriey!Potnarmall

=
0.01/0.30

=
0.08

When0.08 is entered on the left ordinate of Lhe nomagram
and a tine is extended te the upper-right-hand corner, the
dose-fraction line for gentamicin is described. From a ere-

atinine clearance of 38 mL/min on the abseissa a line is
drawn vertically to the gentamicin dose-fraction ling, From
this point of intersection a

corresponding point
on the left

ordinate of the nomogram is a dose fraction of 0.36. The

dosage interval then can beadjustedas

+,
=

7/Dose Fraction

8 hr/0.36

22.2 hr
i

‘Thus, in a
paWent with such an

impaired renal function, a

once-a-day dose of 80 mg is likely fo maintain therapeutic
plasina concentrations. The maintenance dose for zentami-
cin in this patient also could be adjusted using Mq 2 as
follows
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0D,
=

Dose Fraction
=

86 mg-0.36
=

28.8 mg

‘Thus, 29 mg administered every 8 hr would provide thera

peutic plasma concentrationsin this patient, ‘Phe decision
ta adjust the dose or the dosage interval alsa should he

individualized. Fluctuations in plasma concentration of

gentamicin
will be less if the dosage intervalis lengthenedtu

4 he. However, there may be a
therapeutic

reason to have

peak plasma concentrations oceur 3 times a day rather than

only ance. As mentionedabove this, or any other nomogram
or caloulation for dosage adjustment,is only

an
approxima-

tion. Once the dosage adjustment has been made, careful

elinieal observation and, when indicated, monitoring of plas-
ma concentrations is warranted. Since the loading dose

depends primarily
on the Vu, a change only in 2.) does not

necessitate a
change in the loading dose,

Drug Therapy in Hepatic Disease~-The biotransfar-

mation of drugs is discussed extensively in Chapter36, Al-

though many organs are involved in drug biotransformation,
the liver ig the most important. One might therefore as-

sume that ail palients withliver disease would demonstrate
a

predictable decline in drug elimination by the liver. ‘This

is notthe case. There are several factors that complicate the

managementof drug therapy in patients withliver disease.

There are no routinely performed lahoratary tests that predict the
effect of Hver disease on drag metabolism. Unlike the correlationhe:

tween crenginine clearance and renal clearance of drugs, there is not a

good correlation between Che commonlyavailable tests of liver Punction

wid drug clearance bythe liver, Tn fact, the elimination rales of aiuiy

bintransformed drags are unaffected byliver disease.

Drug elimination by the diver may be affected by several factors in-

eluding Hver blood Mow, protein binding and volume of distribution, in

nddition to drug-netabolizing capacity.
Liver diseaseis not. a single well-defined entity but comprises

a uum

ber of various straeharal and functionnd alterations, These Include in-

flummation and neerosia, which generally alter only liver cell funetion

and hence drug-metabolizing activity; cirrhosis, which mayimpair both

Hyer cell function and liver blood flow; cholestasis, which may impair
both biotranaformation and biliary climingtion and weoplasia, which

may both impair cedl funetion and decrease blood flew.

The discussion of biotransformation in Chapter 35 indi-

cates that the process of hepatic elimination of drugs is

complex, involving many different Lypes of chemical reac-

ions. While this is true, for practical parposes it is most

important to know whether a drug ig metabolized by an

oxidation (Phase E} or
conjugation (Phase WW) reaction, ‘The

specific type of chemical reaction is of less clinical impor-
tance, Many drugs are biotransformedfirst by

an oxidation

reaction and the resulling metabolite thenis conjugated
to

facilitate urinary excretion, In Uhese casesitis the oxidation

reaction thal probably
is most important.

The clinical significance of knowing the general reactions

involved in Lhe metabolismof drugsis related to administra-

tion of such drugs in the patient with hepatic impairment.
It generally is accepted that liver disorders which affect

hepatocyte cell function will impair drug oxidation long be-
fore drug conjugationis altered. A specific example occurs

within the benzodiazepine class of drugs. On the one hand,

chiordiazepoxide and diazepam
are metabolized initially by

oxidation reactions that have been demonstraiad to be im-

paired in patients with alcoholic clrrhosis,?J?

Accordingly, the elimination ofthese drugs is decreased,
andelevated blood levels may result during chronic therapy.
On tse other hand, oxazepam and lorazepam undergo only

conjugation with glucuronic acid priarto being eliminated in

the urine. Clucurobidation does not appearto be affected

in clinically stable alcoholic cirrhosis, and the elimination of
these drugs is no different than in healthy volunteers.
From a

pharmacokinetic point of view, oxazepam and lora-

 

gepamare more rational choices than diazepam or chlordias-

epoxide for use in patients with alcoholic cirrhosis.
Most studies of drug elimination in patients with liver

disease have been performed
in patients with either acute

viral hepatitis
or alcoholic liver disease. One should be

careful about extrapolating these data to patients with other

types of liver disease, such as chronic forms of hepatitis,

peoplasias of the liver or cholestasis. Furthermore, one

miuat not extrapolate studies of the metabolism of one drug
in patients with Hver disease to another drug, even though
the metabolic reactions appear to be similar. There is a

multiplicity of subpopulations of cytochrome
P-460 en-

zymes. One drug may be metabolized by
one of these sub-

populations, while another drug is metabolized by another

enzyme. For this reason, there is often poor correlation

between the oxidations of two drugs.

Hepatic disease also can
produce changes in serum pro-

teing and in liver blood flow which can influence the elimina-

tion of drags. Because the liver is the site of synthesis of
serum proteins, patients with severe chronic liver disease

frequently have decreased protein binding of drugs. In ad-

dition, there may be decreased protein binding as a result of

quantitative changes in serum proteins. Liver blood flow is

dominated by the portal
venous syatem that drains the mes-

enteric veins. Thus, all drugs absorbed from the oral route

pasa throughtheliver via the portal vein, In certain types of

liver digease, most commonly alcobolie cirrhosia, there is

shunting ofthe portal circulation away from functioning

hepatocytes. This leads to increased pressures within the

portal system and shunting of drugs away from the drug-

metabolizing enzymes.
One methad of classifying drugs by the characteristics of

hepatic eliminationis to divide them inte those with a high

hepatic extraction ratio and those with a low hepatic extrac-

tion ratio. As deseribed in the explanation of Bq 23 of

Chapter36, the hepatic extraction ratio is defined as

Gap
where Cayis the hypothetical

mean of mixed hepatic arterial

and portal
venous

drug concentrations, and C,, 3s the hepatic
venous drug concentration. The hepatic clearance, Cly, of a

drug is determined by its extraction ratio as

CL,
=

HBP

where BEis total hepatic blood flow. ‘Theclassification of

drugs according to their hepatic extraction ratios is shown in

Table V. Hepatic bleod fiow is usually the rate-Hmiting
factor in the hepatic clearance of drugs with high extraction

Table V--Ctaselfication of Drugs According to Thelr

epatic Extraction Ratios“

eer

eres serearenenail A 

Drugs with an Extraction Radio Greaterthan 0.6

Lidoeaine Nortriptyline
Propranolol Morphine
Pethedine Labetalol
Pentazocine Vorapamit
Propoxyphene Metoprolol

Drugs with
an fixtraetion Ratio Less than 0.5

Binding-Sensitive Binding- Insensitive

Phenylain Theophylline
Diazepam Acetaminophen
Tolbutamide Hexobarbital
Warfarin Chloramphenicol
Chlorpromazine
Digitaxin
Quinidine  setheneeeuerne penenga
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ratios, and the metabolismof such drugs
are considered to be

Alow-limited metaboliam, ‘These drugs demonstrate first-

pass metabotiam in that afer oral administration a
major

portion ofthe drag does not reach the systemic circulation.
Their bioavailabilityis low and their metabolism is sensitive
to anything that alters hepatic blood flow. Thus, for exam-

ple, the elimination of lidocaine can be decreased substan-

jially in patients with congestive heartfailure, which usually
causes a reduction in hepatic blood flow. in patients with

cirrhosis and portal hypertension, the shunting of blaad
away from functioning hepatocytes has the greatest impact
on

drugs with a
high hepatic extraction ratio, In patients

with portal hypertension, the bioavailability of drugs with a

high extraction ratio may be increased significantly,
so that.

toxic blood levels may result. At the present Limethere is no

routine laboratory test that will predict this effect in an

individual patient. Rather, itis advisable to start with a low
dose of drug and increase the dose slowly to achieve the
desired reaponse.

The rate of metabolism for drugs with a low extraction
ratio is dependent

on the concentration ofdrugat the hepat-
ic enzyme site, which is proportional to the free concentra-

tion of drug in plasma. Consequently, drugs in this class can

be divided farther into those in which hepatic elimination is

cither sensitive or insensitive to protein binding. Drugs
with a

hepatic elimination distinctly sensitive to protein
binding

are
generally 80 (o 99+%bound, whereas drugs with

a
hepatic elimination clearly insensitive to protein binding

are less than 30% bound. Conditions that affeel plasma
protein binding

can have a
significant offect on the hepatic

clearance of a
binding-sensitive drug but usually not a bind-

ing-insensitive drug.
Although muchis known about the hepalie metabalisin of

drugs and the factors that can affect their hepatic elirnina-

tion, the use of drugs in patients with potential alterad

hopatic clearance is still empirical in that there are no
specif-

ic guidelines relating the severity of hepatic disease and drug
elimination, ‘To agreat extent Uhis is due to the multiplicity
of drug-metabolising enzymes, anditis unlikely thata single
or

simple battery of laboratory tests will suffice to predict
the hepatic elimination of all drugs. Applymg the known
facts aboutliver disease along with the knowledge of drug
elimination by the liver usually will permit.a ratienal use of

drugs in patients with disorders of the liver.

Therapeutic Drug Monitoring

Rational drug therapy requires individualization of the

dosage regimen for a
paricular patient. In many instances

this can be done by monitoring te clinteal response lo drug
therapy. For example, ifa patient with hypertension is not

responding to therapy
andthere is ne reason Lo suspect poor

compliance, it may be appropriate to increase the dose until
the patient's blood pressure is under control, Whenever &

drug is administered, well-defined therapeutic end-points
should be a

preferred part of the management. plan.
Observation ofthe clinical response or

monitoring
a reli-

able laboratory teat may be easy with certnin classes of drugs
such as

antihypertensives, oral hypoglycemics, oral antico-

agulants, analgesics
or

druga used to lower serumuricacidor
serumlipids. Por other drugs, the definivien of a therapeu-
lic end-point may not be clear or the onset of toxicity may
aceur at dosages only slightly above therapeutic cancentra-

tions. For some of these drugs
one should monitor the

serum drug concentration and thus determine if the dose
administered to an individual patientis achieving Cherapeu-
lic concentrations.

‘The following are several criteria and typical examples
that should be considered before measured drug serum con-

contralions are of clinical value.
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The drug must have a reversible action, An example of drugs with
irreversihte action would be the alkylating agents which exert a lasting
offect afler a single dose. Ad the present. Lime there seems lo be little
need for routinely monitoring the plasma concentratian of Lhose drugs.

The development of taterance at the receptor site should mat aceer,
A therapeutic concentration range for morphineie not rational, sinee the
dose requiranents mayincrease with use.

The pharmacokinetic properties of Lhe drug are tokeninto aceatunt in
the bloud sampling schedule, Tf sampling is performed ina mainte
nance regimen, sleady state should bave been achieved prior to sam-

pling. Steady slate may oecur d to 6 half-lives after the initiation of
Wherapy if a loading dose is not. administered. Changes in drug half-life
produced by diseast must be taken inte account. Qualililive differ-
enees in the medabolism or excretion of drugs aise are known Lo occur in

pitients with hepatic and/or renat disease, er example, patients with
impaired renal function may expericnee prolonged respiratory depres-
slun when troaled with morphine, due, ip part, to Lhe accumulation af an
active melabolite, morphine6-gucuronide. For drags witha short haif-
fife. peak C1 or 2 hy aller orat dosing) and Grough (predasing) delermina-
tions are advisnuble. ‘Che distribution phase should be complete before
drug concenteations are measured. Slow-release formulations of drags
have different absorption characleristies and different plasma

coneen-
travion versus Lime profiles that muet be fuken dle account when inter-

preling
a single plasma concentration, ‘The chronic administration of

some
drugs Ge barbiturates} resuits in the indsction of hepatic drug-

metabolizing enzymes. A decrease in the steady-state plasma
eoncen-

tration ofthat drug,
or others medabolized by the induced hepatic

on-
vyines, ynay oceur Unless the dose ofthat drug is increased.

The presence of active metabetttes shauld be taken late consider:
uiion. ‘The serum concentrations of the A-acetylprocainamide melabo-
lile af procainamide should be considered when assessing antiarrhyth-
mic activity afler administering procainamide, This

is
parGiculerly truce

in patients wilh resal failure who may eliminate the metabolite slowly,
Active metabolites alse are responsible for toxicity Ge acetaminophen).
Most assays for the measurement of plasma drug concentrations da not
account for active Loxic metabolites Chal arg present at very low plisnut
concentrations,

The analytical method must be seusitive enough fa measure acet-

rately Che expected
serum cancentrations and selective enough ta be

certain that interfering substances will nat influence the resulis, Most
clinical drag assays do not. distinguish between enantiomers if a racemic
mixture of drug is administered. [tis important ta consider this when

interpreting the plasma eoneentration of a drug if one enantiomer is
more active on hore is stereoselective disposition. ‘The (9)-warfarin
enaaemeris aboulfive times more potent in mae Urn the (2}-enantio-
mer; the S44 )-enindianer of disopyramide is bound more avidly to

plaama proteins Lhanits corresponding A{od-enantiomer. Some drags
Ge phenytoin} may be adsurbed by plastics in intravenous tubing, sy-
ringes and blood-eollvetion tubes. When analytical results de net fil the
cliniead situation, consideration should be given Loadsorption asa poten:
tial problem,The data must be evaluated in the context af sound clinical sudte-
ment, ‘Vreul the patient, nof the serum

drug concentration. An exam.

ple is the palient who is iking digoxin and develops a low plagmit
polassium. Hypokalemia makes the myocardiun

nore sensitive to Che
rhythin disorders produced by digoxin. ‘Thas, Uhe patient with a norinal
serum digoxin concentration may experience drug-induced eardiotox-
icity if hypokalemia alsois present.

  

  

 
  

 
 

Table Vi-—Therapeutic Ranges for Drugs

Amikacin Trough 4.8 mp/l
Beals 20-30 me/L

Carbamazepine 4-8 m@e/L
Digoxin 08-2 ap,
Disopyramide 2-5 mg/l.
Athoauximide 40-100 m/l,
Goantamicin "Trough me/L

Peak me/L
Lidocaine me/le
Phenobarbital mg/L,
Phenytoin me/L,
Primidone(see mall.

phenobarbital)
Procainamide mg/L.
N-Acetylprocainamnide me/L*
Quinidine mg/L.
Theophylline mg/L.
Tobramyein Trough m/l

Peak mg/l.
Valproic Acid me/L “'Patal af procainamide and N-acetsytprocainanide,
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Tabie ViI—Pharmacokinetlc Parameters of Commonly Monitored Drugs

Volume of Protein Oral Hose
adjystmant requirad

distribution binding availablilty Route of Half-Llfa onal Wer

Drug (Lika) (%) (%) glimination ——HormalAnephic failure fallura

Amikacin 0.28 <6 Parenteral only Renal ahr g-ddoys Yes No

Carbamazepine 0.81.4 75 70 Hepatic—apoxida 10-26 hr
_

No No
metabolite is active

Digoxin 5-74 20-40 5O-OS Renal 43-515 hr a.6doys Yes No

Disopyramide 0.5 50-80 80-85 Renal and Hepatic 6-10 45 Yea No

Kthosuximide ).62 Negligible 100 Hepatie G0 br adults
os

No No
30 fr children

Gentamicin 0.25 <6 Parenteral only Ronul 2hr 2-ddoys Yes No

Lidoenine 1.4 60 Parenteral only Hepatic—metabotites 1.6 hr
~

No ¥es
are active

Phenobarbital 1.0 46 80-100 Hepatic primarily a-4 days
—_

No Yes

Phenytoin 0.6 OO 90 Hepatic 10-40 hr
se

No Only in
concentration severe cases

dependent
Primidone 0.6 ld 100 Hepatlic—phenobarbital 4-12 dr No No

and phenyi- 29-36 hr

ethyimalonyl- metabolites
amide (PEMA)
are active
matabotites

Procsinamide a2 i 7h-O8 Renal and Hepatic 2.54.5 he HO-dbhr Yes No

N-acetylprocainamide
ig active

Quinidine 0.5 60--BO 70-95 Hepatic-—metabolite @ hr
woes

No No
aclive

Theophylline 0.3-0,6 55 Comptete Hepatic 3-8 hy
soon

No Yes

‘Tobranycin 0.25 <6 Parenteral only Renal 2 hr Q-ddoys Yes Na

Valproie acid 2 00 70-100 Hepatic 10-36 hr
—

No Yas, uae

   with caution 

 
Therapeutic drug monitoring requires

as much clinical
skill as does titration of an oral anticoagulant dose by moni-

toring the prothrombin time. A basic assumption in this

principle js thatfree drug at the aetivesite |g in equilibrium
with total drug in plasma

or serum. This has been shown

probably
to be true for many drugs. Furthermore, for these

drugs, optimum therapeutic effects and minimal toxicity is

observed when the serum
drug concentration lies within an

empirically determined therapeutic plasma eancentration

range. However, there is overlap between the therapeutic
and subtherapeutic

serum
drug concentrations, ‘Therefore,

therapeutic drug monitoring should be considered aa an aid

to, not a substitute for, careful clinical observation in the

management of drug therapy.
The purpose of this section is lo provide

some
guidelines

to follow for therapeutic drug monitoring and some ofthe

salient features of the drugs being monitored. ‘Table VI

containg a list of drags commonly monitored and the serum

concentrations thought to representthe therapeutic range.

Interpretation of plasma drug concentrations clearly
re-

quires
a broad knowledgeof clinical pharmacokinetics, Re-

cently, several gourees of pharmacokinetic data have become

available.

An
appendix

of pharmacokinetic data, developed by Benet and
Sheiner,!® is available. Included are excellent compilations ofavailabil-

ity, wrinaryexcretion, protein binding, clearance, volumeofdistribution,
halfdife and therapeutic and toxie concentrations for most of the cur-

rently used drugs. Data are accompanied by references so that the

original work can be documented,
She newsletter, Perspeetives in Clinical Pharmacy," provides timely

discussions af popular topi¢s in clinical pharmacokinetics.
Another useful reference is by Gerson. Includedare chapters

on the
major drug classes with detailed discussions of the commeniy used drugs.

‘The pharmacokinetics of abused substances are covered by Barnett
and Chiang!

Table VIE providea important pharmacokinetic informa-
tion for commonly monitored drugs. A sound knowledge of
the ¢linical pharmacokinetics ofeach drug, a critical use of

plasma drug concentrations as described above and a thor-

ough clinical evaluation of the patient will provide the data

required for Lhe developmentof rational drug therapy.
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Tepical Drugs
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A large numberof chemical agents may be applied to the
skin and mucous membranesfor heir local effeeis. Many of

these, such as antibiotics, antisepties, corticosteroids, anti-

nevplastics and Jocal anesthetics, belong to distinct pharma-
cologic classes treated elsewhere in this text, and will not be
discussed in this chapter. The remainder comprise

a heter-
ogeneous group of agents which, by exclusion, are

mostly
nonselective in action.

‘Those focally acLing agents that have limited chemical and

pharmacologic activily generally have a
physical basis of

action. Included in this group are
protectives, adsorbents,

demulcents, emollients and cleansing agents. ‘The relative
inertness of many of these substances renders them ofvalue
as vehicles and excipients. Consequently, many in this
group are also pharmaceutical necessities and may be treat-
ed in Chapter66.

Those locally acting agenis that have general chemical

reactivity include most. astringents, irritants, rubefacients,
vesicants, sclerosing agents, caustics, escharotics, manyker-

atolyLic (desquamating) agents and a miscellaneous group of

dermatalogics including bypepigmenting and anUpruritic
agents.

Although the skin and mucous membranes differ consid-

erably in sLeucture and
function, Urey

are similar in penetra-

bility (to chemical agents) and in their response to cerlain

physical and pharmacologic stimuli. Thus, many of the
agents found in this chapter may be applied to both typesof
strfaces. Nevertheless, it is obvious that many agents, for
which there is either contraindication or no rationate for
their application Lo Lhe mucous

membranes, may be applied
onlyto the skin.

In its broadest. pharmacoiogic
sense a

protective is any
agent that tsolates the exposed surface (skin ar mucous

membrane} from harmful or
annoying stimuli. Tn common

practice only those substances that protect. by mechanical or

other physi¢al
means are considered to be protectives, al-

though the surface action of adsorbents and demulcents
cannot be divorced from their chemical properties. Protec-
tives such as demulcents and emollienis customarily are

placed in separate categories; that practice is followed here.
The abridged category of protectives mainly comprises

the dusting powders, adsorbents, mechanical protective
agents and plasters.

Protectives and Adsorbenis

Dusting Powders

Certain relatively indifferent (inert and insoluble) sub-
stances are used to cover and protect. epithelial surfaces,
ulcers and wounds, Usually these substances are aubdi-
vided very finely. They generally absorb moisture and,
therefore, also act aa eulancous desiceants. ‘Che absorptionof skin moisture decreases frieion and alse discourages

cer-
Cain bacterial growth,

"Phe water-absorbent powders should not be administered

157

to wet, raw surfaces because of the formation of cakes and
adherent crusts. Starch and other carbohydrate powders
not only may became doughy bul they also may ferment.

Consequently, such powders often contain an antiseptic,
Most impalpable powders

are
absorptive, to some extent.

Whether absorption of substances, other than water, con-

tributes to the protection of the skin is uncertain; however,

absorption offatty acids and other constituents of perspira-
tion, along with cutaneous drying, contributes to a deodor-
ant action of the powders. [t generally is held that the

adsorptive capacity is important to the gastrointestinal pro-
tective action of chemically inert powders taken internally,

The chemically inert dusting powders
are not entirely

biologically inert, despite the name. When entrained in
pores or wounds orleft upon parietal surfaces, certain of the

dusting powders, eg, tale, may cause
irritation, granulomas,

fibrosis or adhesions. Even withoutdirectirritation or ob-
atruclion of the perspiration, dust can be troublesome.

Several of the dusting powders
are

incorporated into oint-
ments, creams andlotions,

Bantonite-—page 1305.

Borle Acld---page 1318.

Caictum Carbonate, Precipltated—page 776.

Talc—page 1327.

Titanium Dioxide—-page 772.

Zinc Oxide—page 762.

Zinc Stearate

Oetadecnnete acid, zine salt

Zine stearate [657-051]. A compoundef zine with a mixture of
solid orgimie acids obtained from tals, and consists chiefly of vari-
able proportions of zine stearate andzinc palmitate. [containsthe

equivalent of 12.6--14.0% of 2nO(81.38).
Preparation~-An aqueous solution of zine sulfate is added to a

sodium stearate solution, and the precipitate is washed with water
until free of sulfate anc dried,

Description--.ine, white, bulky powder, free from gritiiness with w
faint. characteristic color; neutral Lo moistenedlitmus paper.

Solubility....agoiuble in water, aleobot or ether butis sntuble in ben.
2400.

Uses—dn water-repetlent ointments and as a
dusting potwder in

dermatologic practice for its desiccating, astringent and protective
effects. 14 has been removed from baby dusting powders, owing Lo

accidental, fatal inhalatiens.

Mechanical and Chemical Protectives

Several materiais may be administered to the skin 16 form
an

adherent, continuous coat which either may beflexible or

semirigid, depending upon the substances and the mannerin
which they

are
appHed. Such materials may serve three

purposes: (1) 1o provide occlusive protection from the ex-

ternal environment, (2) lo provide mechanical support. and
(3) to serve as vehicles for variaua medicaments.  MYLANINST. EXHIBIT 1013 PAGE 203
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The two principal classes of mechanical protectives
are

the collodions and plasters. Neither is used Lo much extent

today. ‘This is because there is increasing recognition of the

beneficial effects of air in maintaining
a normally balanced

cutaneous bacterial flora of low pathogenicity. Also, the

mechanical protectives may of themaclves be somewhat irri-

tating because of interference with normal water transport

Uhroughthe skin caused by certain oleaginous and resinous

ingredients, especiallyin plasters, It also is recognized that

rubberin adhesive plaster may induce eczema. ‘The ceratos

may he employed similarly to the plasters. Bandages, dress-

ings and casts also afford mechanical protection and support
(see Chapter 105 for additional information). A brief dia-

cussion of plasters is inchided in Chapter 87.

Anumberof insoluble and relatively inert powders remain

esgontially unchanged chemically in the gastrointestinal
tract. If the particles possess surface properties that favor

their clinging to the gastrointestinal
mucosa, and especially

if they split up into tabular shapes, they offer mechanical

protection against abrasion and may even offer slight pra-
tection against toxina and chemical irritants. Many such

protectives also are adsorbents (charcoal, bismuth com-

pounds, kaolin) or astringents (zinc and bismuth com-

pounds). They are discussed under those categories.

Aiuminum Hydroxide Ge!—page 775,

Collodion

Contains notless than 5.0%, by weight, of pyroxylin.

Pyroxylin
oo. s cere e eeernlater 40¢

Ether
...... Pewee eters Dea enev ener eta reve Th0mL

Alechol.....
patvane eee tenes beeen ene ene 6

2h0mDL
Toa make about...--

laeeeeee beeen e ee eens ve 1000 mL

Add the aleohol and the ether to the pyroxylin contained in a

suitable container, and atopper the container well. Shake the mix-

Lure occasionally until the pyroxylin is dissolved.

Deseription—Clear,
or slightly opalescent, viscous Hquid;

coloriess,
orslightly yellowish andhas the dar of ether; specific gravily between
0,765 and 0.775.

Alcohol Content—22 to 26% of Cal,OH.

Uses-~Chiefly to seal small wounds, for the preparation of medi-

cated collodions and Lo protect nanaffected arena of the skin from

topically appliedirritants, corrosives, ec.

Caution-—Collodion ts highly flammable.
Floxible Colledion

[Colladium
Fiexile]-~Seo RPS18, page 717. See

also Salicylic Acid Collodion (page 768).

Absorbable Gelatin Film

Gelfilm (Jpjatin)

A sterile, nonantigenic, water-insoluble, gelatin film obtained

froma specially prepared yolatin-formaldchyde
solution by drying

on
plates at constant temperature and hunnidily with subsequent

sterilization by dry heat at 146° to 149°C for 12 hr.

Deseription—Light amber, transparent, piiable film that becomes

rubbery when moistened.
;

Solubitity-—Jnsolublein water; it uasumes A
rubbery consistency after

being in water foro few minutes.

Uses-—Both asa mechanical protective
and aga temporary aup-

portive structure and replacement matrix in surgical repair of

defecta in membranes, such a4 the dura mater and the picura,
When emplaced between damaged

or
operated structures, it pre-

venta adhesions. When moistened, the film becomes pliable and

plastic,
ao thal it canbefitted to the appropriate surface. Absorp-

Lion requires ] to Ganontha, [is alaoa component of HLomadhesive,
to he placed around an ostomy.

Dose-~-Appliedin the form of sheets, previously
soakedin isoton-

je sodium chloride solution and cut to the desired shape.
Donnge Forms---Film; 100 x 125 min; Ophthalmic Fin: 26 x

50 mm,

  

Zinc Gelatin

#ine Gelatin Boot; Unna’s Boot; Unna's Paste

Pine Oxdde ccc cre cece eee seveceees reece OO
Golatin

cc... . 0c cece ete eee eee pen eeeeeneeene 150 ¢

Glyeorin,
oo... Ceuvvenbneeeeeerrr UU 4

Purified Water....-..
Dodee eee evaayeene veeeeeccee

=

Of
‘To make about

...... Dante e teenies vecerrapeneverae LOOO 8

Gradually add the gelatin
to tho cold purified water, with coustant

stirring, allow the mixture to standfor 16 min, and then heat on a steam

bath until the gelatin dissolves, Add the zine oxide, which previously
hag been rubbed to a amooth paste with the glycerin, and atic carefully
until a smoothjelly result.

Uses-~Melted and applied in the molten stale between layers of

bandage to act asa
protective

andto support va ricosities and similar
lesiona of the lower limbs. After a

period of about 2 weeks the

dressing is removed by soaking with warmwater,
Dose~Hxternad, as an occlusive boat,

Dosage lorma—Impregnated Gauze, in 10-yd Jengths in fallow-

ing widtha: 24%, 2%, 3 and 4 in; impregnated with white or pink

paste (the latter colored with a small ammount of ferric oxide).

Kaolln-—page 796,

Lanolin—page 1512,

Lanolin, Anhydrous—page 1317.

Mineral Oll—page 788.

Mineral Oll Emulsian—-page 798.

Mineral Oll, Light—-page 788.

Olive Oll—page 1308.

Peanut Oil—page 1303,

Petrolatum—paga 798.

Other Mechanical and Chemical Protectives

Petrolatum Gauze [Petrolated Gauze]-—Absorbent gauze siurated
with white petrolatum, ‘The wéightof the petrolatumis 20-80% of the

weight of the Gauze. It is storils. Prepared by adding, under aseptic
conditions, molten, sterile, while petrolatam

to dry, sterile, absorbent
gauze, previously

cut to size,in the ratio of 60 got petralatum
to ach 20 ¢

of gauze. Uses; A protective dressing; alao as packing material for

postoperative plugs, packs, rolla and tampons, and apa wiek, drain or

wrap-around for tubing. It ig claimed that there is no danger of Hasue
maceration and that no growth of granulation tissue throughit occurs.

Dimethicone [Poly(dimethylsiloxang; poly[oxy(dimethylsilylene)]
[9606-66-9] (CyHgOS),j—A water-ropellent. silicone oil consisting es-

auntially of dimethyl siloxane polymers of the 200 series of (luide {see
Silicones, bolow). Ibis a water-while, viscous, oil-like liquid; immiscible
with water or alcohol: miscible with chloroform or ether, Uses: Has

akin-adherent and water-repellent properties, [t is both a protective
and ancimollient, for whieh ita PDA classification is Category 1. Applied
to the skin, it forms a

protcetive film that provides
a barrier lo ordinary

soap and water and water-soluble irritants, The film may fest several
hours if the skin ig exposed mainly to aqueous media, ‘The film pravides
a Jesa-effective barrier Lo synthetic detergents

and
lipid-soluble materi-

als, auch ap organic solvents, it should not be applied except is contact

dermatoros and dermatoses aggravated by substances thal can bo re-

péelied by the silicone, It is usefulin preventing irritation from ammonia

produced by the urine of infants, but it may exacerbale preoxisting
irritation. The occlusive protection by the silicone is detrimental to

inflamed, (raumatized, abraded or oxcoriatedskin andLy lesions requir:
ing free drainage, However, applied adjacentto such lesions, it offers

protection against irritating discharges and maceration. It practically is

harmless, and does not sensitize skin bub it docs cause femporaryirrita-
tion Lo the eyes. Tt may be incorporatedinto ointments, creama and gals,
Dose: Apply uniformly with rubbing 8 or 4 Limes for the firat day

or lave,
thon twice daily, Dosage Forms: Avrosal, Cream and Ointment: 20
and 30%, All concentrations from 1 Lo, 30% are approved.

Silicones (Polyorganos(loxanes)—Theue
are organgsilicon polymers

containing chains of alternating oxygenandsilicon atoms with substituy
entorganic groups, frequently methyl

or
phenyl, attached to ench silicon

Aton,
Preparation: ‘These polymers may he prepared aynthetically by con-

densing alkylated or arytnted silanols. Dinubstituted silanedfols

{RaSi(OH)2] formfingar polymers having the general formula:

R RT OR

ko Lb.
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&
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Cross: linked paeners result from condeasulion of mixtures of substi-
Grted siianediais aud monosubstituted sHanectriats [ASHOHJa), repre:
sented by Lhe following partial formula where (is a hydrocarbon radical:

“)

 H

One method of preparation invelyves interaction of siligan Lelsachio-
ride wilh appropriale Grignardreagents Lo yield allydated

or
arylateddi-

chlorosilanes. After hydrolysis to the corresponding substituted ailan-
vis, dehydration procedures are used te effect. condensation polymeriza-
tiua. ‘Phe overall reaction, as it involves a disubstiluted silanediol, may
be represented as:

:

aici, TOMES rysicl Mb RasHOH), “We Hopsick.O)H
Sikicon Disubsdi- Tisubsti- Silieone
tetra- tuted tuted linear

chloridg dichlora- ailanediol polymer
silane

Properties: Silicanes with a wide range of properties may he pre-
duced by varying the substituent Roand the degree of cross-tinking.
Physically, silicones vaty from mobite liquids through viscous Viqtuicls
and semisolids fo solids. Viscosiies range from 0.68to 1,000,000 centi-
stokes. En general, they display high. and Jow-lemperature stability,
They

are odorless, Lasicless, relatively inert chemically and physioloy-
eally, water-repellent and possess andfoun characteristics, Unmadi-
fied siticones are

generally insoluble in water; beciuse of Usis Cheliquids
oflen are termedsilicone offs: however, a weler-soluble sodiun seit ata
simple silicone, chemically sadfum acetyl séliconate [CH8t-
(OH }ONal, has been markafed.

Uses: Preparations containing siicones have various dermatotapzical
uses (Gee Dimethicone) and are used as ingredients of bases for ont
mentaand Iniments. In the Corn ofinhalation sprays, silicane prepara-
tions have been employed in the beatment of pulinenary edema inveiy:
ing Crating of fluid iy (he upperrespiratory tract. ‘They also are used
oratly as anu@atulent or

gastrie defouming agents Gace Simethicone,
page 790). A silicone bawueing putty has found nceeplance for use a8 0

physica) agent in treating conditions requiring finger exercise, The

water-repollent propertiesof thesilicones have found considerableuseix
agreal. variety of applications where complete drainage of aqueous fuids
from surfaces is desirable,

Silicones virtually are nonirrilding; consequently, silicone rebbers are

used in various indwelling cuthelers, Gaubes, ele, ad in some types af

prostheses. Liquid silicones are used also to Pill ta hypaylastic bedy
areas for cosmetic purposes, allhough Chey lend bo relocate because of
flaw under gravity and motion.

In addition Lo uses invelying antifoaming, waler-repellent and nonirri-
tating characteristics, silicones also are

employed Lo preventsticking of
one objeel to another and then are referred fo commonty

as release

agents, examples of such employment include release of rubber and

plastics Frons nvoida, four! fram metal, ice from the wings of airerstt and

cupsules and tablets fram molds and dyes in which they are fabricated,
Silicone rubbers are used to eneapsulate steroid harmenes and other

drugs Intendedfor chranie se, inorder teretard absorption andeffect.a

repository actionlasting In some instances for as long ws 1 yr. Continu-
ing developments in Chis field offer interesting possibilities.

Fine Carbonate [(COgen(125.38)|-—-
While rhombehedroids. Soluble

10 ppm in water at 15% soluble in dilute acies, alkalies or solitions of
ummeonium salis. Uses: Both for its lubricity and as ua drying agent
As askin protectant it falis into FDA Category I. 1t is included in
commercial topical burn and sunburn products and extemporary protect-
ants, Jdese: 02 lo 2%,

 

 

 

 

Demulcents

Demulcents are
protective agents tbat are

employed pri-
marily to alleviate irritation (demudcere—-Lo smooth down),

particularly of mucous membranes or abraded tissues,

They also offen are
applied to (he skin. ‘They generally

are

applied to the surface in viscid sticky preparations that
cover the arca

readily. ‘The local action of chemical,
me-

chanical or bacterial irritants, thereby, is diminished, and

 
TOPICAL DRUGS 750

pain, reflexes, spasm or catarrh are attenuated. ‘hey also

prevent drying of the affected surface. ‘Phe demulcents
maybe applied to the skin inthe form oflotions, cataplisms
or wel dressing, lo the gastrointestinal (rack in the form of

damuleentHquors
ar enemas and Lo the throat in the formof

pastilles, lozenges
or

gargles. Demulcents also are included
in artificial tears and in wetting agents for contact lenses,
When demulcents are

applied
as solid material (as in loz-

enges or
powders), Ube liquid

is provided hy seereted or

exuded fluids. Demuleents frequenly
are medicated. In

such inatances the demulcent may be an adjuvant,
a correc

tive or a
pharmaceutical necessity. Many of the demulcents

are also laxatives (page 783) and are used ag
such,

or
they

are

used with laxatives or antacids for Ubeir demulcent and lu-

bricating action,
4 variety of chemical substances possess demulcent prop-

erties. Among these are the alpinates, mucilages, gums,

dextring, starches, certain sugars and polymeric polyhydric
glycols, Mucus, in itself, is a natural demulcent. Certain
silicates that form silicic acid on exposure to air or

gastric
juice and glycerin, althoughit is of low molecular weight and

has relatively low binding power, frequently
are

placed
among (he demuleents. Also Uhe colloidal hydrous oxides,

hydroxides and basic salts of several metals are claimedtobe

demulecent, but acceptable clinical proof of the claim has nat.

been provided.
‘Phe hydrophilic colloidal properties of mostof the dennul-

cents make them valuable emulsifiers and suspending
agents In water-soluble ointments and suspensions, They
algo retard Lhe absorption of many injections and, thus, may

be employed in sundry depot preparations, Manyof the

demulcents mask the flavor of medicaments by
means ofat

least three physical phenomena: (1) they apparently
coat

the taste receptors and render them Jess sensitive, (2) they
incorporate Many organicsolutes into micelles and, therchy,
diminish the free concentration af such solutes and (3) they
coat the surfaces of many parlcles in suspension. Because

of the adhesiveness of the demulcents, they
are

employed
widely

as
binding agents in tablets, lozenges and similar

dosage forms. Consequently, certain demuleents will be
discussed in Chapter66.

Acacla---page 1904.

Benzoin

Gum Benjamin; Benzo

The balsamic resin obtained from Styrax benzain Dryander
er

Styrax paratielonewrus Perkins, known hy commerce as Sumatra
Benzoin, or trom Styrax conkinensis (Pierre) Craib ex Hartwich, or

other spacies of the Section Authostyrax of the genus Styrex,
known in commerceas Siam Benzoin (Fam Styraceae).

Sumatea benzoin ylekds
not less than 75.0% of alcohol-soluble

extractive, and Siam bengoin yields
not less than 900%of alechol-

soluble extraetive.
Constituents--Siam benzoin contains ahaut 68%of crystalline

contferyd benzoate [CyOh bp to 10% of an
amorphous form of

this compound is alsa present. Some conifery! aleahol (m-

methoxy-p-ydroxyeinnamyt aleahol, mp T3-T4%) occurs in the
free state as well, Other compounds that have been isolated are
benzoie acid 11.7%, d-siaresinatic acid 6%, clanamnyl benzoate 2.3%

and vanillin 0.8%,
Sumatra benzoin haa been reported 4o contain benzoic and cin-

namic acid esters of the alcohol benzurestned and probably also of

coniferyl alcohol, free benzofe and clanamic acids, slyrene, 2 to 3%
of cianamyl cinnamete (also called styracin), 1% of phenylpropyl
cinnamate, 1%of vanillin, a trace af benzaldehyde,

a HUile benzyl
cinnamerte and the aleohol d-sumaresinal [CaghysOy),

Deseripiien--Siumatra Benzeine Blocks or lumps of varying size
muade up of campneled leare, with a redelish brawn, reddish gray or

genyish brown resinour mass. Siam Bencaine Compressed pobbletike
fears of varying size and shape. Both varieties are yellowish bo rasiy
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brown externally and milky white on fraclure; hard and byitdle at ordi-
nary Lemperaturer but soflencd by heat; aromatic and haleamic odor;
aromatic and slightly acrid (nate,

Uses---A protective applicationforirritations oftheskit, When
mixed with glycerin and water, the tincture may be applied locally
for cutaneous ulcers, bedsores, cracked nipples and fissures of the

lips and anus. Por throat and bronchial inflammation, the tincture

may be administered on sugar. ‘The tincture and eampound tine-
lure sometimes are usedin boiling water aa aleaminhalants for their

expectorant and soothing action in acute laryngitis and croup. In
combination with zinc oxide, it is used in baby ointments,

Dose--Tepical,
as a 10% tincture or

compound fincture (below),

Compound Benzoin Tincture {Balsamum Equilis Sanelé Victoria,
Balsanium Commendatoris, Balsamwun Catholicum, Balsamum "Prau-
malicumt, Bolsamum Vulnerarium, Balaamum Persicum, Balsamumn
Suecium, Balsnmum Mriari, Balsamwn Vervaini, Guttae Nader, Gutte

Jesuitarium, Tiaetara Batsamica, Balsamofthe Holy Vietorious Knight,
Commander's Balgam, Priar's Balsam, Turlington’s Drops,

Persian Bal-
som, Swedish Balsam, Vervain Balsam, ‘Turliaigten’s Balsam of Life,
Balsam de Maftha, Ward’s Balsam, derusafem Balsam, Saint Victor's
Balsam, Wade's Drops, Wound Mlixix and Balsamic Tineture]-—Prepa-
ration: With benxoin (in moderately

course
powder, 100 4), aloe {in

moderately
conrae

powder, 20 4), storax (80 g) and tolu balsam (40 4),
prepare o Lincture (1000 mL) by Process M (page 1543}, using aleahol aa

the menstruum, Aleofind Content: 74 to 80% of CyH,OH. Uses: Ms-

peciaily valtable in acute faryngitia, alsa in croup, when added to hot
water and the vapor inhaled. By adding « teaspoonful of the tinclure to

boiling water in an inhaler, and inbaling the vapor, veryeffective results
inuy be obtained. See Chapter 164, Alsa adminiatered, on sugar, for
throal and bronedial inflammation and as a local applieation, whear
mnixed with glyeerin and water, for ulcers, bedsores, cracked nipples and

fissures of Uhelips and anus. Dose: Topicel,
as required; inhalation,

1%in very hot walter.

 

Carbomer Methyicellulose—page 1306.

Gelatln--~page 1306.

Glycerin-—page 931.

Glycerin Supposltories—page 785.

Glycyrrhiza——page 1295.

Hydroxypropyl Cellulose——-page 1306.

Hydroxypropy! Methyicelluiose---page 1306.

Hydroxyethy! Cellulose-——page 1306.

Hydroxypropy! Methylcaliulose Ophthalmic Solutlon

A sterile solution of hydroxypropyl methylcellulose, of a
grade

containing 19.0-30.0% methoxy and 4.0-12,0% hydroxypropoxy
yroups; may contain antimicrobial, buffering and stabilizing agents.

Usos—~A welling soludion for contact lenses, Hs demuleent ac-

Lion decreases theirritant effect of the lena on Che cornea, Tt alge

imparts viscous properties to the wetting solution, whichassists the
jens in staying in place, ‘The denvulcenteffect also finds application
in ophthalmie decongestants. “Artificial tear” formulations con:

taining this drug may be used when lacrimation is inadequate. A

2.5% soladion is used in gonioscopes.
Dose-- Topical,

to the conjunctiva, t dropof0.3to 1%solution 3
or 4 times a

day.
Dosage Forms—~0.8, 0.5 and 1% solutions,

Mothyicellulose—page
1306.

Methytcellulose Ophthalmi¢ Solution

A sterile solution of methylcellulose; may contain antimicrobial,
busfering andstabilizing agents.

Uses.For the same purposes, and in the same manner, ag Wy-
droxypropyt Methyteelludase Ophthalmic Solution, above,

Dosage Forme-~(.25, 0.8 and 1%,

Poactin—page 796.

Polyvinyl Alcohol--page 1307.

 

Polyvinyl Alcohol Ophthalmic Soijution

VasoClear A (Coaper Vistar)

A aterile solution ofpolyvinyl alcohol, whicmaycontain antimi-

crobial, buffering and stabilizing agents and other demutcent sub-
stances,

{9062-80-5] (Polyvinyl alcohol),
Preparation.-By partial hydralysia (a 90%) of polyvinyl ace-

Late.

Deseription-A white powder which is a linear polymer, —(CH2--
CHGH},,, whare the value of nis between 500 and 6000; pH Cin 26
agucous soluion) between 4.0 and 38.0.

Solubility—-Solubie in water; insolubte in organic solvents.
Useo—A wetting solution for contact lenses. ‘Phe polyvinyl aleo-

hot has a demuteentaction that helps protect the eye fromirritation

by the contact lens, It is also used in “artificial Leare” employed
when there is insufficient lacrimation. 1. is applied ta the canjune-
tiva, | or 2 drops, 3 or 4 limes a day

or as needed,
Dosage Vormg—-1, £.4, 2,3, and 4% solations,

Emoilients

Emollients are bland, fatty
or oleaginous substances

which may be applied locally, particularly to the skin, and

also to mucous membranes or abraded tissues. Water-solu-

ble irritants, air and airborne bacteria are excluded by
an

emollient layer. ‘The skin alais rendered softer (emol-
lier--to aoflen) and more

pliable through penetrationof the

emollient into the surface layers, through the slight conges-
tion induced by rubbing and massage upon application and

especially through mechanical interference with bath sensi-

bie and insensible water loss.

Emollients have certain disadvantages. It now is recog-
nized that retention of perspiration below the emollient and

exclusion of alr render conditions favorable to the growth
of

anaerobie bacteria. Furthermore, the rubbing during appii-
cation aids in the spreading of cutaneous bacteria. Con-

sequently, the use of emollients Lo cover burns and abrasions
is diminishing, ‘The liquid emollients may be used for mild

catharsis (page 783) and for protection against gastrointesti-
nal corrozives; however, castor oil is hydrolyzed

in the gut to

the irritating ricinoleic acid and, hence, is employed
as an

emollient only externally. Orally administered liquid emol-

lients may be aspirated intothe trachea and
lungs, especially

in infants and in the debilitated, and, thus, induce “oil aspi-
ration pneumonia.” ‘This condition also maybe induced by
emullient nose drops.

‘The chiefuse of emollient substancesis to provide vehicles

for lipid-soluble drugs (as in ointments and liniments),

hence, many of themare deseribed among the pharmaceuli-
cal nevessities (Chapter 66), It is widely, but inevrrectly,
held that such vehicles facilitate the transport Uhrough the

skin of their aclive ingredients. Qn the contrary, when the

oil:water partition coefficient is greater than 1.0, the pene-

tration is retarded and the emollient vehicle prolongs the

action of the active mgredient, Emollient substances also
are employed commonly in both cleansing and antiphlogistic
creams andlotions. Compound ointment bases, creame and

other medicated applications
are treated elsewhere in this

book (Chapter 86). Only the simple emollients and impor-
tant compounded ointments that are used frequently for

their emollient actions are listed below.

Castor Ofl—page 785.

Castor Oil, Sulfated—page 1311.

Cocoa Bulter—page 1611.

Coconut Oll---page 1317.
Cold Cream-—page 1312.

Corn Oll—page 1303.
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Cottonseed Oll---page 1503.

Ointment, Hydrophille—page 1312.
Rose Water Ointment---page 13915,

Sesame Oll—page 1303.

Theobroma Oll-—page 1320.

White Olntment—-page 1309.

Yellow Ointment-—-paga 1309.

Other EmolBents

Myristy) Aicvohod [‘Tetradecy] Aleahol J112-72-1) CHa(Gbadya
CHeOE (24.0)]-—While erystalline aleohol specific gravity 0.894;
melts at 80°, Insoluble in water; soluble in ether; slighthy soluble in
aeohol, Ghtained by reduction of fatty acid eaters, {7se: Mmatlientis
cold creams.

Shark Liver Oil-—The oil extracted from Che livers of the soupfin
shark, Galoorhinus zyapterus or

Hypaprion brevirasteis, hoth of which
ave rich in vitamins A and dD). Uses: An cmotlignt and protectant, the
FDA classifiention of which is Category LBs used in burn and senburn
ointments, Dease: Usuaily 4%.

Astringents and
Antiperspirants

Asteingents
are

lacally applied protein precipitants which
have such a low cell penetrability that the action essentially
is limited to the cell surface and the interstitial spaces, ‘The

permeability of dhe cell membrane is reduced, but. the cells
remain viable. The astringent action is accompanied by
contraction and wrinkling of the dissue and by blanching.
The coment substance of the capillary endothelium and the
basement membrane is hardened, so Ghat. pathological trans:

capillary movementof plasma protein is inhibited and focal

edema, inflammation and exudation, thereby,
are reduced.

Mucus ar other secretions also may be reduced,
se thad the

affected area bocomes drier.

Astringents
are used therapeutically Lo arrest hemorrhage

by coagulating the blood (stypdie action, page B16} and to

check diarrhea, reduce inflammation of mucous membranes,
promote healing, toughen the skin or decrease sweating.
‘Phe antiperspirant effectis Lhe resuli both of the closureof
the sweat ducts by protein precipitation

to Jorma plug and

peritubular irrigation thal promotes
an inerease in inward

pressure on the tubule, Astringents also possess some de-
odorant properties by virtue of interaction with odorous

fatty acids liberated or
produced by action of bacteria on

lipids in sweat, and by
an aclion suppressing bacterial

growth, partly because of a decrense in ph.
Manyastringents

are irritants or caustics in maderate to

high concentrations, Consequently, strict attention must

be paid lo the appropriate concentration, Mosé astringenis
are also antiseptics, hence, many of them are discussed is

Chapter 62.
The principal astringents

are (1) the salts of the caliens

aluminum, zinc, manganese, iron or bismuth, (2) certain
other salts that contain these medals (such as permanga-
nates} and (3) tannins,

or related polyphenolic compounds.
Acids, aleahols, phenols and other substances that. precipi-
late proteins may be astringent in the appropriate amount
or concentration; however, such substances generally

are not.

employed for their astringent effects, because they readily
penetrate cells and promote tissue damage. Strongly hyper-
toni¢ solulions dry the affected tissues and, thus often, bul

wrongly,
are called aslaingents, unless protein precipitation

also oceurs.

Aleohol—pago 1314.

Alum
 

Sulfuric acid, aluminum potassium sate (2:11), dodecahydrate,
Sulfuric acid, shaminam ammoniumsalt (21), dadecahydrate;

Alumen; Alumen Parificatum; Parified Alun
  

TOPICAL DRUGS 761

Aluminumammonium sulfate (12) dadecahydrale [7784-26-
I [;

anbydrous |7784-25-0] (287.44); or ahiminuin potassiin sulfate
(1:1:2) dodeeahydrate[7784-24-9]; anhydrous [10043-67-1] (288.19).

The label af the container must indicale whether the salt is ars
moniam alum [AINH80j)212HLO

=
483.39)

or
potassium alum

[AIK (SQ4q}o. 12HeO
=

474.38).
Proparntion--Prepared from the mined barevite (a hydrated

aluniaumoxide) and sulfuric acid, wilh the addition of ammenium
ar

potassium sulfate for the respective alums. Ammonium alin is

prevalent
on tha market because of its lower cost.

 

 
Deseription—-Large, colorless crystals. crystalline frayments ara

white powder; odorless and has a aweelish, strongly astringent taste:
solutions are acid to litmus.

Solubility-—! ammonium alumis soluble in 7 ml, water, and } g¢
potagsiton alum is soluble in 7.4 mi, water; beth are soluble in aboul a4
ml. boiling water, bul. they are insoluble ia aleohod alum is freely but
siowty solublein glycerin.

Incompatibiliies.- When alum is dispensed in powders with picral,
sadieylates oy tannic acid, yray or precn Colars nay be developad dae to
traces of iren in thealum, A partial liberation ofils waler of ervstalliza-
tion permitsit to sel aa cuacid Loward sedi? blearbonate, Unus Hberat-
ing carbon dioxide, Armoniais liberated simultancously from amnie-
nina alum. Adkedi kydroxides and carbonates, berax or lane water

precipilate aluminum hydroxide from solutions of alum, ‘Phe alums
possess the incompatibilities of the water-soluble sulfates.

 

Uses-~A powerlal astringent in acidic solutions. it is slightly
antiseptic, probably due to hacteriostasis through liberationof acid
on hydrolysis. Hosometimes is used asa local séyyiic, and frequent.
ly is employed in making astringentlotions and douches, 1ig used

especially by athletes to loughen the shin, As an astringent iC is
used in concentrations of G5 to 4%. Some vulvovaginal cleansing
and deodorant preparations contain hun.

Styptic pencits
are made byfusing potassium alum, usually with

the addition of some
potassium nitrate, and pouring into suitable

molds.
Caution-—Do not. confuse stypiic pencils with caistic pencils

(page 767); the ladtey contain silver nitrate.
DareTopical,

asa 0.5 to 5% solution.

Aluminum Acetate Topical Solution

Acetic acid, aluminiin salt: Liquor Burowii; Burow's Solution

AYQGOUL bby

 
Yields, from each 100 ml, 120-146 g of aluminumoxide [ARO,

=

101.96], and 4.24 to 5.12 ¢ af acetic acid [CAH (Oy
=

6045],
corre-

sponding lo 4.8 to 4.8 yof alumimam acetate [£99-12-8] CoHaAlOs
(204.12). Homaybe stabilized by the addition of not more thar0.6%
of horic acid.

Caulion—-This solution should not be confused with Aluminiun
Subacetate Topical Solution which is a stronger preparation,

Note—Dispense onty clear Aluminunt Acelate Solution,i :

Deseription—-Clear, colorless liquid having a faint acetous odor, and
aleweedish, astringent Casts: specific sravily abort 1.022; pH s.6 to 44.

Uses-—-As ab astringent dressing
or as an astringent mouth wash

and gargle. Alwnissamacetate is Gveluded in preparations to treat
athlele’s foot, dermatidides, diaper rash, dry sidn, poison ivy poi-
soniag and inflammationof the external ear.

Dose--Topical, to tha sldn, as a wel dressing conlitning
a 1:10 10

1:40 dilution of the solution.

Aluminum Ghioride

['7'784-19-6] ALCl.GHO (41.43)andydrors [7446-70-01] (183.34).
Preparation——By heating aluminunin chlorine gas, (hen dis-

solving the product in water and crystallizing,
or

by dissolving fresh-

ly precipitated aluminum hydroxide in byérochlarie acid and con-

centrating to permit crystallization,

Deacription.. White or yellowish white, crystalline powder, detiques-
cents sweat, astringent Cute; solutions are acid to litmus,

Solubility
—
| gin about 1.9 aL water ar do mb. alcohal; soluble in

plyeeria.

 
 

Uses--lixtensively employed
on the skin as an astringent and

anhidretic; it is included in some
proprietary preparations format
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lated for Uhis purpose. it is used especially in the treatment of soggy
athlete's foat, to promote drying and, henee, to enkanee the efficacy
of specific antifungal drugs. For ordinary antiperspirant

use the
basic salt aluminum ehtorohydroxide, ALCI(ON),, is prefershie

as

iia leas irritating and causes less deteriorationof clothing than does

this drug. Jt may have a
special use in the treatment ofAyperhidrar

sis of the patins, soles or
axiliae, for which a 20% aalutionin absolute

ethanol is used. In Lhe presenceof water,hydrolyzes
to duminun

chlorahydroxide and hydrochioric acid, whieh can causeirritation,

especially in fasures, discomfort and also deterioration of
clothing.

Concentrations below 15% cause a low incidenceof irritation, Con-

sequently, iL is oasential that the area to be treatedis completely dry
before application. ‘To protoct bedelothes, the treated area is some:

Limes covered with plaatic wrap, but such occlusion of the axillae

may reaudt in boils or furuncios, It should not. be applied
Lo the

axillac immediately after shaving or used where the skin is irritated
or broken. Concentrations above 15%are used as caustics.

Dose-—-Tapical, to the skin, a8 6.25 to 30% solution. The 20%

alcoholic solution may be applied
on 2 suecessive days and twice a

wotk thereafter, except that # may be applied twice a day for
athlete's foot,

Aluminum Chiorohydrates

The hydrate of aluminum chloride hydroxide (1327-41-9] Alo-

CICOMDs).
Uses-—Mainly employed in antiperspirant. products, for which

they have beenratedsafe andeffective in concentrations of 25%(as
anhydride}

or jess, Sinee solutions or
suspensions are less acidic

than those of aluminum chloride, they cause a lower incidence of
irritation Co the skin,

Dosefopical, to the axilla, as a 2,5 t0 25% enke, ointment,
solution or

suspension,

Aluminum Sulfate

Sulfuric acid, aluminumsald (8:2), hydrate; Cake Alum;
Patent Alum: Pear) Alum; Pielde Alam; “Papermaker's Alun”

Adaminum sulfate (2:3) hydrate [17927-65-G] Alu(BOaaHe; an-

hydrous {10043-O1-3} (342.14),
Preparation—-By reacting freshly precipitated aluminum hy-

droxide with an
appropriate quantity of sulfuric acid, ‘The result

ing solution is evaporated and allowed to crystallize.

Deseriplion---While crystalline powder, shining platos
or eryslalline

Tragments; alable in air; odorless and has a sweet, mildly astringent taste;
aqueous solution ( in 20) is acid and has a pH not Jess than 2.9.

Solubility-—1 gin about 1 ml. water; insoluble in dleohal.

Uses—A powerful astringent, acting muchlike alum. Tt is used

widely
as a focal antiperspirand and is Une effective ingredient in

some commercial antiperspirant products, Solutions usually are

buffered with sodium aluminumlactate to make them loss irritat-

ing. Jt is used for water purification in the “alum flocculation”

process. [tis a
pharmaceutical necessity for Aluminum Subace-

tate Solution.
Doso—Topical, to the skin, as an 8% solution.

Blamuth Subcarbonate---page 799,

Bismuth Subnitrate—page 775,

Calamine

Ironoxide (F203), mixt. with zine oxide; Prepared Calamine;
Lapis Calaminaria; Artificial Calanine

Calamine [8011-96-9]; contuins, afterignition, not less than 98.0%
An(81.38),

Preparation—-By thoroughly mixing zinc oxide with sufficient
ferric oxide (usually 0.5 to 1%) to obtain a

product of the desived
coher,

IL originally
was obtained by roasting a native gine carbonate,

then known as ealamine, hence, the name, ‘This name also is ap-

plied by mineralogiats Lo a native formof ainc silicate, which is not

suitable for making medicinal calamine.

Deseription--Pink powder, all of which passea through a Ne 100
standard meshsieve. tis odoress and almost tasteless.

 

Solubility Insoluble in water; dissulves almost completely in minar-
al acids.

Uses-—-Simular to those ofzine oxide, being employedchiefly as an

astringent andin protective and soothing ointments andlotions for

aundurn, ivy poisoning, ete, It often is preserthed by dermatolo-

yists to give opacity and a Mosh-like color to loviens or ointments.

Loge--—Topical, to the skin, in various concentrations in lotions
and ointments.

‘alamine Lotion [Lotio Calaminag|--Preparation:
Dilute benton-

ite magma (250 mL) withax qual volume af calcium hydroxide
solution,

Mix ealamine (80 ¢) and zing oxide (86 zg} intirnalely with glyeerin (20
ml) and about 106 ml. ofthe diluted magma, Gituraling witil a smooth,
uniform paste ig formed. Gradually incorporate the remainder of the
diluted magma, Finally add calcium hydroxide solution (qs) to make
1000 mI, and shake well. [fa more viscuus consistaney in the Lotion is
desired, (he quantity of bentonite magma maybe increased fo not mere
than 400 mL. Note: Shake thoroughly before dispensing.

Phenatated Calamine Lotion |Lotio Calaminae Composita; Com.

pound Calaming Lotion}-—Preparadion: Mix liquefied phenal (0 ml.)
and calaming lotion (890 mL) lo male 1000 mL. Commercial prepara-
tians also contain $.4%isopropyl alcohol and have various other modifi-
cations, See Calamine, Note: Shake thoroughly before dispensing.

Glutaral-——-page 1165.

Potassium Permanganate—page 117d.

Resorcinol—RPS&-16, page 1107.

Sliver Nitrate-—-page 766.

White Lotion

Lotion Alba; Lotio Salfurata

 

 

Zine Sulfata
..........0405 svn era eeaes bevess

406
Sulfurated Potash... ..

408
Purified Water,

a suffici
ceeeeemnrere

Vo rnke
oo...eeebevaseeeeees 1000 mI.

Dissolve zinc sulfate and suifurnted potashseparately, caelin 460 mL

purified water, and filter each solution. Add slowly the suifurated

potash solution Lo the zine sulfate solution with constantstirring, ‘Then
add the required amount of purified water, ad mix.

Note-—Preparefreshly and shake Uhoroughtybefore diapensing. For
further discuasion see Sudfureted Potash (page 1827),

Uses—Anastringent, protective andmild antimicrobial prepara-
tion, ‘The natringency is attributable to the zine ion, The thio-
sulfates and polysulfidos in it exert antibactorinl and antifungal
actions (see Sodfium Thiosulfate, RPS-16, page 1176). Whitelotion
is used in the treatment of acne vulgaris,

Nose---Tapical, to the akin, as required.

Zinc Oxide

Plowers of Zine; Zine White; Pormphalys; Nihil Albuny,
Lana Philosophica

Zine oxide [1314-18-2] ZnO (81.38).
Preparation---By heating zine carbonate ata low red heat until

the carbon dioxide and water are
expelled.

Deseription---Very fing, odorless, amorphous, white or yellowish
white powder, free from gritty particles; gradually absorbs carbon diex-
ide from the air; when strongly heated it assumes a yellow color which
disappears

on cooking; ity suspension in walor is practically neutral,
Salubility-—[paoluble in water or alcohol; soluble in difute acids,

solutions of the alkali hydroxides
or ammonium carbonalé solution,

Incempatahilities-~Reacts slowly with fatty acids in arfs and fats to

produce lumpy maages of zine oleate, stearate, ate, Vanishing
creanis

tend do dry out. and crumble. Whenever permissible, it is advisable to

levigateit to a smooth paste with a little minoral oi] before incorporation
into an ointment.

Uves-—-Has a mild astringent, protective and antiseptic action,
In Lheformofity various official oinLments and pastes iL is employed
widely in the treatment of dry skin and such skin disorders and
infections asa acne vulgaris, prickly Aeat, insect atings and bites, iby
poisuning, diaper rash, dandruff, seborrhea, eczema, impetiga,
ringworm, psoriasis, varicose ulcers and pruritus, 1t is contained
in some sunsereena. HH. is included in some

vulvevarinal deodorant

preparations and in preparations for the treatment of hemorrhoids.
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it alao ia uged in dental cements and temporary fillings. His the
essential ingrediont in Calamine (page 762).

DoseTopical, asato 25% cream, lotion, ointment, paate, haby
powder

ar rectal supporitory.
Dosage Forms.--Gindment:

combinations: 2 to 15%,
20%; Paste: 25%, In numerous

Zinc Pyrithlone—page 1773.
Zinc Sulfate-—-page 1170.
Zine

Undecylenale—--page 1237.

Other Astringents and AnUperspirants
Aluminum Zirconium Chlorhydrate--Uses: Mainlyin antiperspi-

rank products. Because of the propensity of the zirconium to elicit.
allergic reactions and sareoid-like granulomas, (he compound is not
included in geresols, because of poxssihle pulmonary eamplications if
inhaled. Dase: ‘Po the axilla, in a coneentration nol lo exceed 20%{as
anhydride}.

Tonnie Acid (Gallotansic Acid; Tannin; Digailie Acid] {1401-55-
4)--A tannin usually obtained from mutgalls, the excrescences producedon the young twigs of Quercus infeetoria Olivier and allied species of
Quercus Linné (Pan Frgacede}. Yellowish white to light. brown amer-

phous pawder, glisteningscales
or spongy masses; usually odorless with a

slvang astringentlaste; gradually darkens on exposureto air and Heht. |
y dissolves in about 0.36 mL water or) mls wirm

glycerin; very soluble in
alcohol; practically insoluble in chloroform or ether, facompatibiliies:
Solutions gradually darken on exposure Lo air and light ¢hrough oxida-
tion of phenoile groups to quingid structures. [1 is incompatible with
moult enzymes, gums, salle of many imnetala and many other subatances.

Uses: On an open sore or denuded surface, it forms a film of proteintannate that. acts as a mechanical protective which excludes external
irritants andinfectives and, thus, provides

somerelief from pain. How.
ever, Lis ned antibacterial and not only does nol. inhibit the grawth of
haeteria entrained beneath the fim but actually may create favorable
conditiens for dhe grewth of certain anaerohes. lor this reason, and alsa
the faet that iis absorbed sufficiontly from large denuded areas to cause
liver damage, itis no ionger used in the treatment. of burns and should
nol be used on anylarge lesion, Nevertheless, if is incorporated in 8 to
10%cencenteation in several products to treativy or oak poisoning. Asa
790] iLis sed on cold sores, feverblisters and cankers, Elis included in
2.36%concentrationina hemorrhoidal preparation andin 4% conecentra-
ion ina keratolytic product for removing corns, calluses and warts, these
concentrations probably being Leo low le contribute significantly to the
supposed efficacies, Tn 26%solution iL is used tu reduce inflammation
and hardes skin around drown toenails, Las increasing comfort and
making nail-cutling easier,

is content in Lea accounts for the use of strong Len as an internal
antilote, presumably for the dual purpose of precipitating toxic alka.
Joids and hardening the surface of the gastrointestinal mucosa and its
miieous layer,

Zine Caprylate [Zine oclanonte (557-09-5] CygHagQg2n
(351.79))-- Lustrous seales. Sparingly soluble in boiling water; moiler-
ately seluble in boiling alcohol, Uses: la the treatment af athle
foot. ‘The astringency of the zinc decreases inflammation and wetness.
‘The caprylate has n week antifungal aedion. Dose: Asa 8% ointment.

fine Chieride [Zinc chioride (2646-85-7/ ZnCly (136.29)]--Prepared
by reacting meuulic zine or zine oxide with hydrochlorie acid and evapo-
rating the solution to dryness. White, or nearly white, odorless, crystal-line powder,

or as
porcelain-Jike masses, er in moulded pencils; very

detiquescents aqueoua solution (1 in #0) is acid te litanus, 1g digselves in
{4 mb water, about 1.6 mL aleohol or about2 ml. glycerin; solution in
water or aleshol is usually slightly tarbid, but the turbidity disappears
onaddition ofa small quantity of HOLL Freempatibilities: Soluble ine
sults are

precipitated
as zine hydroxide byallall hydroxides, includingAmmonium hydroxide the precipitate is sohubie in an excess ofcither the

fixed or the ammonium hydroxide. Carbonates, phosphates, oxalates,
arsenates, and tannin cause precipitation, ‘The precipitation with sadi-
un borate can be prevented by addition ofan umount of glycerin equal in
weiht to the sodium borate, In weak aqueous dolutions,it hasa tenden-
ay do form the insoluble basic salt by hydrolysis and about one-half jis
weigh! of ammoniun chloride has heen used for the purpose af etabiliga-
tion. Fis very deligescent. It has tie incompatibilities of chlorides,
being precipitated by silver and lead salts. Uses: 1n high concentra.
Gons iL is catwtie and has been used ak a caustic agent lo bread corns,
calluses and warts, Jn the low concentrations in which it is marketed it
is astringent and mildly antibacterial and probably docs sat contribute
to keratulysis, Althoughif is:ased in mouthwashes, the contact timeis
foo short, aad only an argtringent and not an antibacterial acon resulés.
Dose: Topical, to the teeth, as a 10% solution; lo ekin and mucous
membranes for astringency and antimicrehial actions, as a 0.1 to 2%
solation,

Zine Ricinoleate fAinc [&-(4})-19-bydroxy-4-octudecencate
(CasH aga) a2 (660,24) ]—Only asa deodorantfor ostamias,

Zirconiuun Oxide [Zirconium Dioxide: Zirconie Anhydride, Zirconia;
(1314-23-4) ZrO. (128.22)|--White powder or eryatais, insoluble in
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water; seluble in acids. (Uses: Has weak astringont and adsorptive
activity, for which itis Gmployed in Copical preparations for treating chug
dermatitis Givy and oak poisoning). However, if is net only poorly
affective for this purpose but i also can enuse allergie reactions thatanay
give vise to sarcoid-like geanulomas. Consequently, its use should be
condemned. “Zircaniuinsalta also are

subject te Che sameeriticigms. 

Irritants, Rubefacients and Vesicanis

‘The irritants are
drugs that act locally

on Che skin and
mucous membranes to induce hyperemia, inflamanation
and, when the aciion is severe, vesication. Agents that: in-
duce only hyperemia

are known as
rubefacienis, Rubelac-

tion is accompanied hy a feeling of comfort, warmth and,
sometimes, itching and hyperesthesia. Appropriately low
concentrations of directly applied

or inhaled vapors of vola-
Lile aromatic irritants, such as

camphor
or menthel, induce a

sensation of coolness rather than warmth, Whentheirita-
tion is more severe, plasma escapes from the damagedcapil-
laries andformsblisters (vesicles), Agents that induce blis-
ters are known as vesicanis, Most rubefacients also are

vesicanls in higher concentrations, Certain isritants may be

relalively selective for various tissues or cell types, so that

hypersecretion of the surface, acborrhcic abscesses, pares-
thesia or other effecia may be noted in the absence of appre-
ciable hyperemia.

Trritants have been used empirically for many centuries,
probably

even
prehistorically. They may be employed for

counterirrilation, ihe mechanism of which is poorly under-
stood. A moderate to severe

pain may be obscured hy
a

milder pain arising from areas of irritalion appropriately
placed

to Induce reflex stimulation of certain organs or sys-
tems, especially respiratory. Sensory and visible effects of
irritalion sometimes give the patient

assurance that he is

receiving effective medication. Taken internally,
many

irri-
tants exert cither an emetic or laxative action. Lrritant
laxatives are listed on page 783. A fewirritants, especially
cantharides,

on
absorption inte the blood stream, irritate the

urogenital
tract and, consequently, have been dangerously

employed
as

aphredisiacs. Certain irritants also possess a

healing action on
wounds, possibly the result oflocal stimu-

lation, Many condiments are irritants. In high
concentra-

tions, many irrifants are corrosive.

Alcohoi---page 1314.

Alcohol, Rubbing---page 1164.

Ammonte Spirit, Aromatlc—RPS-17, page 15.

Anthralin

1,8,9-Anthracenetriol; Dithranel; :

Dioxyanthrangl; Cignolin, Anthra-Derm (Dermit); Lasan (Stiefel)

hig

OLD
1,8-Dihydroxyanthranel [480-226] CyHiaOa (226.24).
Preparation--Anthraquinoneis sulfonated to the £,8-disulfonie

acid, which is isolated from the reaction mixture and then heated
with a calcium hydroxide-caleium chloride mixture to form 1,8-
dihydrexy-9,10-anthraquinone, which is reduced with dis and HCl
to anthralin.

Deseription-—Yollowish brown, crystalline powder; odorless and
tastcless; melts between 176° and 181°,

Solubility—Insoluble in water; slighty soluble in alcoho}; soluble in
chloroform; stightly solubie in ether,

User— Although tong considered to be an irrilant, ils principal
therapeutic actionis the reduction ofepidermal DNA synthesis and
niitotic activy. It is used in the treatment of psortasis, alopecia
areata, eczema and other chronic dermatoses, Te usaally is used in
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combination with ultraviolet light and a
daily coal tar “bath.” ‘Po

avoid harmful irritation, medicaments containing it should not be
used on the face, sealp, genitalia

or
intertriginous skin arens; they

should not. be applied to blistered,
raw or

oozing
areas of the skin,

and should be kept from the eyes, sinee Lhey may cause severe

conjunctivitis, keratitis or corneal opacity. Renal irritation, casts

and albuminuria may result whenthe drug is absorbed syslemically.
‘The hands should be washed immediately after applying medica-
tion. A reversible slight discoloration of the skin may occur.

Dose---Topical, to the skin, a8 80,1 Lo £% ercamor ointment,
once a

day with craam and onceor twice a
day with oinunent. The

concentration should he low initially and increased only ag neces-

sary.
Dosage Forme--Cream: 0.1, 0.2, 0.25, 0.4, 0.5 and 1%; Ointment:

0.1, 0,25, 0.4, 0.5, t and 2%,

Benzoln Tincture, Gompound—page 760.

Coal Tar

Pix Carbonia; Prepared Goal Tar BY, Pix Lithanthracis; Gas Tar

The tar obtained as a
by-product during the destructive distila-

tion of bituminous con).

Description-Nenrly black, viscous liquid, heavier than water, witha

characterivtic naphthalone-like odor and a sharp burning laste; on igni-
Uon it burns with a reddish, fuminous and very sooty flame, teaving not
more than 2%of residue.

Solubility—Only stightly seluble in water, to which i¢ imparta Rs
cheracteristic odor and taste and a faintly alkaline reaction; partially
dissolved by alcohol, acetone, methanol, solvent hexane, carbon disul-
fide, chloroform or clher; Lo the extent of about 95%by benzene, and
entirely by nitrobenzene with the exception of a small amountof sus-

pended matter.

Uses-—A local irrftant used in the treatment of chronic skin
diseases. Like antiralin, its primary action is to decrease the epi-
dermal synthesis of DNA and, hence, to suppress hyperplasia, Oc-

casionally, it may cause rash, burning sensation or other manifesta.
tions of excessive irritation or sensitization, Since photosensitiza-
tion may occur, the treated aren should he proteeted from sunlight,
Ti, should be kept away from the eyes and from raw, weeping

or

blistered aurfaces. Temporary discoloration of the skin may occur.

Daso—Topical, to the skim: cleansing bar, 2% once or twice a

day; cream, £610 5%, 2 or 3 timea a
day, gel, 5 to 7.5% once or twice

a
day; lotion, 2 108%, 2 lo 4 Limes a day; ointment, to 5%, 2 or 3

limes a
day; paste, 5% once or twice a

day: shampoo, 0.5 lo 10%
twice a week; salution, 2.5 Lo 20% straight

or dituted 1:3 with water
1 to 3 times a

day; suspension, 7.5 to 33.3% diluted in lukewarm
water at interyals directed by the physician.

Dosage Forma—Cleansing Bar: 2%; Cream: iG and 8%; Gel: &
and 7.5% Letion: 2 and &%: Ointment: ft and 6%; Paale: 6%;
Shampoo: 0.5, 1,2, 9,4.5, 5,9 anc 10%; Topical Solution: 2.5,6 and
20%; ‘Topical Suapension: 7.5, 80 and 38,3%,

Green Scap—RPS-17, page 786.
Green Soap Tincture—-RPS-17, page 766,

Mathyl Salicylate---page 1285.

Resorcinol--—RPS-16, page 1107.

Resorcinol Olatmant, Compound-—RPS-16, page 1107.

Resorcinol Moncacetate--RPS-16, page 1107.

Storax—page 1326.

Tolu Balsam——-page 1299.

Turpentine Oll, Rectified---APS-16, page 808.

Other Irritants, Rubefacients and Vesicunts

Camphor [Bicyclo [2.2.4] heptanc-2-one, 1,7,7-trimethyl-, 2-Cam-
phanone; 2-Bornanone [76-22-2] Cykh«Q 152.24); Gum Camphor;
Laurel Camphar|-~A ketone obtained from Cimamanuen camphore
{Linné) Nees ef Bhermaier (Pam Lauraceae) (Natural Camphor}

or

produced aynthaljcally (Synthetic Camphor), Preparation: Natural
crude camphor may be oltained by eleamdistilling chips of the camphor
tree: the erade camphor

so obtained is purified, usually by sublimation.

  

One methed of producing synthetic camphor atarle wilh pinene
[Cros].

a hydrocarbon obtained from turpentine oil, The pinene is
saturated with hydrogen chloride at O° farming horny] chloride

[CHCl], On heating the bornyl chloride with sodium acetate and
#lacial acetic acid, iL is carverted intoisobornyl acetate, which ia subse-
quently hydrolyzed to isoborny] alcool [CyoH OH] and oxidized with
chromic acid to camphor. Synthetic camphor resembles sutured cam

phor in most of its properties exeept thalit is a racemic mixture and,
therefore, lacks optical activity. When eamphor is mixed i approxi
imately molecular proportions with chloral hydrate, menthol, phenol or

thymoal, fiquefaction ensues; such mixtures are known ds euieetic mix.
tucres (see page 176),

Beseripiion, Cotorless or white erystala, granules
or crystalline

niasses; or as colorless to white, transtucent, dough masses; a
penetmnting,

characteristic odor, a pungent, aromatic taste andis rendiiy puiverizahle
in the presence af a littly aleohel, ether or chlorofurm; specific gravity
about 0.99; melta between 174° and 179° andslowly velatilizes at ordi-
nary temperature and inateam, Solubility: 1 in about. 800 mL water,
JT mb alcohol, about 0.6 mL chloraform or dmb ether; freely soluble in
carbon disulfide, solvent hoxune or fixed and volatile oils, lmeampatt-
billties: Forms a

diquid
or a soft mags when rubbed with chloral lay

drate, hydroquinone, menthol, phenol, phenyl salicylate, resorcinol,
salieydie acid, thymol

or other substances. It is precipitated framits
aleoholic solution by the addition of water, It in precipitated from
camphor water by the additionof soluble salts.

Uses: Locally, weakly analgesic, mildly analgesic (antipruritic)
and rubefacient whan rubbed on the skin, ‘The spirit is applied
locally to allay itching caused by insect atings. Tt algo ia used ana

counterirritant in humans for jaflamed Joints, sprains and rheu-
matic and other inflanunatory conditions suchag colds in the throat
and chest. Although the patient mayfcel improved, Une inflamma-
tion in not affected. However, reflexly induced local vasoconstric-
tion may mediate a mild nasopharyngeal decongestant effect.
When taken internally in small amownta it produces

a
feeling of

warmih aad comfort in the gastrointestinal tract, and, therefore,
formerly was much used as a carminative. Systemically, it is a

reflexly active clreuledory and respiratory stimulant, However,its
use og astimulant is obsolete. [talao possesses a slight expectorant
action and is ineluded in some cough-suppressant mixtures. Con-
centralions above 11% are notsafe. ‘Toxicity consists of nausea and

vomiting, headache,feeling of warmth, confusion, delirium, convul-

sions, coma or respiratory arrest. Camphor is a
pharmaceutical

necessity for Flexible Coltodion and Camphorated Gpiun Tine-
ture, Dose: Topical, to the skin, rection or throat, as a 9.1 to 3%

lotion, cream, spray or ointment, or 10% tineture (apirit), no more

than 3 tod times aday. For topical analgesia, concentrations of 0.)
to 3% ara used: for countorirritation, 3 to 11%,

Cantharidin ((800,48,73,7ac-Hexahydre-3o,7a-dimethyl-4 ,7-epaxy+
isohongofuran-},3-dione(56-25-7] CyyH Os (B6.21))-—The aelive prin-
ciple of Cantharides. White platelets soluble 1g in 40 mL acetone, 65
mL chloroform, 560 wh ether or 150 mb ethyl acetate; sohable in ils.
Uses: Produces intradermal vesiculaion, His uged to remove warts,
particularly the periungual type. [is applied under an ocelusive ban-
dage. The vesicle eventually breaks, becomen encrusted and falls off ind
to 2 weeks. Dose: ‘Tapical, te the wart, 93.0 0.7%soketion,

Capsicum—-The dried ripe fruit of Capsicuimfretescens Linn’, So:
fonaceae, which contains lesa than 19of eapaaicin ((7:)-A-|d-Hydroxy-2-
methoxyphenyl) methyl|-8-methyl-G-nonaneamide[404-86-4}
Cighla2NOs (205.40), which is the active ingredient. Uses: Its active

ingredionts are mildly irritant, causing erythemin and a
feeling of

warmth without yesication. Ita preparations are used us counterivri-
tants. Dose: The equivalent of 0,026 to 0.26% ofcapsicumapplied to
the skin no raore than 5 or 4 times a day,

Iohthammol [Ammonium Lehthosulfonata; Sulfonated Bitumen, [c-
tiol: Ichthymall (Matlinckrad(}, lebthyal (Stiefel) [8029-68-3]]--Ht in
obtained by the destructive distillation of certain bituminous schists,
suifonaling the distilate and neutralizing the product. with ammonia.

Iyields not loss than 2.5% of NH, (ammonia) and notloss than i0%of

total sulfur,
Constituents: Il belongs to a class of preparations containing,

as
essential constituents, salta or

compounds of a mixture of acide dosignat-
ed by the group name sulfoichtiyalie avid, formed by sulfonationof the
oit obtained in the destructive distillation of certain bituninous shales.
Sulfoichthyolic acid is characterized by a high sulfur content, the sulfur
existing largely in the form of gulfonates, sulfunes and suifides, De-
scription and Solubility: Reddish brown to brownish black, viscous
fluid, with a atrong, characteristic, cmpyreumatic odor. Miscible with
water, glycerin fixed oils or fats; partially soluble in aleohal ar ether,

Ineompatibilides: Becomes granularin the presence of cerds or under
the influence of heat. In solution, it is precipitated by acids and acid
salts as a dark, atichy mass; atkalies liberate ammonia; many metatiic
salts cause precipitation, Uses: A mildly astringent irritant andlocal
antibacterial agent. with moderate emollient and demuleent propertics,
Huis used alone or in combination with other antiseplics for the trent.
mentof skin disorders such as insect stings and bites, erysipelas, psoria-
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sis and dupes ensthemertosus and to produce healing in chrante inffan-
mations. [also is used to treat faffammation and boils ia the external
ear cunal, Medical opinionis dividedas ta whetherthis agentis useful.
Jo higher concentrations, irritationis frequentand rashes may develop,
it shouldbe kept away from the eyes and ather sensitive surfaces. Phas
heen reported to cause

hyperepithelialization, an action hat would be

emunlerprodictive in the troatinent.of psoriasis, ese: Topéieat, to Lhe
xiin as a 10 or 20%olntnent or external ear canal aaa 10% ointment,

Junipor Tar [Cade Oil--The empyreumatie volatile o8 obtained
from Lhe woody portions of Juniperus oxycedrus Linneé (Fam Pinaceae),
Dark brown, clear, thick liquid, having a tarry odor and s Paintly aromat-

ie, bitter daste. Very slightly soluble in water; | volume dissolves in 9
yolumes of alcohal; aselves in 2 volumes of ether, leaving a slight,
floceulent residue: miscible with chloreform, Uses: A mildly irritant
oil that. ix employedae a

topical antipruritic in several chronic dermato-

logic disorders, such as
psorfasis, atopic dermatitis, pruritus,

eczema

and seborrhea. Sinceitis irritant to the conjunctive and alse may cause
chemosls of the cornea, care should be Laken tu keepif out. of Lheeyes.
Systemic absarption may resultin ronaldamage. Dases Popicet,as 1 la
5% ointment applied

ence a
day; italso in used wea 4% ahampoo

or 34%
bath.

Menthol (Cyclohexanoi, ’-mothyl-2-(1-methylethyl)., o- Menthan-3.
ob Peppermint Camphor (1490-04-6] CygthgO (.56.27)—An alcohol
oblained from diverse mint oils or

prepared synthetically. EL may be

lovorotatory [(--}-MenUhol] from nataral or ayothetic sources, or racemic

|(t)-Menthol].
Preparation: TL owes its ador chiefly te menthol, which is ob-

tained from if by fractional distillation and allowing the proper
frnction to erystallize,

or
hy chromatographic processes, Among

nunrerous methods of synthesis of an optically inactive menthol, the
most popular involves the catalytic hydrogenation of thymol! (ob-
tainedfrom natural sources or

synthesized from m-cresal ar
cresylic

acid), ‘The difficulty in the synthesis of (~) menthol arises fromthe
fact that menthol containg three asymmetric carbon atema, and
there are thus cight stereoisomers, designated

ax (-)- and Ct)-
menthol, («)- and (4-)-isomenthol, (~)- and (+)-neomenthol, and

(~)- and (F)-necisomenthol. ‘To obtain a product meeting USP

requirements, il. is necessary to separate (—)-menthot from its ster-

caisomers, for which purpose fractional erystaltization, distillation
under reduced pressure or esterification may be used. ‘The other
stereoisomers differ fromthe official (~}-menthol in physical prop-
erties and possibly Lo seme extentin pharmacologic action,

  

 

Deseriptions Coloriess. hexagonal, usually needle-like ervatals,
oF

fused magses, or a
crystalline powder, wilh a

pleasant, peppermint-like
odor; (—)}- menthol melis betaveen 41° and 44° (:)-menthol congeals at
27° lo BA°. Solubility, Very soluble in alcohol, ehteroform er ether;
freely soluble in glacial acetic acid, mineral oil or in fixed and volatiie
oils; slightly soluble in water, identification: When mixed wills about,
anoquel weightof camphor, chloral hydeate, phenol

or thymol, # formas
“autectic® mixture liquefying at roam Lemperaliire. frcempati bilities:
Produces a

liquid
or sofl mass whentriturated with camphor, phenol,

chloral hydrate, resorcinol, Grymal
or numerous other substances. La-

being: ‘The lnbel on the container indicates whetheritis levorotutory or
racemic.

Uses: in Jaw concentrations, selectively stimulates the sensory
nerve endings for cold and, hence, catises a sengation of coolness.
Some jocal analgesic effects also accompany this offect. Higher
concentrations not only stimulate sensory endings for heat and
other pain, but-also may cause some irritation, Consequently, there

may first be a sensation of codlness, then a
slight prickly and burn-

ing sensation. The local analgesia and senaution of coulness are

employed in the treatmentof inseet. bites and stings, ching (anti-
pruretic effect}, minor burns and sunburn, hemorrhoids, toathaehe,
cankers, cold sores and sore throat. "The local analgesieeffeet. alsois
the probable basis of the antitussive use, although the value of the

drug
as an antitussive remains unproved, Care must be taken to

avoid the inhalation of irritant concentrations, The contribution of
a

placeboeffect to sameof these effects cansot be discounted. Lis

incorporated intoirritant products used to treat aene
vulgaris, dan-

druff, seborrhea, calluses, corna, warls and athlete's foat and in

vaginal preparations
to lessen the sense of irritation. Whatever

effects the rubbing of menthol-containing ointment an the chest
posseas to reHeve pulmonnty congeation in colds andallergy are

attributable to counterirrilation and placebo effects, Tt alaa is
contained in counterirritants for the drealment of musela aches,
Dose: Topical, ta the skin, aga 0.1 to 2% Jotion or ointment, to the

throat, as 00.08 Lo 0.12% lozenge. Inhatation, 16 m1. of 1%liquid
ar

10 mi. of 2% aintmentper quart of water, to be dispensed by steam
inhalation,

Pernvian Balsam [Peru Balsam; Dalaam of Peru, Indian Balsam;
Btack Balsam)---Obtained from Myraxylon percirae (Rayle) Klotaseh
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(Fam Leguninusee). Contains froin 60 to 64%of a volatile oil larmed
tinnameia and from 20 lo 289of reste Cinnamein is a mixture of

_
compounds, amonp whichUne following have been identified: Use eaters

benzyl benzeate, benzyl cinnamate, cinnemyl cirnannabe(styracia) and
the aicohol peravial @onsidered by

someto be identieal with the seaqui>
terpene alcohal nerefidal, Cysts) us ouster, free elananie acid: abatutl
0.05%of pauline and a ace ofcoumarin, ‘The resin consists of benzcic
and cinmamic acid. Deseription and Sodebifity: Dark brown, viscid

liquid; transparent and appears reddish brown bn thin layers; ay thle
odor resembling vanilla, & bitter, acrid laste, with a

persistent alter-Laiate
and free from etringiness

or stickinoss, Te dees net tuirden on exposure
to airy specifie gravity 1.250 fo LIT, Nearly insoluble in water, but
soluble in aleohol, chlorofarn or glacial acotic acid, with not more chan
an opalescence;s partly soluble in ether or solvent hexane. Uses: A doce?
irritant and uutnerary. 1 once wos used as a dressing (o promote
prowthof epithelial cella ia the treatmentoalindetant tcers, words and
curtain skin diseases, of, scabies, it presently is an ingredient in sup-

positories used in the treatment of
hemorrhoids aid anal pruritus, Al-

lerpic reactions to it necasaionally occur, Oinkiments containing loth
this and sulfur present a preblens in compounding, since the reskious
part of the balsamtends to seperate. ‘This difficulty may be overcome

hy mixing the balsam with an equal amount ofcastaroil, prior to ineor-

poratingif inte the bao; or allernatively, by mixiagiL with solid petroxo-
jin {An ainkaent. vehicle (oxygennted pelroleum) consisting of tiquid
paraffin, oleic acid and ammoniated aleoholl, Dose: Pupieai, reetal,
1.8 ta d0 mg in suppositories.

Pine Tar [Pix Pini; Pix Liquida;‘ar)—The product obtained bytke
destructive distillation of the wood of Plaus patustris Miller, or of other

apecies of Pinus Linné (am Pinaceae). Usually obtained as a
by-

product in the manafackure of charcoal or acetic acid frora wood. tik a

complex mixture of phenolic hodies for the most part. insoluble in water.

Amongthese
are crasal, phloral, guaiacol, pyracdtechol, crerubignal and

pyrogattol others, ‘Traces of phenal and eresols also are presentas well
as

hydrocarbons of the paraffin and benzene series, Daseription and

Solibitity: Very viscid, blackish brows liquid: Lrangluceatin thin lay.
ers, but. becomes granular and opaque with age; has an empyreumatic,
terebinthinate odor, a sharp, empyreumatic taste andis more dense Ui
water; solution is aeid to litmus, Miscible with alcohal, ether, chloro.
form, glacial acetic acid or with fixed aud volatileofly; slightly soluble in
water,Ue solution heing pale yeHowishto yellowish brown, Uses: Ex.

lernally as a mild jeritaad and local antibacterial ayont in chronic shin
diseuses, especially eczema and psorvinsis, lta volatile constituents are

elaimedLo be expectorant but their efficacy ix unproven; its inhalations
were formerly used for this purpose. Dose: Pepicel,

as a 18 to 30%

shampoo.

 
 

 

 

 

 
 

Sclerosing Agents
A numberof irritant drags

are of sufficient activity to

damage cells but are not so potent as Lo destroy Jarge
num-

bers ofcells at the site of application, Such agents promote
fibrosis and are used to

strengthen supporting structures,
élose inguinal rings, etc. The intimal surface of blood ves-

sela may break down under attack by such agents and (hus
initiate Lhrombosis, which may be an undesirable sideeffect,
‘This action is the basis of the use of sclerosing agents in the

reduction of yaricase veins and hemorrhoids, Sclerosing
agents generally

are
regarded

as absolete. They
can he

harmful when improperly used and sometimes even when

used with caution,

Selerosing Agents
Morrhuate Sodium Lajection—A steric solution af the sodiumsatts

of the fathy acids ef ced liver oil, LL contains 50 mg of sodium morriu.
ateAnt.. A suitable antimierobial agent, not lo exceed0.5%, and ethiytar
bongy! aleohol, net. to exceed 3%, may be added. Notes Ho moy show a

separation af solid matfer onstanding, Da not use the materialifsuch
anlid does nat dissolve completely upon warming. Prepared by henting
cod liver oil with alcoholic sodium: hydroxide until completely saponi-
fied. Afler dilution with water the alcohol is removed by distillation.
Dilule HeSQ,is then added to the aqueous solution, and the berated

organic acids are separated or
preferably extracted wilh a suitable im-

miscible solvent such ag ether. Juatsaelicient aqueous NaQHt then is
added 1o neutralize the acids. About 20 me of bengy] alcohol/mb of the

Injection usuaity is added to lessen the pain of injection. sess For-

inerly, wictely used ag a sederostng and fibrosing agcat for obliterating
varicose vetns. Trritants of this ivpe ence were

cmployed fer closure af
hernial eings, fibrosing of uncomplicated hemorrhoids, removal af cen-

dylomata acuminata and in ether conditions where the ultimate objec-
live was production of fibrous ue, Deses Intravenats, by special
injection, 0.5 to & mb ofa 6%injection La a localized area; usvad, | nL.

Dosege Forms, Sand aml.
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Sodium Tetradecy! Sulfate {7-Mehyl-2- methyt-4-undecnnal hydro-
genpulfate sodiumsalt [189-88-8] CagHosNaQ.5 (916.43); STS; Sotrade-
¢ol Sodium (isGes-Sinn}|-- One methad of preparation reacts the cor-

responding alcohol with CISQ,H and neutralizes the reanlting hydrogen
aulfnte exter with NafOs. Qecurs as a white, waxy, adorless solid.
Soluble in water, ateohol or ether. Uses: A selerasing agent similar in
action to sodium morrhuate. It formerly was used widely aa a buffered
solution in the obliteration of varicose veins and internal hemorrhoids.
Por such purposes, the solutionis injecteddirectly into the vein, [Injec:
tion outiside of the vein may caure sloughing, For Usis reason, the
substance is net used to close inguinal rings. ‘The principal untoward
effectis pain immediately upon injection, although brief, mild anaphy-
lactoid and idiosyncratic reaponses rarely oceur, Because the substance
is an anionic surface-active agent, it also is used ae a wolling agent bo
promote spreading of certain lopical antiseptics. Dose: Ty injection
directly into the targel vein, a6 o 1 or 8%solution, depanding

onthe size
of the vein, ‘Tho velume then to be injected at-any one alte vation from
0.2 to 2.0 mL, depending

on the concentration and the numberaf previ-ous
injections al the site, the larger volumes heing given only after

several previous injections. No more than 10 ml. of the 3% solutionor 6
mi. of the 5% solution should he given ai any one time. ‘The interval
betaveen injections varies from 5 to % days. Dosage Farm: Injection: 1
and 3% in 24m1L ampuls.

 

Caustics and Escharotics

Any topical agentthat causes destructionof tissues at the
site of application js a caustic (or corrosive),

Causiics may be used to induce desquamation
ofcornified

epitholium (“keratolytic” action) and, therefore, are used Co

destroy warts, condylomata, keratoses, certain moles and

hyperplastic tissues.
If the agent also precipitates the proteins of the cell and

the inflammation exudate, there is formed a seab (or esehar),
which later is organized into a scar; such an agent is an

escharotic (or cauterizant}. Most, but not all, caustics are

also escharolic. Furthermore, certain causlics, especially
the alkalies, redisselve precipitated proteins, partly by hy-
drolysis,

ao that no scabor
only

a soft scab forms; such agents
penetrate deeply and generally

are unsuitable for therapou-
ticuse. Escharotics sometimes are

employed Lo seal cutane-
ous and aphthous ulcers, wounds, etc. Since most escha-
rotics are bactericidal, it formerly

was
thought that chemical

cauterization effected sterilization; however, sterilization fs
not achieved always, especially by those agents which re-

main boundto the protein precipitale. The growth ofcer-

tain bacteria even may be favored by the chemically induced
necrosis and by the protectionof the scab.

Acetic Acid, Glaclal—page 1317.

Alum—page 761.

Aluminum Chlioride—page 761,

Phenol—-page 1323.

Podophyllum

Mandrake; May Appi¢

The dried rhizome and roots of Pedephyllum peltatim Linné

(Fam Berberidaceae); it yields not leas Uke 5% of podophyllumrosin,
tonntituents—--From3 to 6%ofreain along with up to 1% of quer-

eotin and podaphyllotoxin and pellatin glucosides. At least 16
different compounds have hoon isolated and characterized. ‘The

agivcone pedophytlatoxin [CogH Og) is the lactone of L-hydroxy-2
-

(hydroxymethyl)
-

6,7 -methylenodioxy -4- (3445'-trimethoxy-
phenyl) -1,2,4,4-tetrahydronaphthalene-3-carboxytic acid, Hydro-
lytic rupture of the lactane ring yields poduphytiic acid

[(CooHa4Gal,
the 2,4-trens form of whieh is pedophyllinic acid while the 2,3-c7s
form is pierapodophyllinic acid.

Although podophyllotexin has been demonstrated to possess
marked caustic, cathartic and toxie proportien,itis believed that not

it, but an amorphous resin, called podophylloresin, is the chief
cathartic principle of the drug. Hawever, podophyllotesin is safer
and ultimately probably will replace the crude preparations,

Unes and Dose-—See Pudophyllian Resin.

Podophyllum Resin

Uses---Supersedes podophylluny (above), Certain glyeasides
and palynuctear lactones in the resin interact with tubulin and,
thus, interfere with coll eyeling and intracelldar dynamics auch as
Lo cause the eventual death of affected cells, Applied Lopically,it is
eorresive ip the region of contact. Homainiy is usedin the treatment
of condyloma accwminatum hut alaa of Juvenile papilloma of the

laryny, multiple superficial epitheliomatoses (basalcell and squa-
mous col} carcinomas), precancerous keratoses (acborrheic, actinic
and radiation keratoses}, verrucae

fibroids and ealluses. Some

pain usually
occurs at the site of appcation; if it is excessive, the

drug should be removed with ethanolor isopropyl alcohol. Resin on

adjacent normal tissuce algo should be removed. Pain may be
avoided somewhatby treating only

a smadl area of surface ab any one

time. Jt especially is irritating lo the eyes and niicous mem-
branes. ‘Preatment of large surfaces also muy result in exeossive

absorption and systemic effects, such aa nausea and vomiting,
tachycardia, shallow respiration, leukopenia, thrombocytopenia,

re-
nal damage, paralytic ileus, lethargy, slupor, psychotic confusional
states and peripheral neuropathy, including flaccid paralysis. Sys+
tamie absorptionis enhanced by occlusion. The drag ia contraindi-
cated in pregnancy andlactadion.

Dose—-Tepical, adults aad children, 1o the skin, condylama
ac-

cuminata, as a 25% solution, Uhe resin ta romain in place for 6 hy;
application may be repented weekly for up to 4 weeks, if necessary;

superficial epitheliomatoses and precancerous keratoses, 06 A2D%
solution once a

day, to be continued until several days after a slough
hag occurred: to laryngeal lesions, Juventie laryngeal papilloma,

as
0 12.5%solution to the papitioni, initially once a day, but progres-
sively longer intervals may be electedas the lesions shrink (medical
authorities hold that short intervals are more effective}; the 12.5%
salutionis to be extemporived by diluting the 26% solution in 95%
ethanol.

Dosage Form—Topical Solution: 25%,

Sallcytlc Actd-—page 768.

Sllver Nitrate—page 766.

Silver Nitrate

Nitric acid sifver(1-4) salt; Argenli Nitras

Silver(1+) nitrate [7761-88-8] AgNOs (169.87),

Preparation-~-By the actionofnitric acid om metallic silver.

Deseription-—Colorless
or white crystals;

on exposure (o tight in the
presence of organic matter, it becomes gray or grayish black; pH of
salutions about. 6.4.

Sotubility-——J gin dd mL water, 86 mE alechol, about 250m], acetone,

slighUly more than Gl mL boiling water or about G4 mL of boiling
aleohol; slightly saluble in ether.

Incompntibiiiiies-—Easily reduced to metalic silver by most reduc-

ing agents, inchading ferreus salts, arsenites, Aypophosphites,
tar

trates, sugars, tannins, volatile oifs and other orgenuie seebstances, In
neutrul or alkaline solutions, precipitated by chlorides, bromides, to-
dides, borax, hydroxides, carbonates, phosphates, sulfates, ersenites
and arsenates. Potassium permanganate, tannic acid and soluble ci-
trates avd sulfales muy cause a

precipitate if sufficiently concentrated.
In acid solution, only the chloride, bromide and todide are insoluble,
Ammonia water dissolves many of the insoluble silver salts through
formation of the silver diammine complex, Ag(NHa)e".

 

Uses—Silver ions combine with proteins and cause denaturation
and precipitation. Aaa result, silver iong have astringent, caustic,
bactericidal and antiviral properties, in low concentrations, silver-
denatured protein is confined to the interstitinl spaces and the
surface of denuded, weeping arcas, so thal

only astringent and
antimicrobial effecly occur; with higher concentrations, coli mem-

branes are
disrupted, $0 that caustic effects result. The corroded

site will became covered with a scabof silver protein precipitate.
It is used mainly in podiatry

as a caustic to destroy excessive

granulation tissue, suchas corns, calluses, granuloma pyogenicum
and planiar warts, to reduce neurovascularhelomas,

remove
paptl-

fomas ond cauterize small nerve endings and blood vessels, As an

aslringent, it ia used to Lreat intpetigo otlgarts and pruritts as well
asindolent ulcers, wounds andfissures. Tt also ia used as a

stypdtie,
especially in dentistry,

Ag an anseplie, it mainly is employed prophylactically agoinst
ophthalmia neonalerum. lt formerty

was
applied regularly de
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burned surfaces becuse of its high efficacy against both staphylo-
coce’ and pseudamonas. However, the precipitation of AgC) at the
site of application and in dressing depletes plasma choride and can
couse serfous electrolyte disturbances; consequently, the drug sel-
tlomis used in burn therapy today. Refer fa RES-17, page 1165, for
adiscussion of ils prior

uses as an
antiseptic.

Jéxcessive corrosion ad the target site and carrosion fram inadver-
Lent application

or
leakage away from the intendedsite can occur.

Dental cones or
pieces of toughened silver nitrate that are aceiden-

tally ingested
ean couse dewth, Elemental silver framthe hioreduc-

tion ofsilver ian may reside permanently at the site of application
and cause a bluish-to-Mack discoloration called argyria. Locally
injected sodiumthiosulfate sometimes can remove the silver, Ni-
trate ion absorbed from large, denuded surfaces can cause methe-

moglobinemia, Only coneentrations 0.5% or below should be ap-
plied

to raw wounds, fresh cuts or broken gltin.
Dose---Topical, antiseptic, to the conjunctiva, OL mL of a 1%

solution; to the burned shin or open Lesion (neither adviser, 01 to
0.5%solution aaa wet dressing. Astringent, to the affeeted skin, as
a1% solution for impetige vulgaris and as a 10 or 25%solution for

pruritis, Caustic, to the lesion only, aga 10% solution or ointment,
for helomas and to eauderize small nerve endings and blood vessels,
asa 25 or 50% solution for plantar warts and asa 50%solution for
qranulation tissue, granuloma pryagenica and papillematous
growths,

Dovage Forms—Ointment: 10% Topical Solution: 10, 25 and
40%. Vor Toughened Stuer Nitrate, see RPS-147, page 784,

Other Causties and Escharoties
Dichlororectic Acid |Dichlorgacetic acid Colac

(128,98)]-—-Puaspent liquid miscible with water, aleohol or ether.
See Trichloroacetic Acid,

Nitrile Acid-—Con tains 67-71% HNOs, A framing liquid, very caustic,
with a characteristic, highly irritating odor; boils at. 120°; specific pravily:
about 1.44, Miscible with water. (ses; Aga cauteriaing: agent for the
immediate sterilization of dangerously infected wounds, suchas thebite
from a rabid animal; it does nel penetrate. Loo deepiy and forms a firm
eschar,

Podophyllotoxin—-| (G4, baR OF) 5,54,6,8,8a,0-Hexahydre-9-hy-
droxy-5-(3.4,5-trimethoxypheny]furo(3’46,7] naphtho[23-d]

13: di
oxol-6-one

[518- 28-5) Coes (414.41)]--Mound in the rhizemes of
several species of plants, principally Padoph:

yillion peltatun 1. Berberi-
deceae, P amodi and Juniperus virginfang 1, Contferae, For the syn-
thesis see AACS 103: 6208, 198], Occurs as hydrated crystals; melts
about LE6° (dee) and about 164° after drying a number of polymorphic
forms exisl Very slightly soluble in water; soluble in aleshal, ehloro-
form or acetone, Uses: Actions, uses and adverse effects are those of
Podaphyltam Resin (page 766}, except that the therapeutic index is
greater, Lis several times more poteni. Htis an investigational drug,Dose: Topical, to the skin, adults and children, as a 0.5 (6 1% solution
twice a day for 3 days,

Potassium Hydroxide [Potassium bydraxide; Caustic Potash; Lye;
Potash Lave {1310-58-3} contrins not less than 85.0% of toualkali,
enleuiated as KOM

(56.12), including not more than 3.5% of KyCO,
(148.23)| Caution-—-Exercise great care in handling, as it rapidly de-
stroys tissues. Do not handle it with bare hands. Preparcd byelectrol-
yais of a sobution of potassium ehloride in a

dinphragin cell Ghat does not.
allow liberated chlorine to react with it. Lt is prepared in the form of
sticks, pellets, flukes or fused masses. Sticks or

pellets
are made hy

evaporating
a solutionof it to.Fhuid of oily consistency and then pouring

the hot tiquid into suitable melds in whieh it solidifies, Deseription and
Solubility: White,

or nearly white, fused masses, small pelleds, llales,
aticks, and other forrag; hard and britdte and shows a

cryatatline fracture;
exposed to air it rapidiy absorbs carbon dioxide and roistare, and
detiquesces; melts af about $60-380°; when dissolved in water or alcohel,or when ia solution is treated with an acid, much heal is generated;
solutions, even whon highly diluted, are strongly alkaling. 1 g dissolves
in 1omb water, 3 nvaleohel or 2.5 mL glycerin at 26°; very soluble in
boiling alechol. fneompatibilizies: Vases react with werds to forns salts,
liberate alkaloids from aqueous solutions of alkateidal salts, and pro-
inole various hydrolysis reactions such as the decomposition of chloral
Aydrate inte chloroform and a formate or the breakdown of satel into
Phenol and u

salleylate, Oniy the alkali hydroxides are
appreciably

soluble in water. Nearly all commen nreéls will he precipitated as
hydroxides when solutions of their salia are added to solutions afthe
alkali hydroxides. Certain hydroxides, however, notably those of alyumni-
hi, zine, arsenic or

lead, will dissolve in excess of sodium or potassium
hydroxide. Uses: A ecuatic, principally in

vetorinary practice. The
end of a stick of potassium iydyoxide may be inserted into a section of
rubber tubing,

or wrapped several times wilh tin foil, to avoid cautoriaingthefingers of the operator, Lis used also asa planmreerutivet
Neersslhyin several pharmacopeial preparations.

Trichtoroneatic Acid [Acetic acid, trichlore-, ‘Prichloraacetic acid

 
ih
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{76-08-9] CoHClyO. (£63,59)|-—Usually made by osidigag chloral by-
drate with fuming nitric acid. Colorless, deliqueseent erystils having 3

slight, charmeteristic adorn melis at about 88" and boils at f96S—1e7e,
Soltebility: 1 in ahowt Om, water soluble in aleohol ar ether, (tees:
Precipitates proteins and usedasa catstic on dhe skin er macoas men
branes to destroy feeal fesions and for treat meat afvarious dermatologicdliseason. lis ehief use is lo destroy ordinary warts and juvenile flat
warts. His qnployed extensively

as a precipitant of protein in Lhe
chemical analysis of body fluids and tissue extracts, as well ia decatel-
fier and fixative in microscopy. Cautian--Triekloraacetic Acid is higtt-
fy corrasive te Ge shine Dose: Topieal, to Ure akin, sa 15 1a 100% wef
soletion, carefully applied with a cetton-tipped applicator

or
plugs red.

Conceslrations above 50% are not recommended,

 

Zinc Chioride-—page 763.

Keratolytics (Desquamating Agents)

The epidermis consists of tayers offat cells, called strati-

fied squamous epithelial ceils. They
are bound together by

desmosomes and penetrating tonofibrils, both of which

largely consist of keratin. 'The outerlayer of the epidermis,
the cornified epithelium

or stratum corneum, is made up of
the collapsed ghosts of dbe squamous cells and, as such, is

principally
a

ight network of keratin and lipoprotein. Cer-
tain furyti, especially the dermatophytes, utilize keratin and,
therefore, reside in the stratum corneum in those places
where the degree of hydration and the pH

are
sufficiently

high, One way such mycoses may be suppressed is that of
removal of Lhe stratum corneum, a process that is called

desguamation, Certain chemical substances, especially
among phenols and sulfhydryl compounds, loosen the kera-
tin and, thus, facilitate desquamation. ‘These substances
are called keratolyties. Aqueous maceration of Lhe stratum
corneumalso favors desquamation. in addition ta the treat-
ment of epidermophytosis, keratalytics

are used to thin by-
perkeratolic

areas, Most keratolytics
areirritant. Irritants

also can cause desquamation by causing damage 4a and

swelling of the basal ceils.

Benzoyl Peroxide

(Various Adfrs}

 
|94-36-0] Ch4H Oy (242.23); contains 65-32%of benzoyl peroxide;also centains about 26%of water for Che purpase of reducing flam-

mability and shack sensitivity.

Preparation---Boszoyl chioride is reacted with a cold solutionof
seditim peroxide.

Deseription—--While, granuar powder, having
a characteristic odor;

melts aboul 104°; may explode wih heat,
Solability---Sparingly soluble in water or alcohol; soluble ip seetone,

chlovaforn: or ether.

Caution (Por the drug entitynot dhe dasage forms)
~
ft may

explode at femperttures higher than GO° or ecuse
fires in the

presence af reducing substances. Stare it in the original contain-
or, createdLo reduce slatic charges, De nod transfer ft ta metal or

Hass containers fitted with frietion Lops. Da aot return unused
material to its original container, but destroy tf bytreatment with
NaQHsolution Gin JO) until addition of a

crystal of KI results in
no release of free fodine.

Uses-—-Possesnes mild antibacterial properties, aspecially against
anaevrobie bacteria, itis also mildlyirritant, andit exerts moderate
keratolytic and antiseberrheic actions, 1s principal use is in dhe
treatment of mild acre vulgaris (in whieh it is comedolytic) and
aene rosaeeae, bul it abso is ased in the trentment of decubital and
stasis ulcers.

H. chuses
stinging

ar
bumring sensations for a brief time after

application; with continued use these effects mostly disappear. Af:
ter Tor 2 weeks of ase there may bo a sudden excess

dryness of the
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akin and peeling. ‘The drug mustbe kept away from the eyes, and
from inflamed, denudedorhighly sensitive shin, such as the cireum-
oral areas, neck and skin of children, Jt should net be used in

conjunction with harsh abrasive skin cleansers. [Tt can cause con
tact. dermatitis, lt cas bieach hair and fabrics.

Dose—-Topical, bothe skin, adults and children12 yr or older, as
ad or 10% cleansing bar 2 or 3 times aday, 5 to 10% creamor

ged 1 or

2 dines a day, § Lo 20%Jotion | a4 times a day, 5 or 10% cleansing
lotion 1 or 2 times a

day, §% facial mask once a
day, £6% soap Lor 2

times a
day

or 10%stick ito 3 times a day. The 20% lotion is used

only for the treatment of decubital and stasis ulcers,

Posage Forma—Cleanaing Bar: § and 10%; Cream: 6, 7 and

10%; Gel: 2.5, § and 10%; Lotion; 5, 6.6, 10 and 20%; Cleansing
Lotion: 5 and 10%; Facial Mask: 8%; Stick: 10%.

Fiuorouracll—pago 1151.

Resorcinol——APS-16, page 1107,

Resorcinol Gintment, Compound—APS-16, page 1107.

Salicylic Actd

Benzoic acid, 2-hydroxy-, o-Hydroxyhenzoie Acid
COOH

-

O

GH

Salicylic acid [69-72-7] CypH yO, (186.12),
Preparation---Mostly by the Kolbe-Schmidt process ip which

COp ik reacted with sodiumphenolate under pressure at about 140°
to form sodiumsalicylate, followed by treatment with mineral acid,

Description--White, fine, needle-like crystals or as a fluffy, white,
eryatalline pewder; the synthetic acid is white und odarless; sweetish,
aflenvardacrid, taste; stable in the air; melts between 158° and 161°.

Solubility. gin 460 mL water, 3 mL aicohoel, 45 ml), chlorafurm, 3
mL ether, #86 ml. benzene or about 1 mi. boiling water.

Uses-- Used externaily
an Uie skin, where it exerts a slight aati-

septic action and considerable keratolytic action, ‘The latter prop-
orty makes it a beneficial agent in the local treatmentof certain
forms of eczematoid dermatitis, It also is included in products for
the treatmentof psoriasis, for which the FIVA classification is Cate-

gory]. ‘Tissuecells swoll, soften and ultimately desquamaie, Sali-

eylic Acid Plaster often is uaed for this purpose. ‘The drug is espe-
cially useful in the treaiment of tinea pedis (athlete's foot) and
tinea capitis (ringworm of the scalp), since the fungus grows and
thrives in the stratum comeum, Keratolysia both removes the
infected horny leyer and aids in penetration by antifungal drugs. EH
is combined with benzoic acid in an ointment Jong known as Whit-
field’s Ointment. It ajso is combined commonly with zine oxide,
sulfur or suffur and coal tar. This incorporated into mixtures for the
treatment of aenc, dandrulf and seborrhea, insect bites and stings
and inte soaps and vaginal douches, but offieney remains to be
eatablighed. In high concentrations it is caustic and may be used to
remove corns, calluses, warts and olher growths,

Collodions or solutions of 17% or
higher and other forms shove

25% concentration should not be employedif the patient has diabe-
tes mellitus, peripheral vascular disease or inflammation or infee-
lion at the intendedsite of application, Continuous applicationof
the drug to he skin ean cause dermatitis. Systemic toxicity result-

ing from application to large
areas of Ghe skin has been reported, 1

is not. cmployed internally
asan analgesic beenuse ofits jocal irritat-

ing effeet.on the gastrointestinal tract.
Dose-—- Topical,

to the skin, Reratolytic,
as a 16.7 or 17%collodi-

on once a day, 2.5 to 10% cream underocclusion oned every 3 to

days, 2%foam oncu or Uvice aday, § or 6% gel underocelurion ance
a day, 1.8% lotion once or twice aday, 3 Lo 10% ointment onee a

day,
2 or 4% shampaoonce or tvieo a

week, 3.5% soap onec a
day

or 17%
solution once a day; antipsorialie,

aga 8 or 6% pel under aechuasion
ox 340 £0% ointment ones a day; anliseborrheic, ap a 1.B% lotion, 3
to 10% ointment or 2 or 4% shampoo once a

day; antiaene, ag a 2%
fonmonce or bwice a day, 6 or 6% get ander occlusion once a day, 3 to
6% ointment once n

day or 3.4% soap onee a
day; caustic, a8 a 25%

cream once overy 3 10 5 days, 26 to 60% ointment under occlusion
every 3 108 days,

or 40% plaster
once a

day,
Dosage Forms. Flexible Callodion: 16.7 and 17%; Cream: 2.5,

10 and 25%; Gel: 8 and 6%Lotion: 1.8%); Ointment: 25, 40 and

 

60% (8 to 10% olniments must be extemporized; Plaster:

Shampoo: 2 and 4%Soap: 3.6%; ‘Topical Solution: 17%.
40%;

Sulfur, Precipitated—-page 1247,

Tretinoin

Retinoic acid; Retin-A (Ortlia}
. cH cH

HyC.,_Hy
a Gliy

cr

kL

_-coon
Cay

eeey

all trans-Retinoie acid [3802-79-4] CupHy.Og (300,44),
PreparationBy oxidationofyitamin A aldehyde whieh may he

obtained by oxidation ofvitamin A. Brachem J 90: 560, 1964,

Deseription-.. Yellow te Hght-orange crystads
or

crystaitine powder
with the odor of ensilage: should be stored in cold and protected from

light and air; melts belwees 176 and 184°.

Solubility—--Insoluble in water: slightly soluble in alcohat; slightly
soluble in chloroform: | gin 1G nu. boiling benzene.

Uses-—It is retinoic acid,
or so-callod uftamin A acid, which is

formed when the aldehyde groupof retinene (retinal) ig oxidized toa

carboxy! group. [is not known whetherretinoic acid has a physio-
logic function, but some authorities consider it to be the farm of
vitamin A that acts in the skin, ‘This view is supported by the fact
that retinol and vetinal have very little action on the skin but large
systemic doses of vilamin A evoke prominent dermatologic changes.

Topically, it causes inflammation, thickening of the epidermis
(acanthosis) and loen intercellular edema, whieh leads 10 some

separationof the epidermal cells. Folbeular epithetal cells hecome
less adhesive, the stratum comeum loosens and exfoliation may
oceur. High concentrations can cause vesiculation, These actions
ave wed in the treatment of acne vulgaris. The loosened horny
layer makes it easier for the comedd forise up and discharge, and the

inflammatory response mobilizes while cells which attack the baete-
ria in the follicle, In dhe early stagea of treatment, the sudden

surfacing of obscured preexisting comedones makes it appear that
the acne bas been exacerbated, but the new comedancs do not
coalesce into cysts or nodules and searring does net occur, ‘The

exaggerated stage may last for aa long
as 6 weeks, after which

improvement comes rapidly, Shortly after discontinuation of
treatment, relapses readily

occur,
Deep cystic nodular acne (acne

éongiohata)
or severe cases usually are not improved by the drug.

Various hyperkeratotic conditions are reported to respond toit,
responses being sometimes exceptionally dramatic, Salar and fol-
licular keratosis, (ametlar iehthyosis, heratosis palmaris and plar-
taris and other hyperplastic dermatoses have beentreated auccess-

fully with the drug. [balse has been used in the treatment of some

skin cancers, Recent reports indicate that it may somewhatrejuve-
nadie sun-agzed skin.

It is an antioxidant and free-radical scavenger. There is some

avidence not only that topical applications may provide
same pro-

tection fram actinic and other radiationeffects on the skin, inelud-

ing cancer, but thatinternally it may be protective against carcino-

genesis from radiation and carcinogens. Systemieally,it does not
cause the toxic offects of large doses af vilamin A.

‘

In concentrations of 0.06 Lo 0.1%, il causos a transient feeling of
warmth or mild stinging, and erythemafollows. Peeling of (he skin
may occur. Irritation and peeling are marked more when the con-

centration exceeds 0.4%. When peeling, crusting ar blistering
oc-

cure, medication should bo withheld until the skin recovers, or the
concontration should be reduced. ‘The drug should not be applied
around the eyes, nose or angles of the mouth, beenuse the mucosaa
are much more senaitive than theskinto the irritant effeets. It alao
may cause severe irritation on eezematous skin, It should sot be

applied along with, ov closely following, otherirritants or
karatolytic

drugs, Exposure to sunlight should be avoided if possible, Both

hypo- and hyperpigmentation have been reported, but the condi-
Lions appear to be reversible and temporary.

Dose--Tepical, usual, to the skin, GH to 0.1% ones a
day at

hed dime.
Dosage Forms—Cream: 0.05 and 0.2%; Gel: 0.01 and 0.025%;

Topical Solution: 0.05%.

Trichloroacetlc Acld—page 767.
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Urea—-page 931.

Cleansing Preparations

The skin may be cleansed with detergents, solvents or

abrasives, singly
er in combination. Among the detargents,

the soaps have enjoyed the greatestofficial status, more

through custom than through special merit. The nonseap

detergents became important, not only
as household hand

cleansers, but also in dermatologic and surgical practice
as

well, Hawever, because many nonseap detergents do not

decompose in sewage disposal planta, there bas bean a return

to real soap, Some of the antiseptic “soaps”still contain

synthetic detergents. Soap interferes with the action of

many antisepties, which is one reason
synthetic detergents

offen are used in antiseptic cleansing preparations, Howev-

ér, synthetic detergents also interact with some
anliseptics,

Anionic nonsoap skin detergents rarely sensitize the skin

and, thus, are
prescribed when the useris allergic 4o soap.

Ordinary soaps tend ta be alkaline, with pl ranging from
9.5 to 105, Superfatied soaps have a

pH in the lower endof

Lhe range. Synthetic detergents usually have a
pHof 7.6 or

less. Neutral toilet bars contain synthetic detergents.

Shampoos
are

liquid soaps or
detergents used Lo clean the

hair and sealp. Both soaps and shampoos often are usedas

vehicles for dermatologic agents,
Many bar svaps contain cither ¢riclosanor triclecarban as

antiseplies in concentrations which suppress bacterial pro-
duction afbody odors but which effectively

are not anlisep-
tic. A numberof soaps and shampoos contain keratolytic
and antiaene ingredients. Abrasive soaps contain particles
of alumina, polyethylene

or sodium telraborate decaly-
drate.

It commonly, but erroneously, is believed thatsoap has an

antiseptic action. "The promotionof either soap or
synthetic

detergents alone for the eontral of acne is unwarranted;

antiseptic substances mustbe added to the cleansing materi-

alor be used separately, Quantitative studies of the cutane-
ous flora before and afler cleansing with soap or with other

anionic detergents showa
negligible antiseptic affect. How:

ever, the removal of louse epidermis leasens the likelihood

that cutaneous bacteria will be transferred from the sldn to

other structures, Certain cationic detergents employed in

dermatology
are

antiseptic. Detergents are treated under

Surface-Active Agents (page 267).
The chotee of organic solvents to clennsethe skin depends

largely upon the nature of the material Lo be removed. Jn

medical practice ethanol and isopropyl aleohol are the most

frequently employed organic solvents, Cleansing
creams

act both as solvents and as
detergents. Other soapless

cleansers variously contain petrolatam, vegatableoils, lano-

lin, high-molecular- weight aleohols, various sarbohydrate
derivatives, oatmeal and other ingredients.

Alcohol—- page 1314,

Alcohol, Rubbing—page 1164.

Benzalkonium Chloride—page 1164.

Greon Soap-—RPS-17, page 736.

Hexachlorophene Cleansing Emulsion--page 17166,

Isopropyl Rubbing Alcohal—page +167,

Sodium Lauryl Suilate---page 1307,

Miscellaneous Dermatologics

Gargles, nasal washes, douches, enemata, ele generally
contain as bagic ingredients substances described under oth-
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er categorics in this chapter. ‘hese preparations
are de-

seribed under Aqueous Solutions, page 1524.

Antiphlogisties include aleohot and several creams and

lotions that cool the skin by evaporation. Many antiphlo-

gistie preparations alko contain an
astringent and a local

anesthetic or
camphor

or menthol,

Commonly employed andipruridics also depend largely
upon local anesthetics and the soothing effect. of cooling,

although emellients or demulcenta may be inchuled, espe-

cially depending upon the etiology of the pruritus, The

antipruritie properties of phenol preparations largely derive
from superficial loeal anesthesia.

Vulnerary and epithelizing properties
are attributed to

numerous irritants and to several dyes; however,few reliable

data exist. to support most claims to vulberary action,
Sunscreens contain aromatic compounds, like aminoben-

goie acid, which efficiently absorb the harmful ultraviolet

(UV) rays from the incident. sunlight and transmit mainly
the less harmful wavelengths,

or titaniua dioxide, which

reflects sunlight from thesurface of application. UV lightin
the spectral range of 290-820 nm cuuses suntan and sun-

burn: therefore, a sunsereen ta preventtan ar burn should

have a
high molar absorplivity in this range, However,

photusensitization Ge, Ue photoactivation of chemicals to

make them loxie or
allergenic) may occur with wavelengths

as
high

as 500 nm; consequently, lo protect recipients of

certain drugs (tetracyclines, suilonamides, erythromycin,

promazine, chlorpromazine, promethazine, psoralens),
sun-

sereens with a broader absorption spectrum
are

required.
Anvadequate broad spectrumig usually achieved with combi-
nations of sunscreens (eg, dioxyhenzone and oxybenzone).

Melanizers are substances that promote the pigmentation
of the skin. Most melanizers produce their effect by sensi-

tiaing the skin £0 UY light,”
so that the effectis principaily

the sameasif the subject bad been exposed Sor a
long timeLo

the sun.

Shin bleaches, ar demelanizers, mostly contain hydraqui-
none derivatives.

Hair bleaches generalty contain peroxides.
There is a large variety of depilafories

on the market.

Manyofthem are
sulfhydryl compounds, especially thiogly-

collates, which reduce the disulfide bonds of keratin, thas

softesing the hair to the point where it ean be separated
casily from the epidermis. Someof the same

compounds
are

used in ower concentrations in hairwaving preparations.
Where is onc drug, minoxidil,

an
antihypertensive drug,

which ean increase hair growth
andtreat baldness, Diavox-

ide probably will prove to have similaractivity.
Antiperspirants have been included among the astrin-

fonis,

Aminobenzolc Acid

Benanieacid, d-amino-, PABA

Hight
<C>

Coon

p-Aminobengoic acid [Li0- 13-0] CyH NO, (187.14).
Preparationp-Nitrotolueneis oxidized with permanganate to

p-nitrobensaic acid, and thenitro group is then reduced Lo amine
with iron and bydrachloric acid.

Dowoription Whiteor
slightly yellow, odorless erystals ar

crystalline
powder; melts between [BG and 189°; discolors on exposure Lo aly or

light.

*-'This action is lermed a phetedynantic action. ‘The term bas been
waed loonely fo inchide al! instances of enhanced sensitivity lo light, but

is strict definition His confined to photosensitization in which the

participation
of oxygen is required. Jn the photodynantic process, fpght

of wavelenpthatoo long to be ordinarilyeffective ory be used, se that the

activating spectrum may beshifted toward langer wavelenglis.
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Solubility—Stightly soluble tn water or chloroform; freely sotuble in
aleohol or solutions of alkali hydroxides and carbonates; spuringly sotu-
bie in ether,

Uses—A sunsercen. It absorbs UV light of wavelengths in the
region of 260 to 313 nm; its molar absorptivity at 288,56 nin is 18,960,
However,it does not abuorl throughout the near UV range, so that
drug-related photosensitivity and phototoxicity may not be pre-
vented byit, but in combination with benzophenone it does protect.
against.

some drug-induced phototoxicities, Nevertheloas, by the
260-353 nm range, if hog the highest protection index of current
SUNRCTERN agents,

For animal species that do not. use
preformed folic acid, which

contains the p-aminobenzoyl moiety, it is a B-vitamin, However,man doesnot useit, and its promotion in vitamin preparations preys
on the ignorance of the consumer, tor its potassiumsatis promot-
ed as an dpent Chat aoflons or regresses fibrotic dissue in Peyronie’s
diaeane, scleroderma, dermatomyositis, morphea and pemphigus.
The claims for the antifibrotic actions are subalantiated poorty, and
the actions and uses are not mentioned in major works on

pharma-
cology and therapeutics.

‘Popicrlly, it ia rarely allergenic to recipients but. phototoyicity
and photoallergenicity

occur.
Systemic side effects include narsea,

anorexia, fever and rash.

Dose-—-J'apieat,
as a sunscreen, 4 to 16% in solutions, lotions,

creams and lipsticks. Oral, adults, 12 g a
day in 4 to 6 divided

doses; children, 1 ¢/10 tb a dayin divided doses, to be diluted and
taken with food.

Dosage Forms-~Capsules: 500 mg; Cream: 4% (may also con-
tain sodium PABA)Gel: 5%; Lotion: 5%; Powder: 2, 100 and 459
gi Solution: 8%; Stick: 5% (may contain red petrelatum); Tablets:
36, 160 and 500 mg.

Cetyl Alcohol—page 1312.

Dioxybenzone

Methanone, (2-hydroxy-4-methoxypheny]}(2-hydroxyphenyt)-,
Spectra -Sorb UV 2d (Amerfean Cyanamid); Solaquin Gilder)

OW HO

SO.
2,2'-THhydroxy-4-methoxybenzophenone [131-58-3] CytyO,

(244,25).
Preparation-—By

a Friedel-Crafts reaction in which oamethoxy+
benzoyl chlorideis added gradually (0 a mixture of 1,3-dimethoxy-
benzene, chlorobenzene and aluminum chloride. The reaction con-
ditions are such that both methoxy groups ortho to the carbonyl
bridge in the initial condensation product

are
demethylated. US

Pat 2,858,521,

Deseription--Off-white to yellow powder; congeals not lower than
GH,

Sotability—-Practically insoluble in water; freely soluble in alcohol or
toluene.

Uses-—A sunscreen of intermediate molar absorptivity (11,950 at
282 nm), but it absorbs throughout the UV apectram and, honee,
affords protection not only against sundurn but also against the

photodynamic, photosensitizing and photoloxic effects of drugs.
At proaont, it is marketed in combination with the closely related
Oxybenzone (page 771}.

Dose—-Topical, ag. 8% lotion.
Dosago Forms—Dioxybenzone and Oxybenzone Cream: 8%of

each ingredient.

Etretinate

2.4,6,8- Nonaneielraengic acid, 8-(4-methoxy-2,3,6-lrimethyl phenyl
3,?-dimethyl-, ethyl ester (all 2); Tegison (Roche)

CHy GH CHs
cH,

LT

CHO ‘Hy

(54350-48-0] CosHgoQs (364,49),

Preparation-—-One scheme involves the Wittig condensation of
diphenyl 2,3,6-trvimethyl-4-mothexybengylphosphonium chloride
and 4-oxo-3,7-dimethy]-2,4,6-octane-trienoie acic (all-trans) in the
prosence of butylene oxide; Uxperientia 34: 1113, 1978,

Degeription--Crystalline solid melting about. 104°.

Uses-—Although not a topical drug, it is a retinoid closely related
to tretinoin and is used only for ita dermatologic actions; conse-

quently, it is included in this chapter, [tia used in the treatment of
recalcitrant psoriasis, especially the severe pustular erythrodermic
type. THdecreases sealing, erythema and the thickness of lesions
and causes epithelial and dermal cells to redifferentiate to nermal
cclis, Sometimes, dramatie improvement occurs within 2 weeks
and complete clearing in 1.6 to 4.6 mo, However, relapses are

frequent once treatmentis discontinued and sometimes even
during

chroni¢ maintenance, It can be used alone or in low-dose combina:
tion with PUVA therapy. ‘The mechanismof action is unknown,
but it ia undoubtedly like that of vitamin A, Activity resides in the
acid metabolite.

Adverse effecta occur in more than 75%of recipients. They in-
elude chapped lips, pecling of the palms, soles and fingertips, dry-
ness of the mucous membranes, sore tongue, cheilitis, rhinorrhea,
nosebleed, gingtvyal bleeding, loss of hair, nail abnormalities, dry and
irritated cornea, sclera and conjunctiva (50%), epidermal fragility,
oasy aunburning and other effects. Occasionally, paoudotumar

cer

ebri, metastatic ealeifiention of ligamonts and tendons, and liver
dysfunction ar necrosis occur, In children and adolosconts there
may be premature closure of the epiphyses. Plasma cholesterol and
Lriglycorides rise and high-density Spoprotein decreases. ‘Phe drugis aluo teratogenic. Adverse effects are less with the low doses used
with PUVA.

Absorption after oral administration is incomplete. It is in-
creased by whole milk and other Jipid-containing foods. There ia a

rapid metabolism during whichit is deesterified Lo the acid metalo-
lite. A much slower degradation and conjugation follows, the me-
{obolites being secreted intobile and urine, Nearly all of the circu-
lnting drug is bound & plasma lipoproteins, but the active metabo-
lite is hound toalbwnin, Ultimately,itis taken upinto fat, whereit
may be found evenas

long
an 2 yr after the last done, The apparent

elimination half-iife is about 120 days. This persistence of drug in
the body militates against the use of the drug in fertile women of
child-bearing age, since the incidence of congenital defects is higheven when conception cecurs months after the drug is discontinued.
The drug also is excreted into milk; effects in the nursing infant are
not known.

Dose--Oral, adult, initlaily 0.25 to L6 mg/kg
a

day in divided
doses, the dose depending upon the type and seriousness of the
disorder; with erythrodermicpsoriasis, the initial dese ix 0.25 mg/kga

day, increased weekly with incroments of 0.26 mg/ke
a

day until a
rerponse occurs; maintenance, 0.5 to 0.75 me/ke

4 day. Mainte-
nance usually is not

begun until after & to 16 weeks of treatment.
‘The above doses are higher than those used concurrently with
PUVA treatment.

Dosage Form—-Capsules: £0 and 25 meg.

Hydrogen Peroxide Solutlon—page 1171.

Hydroquinone

1,4-Benzenediol; p-Dihydroxybenzene; Hydroquinol; Quinol; Eldoquin
and Midopaque Urlder)

OH

O
ait

Nydroquinone ]123-81-9] CeHyOe (110.11).
Proparation—-Various processes are

employed, One involves
reacting

a sulfuric acid solution of aniline with manganese dioxide
and reducing the resulting p-benzoquinons with sodium bisulfite.

Doseription——Fine, white needles; darkens on exposure to ait; pelle
between 172 and 174°,

Solubility-—) gin about. 17 ml. water, d mL alcohol, 61 ml. ehtaroformor 16.5 mi, ether.

Uses-—-A hypopigmenting agent employed percutancousty
Lo

lighten localized areas of hyperpigmented skin, such as skin blem-
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ishes, lentigo, melasma, chloasma, freckles, etc. 11s action is tempo-
rary, so that it is necessary to repeat the application at frequent
intervals. It ig a mid irritant, and erythema or rash may develop,
which requires discontinuation ofthe drug. [t should not be used
neny the eves or in open euls. It is contraindicated in the presence
of sunburn, miliaria or irritated shin, Ft is not to be used in chi
dren.

Dose-- foprteal, lo the akin, adeelts and children aver 12 yr as a2
to 4% cream, gel, lotion or ainument to the affeeted aren once ar

twice a day.
Dosage Forms-—-Cream: 2 and 4% Gels 4%; Lotion; 2%; Oint-

meni: 2 and 49%.

Hydroxyurea—page 1158.

Isotretinoin

13-cis- Retinoic Acid; Aceutane (loche}

HC,CH *
vary

( tereOO
see,

COOH

3,7-Dimethyl-9-(2,6,6-trimethyl-1-cvelohexen-i-yl)-2-cis-4-
trans-8-drans-8-trans-nonasetracnoie acid [4789-48-21 CupHaOy
(300.44). Differs from tretinoin (vitamin A) only in the configura-
tion of the unsaturation at the « and @ carbon atoms, whichis cfs
rather than tras,

Usee-—Although nota topical drug,iis
a

dermatolagic agent and,
hence, is described here. Hs primary action is to decrease the

production of sebum, which lends itself to the treatment. of severe
madular and cystic acne (acne conglobata). The size af the seba-
ecous

pland is decreased and there is a
change in the morphology

and seerelory capacity of the cells (dedifferentiation), Complete
clearing oflegions is seon in about 90% of cases. A single course of
treatment asually brings about long-lasting, someLimes permanent,
remissions,

It also appears to diminish hyperkeratosis and has been reported
to le effective in rosacea, gram-negative falleudiis, famellar eh.

thyosts, Darter’s disease, pilyriasts rubra pilarts and keratocanthe
GAT,

Adverse effects include facial dermatitis, fragile skin, thinning
and drying of the hair, reversible cheilitis anddry skin, mouth, eves
and conjunctivitis in 26 10 80% of recipients, Peeling of the palms
and soles and sensitivity to

sunburn
occur in about 5% of users.

Urethral inflammation also occurs frequently. doint pains and
exacerbation of rheumatoid arthritis also bas been reported to occur
in eboul 16%of patients. Sedimentation rate, serum

Lriglyceride
concentration and scrum levels of alanine and aspartate transami-
nases

transiently
oecur in about 26%of users. In spife of tho

relatively high incidence of side effects, treatment rarely has to he
discontinued.

After oral administration, peak blood concentrations occurwithin
Liodhr. ‘The compoundis oxidized to d-hydroxy-13-cis-retinoic
acid, whichis then glucuronidatedandis secretedinto the bile, ‘The
elfmination half-Jife is LL to 89 (mean 20) hr. Isebretinain should
not be given during pregnancy or

nuraing.
Dase-—-Urel, adult, for dene, 1 to 2 ma/ke

a
dayin 2 divided doges

for 15 to 20 weeks, 1f the eyed count has net been reduced by more
than 70%, a second course of trartment may be given alter a wail of 2
months. Persons over 70 lu

or who have severe chest and back
involvementusually require doses at the high

endof the range. For
severe rosacea or

gram-nepative folliculitis, 0.26 404.5 mg/ky bavice

aday, For hyperkeratases, up le 4ang/ke.
Dosage Forme.-Capsules: 10, 20 and 40 mp.

Nethoxsalen

TH -Furo(3,2-4]| Jbenzopyran-7-one, @-nethoxy-, Ammoidin; 9-
Methoxyproralen: Xanthotoxim Oxsoralen (defder}

 
{298-81 -7] CyoHaQy (216.19).

_ Preparation-~-Occurs naturally in Pserales coryfolia, Ammii ma-
Jus, Ruta chalepensis and various other plants, Tt may be synthe-

 ereeerenasiunre hen tonerayna Saito iB nadiecapitaStetA
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sized ly methods described in JACS 79; 3491, 1967, and in US Pat
2,889,337.

Deseription--White to cream-colored, odorless, fluffy, needle-like
eryslals; melts between 143° and 148°.

Solubility--~Practically insoluble in cult walter, sparingly soluble in
boiling water; freely salable in chloroform; seluble in boiling alcohol,aeetone or acetic acid; soluble in aqueous allakes with ring cleavage;
reconstitution occurs on neutralization,

Uses--A psoralen melanizer, Lt inereases the photodynamicpig-
mentation of skin; H.does net induce plementation in the absonce of
UV Hight

or
melanocytes. Ieis used in the treatment of oftitige and

Lo desensitize to sunlight. Severe suanbuming
can oesur with lopi-

eal application; it is customary Lo protect Lhe surrounding skin with
asunsereen. Jt also is used in PUVA treatmentof psorlasia, myca-
ats fungoides and cutaneous T-cell lymphoma; in these, irradiation
activates it to cross-link DNA, Jt may have value iy the PUVA
treatment of alapecia areata, inflammatory dermatoses,

eczema

and lichen plots. After orat ndministration gastrointestinal upset.
and central nervous system toxicities, such as vertigo and excile-
ment, aiso acctir, Consequentiy, the drug shoukt he used orally only
under medical supervision. TL is additive with other photosensitiz-
ing drugs and the furocumarin pigments in carrots, celery, figs,
limes, mustard, parsley and parsnips. It inhibila the metabolism of
caffeine.

Dose-- Topical,
as a 1% lotien (see the package Jitorature for

details of application and use), Oral, edidés and children over 12
yr, for vitiligo, 30 bo 40 mg once a

day 2 to @ hr before exposure to
ulyavioletlight

or at longer thas 48-hr intervals 2 or 3 times a weeds,
for psortasis, mycosis fungoides

or cutaneaus T-cell lymphoma, 6

mg/kg 2 or 3 hr before UVA exposure (see the package literature for
details).

Dosage Forms—Capsules: 10mg; Lotion: 1%,

 

Monobenzone

Phenol, 4-(ghenylmethoxy)-, Mongbengy!
Etherof Hydroquinene;

Benoquin (elder)

OprovoO)-on
p-(Benzyloxy)phenol [103-16-2] Cyak wOe (200.24),
Preparation--Prepared in various ways. One method involves

condensing sodium p-nitrophenatate with benzyl chloride to pro-
duce bengyl p-nitvaphenyl ether followed by (7) reduction of nitre fo

amino, (2) diesotization of amine and (3) hydrolytic decomposition
of the diazonium compound io the corresponding phenol.

BRescription—White, odorless, crystalline pawder possessing very HEL
Ue taste; melts between 117° and 120°,

Solubility-—1 gin > 10,000 mL water, 4.6 md eehol, 29 mL ebtore-
form or 14 ml. ether.

 

Uses---A dapigmenting agent or demelanizer. Ee acts by inter-

fering with Lhe formation of melanin, whichis the principal oulane-
ous

pigment. 11. is recommendedonly for the final depigmentation
in oitiigo. His nol recommended for treatment of lentigo,

severe

freckling and other types of byperpigmentation, Ht is noleffective

aguinsl pigmented melea or
malignant melanama. Its pigment

decreasing action is somewhat erratic. Irritationof varying degrees
occurs in a considerable number of patients.

Dose—Topical, adults and children over }2 yr, to the sldin, as a

20% cream 2 or 3 Limes a
day,

Dosage Forma-—Cream: 20%.

 

Minexidii—-page 837.

Oxybenzone

Methanone, {2-hydroxy-4-methoxyphony)phenyl-,(Various Mfrs)
HO

2-Hydroxy-d-methoxybensaphenone [130-57-7) CylQs
(228.25).
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Preparution-—-Benaoic
acidis condensed with resorcinol mono:

methyl ether by heating in the presence of
AnCl:

or
potyphospborie

acid (103% H4PO, equivalent), and PCly. US Pat 3,073,866.

Deseriplion—White ta off-white powder; congeais nat lower than
x98

Solubility.Practically insoluble in water; freely soluble in alcohol or

toluene,

Unes-—A stesercen with a high molar absorptivity (20,981 at 290

nin), and it absorba in both the long and short UV spectrum 270-360
tin, ‘Phereforo, it serves not only Lo prevent sunburn hut also to

protect against the photodynamic, photosensitising and photetoxic
effects of various drugs. Contaet with the eyes should be avoided.
At present, it is marketed only in tombination with other sun:

sereens.

Dose---Topical,
as a3 to 5% cream, 0.5% lipstick and 2 or $%

lotion in combination with other sunscreens,

Ringer's Inrigation—RPS-16, page 762.

Sodium Bicarhonate-—-page 777.

Sodium Fluoride

Sodium {lueride [7681-49-4]
NaF (41.99).

Preparation—By interaction of 40% HIF with an equivalent

quantity of NaQH or Nags.

Description White, odorless powder.
Solubility-1 @in 24 mL water; insoluble in alcohol.

Uses-—A dental caries prophylactic. Wuoridation af municipal
water supplies is considered a safe and practical public health mea-

sure, a concentration of about | ppmoffluoridein the water aupply

resulting in a 50 fa 65% reduction in the incidence of dental earies in

permanent teeth. Ingeated fluoride is effective only while teethare

being formed. The fluoride is incorporated into tooth aalts as fhio-

yoapatile. Excessive intake during development of teeth may cause

mottling: hencs, motlling of newly erupted teeth is an indication bo

reduce fluoride jniake. Where drinking water contains less than 4,7

ppm of fluoride, dietary supplements for children with unerapted
teeth may provide some future protection.

Topical application results in changes only in the outer layers of

enamel or exposed dentin, In children, repeated application of a 2%

sohation ofthe drag 10 deaned teeth resulls in a 16 to 49% reduction

of dental caries; adult teeth are protected to a lesser extent by

topical application. ‘Topical applicationalsois usedto densensitize

teeth.
Orally administered, it producea

new bone formation ip some

patienta with osteoporosia, especially when ¢aleium andvitamin 1

{and estrogens in women) are administered concomifantly to facili-
tate mineralization of the new hone. However, the bone may he-
come brittle.

Itremoves calcium from tissues and also poisons certain enzynies.

Largeoral doses may cause nausea and voniting, which weually can

he prevented by taking the substance with food. Pastas, rinses,
solutions and

gels for topical applications should not he awaliowed.
Dose (as sodium fluoride)—opiedt,lo the teeth, aa a 0.02 to 2%

solution, 1. or 2.71% gel
or 0.22 to 2.3% toothpaste. Oral, Lh tod

ppm(equivalent 100.7 to 1.ppan of fluoride ion) in drinking water;
au asupplement, whenthe drinking water contains Jess than0.3 ppm
of flucride ion, 055 mg aday for infants from 2 wk to 2 yr of age, LE

mg onee a day for childeen from2 to 3 yr and 2.2 mg for those from 4
to 14 yr, and when the drinking water contains 0.8 to 7 ppm of

fluoride jon, 680 pe once a
day for children 2 to 3 yr and 11 my for

those 30 13 yr. ‘The fluoride ion equivalents of 650 jg, 1-1 mg, and

2.2 mgof the drug are 250 wg, 500 ge, and J mg, reapeetively, For

asteoporgsts, up to 60 mg aday. Caution: It is poisonous,
Dosage Forms~-Drops: 0.275, 6.55 and J.1 my/drop; Gek 1.4

and 2.71%: Rinse: 0.02, 0.05, 0.2 and 0.44%; Solution: 1.4, 3.3, 5.5,

and 20 mg/mL; Chewable ‘Tablets: 0.55, 1.1 and 2.2 mg. Sodium

Fluoride and Orthophosphorle
Acid: Gel: 1.23% fluoride ion and

1% phosphoric acid.

Sodium Monofluorophosphate

Phosphorafluoridie acid, aadiumsalt

FROM,

   

Tisedium phosphorofluoridate [40163-15-2] (143,95),

Preparation—-Substantially pure drug is produced by fusing a

mixture of sodium metaphosphate and sodium Muoride, in aiaichio-
metric proportion, ina closed vessel from which moist. air is exclud-

ed.

Deseription—White
to alightly gray, odorless powder.

Solubility—Freely soluble in water.

Uses—Like Sodium Fluoride, above, it promotes the replace
mentof the hydroxyapatite by fluoroapatite in the taoth salts and,
hence, ja used as a dental prophylactic againal dental caries, Tt hae

the advantage
over sodiumfluoride in that the teeth do not require

special preparation before application, itis effective whenincluded
in dentifrices and in dentifrices there is no hazard with respect to

local toxicity tothe gingivae
or systemic Intoxication fram ingestion.

Dose--T'epical,
to the tecth, in dentifrice containing 0.76%,

Stannous Fluorlde

‘Tin Difluoride; Fluorigtan

‘Tin fluoride (Sn¥) [7783-47-3} (156,69); contains not leas than

71.2% Sn2) (stannous tin), and about 24% F~ (fluaride).

Preparation——-Stannous oxide is dissolved in 40% HF and the

solutionis evaporated
out af contact with air,

Deseription-—White, crystalline powder with a bitter, salty taste;

mots at about 213°.
Solubility—Frecly soluble in water; practically insoluble in aleohol,

ether or chlorofarm,

Uses--Alters the composition and erystalline structure of the

hydrexyapatite-like salts that make wp the bulk of enamel) and

dentin, so that tho tooth material is more resistant. to acidic erosion

ang dontal caries (decay). ‘The substanceis applied only topically,
so that the tooth substance is only affectedin the suporficial layers,
and it must. be applied periodically. It is most effective when

applied
to the tooth aurface after the teeth have beencleanedthor-

oughly by a dentist. However, there in good evidence that even

when incorporated inte tooth pastes the drug has a retardant offect
on the development of dental caries.

Dose—‘opical, to the leeth, generally
as 0.4% gel or 0.1%ringe.

Dosnge Ferme—-Capaules (for solution): 0.4, 0.65 and 0.8 g;
Soncentrate: 30%; Gel: 0.4%,

Titanium Dioxide

Titanic Anhydride

Titanium oxide (TIQ2) [13463-67-7] TIO, (79.88).

Preparation—-By adding ammonia or an alkali carbonate to 8

solution of titanyl sulfate (TIOSQ,). Titamic acid [THOH},
or

TIO(OH),] ig precipitated and,after filtration and washing, is dried
andignited.

Deseription—--White, amorphous, (aeteless, odorless, infusible pow-

der; denaity about 4: auspension in water (1 in 10} noutral to titmus.

Solubility---Ingolubte in water, HC], HNQs or dilute HASO,.

User—Its powder hae a very high reflectance at visible and U¥

wavelengths, and, hence, it serves as an excellent white pigment. In

ointments or lotions it reflects a very high proportion
ofincident

sunlight, hence, prolecting the akin from sunburn and serving as &

sunblock. It also is used in coumetics and aa a dusting powder.

"Popicaliy, it ia dayoid of toxicity.
Dono-—-Topieal,

as 2 lo 26% cream, Jotion or ointment ag re

quired.

Trloxsalen

TH-Furo[3,2-4) [1 benzopyran-7-one,2,5,9-trimothyl-, G6-Hydroxy-(.2,7-
trirethy)-&-henzofuranacrylic Acid 6-Lactone; Trisoralen (Elder)

chy
On? Oy GHy

CIOCHa

{3002-71-4] Cw 1202 (228/26),
Caution Avoid contact with the skin,
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Preparation..2. Methylresorcinel is cyclized with ethyl neeta-
acetate with the aid of sulfuric acid Lo 7-hydrexy-4.8-dimethyloou-
marin (fF). ‘Treatment withallyl bromide in the presenceof potassi-
ua carbonate transfornis E inte the T-allyloxy compound which, on

reacling withaeotie anhydride in dhe presence of NN-diethylaniline
and anhydrous aodium acetate, rearranges and eaterifies lo give Che

Teaceloxy-G-allyi compound (1). Bromination of 1f followed by
renclion with sadium methoxide yields trioxsalen. US Pat
5,20) del.

VDeseription— White to off while, aderless, dasteless ervatalliae solid:
atahle in light, air and heat; melts at about 280°,

Solubility 3 pin L1HO ml. alcohol, a4 ml. chlorefarm or 43 mi.
meothylenedichloride; practically Pualuble in water,

  

Uses-—Although sot a
topical drug, it closely relates (o other

drugs in this section, Tt facilitates the action of near UV light
to

inctuee melanin (skin pigment) formation. 1 is used to cause
repig:

mentation in idiopathic oftligo and to exhance pigmentation lo
increase tolerance to sualight or for cosmefic purposes. ‘lhe in-
creased toleranceLo sunlight does not occur until enhanced pignien-
tatien has occurred, and the user must be cautioned that severe

guahurning with less than normal exposure can oecur earty during
the course of treatment. The increase in dermal pigment occurs

eradually
over a periad of several days of repealed exposure. Care

mustbe taken to protect the eyes and lips during treatment, ‘Phe
manufactarer’s recommended schedule of exposure should be used
except at high altitudes, where exposure times should be appropri-
ately reduced,

It. ix contraindicated in persons with photosensitiaing cise
such aa infectious leukoderma, porphyria

or
lupus eryLhematosus

and when pholosensitizing drugs
are

being given. Phe drug
some-

Lines may couse gastrie irritation and emesis. Childran under 12
sbould not take it.

Dose.--Oral, adudts and children aver 12 yr, 5 to LOamg 2 hr before
exposure lo suntighl, For the treatmentof vitiligo the exposure
should be repeated

once a
day for 4 days, and subsequentexposures

should be determined according Lo the resalls of the initia? 4 days,
for (he enhancement. of pigmentation, trealmentshould not exceed
2 weels, and Lhe total accumulated dose in any one treatmentconrse
should pet exceed 140 ing. Persens wha show side effects of the

drug should take only 6 ing; the duration of use will he necessarily
prolonged

over that in persons Laking the usual dose of $0 m¢.

Dosage Forms.‘lablets: 5 mg.

 

Urea—page 931,

Other Miseethwieous Topical Drugs
Allantoin 2,5-Dioxo-4-imidazolidinylures (97-59-6]; CyHgNaOhs

(166.12)|-—Prepared by oxidation of uric acid. Colorless crystals mell-

ing at 298°. 4 g dissolves in 190 mi, water or 500 ml. alcohol, nearly
insoluble iy ether. Uses: Ia World War tit was noticed that maggot-
infested wounds seemed Lo heal better than uninfested wounds,

ameffect
aliributed t¢ this drug produced by mapyats, It is used lopically

as

a

vulnerary to stimulate tissue repair in supporating wounds, resistant
ong, seborrhea, cold sores, hemorrhoids and various dermatoiog-rcL

and psoriasis. 1. frequentlyis combined with asGingents,
keratolyles, coal Ga, antisepties and antifungal drys. “The silver sall
has been used in the Lopical treatment of extensive burns. Dose: Tupi-
eal, 0.2 to 2%in creams, lolions ar shampoos and 0.3 lo 0.8%in cintinents
for hemorrhoids,

Cinoxate [2-Ethoxyethyl ponethaxyenmamate [1204-28-94]: Cybl iaOy
(260.29)|.-—A viscous liquid that may haveaslightlyyellowtinge: hoils at
about 185°. Practically insoluble in water; miscible with alcohols,
Uses: A sunsercen that absorbs UY light al. 270 to 428 nmand has te

relatively high molar ahserptivity (10,400at 406 nm) bot net absorbing
well Lhroughout the entire offending rangeol UYlisht. Consequentiy,it
is Used principally in preparations intended to promote fanning rather
than to protect against photosensitivity and phololoxicity. Dose;
Popiecal, 1.75 to 4%in ereams,sels

or lolions.
Dextranomer [Dextran 2,3-dihydroxypropyl-d-hydroxy- | a -propan-

edivl ether [[6687-11-7} Dextran polymer; Debrisan (Pharmacia)
Small, dry beads of a Uhrec-dimensional dextran polymer; hijhly hygro-
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seopie. 1 gabsorbs ahout 4d water. Uses: Por drying, cleansing aud
debridement of exudative venous stasis ulcers, infected mounds and
buenas it is not useful far cleansiayy vores tulalive wounds or logiens. “Phe
heads not only absorb water bul also proteins, including (Cbrinfibring-
fon depradation produets and, Usus, prevent encrustation. "The bends
are

poured iito Lhe deansed wound, whichis circumscribed with petro-
leum jelly, and a compress is taped i place bo retain tye material,
Changes may be made up to dor 4 limes a day, as needed. ‘The heads
nasi be renoved before skin geallinge is atlempted. Care must be laken
(a prevent cross-contamination from pationt to palient, On the Aoor
the beads sre

slippery and, Chus, hiardotes
Digatloy] Triolente [{17048-.38-4, 27496-80-2) CondktyasQis

(1115.59) ]——Usess A sunscreen with ap
absorption band at 270 to 820

nm, fas used Lopically as a 3.5% creamor 2.8%lipsuiek,
Dihydroxyacetone [1,4-Dihydroxydimethy! ketone (96-26. 4]

CyltgOs (90.08) |--'The ketone resniting from oxidation of the secendury
aleahol group of glycerin, A ervstailine powder: fairly hygroscopic;
characterise oder and sweet taste, ‘The normal form is the dimer,
slowly soluble in t part. water or 15 parts alcohol: the menomerformed in
solutionis very soluble in water, alcohol or ether. (ses: Interacts with
keratin it the stratum corneum to fern a dark pigment Uhat simulates
the appearasee of a suntan. Th is incerperated in several sunsereon

preparations, Sinee the sunscreen component iusualy present in a
conceniradian lower than oplimal, sech preparavions may nol provide
protecUion ty pholosensilive persans.

thy) Dihydroxypropyliminobonzente [Jéthy) 4-[bis(hydrexypro-
pyUJamingbenzonle [58882-17-0) CystysNO, (281.55), Amersereen
(Amerehol))-- Cises: A sunsereen with a iimiled abserption spectrum
(280Lo 830 pin) characteristic of p-aminobenzeates hula relatively hygh
molar absorptivity. Jtis used mataly in suntan products. Dose: Topi-
rad, ip concentrations of | io 54%.

Eihythexy! Methexycinnamate (2-thythexyl p-melhoxycinaa-
mate [6466-77-4] CysteeQs (20040})-- Uses: A sunsereen with a narrow

absorption band of 290 la 320 am and a moderate molar absorptivity.
Dase: Topteal, in 2 io 7.4%concentration #2 creans, felons aad oils.

Glycery] p-Aninobenseate E23-Propanetrial 1-(b-amineben-
soate) [130-44-7] CutaNOs @UL21)}-—Trepared by esterification of
aminobenzoie sead wilh glycerin, A waxy semisolid or syrup. Jnsoluble
in water, oils or fats; sotuble in elhanol, sopropanal

or
propylene plycal,

Uses: Asunsergen Lal absarbs UV Hphtat 264 lo $id am and which has
a

relatively high molar absorplivity (17.197 at 295 nm} but a limited
spoctram, Lherefore used primarily lo promote tanning rather than to
protect sensitive persons, Dose: Topical, 2 to 3%in lotiens.

Haimosalate [3.5,4-Trimethdeyelohexy! salicylate; homomenthy!
sa-

ieylale (118-56-9] CygQHaOe 262.40): ing ofCoppertane (Plagh); Filtra:
sol "A" (Norda): Heliophan (Greeff)]--léses: A liquid with relatively
low molar absorptivity (6,720 af 310 nim} and Lanited absorption in the
near ullraviolet range (290 10 315 ni),

so that it is used amainiy to

promote tanning, Photosensilive persons may aot be proieeted from
buras aad photoloxicity, Uove: Topical, 4 to 10%in creams, lotions or
vila,

Methyl Anthrunilate [Methyl 2-aminghengoate {134-20-3] Cyl laNQe
(181,16}]—~A constituent of several essential oils; alse obtained byosteri-

fying anthranitie acid with methyl alcoho! A crystalline substance;
melisal26°. Stighty soluble in water: freely soluble in aleehol or ether.
Uses: A sunsereon, with the lowest molar absorptivity of all sunsereons
(941 a1 815 nm); also, it does wot absorh throughout the near UV range
(ahsoyption hand, 290 to 320 nm) and, Userefore, is used in combination
with other sunscreens of light-pralectives, alsois used as a perfumein
ointments and cosmetics. Dose: Topleal, lo Ue skin, 5% in creams,
lations ar ointments.

GetylsalieylateLses: A sunscreen will an absorption hand at. 280
to 220 am and a moderate absorplivily, 1 is used primarily in conjune-
tion with olher sunsercens in suntan products,

Padimate A [Ponty] p-(dimothylamina}benzoate [14779-78-3|
Opa NQe Ga830h (various Adfes)|-—A iniztare of pentyl, isopentyt
and 2amethylbutyd esters of p-aminohengoic acid. Yellow liquid with a

faint, aromatic odor. Practically insoluble in water orydycerin: soluble
in alechol, chloroform, isopropyl alcohal or mineral oil) Uses; A sun-
acreen of mederate molar absorptivity bul relatively narrow UV absorp-
lion spectrum (290 (0 935 nm) charactoristic of other aminobenzoie acid
derivatives. Dose: Topical,

ta the akin, aa a lLlo W%cream, foam,
lation or stick,

Padimate © [2-Hthylhexyl 4-(dimetinviaming benzoate 121246-02-3]
CyHoyNOy (277.40: (Various Mfrs)}—A light-veliow mobile liquid with
afaint, aromatic oder. Practically irsoluble in waler, alcohol or mineral
ail Uses: See Padimate A,

Red Petrolatum---t/ses: Owing lo ils opacity, (Cis used ia sutblock
creams, ointments and stieks. Concentrations range fram 30 te 100%,
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CHAPTER 66

Pharmaceutical Necessities    

Ewart 4 Swinyord, PhD, DS¢ (Hon)
Prfodios Eenodituy af Phonnacaloyy
Cotoge of Phaimacy and School of Medicine
Watvorstiy of Udath
Swit Gag Cine, UT dda

Werner Lowenthal, Phd

ETEAFrrreedETP,

Professor af Pharmacy and Phornacvutics agit Hofesser af Educotlanal Plandlig ond Developmen
Schoo! of Pharnncy
Virginie Commnonwandh Gatvernily
Richmond, VA 2208

This chapter describes subsuinces that are af Titile or io

therapoutic value, but which are useful in the manufacture
and compounding of wasions pharmacoutienl preparations,
Henes, they

are referred (ooas pharmaceutical necossitics.
The wibstances dosevibed include antioxidants and preser-

vativer; colaring, favoring and diluting agenta; emulsifying
and susponding agente: ointment buses; pharmaceutiond sal,
vente and miscellangous agents. Tora more detailed review
of the ueos of thoue agents, the interasted raaderia referred
ta the various chapters in Part 4 of this book,

Antioxidants and Preservatives

An aniioxidand is a substance capable of inhibiting oxida-
(ion and that may be added for this purpose fa pharmaceutl-
cal products subject lo deterioration by oxidative processor
as, for example, the development of rancidity in ails and fais
of dhe imictiveation of seme medicinals in dhe enviranimaent. of
their dosage fornia. A

preservative ia, ip the common
phar

maceutical sens, a subsalanes hat prevents or inhibits mi-
crobial prowilh and may be added to pharmaceutical propa-
vations for this purpose to avalconsequent Bpailage al Lhe

preparadions by microurganiama Both antiosidanta and

preservatives have many applications in making medicinal

product,

Alcohol--page 1314,

Aacorby! Palmitate

L-Anearbie acid, 6-lexadecananle Agcarbie Acid Palnitale Geator)

CGGCL CHat Thy Cy
HY 

 re tt

L-Ascoriic seid G-palmitate (147-G6-6] Cydiay (41454),
Proparation--By condewing palialtoyt chloride with ascorbic

acid in Lhe presence of wauilable dehydrochtoritating agent asach as

pyeidine.
Deacriplion. White ta yellowish white powder diving

a eharacklitin:
Lic axlort vaells HIP! and Li",

Rolubilliy- 1 ydLOOaof water, (25 md-ofaleabiel, 2 HOO mi of
chloraforn ar > 3000 mk, of ether.

Unow--An andfexideat used in fooda and pharmacquticala, Tt
alng ia unod to provent rancidity, to prevent tho browning of cut.

Apples, fr meat curing and in the predorvation of cared or feoxon
foods,

Bonzolo Acld—-puge 1235.

Benzalkonlurn Ghtorlda—paoge 1104,

Bonzethontum Chlorlda—page 1770,

Benzyl! Aicohol—page 1056.

 

Butyiated Hydroxyanisote

Phenol, (1) -dimethylechyi-dmathoxy-, Tanes RTA (asta)
OM

a

fer? dulyldemothoxyphonal [240016-5] Cy) FtyaQs (180,28),
Preporation—By an addition interaction of pemethoxyphenal

and Qanelhyipropenc, US Pat 2,438,745,

Dedeription..Wille or alipdly yatlew, waxy wali hieviny a faint,
characteridie arr,

Salubility.. fnaelubie in water; hyd mot deahed, 41. af’ ehilera-
form or. nL oked hor,

WaoAn aqadiasidend in cosmetics and pharmicoutioals cor

taining fais and oils.

Butylparabon—-page 1170,

Butytatod Hydroxytoluand

Mhenal, 2,6) bia] diinolhylethy))) dnediyd, Hotybaited
Hydraxytoladsie Cryadabling (OtamancdSiemenelt), Tenax BT

(USustaran)
on

Wyle SACH ly

Oy

LGD tere butyl -p-erauol [L28-07-O] CypHigQ (220.06),
Preparation--By an addition interaction of pecresot and 2

mothylprapene. US Pat 2,428,745,

Dosoriptien-Wille, tuatelesan eryataln with amid alory adable an

Vightoanel air; modta at 20°.
Holubility---Inaohalle in waters & icin tomb af alcohol, 1.1 mb of

chtovadgem or) mL ol athe.

UsodeAn andioxidiat employed
to retard oxidative degradation

ofolla and fate in various commoGes and pharmaccuticnly,

Cotyipyrdinium Chioridoa—-page 1171.

1288
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Chlorobutanal

2-Propandl, 1,1 Astrichlara- fanathyh, Chdavbotal: Chlorkrrtavt:
Acetone chloroforin; Ghloretone (Parke: Daaia)

(CCH

11, f-Trichlora-2- methyl 2: propanal [B7- PRA] CQhychyo

(77-40); hemihvdrate [001 64-0) (186.46),

Prepuation-Chlorofarn windargors chemical nddidon te eo

(ane undor (he entalytic influnce of powdared potansium hydres-
ile,

Deseripiian Colorless to white eryitoly, ate eharactorlstic, Koma.

whal campharacowns oder apd Ginter anhydrous mela about Hits bye
dirvnuan maths abot 76"; baila wilh nome decumpositien 166 and 16H".

Botubiitye3 ia C6 mL of water) aco! aleobel ar about io mb af

plyeurta: freely solutein chtaraform, cllver ar vet fee alin,

Ineampalibiition“The aohydyeue form nual dy ued iorder to

prepara noche audution in liquid pebralatam. Th ie decomposed by
athidica: epbodrie ipdticienty allealing bo ented ith hreakdows with
the fornnition af ephedrine hydruchioride which will separate Crom a

fiquid potrelatiim soladian. 11 in only slightly aaluble fit water, hones
aleakol nat he used bo dissolve Gro required amount in cortadn vebichos,
Asott mins is produced by tritaraton with andipyrine, aanitited, phased
pol ather subaranedn,

VneneFopically, aan solution in clave ob ana dented analgesic.
tk has foe! anesthetic potoncy loa mild deyeae and hin been

eniployed
aa an anewthetic dhinting, powder (1 io 4%) or ointment

C08). TH has mtibactorial and garmicidal propertios. Heise qued
chiefly

ana
prenereddine ii ielulions of epinaphrine, poslurior piu:

itmey, eto. When adminintered orally, hau much the same (hora

peutie
tae ie chloral hydente, Hence, it Tie been emphosed aa a

sedalive and bypnatic. Tohas heen takea araly to allay voniting
dae bo yantritla,

DoveTopical, ai 26% solution in cave ail,
HuhneDose InformedioneThe oral tose ia 00 mye to bg, given in

deblets or
capsulen,

Doehydroacetle Acid

Koto Torn: 2A Pyne?aiaipne, 3d acalyl6-mollivt,Ty
c

ef yg

reTm U
OCH

a OW
Uenty fyem) fangd tga)

inal form: 3-Acetyl-4-bydroxy-G-methydi- 2H pyean ong (520,
Ab(Keto) (171-080 Conel)] Caldas (108.18),

PreparationBy tractional distilladan of a migture of echyd
gcatoncotale and sodium bicarbonate, maintaining: abot total re-

flax concdiions, Wowing only ethinial to bo rereved, Tha roidis
clintitled unicorn vacunim, Gey Siva Cdl Mad ie 2381, Loh.

Dose ripiion--White to creamy-wlile crvetailineg powder melting
about 110° with sublina{ion,

Solubility. One y¢ dinsolven in 25 9 oP ucetiae, 1yy of benzene, 4 yp al
’Watheaal ae 3 eof etharal,

UnserPrenirva live,

Ethytonediamine

1,2: Ethanedtamiave

DENCH CaN TT,

uaylonediamine (107. 54-9] Cody (60,10),
Clhaddian Lee cane in dinatrabecause of ite caustic nadusreand

dur ieritatiag properties af ffs wapor.
Notedi io steongdy alkaline and may readily absort carbon

dioxide from te alr ta fara nonealaiile carbamate, Protect tt

quatinad undue exposure do che adaosphere,
Praperation--By roacling athyland dichloride with aimmonia,

then achlingg Nat}andatilling.

YoreriplionClery, colorless or onty atighdy yotlow fiquic, baviay an
ammonia dike oder amd strong alkaline reaction mlacibly with water and
mMenbol avdiycdrous belle (16 do 117 and wolidition at about g%; volatil
With stan; a alronp baaanid reastily aendaines wile acids to farin audta
with tha avaludian af meh heat,

 PHARMAGEVTICAL NECESSITIES 1287

Unon---A phardacectica! atcedatty for Aminophydtiag fafection.
Vis irritating to alin and aacous mambranos, 1. alia may emune

annndidnation characterized by satinand allergic dermatitis.

Ethyiparabon---page
1471.

Ethyt Vaniliin—page 1204,

@lycerln-paga 1027,

Hypophosphorus Actd-—page 1322.

Molhylparaben—-page 1172.

Monothioglyceral

1,2-Propanedial, deimercaplas,

HSCHLCH(OMWCH OM

4 Mereaplo- |, 2-propanedial [86-27-6] CyltyQoh (108.16).
Preeparation---An othanalig selution at A-chiers-1,2-propanediol

in hoatad with potassium binuifide,

Doseriptlen—Colerlasi
or

pale sallow, laces Hut haviag a alight
auufidie acdoct Hygrageople: npncifie gravily Ld to 1880) pH Cin le
nolution) hb ta,

Rolubility-Freely solute in watery minotbte with alcohot; ineolnble
in ather,

VowA pharmncentic aid abated 4 bo uscdata prasarvative, 1.
has bean uaed in 6000 solution to atimulata healing of weanda, and
aga L1G00 golly in atrophic chinitia,

Phenol—page 1929,

Phenylethy! Al¢ahal-—page 1287.

Phenylmorcuric Nitrate-—page 1172,

Potassium Bonzoate

Bonzoie acid, polissium sad

[SA2-28-2] ColEKOs (IBO21) Carhyelrena).

Doxcription-<cryntalline paweor,
Solaldlity-—Soiudie in water or deohu

UsoH-- Prasorvative,

Potassium Matableultite

—
Dipotnasiaan pyrestlfite

[G7 BAB] RySeO, (282i),

Dosertiption White ceygtala or ervatalliae pewder With ar oder af
04. Osddiges Inairto the sulfate. May ignite un

powdoring ia inertar
if (og much heat dowalops,

Solubility
|

Preely solublo ti waters ingolubity ialeahat,

Uson...Antionibant,

Potassium Sorbate

$4) Hoxatlionole acid, (222)-, notaniant sath: 2doxulioneie nei,
potnaiiumngalt: Potaawium 2.4-Toxacdiononla

m W
.

I |MAE ng
ageNag ieoy
I Itt W

CK

Fotaaium G2)aorhaty polumiun sorbate [BMT] [eddod:
GHB, CableOy (150,23),

Proparation--Sorkic
Acid is rencted with an

equimolar parlian
oCROR. Pho resulting potassium sorbate may be eryatallivod freon
aqueous ethane Ul Pataaoda,

DawerlptianWhile crystal or powder with a cheuacleralic odor,
moolta aliand 270 withdacepuaniticn,

Bolubilitye tain6 ik of water, #5 mol aeabel, 1000 yu). af
ehlorofarm or 3 1O0D md. af ouhor
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UsaA water-soluble anfief korbic acid usedin pRarmaceuticala
to dled (he growth of aratds and yeuata, Tes toxicity ia low, batih

may irritate the alin,

Propytparabon—-page 1173.

Sagsafrae Ol—-page 1400.

Sodium Bongeate-—-page 1173.

Sodium Gisulfila

Bulfurows acid, moncsactiinsalts Sodium Hydrogen sellite; Sacinin
Acid Sulfites Laieayen

Monosodinmaulfita [7631 -90-6] NaHSO, aid sudium motabisal:
fite (NassyOs) in varying proportions; slolda b8.6-67.4%of SO,

 

DanertptionWhite or yellowlkh white etvatals ae yaar powder
having the odor of wuléur dioxide; unaiskeles in avy,

Salubilitye-1 gin om. oafwatery allghdly aoduble in ateahal,

Unen-An catiusidant and atebilieiag agent. Vepinegliiae hy-
drochloride wolutions may be edabilized by be addition of small

quantiles of the salt, Tt alao is wed to help selubillaa kidney
atones. ft is uaefal far renieving permanganate alaing atid for Bobi

Ditivinye certain dyer anil ather chomldals GuiMenadione Soafiin

Aisadiite, MaeAF, page WEL).

Sodium Matablsulflte

Digulfupsun acted, cliselium atlt

Pisodina pyronulfite [7681-674] Nay820, (190,19),

Propareation---Porned when sodium bindfite andergacs Ghornal

dehydration, Tbalgomay bev propared by passing saltur diovide ovar

sodtum carhenite,

Yoweripion. White eryatala or white (aso lowigh ervetalling powder
having

av oder of walfur dloxishe: on exposure te ode and pyodstuace, it is

wluwly oxidizect ty sulfate.
Salubititye1 jo dn fonk af watery slightly sobible in Mechal: frooly

sohible das glycerdas,

DowA reducing agent. Vin ned in ennily axintigad pharaag-
ceuticala, such as opinephring hydyaehloride aad) phenylephrine
hydrochloride fajections, Lo retard oxidation,

Sodium Proplonate--page 1230.

Sorbic Acid

Yd-Hemudienoie acid, GA). ad Hoxadinioie avid

HtSos
gage|ad 1h

plan,

we
“CMI

(A.8)-Borhie nid Sorbie aeld [Y2500-08.4] [10ed4d-1] Calle,
(12.99),

Preparation. Ay
varia processan,

ya) a0,
Refer to US Tap

Doscelptien  Freu-Clawing, white, crvataltine powder, having a char.
acteriatic uders plelia about 133°,

Solubilityog in 1000 al, of water, LO a. of ateelal, [iomnt. af
chloroform, JO mio! ether er 1oh of propyledia ylyect,

Use) Aandiand yeast iniibitor. Tealio in used aan
Congislatic

ayant Coy foods, oipecially cheeses,

Sulfur Dioxide

Sulfue dioxide [744005} Oh (GHG),
Preparadion--By burning aulfat ar aulfides and by reacting a

bindifite or a suttite with a atrong ack,

Dosevipdion..Colorless, aonthunmable gag, with a atvanig, affect.
ia, oder charactoriniie of dutaing auldac; bb, woh 2.027 gat 76M ain
whdhO": condily Liquavian andar prommurde formting

a catarlesn Talc with a

donaity alappraximately
[8 gémb ane a

balling paint af —70°,

Salabtlity.) votume of water diasoleen appresinurtoly 36 vatumnes at
ial Withinand YO") vohumte af alcohel dlasalven qppecximately C14
yohimexder the dante conditiona; aitihlg in ether or ehleratariny,

Natedt by axed apustiye ia Che fori af a atts in pharmacertivdt
applicdtions, and ig descrtlad hervin for ach porpuscs. Houten, it ts
waealty pirchaged iader prenanee, bartee the CSP xpecifications (Wa.
tor, Nonvaladite costae and Salfarie acai), ace

destined far (te beatin
uf tts diquid fara

UnoneThe jain did presence af moisture fori aulfurogs acid
which ina Glecching agent, fungicide and buctaricide. Vor (hk
romon fruity often are

exposed
to the aan befure deving ta prevent

darkowing and tho growth of melds and baeleria ‘Tho gan ds alee an

antiaxidaad and a pharmaccation) necensily for dnjectinas. it may
ho intensely [rvitating to the eves and roapiniluey traat.

Thimerosal-page 1173,

Othor Antioxidanta sand Proworvaitives

Anoxomar |1.4-Benzenodiel, 241 dedimethylethy)-, palymer with
digthany! bawene, 4-(h 1 -dimothyechybphenol, 4-maihuxyphoerial, dd’
(Ll-mothylothytidena}bis| phanol]| and d-methylphenal {HOKIT BPHOralTQOil ind efChOyHy) OCad Oa (Cy Aa Qader
Lise: Antoxidint and fond neicliftive,

Mutute Agid EP foix-Gutanodioie acid CyH yO, (116.07); Paxilic acid)ee
Preparations Boneane vapor iy oxidized hy pasnagy over heated yan:

ium pentuxside, Odorloas, while, crystalline powalor dueving a atrongdy
neid ister mwlty about LG?, Soluble in 1.4 parta of water, # parts af
aieohol ar}? pravtaalothor, Uses: Tn tie praparation af orqonrelrine
maleate tigation

of aga randdity retardant 1h fils anel ote (FE 1O,000),
Propyv) Cathie BE [Peopyl $4,0-Trihvdrexyhonwonte}

Whito to
credithile cryataltine pawdor: oduriead ality bitter taste, Sobidle
ja LOOO paris of water orparts afnicalial  Cisews A preservatl

ya,

Coloring, Flavoring and Diluting Agents
The use of properly colored and flavored medicinal subs

stances, although affaring
ae

particular therapouiie advan:

tuge, is Of considerable importance paychoalogically, A wa-

ter-dear medicine is not pircularly acceptable
to most

patients, and, ia yeneral, is Chought to be bert. Marty very

active medicinal substaneas are
quite unpalatable, and the

pation, nay fail do take the medicine simply because ihe

Lisle an appoarmned id objectionable, Disagreaible modica-
Lien enn he made both pleasing

to the laste and attractive by
caroful soloction al Uho approprinta coloring, flivering and

diluting agonta, ‘Therefore, judicious
use of these aub-

slances ik important in recuring pationcaoporation in tak-

ing
or

using the preseribed madieaiion and continued cam.

pliance with the presoriber's intent,

Coloring Agents
or Colorants

Coloring agents may he defined as
compounds employed

in pharmacy solely for Lhe purpose of imparting calor, ‘They
may be classified in variodis Ways, en, Inorganic

ar oynitic,
For tho purpose afthis discussion Gwesubdivisions are sed:
Natural Coloring Principlis aud Syathetio Coluring Princ

Natural Coloring Principles

Natural coloring principles
are obtained from mineral,

plant and animalsources, ‘They are uaed primarily
for artie-

tic purposes, ay
symbolie adarnmente of natives, ag colors Lor

foods, craps and cosmetics and for other paychotogical ef:
frets.

Mineral colors frequently
are lermed pigments and are

ples. ‘The members of (heat rouge are dised as colors Cor

Phannaceutical preparntions, cosmetics, foods and as baeto-

riolagical staing and diagnostic apes,

is

cee

os
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used to color Jotiens, coametics and other proparnations,
uxu-

ally for extarnal applicntion. [xamples are fed Ferric (a-

ide (page 1328) and Yellow Ferrie Oxide (page 1428), Litani-
umdioxide (page 772) and carbon black.

The term pigment also is applied generically
to plant

colora by phytochemlsts. Many planta coutain coloring

principles that may be extracted and used a6 colorants, ep,

chlorophyll Anattenas are ebtained from annatta woutls
andjive yollow

Lo orange water-solubledyes. Natural betu-
caroteneta a yellow color extractod from earrota and used Le

color margarina. Aliaarin is a
reddish-yellow dye obtainod

from Che madder plant, ‘The indigoplantix the source of4

blue pigment. called indigo. Fhavonos, such as riboflavin,

rutin, bexperidin and quercetin, aro
yollaw plyanents, Sal:

tron is a glycoside chal gives
a

yellow color to drugs and

foods. Cudbear and red saunders ave two other dyes ub-

{uinedfrom plania. Most. plantcolors now haye heen ebiare

acterized and synthesized, however, and those with the de-

airable quatities ai stability, fastness and pleasing hue are

available commercially
ag

synthelic products.
Animals have been n source ofcoloring priveiplos framtie

wurlieat perioda of recorded hintory. For exaniple, “Cyriuut
purple, anes a

sign ofroyalty,
waa

prepared by alt oxidation
of # colorloas accretion obtained fram tbe glands af a snail

(Murex brandaris). ‘his dye
naw ia known tobe 6,07-dilro-

moindige, and has been synthesized, bul cheaper dyes of the
same color are available. Cochineal fram the inagel Coceus

eed? camlaing tha bright-red coloring principle ecarminie

acid,
a derivative of anthraquinones, ‘This dye is na

longer
used in foods and pharmaceuticals dua to Saimonella con-

tamination.

Synthetic Coloring Principles

Synthotie coloring principles date from 1856 when Wo
Perkin accidentally diacavered mauveine, aldo know) a4 tt

Perkin's purple, while engaged in unsuccessful attempts ta

aynthasize quinine, He obtained the dye by oxidizing ani:

lino containing
a and p-toluidines

as
imparitios, OChor

disenyveries of this kind followod soon after, and a
major

industry grew up ip thefield of coal-tar chemistry,
The earliest, colora were prepared from aniline and for

many yeura all coal-tar dyes
were called aniline colors, irre-

spective of their origin, ‘The eoal-tar dyes include more

than a dozen well-defined groups among which are nidroxe-

dyes, nitewlyes, ago-dyes, oxazines, Uhinaines, pyraze-

lones, xanthenes, fadigaids, andivaquinones, aertdines, boa:

anilines, phthaleina, quintalines and others, ‘These in turn

are classified, according Lo their methodof use, as ecid dyes
and beste dyex, or direct dyes and murdané dyes.

Cortain atructuval clementa in organic molecules, called

chromophore yioups, give color to the molectilos, ay, nz0

(—-NeeN-), nitrosa (-NewO), nitro (-NOQg), anoxy

(om Ae Netbe, carbonyl (CO) aod ethylene

(eCee(ie), Other such denmiente augmant ihe chromophore
groups, ef, methoxy, hydroxy and gaming groups,

Stabblitye. Most dyes
are rolatively unutalle chemicals

due lo their unsaturated atructures. ‘They
are

subject
to

fading duo io
tight, melala, hoat, microorganians, oxidliziny

and reducing agents plus alrong acids and hases, In tablets,

fading may appear ad
spotting and specking,

Uses-Moat aynthetie coloring principles
are used in col-

oring fabrics and for various artistic purposes, They alae
find application

as mdicators, bacteriglagicnl stains, ching
nostic oids, reagents jon raloroscupy, abc,

Many conl-tardyes originally were used in fondstufts and

bovernyes without careful soleetion or discrimination be-
twoen thoue that wore harmlogs and (hase that were Lorie

and without any supervision
as ia purity

o@ freedomfrom

poisonous constituents derived from their niuiifneture,
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Aftor the passage of the Pood and Druga Actin L006, the

LS Departinent of Agricwilure ostabliahod rogulutione by
which a few colora came to be known as

permitted
colurs.

Cortain of these colors may he used in foods, drags and

cosmetica, but only alter cerlifieation by the FDA thal they
mett carlain specifications. Prom this list of permitted
colors may be produced, by skillful blending and mixing,
other colors that may be used in foods, beverages and plar-
maceutieal preparations, lends ofcertified dyos mustbe

recartifiad,
‘The word “permitted” is used ina reatricted sense, Hi.

does nol carry with if the right
to use colors for purposes of

deception, even Ghough they
are

“permitted” colors, for ull

food lows have clauses prohibiting Lhe coloring of foods nnd

beverages in a manberseas to coneaa] inferiority
or Lo give

a

false appearance of value.
‘Nhe certified colors nce classified inte three groups:

FD&C dyes which legally may be used in foods, drugs and

coameties, Da.C dyes which legally may be weed in drugs and

cosmetics and Mx ternal 2&C dyes whieh loyally may be used

only in externally applied drugs and cosmelion, ‘Thora are

pacific limits for the pure dye, snifaled ash, ether extenc

dives, sotuble and ingoluble maltov, uncombised intermodi>

aos, oxides, chlorides and sulfites, As the ise statis of

these colors ix subject.
to chanye, the laloul regulations afthe

FDA should he conauited to determina haw they may be

aed. especially since severn] PDC dyes formorky widely
aed have bean found Lo be eareinogenic

even whon "pure"
and, Hherefare, have been banned fram use.

The ConleTar Color Regulations apecily that the term

“axtarnally applied drugs and cosmetics" means
drugs anit

commotics which are applied only ta external parts of the

body and not to (he ipa
er any bedy surface eavered by

mucous membrane, Na eerdfied dye, regardless ofits cate-

gory, legnily may be used in any article whichis to be applied
to the aren of the eye,

Lakes are cofehun or aluminum salts of eortified dyes
extended on a substrate af alumina, ‘They

are inselulte in

water and organic sulvents, hence are used bo cular powders,

phocinaceuGcals, foods, hard ennedies and food packaging
‘Phe npplicatian ofdyes

to
pharmaceutical preparations is

an art that can he ucquired only afer an undorstanding of
the charaecteristies of dyox and Inoawledge of the composition
of tho praducts to be colored hus heen obtained, Specific
mules for the choice or

applientionof dyos
to pharmaceutical

preparations
ure difficult to formulate. Hach preparaiion

may present utiqae prodleins,
Dreparations which may be colored include most liquid

pharmaceuticals, powders, ointanents and gmulsions, Same

renoral hints may be offerad in commection with solttians

and powders, but desired results waually
car be cbtaingd

only by ssories of trials. In general,
na

inexporiencedopera:
Lor bands to wee a mueh higher concentration of Ue dye than

ie necossary, resulting ina dull color, ‘The arnt of
diya

prosent in any pharmacoutical preparation should he of a

concentration high enough to give Hie desired calor and low

enouehbe prevent toxic reactions and pormanent stain of

fabrics and tissuca,

Liguids (Solutions)-The dye concentralion in liquid
preparations and solutions usually should come within a

range of G.0008% C1 in 200,000) anid O.0U79%Chin 700,000),

depending upon the depth of calar wantedand the thicknews
of column to ba viewed in dhe container, With some

dyes,
concentrations ag low as 0.0000(1 i1,000,000) may havea
distinet tinting effeet. Dyes are used mont converdently in

the form of stock aclutions,
Powders-—White powders usually require the incorporn:

tion of CPC) in 1000) of adye
dio imparta pastel

calor. “Phe

dyes may he incorporated ite the powder by dry-blending
ina ball mill ey, an oosmgall acale, with amorkar snd pestle,
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‘Phe dye ja incorporated by iituration and geamatrie dilu-
tien, Powders also may be colored avanly by adding

a selu-
(low of the dyo in alcohol or some other volatile solvent

having only
a

slight selvent aceon on the powder being
colored. Whaon Uhia procedure in omployed, the solution is
addedin portions, with thorough mising afer cach addition,
nfier which the solvent ia alowed to evaporate fram the
mixture,

Many of the syrups andebixire usedas flavorlag and dilut-

ing ayenta are calored, When such agents are uadd no fur.

ther coloriny: matteris necessary. ‘Tho use of colored flavor:

ing agents in discussed in a subsequent aechiun, However,
when it js desired to add color to an otherwise colorless

mixture,
one of the agents deserihod in the first section may

be used,

Incompatibilities.-PD&C dyes
are

mainly anionic (sadi-
uni

salty), hence are incompatible with cationic substances,
Since the concentrations af these wubatances are

gongratly
very Jaw, no procipitate is evident, Polyvalen( tans such ae

catenin, mayenand alumina alae may form insoluble

compounds with dye. ApH change may cause the color te

change, Acide may release the insoluble acid form af the
dye,

Caramal

Varnd SayeCalordays

A concentrated solition of the produed obtainedby heating sugar
or glucose until dhe awoet Gaete is destroyed and aoanifarm dark
brown mnaas roaulta, wntall amowuad of alkali, alkaline coxbunadte or g
(race af mineral ackbeing aaldlacl whike heating.

Dogeripiion—“Shick, dark brown liquid with the eharactoristie salar
of putnt siyiat, and 4 pleanapt, bitter Gantes apecifie gravity not less than
10) 1) part divsalved ln F000parla of water ylolds 4 clone salution leavingadisWnet yellowlah orange celor which bs nod chiged ant ino

precipitateik fortned after exposure to auntiefor 0 brs wher spread ia Osi dayor
anyhue plaid, i appears homeyeneoun, tecldia: brown an Iraiapay-ant,

Bolublity-Mincible with water in all proportions and with cilute
Nicabab upto iiby volume anmbecible with edhe, hlorefarin, acedane,
heatons, KOolvont texan) of

tarpon ling ol,

User'Lo praduce o brawn color in oixira, aycwps ond ather
preparations,

Flavoring Agents

Flavor

‘The word favorrefers toa mixed pensation oftaste, touel,

smell, sight and aound, all of which combine to produce
an

infinite number of gradations in the porceplion af a sub-
alanee, The four primary

tastessaecet, biter, sure and

seline-—-appear
lo be tho result partly of physicochemical

and pardly of paychologies! action, ‘Paste buida (ti 66-1),
facaled mainly

on the longus, contain very sensitive nerve

ondinga that react, In the presence of molatire, with the
favors in the mouth and as on result, of physicochemical
aclivily alvetrical impulses

are
produced and Lranamitied

vie the saventh, ninth and donth cranial nerves Lo the arens of
the brain which are deveted bo the parcapiian

of taste,

Sama of the tate buds are
apecialived in their funetion,

giving rise Lo arcas on Lie dongie whieh are aonsitive Lo only
one type al tanto. ‘Pho brat, however, usally perecives
(te aa a composite aansation, and accordingly the compo-
nents of any flavor are not readily discernible, Children
hava more tagte buds than adullé, hence ara more sonuitive
to tastes,

Vasie partly depends
an the jonas which are

produced in
the mouth, but payehologiste have demonstrated that sight
(color) and sound alse play

a definite role when corlain
roflexed hocome conditioned Uhreagh custom and asada.
tion of sense porceptions, "Thaa, in the clasi¢ experiments
of Pavlov demonstrating “conditioned reflexas,” Uhe riaging
ala bell ac the ahowlnyofcivela aflight caused the yusiric

 Fig 6664,
tasteg; In
no tarie seneaton; 4:

(adapted from Grockar EG:
10-46).

Upper Surface of the tongue, oa: Taste receptors for all

sweat, salty and dour, co: Bally and gaurd: sour onky: a:
sweet and sour and gi bitter, ewaet and agur

Flavor, McGraw-Hill, Naw York, 22,

juices of a dog da flaw altiaugh
ifood war

placed beforeit,
and much of the enjayment derived from eading celery is die
to iis ermieby crispness

an the fibrevaseulir bundles are

erushed, ‘Fhe effect ol color ts just
as

pronouncech eleomar-

gating is unpalatable to mosl people when it is uncalored,
butende Lhe dye has been iIncorparated pourmeta frequentty
cannot distinguish it from bute, Color nid taste must

coincide, ay, cherry (flavor is andocialed with a red color,
A person euflering fram a laad cold finds his food much

lena prlatabie than usual because his sense of smell is on-

paired, aud, if the aastrils aro held closed, raw oniens laste
sweel and if ig much aasier to inyest coator of and other

nauagating medicines. ‘The volatility ef a substance is an

important factor thatsa influenced by the warmth mid mois-
ture of the mouth since the moro volatiie a

compound, Uhe
mare

pronauneed ite odor. The sena¢ of smell detects vary
minute amounts of material and is usually much mare ene-

tive in dateoting the presence of volatile chemicals, laut the

tongue ia able do detect infinitesliaal umaunts of same va-

pora if it ia protruded from the mouth ao that sobition of the
qases in the saliva may take place. fn (his mannertraces of
sulfur dioxide can be detected in the air singe it clinsalves in
the saliva and creates a dour taatd,

Mavors described as hot are thase that exerta mild coun

terbritant effect on the mitcasa of the mouth, thoas that are

astringent and pucker the mouth contain anning and acids
that produce thin effoet by regeting with the lining of the
mouth and wines possess a bouqued due ta the oder of the

volatile constituents, Indian Lornip (daeck-in-Uie pulpit)
owesits flavorlargely

Lo the stinging sensation caused by the
minnie acicular crystals of caleiuuy axalate which panedeata
the mucous membrane,

Other physialogical and physical fachars that alan may
affect taate are Codraonass oF writtinesa dua to small parti
eles, ex, ton-exchange resin. Antidiarrheal preparations
havea chalky taste. Montheal imparts

a cool tisha becauseib

alfeeta the caldneas receptors, Mannitol gives a dood sensi

tion whenil dissolves becauseita negative of heat of solution
will cause Lhe Lemperalure to drop. For hig reason, mann
tol ofien ia used as the base for chewable tablets.

There is a datinite threshold of taste for overy suialinde,
which varies somewhat with the individual and with the
environment, ‘The experienced chef taston his delieacion at

ihe lemporatiiva at which they will be served since heat and

cold alter tho flaver of many preparations, 'Phus, lemon
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logon ila aur taste entirely alan elevated Lamperniure and
otherflavara became almost ponvoketile, tasteless and ador-
Joss when cooled aufficlently., In addition te tha influence of

temperature, the sensitivity of each individual mast be Gan

sidered. For example, il has been datarmined by experi-
ment that the amount of sugar that ean just be detected by
tho avarage individualis about 7 me. Hawever, this amount
cannot be tasted by

some andit is definitely sweet to others.

People
are more sensitive ia odor than to taste, hero are

tibout 10,000 to 30,000 identifiable seanta, af which the aver-

ae person can
identify about 4000, Wonien arg more sensi

tive to odors than unen. Additional insights can he obtained

by reading Cagan RH, Kara MR: [ochemisiry of Taste
and Otfaction, Academic, 1981, and DBaidler LM (ed):
Handbook of Sensory Physiology, vol IV, pte 1 and 2,

Springer-Verlag, 1971,
Preservation of Plavors--Most monographs of official

producla contain spocific directions for atarage.  Praper
methods of storage aro casential to prevendeterioration
which in many instances resulis in destruction of adar and
danke, Under adverse conditions undesirable changes

aecuy

due to one oF a combination of the following: enzymatic
aclivity, oxidation, change in moisture content, absorption
of aders, setivity of micrearganiwns and effects of heat and

light. In certain prodyets
some of Lhe changes wrought by

these factors are tlosaitable,
as when esters are farmeddue ta

the activity of anaymies and when blending and mallawing
regulls fram the interchange of the radicals of esters Grans:

aatertficatiornt),
One method for protecting readily oxidizable substances,

such ag Jamon ofl, from deteriorating, and thus preserving
their original delicale flavor, ia to

micraeneapsulate them by
spray-drying, ‘The cupaules containing the flavors then are

enclosed in various packaged products (eg, powdered gela-
ting) or tublets which ave flavored deliciously when the cap-
aulo in disintegrated by mixing and warming with water or

anliva,
Correlation of Qhamical Structure with Flaver and

Oder--The compounds employed
as Clavors in vehicles vary

considerably in their chanical atructure, ranging from sim-

ple caters GQnethy! salicylate), aleohots (ylyeerin) and alde-

hydes (vanillin) to carbohydrates (honey) and the eamplex
volatiie oils (anise ofl}. Synthetic flavers of almost any
desired type até now available, ‘These frequently possoxs
the delicate flavor and arorna of the natural products ane
aluo the desimalle characterisation of ktability, raprodueibitity
and comparatively low cost. Synthetic products such as

cinnamaldehyda and benaaldehyde, first officially recog-
nized when several of the essential oils bocame scarce during
World War U1, have been aded widaly.

There ig a close relationship between chomieal structure

and taute, Solubility, the dogreo of ionization and the Lype
of iona producedin Che galiva definitely influence the semua

tion interpreted by the brain,
Sourtaste is caused by hydrogen ions anditis proportion.

al to the hydrogen-ion concentration and the tipid aolubitity
ofthe compound, [tis charactoristic of acids, danning, alum,

phenals and lactones, Saltiness is duc to simultaneous prok
once of aniona ond cations, of KBr, NACL and sadium

sulieylnte, High molecular-woight salts may have a bitter
tadie, Sweet iaste is due to polyhyditaxy compounda, paly-
halogenated aliphalie compounds and o-aming acids.

Aminoand amide groups, especially if the positive effectis
balanced by tha pragiimity of a

negative group, may produce
A uwoel tage, SweelnawH increnses with the number of

hydroxy groups, possibly due Lo increase in golubility. Im.
{des such as saccharin and sulfamatos auch aa eyclamates

are

intensely awoet, Cyclamatos have bean removed fromthe
market hocnwse they raportedly

couse bladder Gumara in
rate, Free bases such as alkaloids and amides such aa am-
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phetamings iive bitter tastes, Polyhydroxy compounds
with amolacuhar woight greater Lhan 400, halogenated suh-
atances ai) aliphatic thio compuunds ako may have bitter
tavied, Umneaturation frequently bestows a sharp, biting
odor and (ate upon compounds.

No precise relationship between chamienl slruclure and
oor has bean found. There are na

primary odara, and adary
blend inko gach other. Polymerization reduces or

deslrays
adam high valency gives ofor and unsaturation enhances
odor, A dortiary carbon atomoffen will give

a
camphora-

eeous odor, dxtara cad lactones have a
fraity oder and ke-

tunes have a
pleasant oder. Strong odors oflen are accom

panied by volatility and chamical reactivity,

Safectlon of Flavors

‘She proper selection of flavors for Unguising rauseating
madicines aidy in their ingestion, Occasionally, sensitive

patients have bocame nauseated sulficiently to vamil at dhe

Lhought of having to take diangresable medicauion, and it ts

particularly difficult to persuade childran do conthiue bo use

and retain distasteful preparations, ‘Thare ina nead to know
the allargies and idiosynerasiea af the pauient: thus, it ia

foolish ta tine a chacolate-lavered vehicle for the pationt
who dialfkes the fliaver or who is allergic to it, notwithatand-

bag, Uae fack Wat this Maver is generally aceeptoble,

Flavoring Methodology

Bach flavoring problemis unique and requires
an individ-

ual goludian. ‘The problemof flavoring ia further campticat-
ed hbecnuse flavor and taste depend

on individual prefer-ences, In solving Gavoring prablema the following teel-

niques have been waad:

1. Mending. Frit Clavors blend with qour taste: bitter lastea cnn be
blended) with sally, aweet and sour taste malt reduces komo and
inctonadia Waareboene: chomicala such aa vanillin, manonadion glutamateand

henaaldehiyde are iacd for blending.yw GhershadawAddition ala Aavar whoa tapidiy ti longes and

stranger Chan Che obvious taste, eg, niethyt aatinvlito, glyevrehlaa and
nlaargainn.

a Alyeieat-Formation of indolubky compendia of the offending
drog, og, suffonmmides; emulsification Of oile; efFeevesconcet, 6, BHYpTE-
dun ctirate solution: high viseowdty offluids tn lawlcontactof dpi, with
the Langue, wich mechanical procedures vuel as contig tallads, ane playa
jon mathedi Lo reduce Aarvering: problanis,4, Ohomicad.. Advorption of the drug

on asubslrate, ae formationaf

acomples af the druje with doneexchanyer roan or
oanphesiny agents,

$8. Plyatologicel Tho toilduds may bo andythatized by mortal ar
mind flavor,

Wavors, aa used by the pharmaciat in compounding pre-

acriplions, may be divided into four main
categories accord:

ind lo the type of taste whichis to be masked, aa follows:

1, Safty Yaste—Canaan ayrup has heen found Lo he the be
Vahicle far wmuneniiun ehloride, and ether anliy dee auch vs eodinmn

salievlate wnt ferric ammonium eitvaie. Ino study ef the comparative
alfieianey of flavoring agunia for dingaintiyg saudty larte, Gia following
additional vehielos wore arranged in dexeending: ardur al! unedudiagar
orange syrup, ciitie acid syrup, cherry Ky rip, conon ayrup, wild cherry
yTup, Mapberry syrup, piyeyrrhies otixir wrenialle did and glyeyrehian
ayrups ‘The laidtearamed tn percutarky Usefal aaa vohielo for Une watines
hy virtue af ite colloidal propantion aidUre aweelaoes of hoth ylyevevhi
Ain mid Heron,

Yo Bitter PawteeCocon sytliy Waa found co bo the host veliele for
diaguiaing the bitter dante af quinine biaulfate, fotlawed, in dencarling

reer
of daefulnese, hy raspberry aytip, coca uyrikp, cherry ay rly, cima:

mon syrup, compan snrsaparile syrup, citeie acid aveup, fieorieg wyr:
up, aromatic elixir, orcsyrup and

wild cherryayeup.
Y. Aedd or Sour Paste Raspberry syrup another feayeare

vapocinny afficiont ha nieting the trate of aout alters such wo

hydrochiorie weit Aciein ayrup and other mucilnginous vehielia ara

headfor dinguidainy (ho aerid dante of aibatane)s, uch 8 Capaicum, aie
(hey tond bo fora colloidal protective canting over tie tle buds afthe
tongue. ‘“Tragacanth, anliie aeagha, may be usedin an aleohelic vohivlo,  
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4.0 Oily TasteeCoston oil may be mide palatable by wndeidying, with
ancequal vetoene of qroneatie chubirl syrup on wile com pusiie neriiapa-
rilla syrupy, Cho Lived Obl da tisyuinnd ofleeti ively Dy addin wintergreen
ailor peppernintaih Lemon, ornand iiae or combinaons oF (hex
we ahianelul 1 te betchaLe mis ior of Lie Savor wlth bye atl lefare
enalsifyine il aad Lietheouaiall tooiindng quantity

can be added altar
the prinwary eraulsion ay Tara,

“Shose flavors thal are mest ploasing bo thie majority of

people
are associated wath some shonulant of a

physieal er

physiologigal nature. This may be a central nervoud aldmu-
lant such ae caffoing, whieh is the reason go many enjoy laa
and coffee asa

leverage,
or it may be a counteriryitant ach

as ong of the spices Ghat produce
u

“biting” sensation or an

agent which “telles” the throak auch as soda walar. Sherryowes ts sharp favor tolis acetaldehyde content, and wane af
the volatile oils contain terpanes that are

slimulnting ta lhe
Mucous surlaces,

 

Selection of Vehicles

Too few pharmacists rendize the unique opportunity they
have in acquainting physicians wilh a

knowledge of how to
Inerenad both the palatability and effiensy of their pre-
scribed medicines through the judicious seleotion of volie
cles, Becauae of Che teatning

a
pharmacist seceives, his

lnowledge of the charaeteristicn of various pharmaceuticals
and therapeutic agents and his technique and shill in peapar-
ing soyrnt proparations are well-doveloped,

su Ghat he ts

qualified admirably to advise concerning the praper use of
vehicles,

A
large solection of flavors is available as well asa choice of

colors,
80 Lhat one may prescribe

a basic drug
fora

prolonged
portod, but by changing the vehicle fram time ta time, the
taste ond appearanceare 80altered thal. the patient does net

live of the prescription
or showotter psychological roactons

tn it.
The statement of the Jute Dr dernard Bantus that “ihe

bext solvent is the best vehicle” helps bo explain the proper
use aft flavoring vehicle. For oxample,

a substance thal is
sdluble in aleohel, og, phanobarbital, will wot leave an aleo-
hatie vehicle readily Lo distolve in the aqueous saliva,

Wators-—Thase are tho simplest of the vehicles and are
availible with suvoral Navara. ‘They eaniain no sucrose, a
fact Lo bo considered at dimes, site auarade Uden cortain
eireumatanoes miiy be undesirable. They are likewise oan-

alcoholie, another fack which fraguently infhiences vehicle
selection,

Blixira-——These have acetecdl awoaltieas Ghat waters Jack,
and they ustailly contain alcohol, whiel: imparts

an added
sharpnew to the flaver of certain preparadians, maidng the
latter more pleading to the taste, Mixing ure suitable for

alcohol-soluble drugs.
Syniaps--Vhage vehicles, like olixirs, offer a wide selection

af flavors and colors from whieh te choose. "Weir specific
value, bowover, lies particularly in the fact Ghat they are

iniiengely sweet and contain little are alenhol, a combina.
tion which males them of singular vilue ag

masking apeiia
for water-soluble drags.

Vehicles cansialing of a solution of pleasantly flavered
Volatile oily in syrup or

phycerin (1.500) have Dean eniplayed
successfully in prodvalyg uniform and stable preparations.
These vehicles are

prepared by adding 2 ml. of the volatile

oil, dituted with Gamof atechel, to 600 md. af glycerin
or

ayruyp, which has been warmed jontly. "Pie aalution ia add-
od q tittle ata time with continuous ahaking, and Len sulti-
clont glycerin

or syrup ie added 4make (00GmL, and mixed
wall,

Alcohol solutions of volatile oils are sometimes used as

Matocl salutiona’ far favoring pharmncouicals,
A listing of substarces, moat of them official, used an

 

Acioit ayrup
Anethole
Aniae oil
Aromatic elixir

Benaaldabyde
Bonszaldehydo alixit,

compound
Ciivaway
Caraway oil
Cardamem oil
Crvdainan nocd
Cardamom aplrit,

compourid
Cardamom tinceure,

compound
Cherry fuicu
Charry ayruyy
Ginnamnen
Cinnamonait
Cinnamon water
Chyeie acid
Citric acid ayrapy
Gloveail
Cucoa
acon ny raps

Coriander ail
Dextrose

Brivdictyon
Briadietyoen fhaidextract
Tiriodiclyon gyrap,

noratic
Hibyl aentate

Hig) vaniithin
Fennel ail

Ginger
Gingar Caidextract
Gingar oleoronin
Cieuse
Cycerin
Ohyeyeriiaa
Giveverhive albeit

Glycyrrhiza extract

Glyeyerhiza axtract, pure
Glyeyrrhiza faidoxtract
Givevrrhiza ayrup 

Tabie |—-Flavoring Agents

 

 

Honey
Iso-Alcohotic elixir
Lavenderoil
Latnon oi]
Lemon Gieture
Mannitol
Moth] nnlieylate
RNatargy vil
Grange, hitter, elixir
Orange, bitter, oil
Orange flowaroil

Orange flower water

Oranje oil
Orange peal, bier
Oranpoel, eweet, Gineure
Orangeapirit, compound
Orange ayrnpy
Peppermint
Peppermint. ail

Peppormint spirit.
Popporiniat water

Phenvlethy] aleoheal
Raspberry juice
Raspherry syrup
Rosemary ai
Rose oi]
Howo water
Rae Wa log, stronger
Sacchirhy
Saccharin calcium
Saccharin sodium

Srnaparilla sven,
companied

Sochitel solution

Spearmint
Spearmintoil
Sucrose
syrup
Thynieail
‘Fal baba
Tala balaani ayvup
Vanilla
Vanilla Gineture
Vanillin

__
Wild cherry syrup

 

flavors, flavored vehictes of ag aweelonors, ix givon in Table b,
Additional information on

flavoring ingredionts may be ob
ined in Furia ‘TH, Bollanea At enarall’s Handbook of
Maver lagredients, Chemical Rubber, Cleveland, 1974,

Acacia Syrup--saq page 1901.

Anothole

Benvone, L-methoxy-4-(-proponyvl), G2), Anathial: Anine Canplor
ut Chey

{2}p-Proponyhinisole {4 EAO83-4] Cholla) (480) oblained
fromrbise of] and other soureos, or

prepared aynthotiendly,
Preparation—--[t ia the principal constituent ef ange and fonnel

ot) nd unualty is obtained from dhasources by fractionating and
chilling the proper fraction whereby it crvatalliaen ot,

Deseription—-Cotorloss ox Gaintly yollow liqat ar abowu 2ees apo
matic odor ofaiiand av wweed Insta: affectad dey liyehts apeeific peaviyO89 100,030; distil eomplaloly 24) bo 2o2* ined congendeats rind bees Lath
20°) Sta alcohol solution ia neutrat to litmus,

Solubility.Vary slighily soluble in water; freely solubbe in aleubol
nilscihle with ehiorafariy or ethers yickla a clear solution with & volume
af aleatial,
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Use Afleporyceerth Cs aiiate aiidLo tose ofamigaof.
fi nannatinien isadel as

Syeedhedic on Andiffietad AajaOff fur Tavoring
and fa Heavier lhe Cavan ined in dtphendiydeanine fydruchita-
tide Elixir,

Arise Olt

Animand Ohh; Star Aisa CHL

ho valatite oi] distilled with steam fran Che deed, ripe Crit af

Jipinedda deisan Ldnnd (Pan Caabediferae)
or from Uae dried,

ripe feuiot diedveri Tooker filiua (fans Adeguiediocente),
Nate. tf wall nuetertal has sepuruted, carufilly

wenre the al
waded it is cumnplccady: digteefiend, cated ety Ut bapeKeng,

Cunalitionta: The affiela ail vacion caniavliil i eokipusition,
copending Upos whebbur ik was obtained! from Mfaajpdredia aatiaie
or Lheatar anise, (iervertu. Aaethote bs the chjed eunalidiuent
of both vila, occurring, bo Lie esdiomloef 80 bo 009%, fede chanel,
ni tanner of anelhale, and andede odaee [Chul Oa]

are adne fetid
in Both oils, an are wall aaantk of many other conalilants,

Domurtiptina. Colores; og pile yedlow, strony tefeaed ive Tid, bay
iy the charncteraaic adie and tinte ol anise specific peavily O78 to
ARK: manynod below La",

Solubility Bolabie dad volumes of G08. aleatal,

Uno lattensivaly asa
flabeniag ayat, particularly fur Teorioe

Gandies. Oo lia bent given
ada ercentintioe inca dbose ed abet a4

ink.

Aromatle Eliadepaga 1807,

Aromatls Blixiy, Hod--—APS.15, paga 1240.

Benzaidohyde

Artificial Mssential Afiparicl Oil 
fo‘ ‘y

oatnard
)s4aty

 
 

Bentaldehydy | useA CHO) COG, 1,
Preparation ly the ditornetdion of beagal chloride with tinain

the presence of water, Gondal eltoride as olilained by broaling
hoiling doleno with chlorise.

Desorption —Calorken. a rengle citeaedive figaid, having an edar
yosumbling. (hal of bitter ahmend ofl aad a burials aromatic (ast,
affected lay Hight, wpraifie eeeedy 104) to 1.046; boil about 140", sulidi-
Ties Ahnu Sh." ae an exponure tain bh peaduatty oxidizes bo benzoate
acid,

Solubitity Disnoiven Gabon 850 volames af waters minedhhe with
(eatol ebher, ehtaroforin or ised and voladde oils.

Usor- In place ef biter alma oil for flavaring purposes; ib is
meh safer than the ladder because i contains no

byedrocyzrie act,
Tadeo fined extaneively i perfand in de niamiifacbuen of

dycatultfs quad aniny ofbey onyginde compounds, siiab nailing, act
anilid or mancdelic acid.

Sompawind Dorddoliyde Blbar Preparutien  Disagive bonzol-
ttelyde (O.6 m4 nad vantitin (hg) ia aleotal (60 md.) add syrup (0d
wi), atange flower water (a0 ral.) and snffieiant purified walor, in
several pordicna, abukliys tha mixture Gacoughly after each addition, la
ake Che produetomeasure (G00 mip chen filler, if necessary, until the
produeldacluar Aleve’ Conmfead: Ala G8, Uses A useful vetiiede far
administering broaden and other sally, especially whenlaw aleohalie
Lordy, in dabdned,

 

Camphor Water---APS.13, paga 436.

Caraway

Caran Cainaway Seed; Caraway Pyeil: Kinase

We dried yipe draof Cartai ceraf linn (Pan Uaibeditferae).
Comstitnanta- About 6%of waded ite agd, with a lite fixed off and

other contd litt,
User. A flevor, alia hie beer daod empiriently

ima ceradna
dtue anal strand.

Caraway OFF [Qdoiy Gary oA valatie wid atistillod trom Ghee cleined,
type fruit ol Ceruat aro? Linod (Many tdertediiferae): viedds tatlige(lath

PHARMACEUTICAL APCEBSITIES 1a

505. (ade) af Chal yO Gaacvone). Shesatiat adorgilerous: ceri ponciitel tie
ais the helane dearialOD which be Ue apd) nariaf Che
Jevorotinlery Varieky OCHUINTT ATD spcasning atl, Phe retnainder of Ue of
consiata niddaly af The lerpene db aarti (Cael) Clobarless oa pale
sollow Liquid, wilh Ure chatreleriatie adaani) aade af aacpectic
pravily C00 fo (0. Gives: Lp oniakingy carmwiny water sand ana Mavar
Ae daodae i oC er phiirtaacediical peguiri liens,

Cardamom Saeed

Gardanon FratCaradon Covtor ar Malabar Crrlariain

Tho dried ripe seed of Madera cardamemiwa (Lined) Muti
(Fan, 4tagtheraeede),

dh ahaeld be rearieed recentéy fram tie eapscle,
Conatilonta A waletie athe yvieldb of whick as ia from

Malitar Coylon Secs and 4.6%frog Mysore Crylon Seda. fixed
ied is puceietit bo he ecuof 10%, abn tdireh, mucdlige, ene,

Claes -A flepor, Jar nanny yauirs ie wos an
ployes| empiri lyaa

CUPRA,

Cuotdainoia OTE The votatile oil distilled Crum thie deed af Atedtaeda
condenCaine) Maton GPaaybeacees). Voodetlon ol dhe oil
contain terete iyGH | both free and as the acer, A ba 10%,
eineal (Chih Ty?) wil Mnanedie Tylye). he Ceylon OU, however,
vontalin Che alvahot d-terpinea! Gheackamentiened) [Chobl Qu], the
forpendorpitieateaansaddeaeie, mishavetie and formic acids, probally
combined) ae eed, Celorloas or very pale vellaw auid posseesing Ure
Aramis, PennLLINBt) somewhal canpliaitieoia adood erecta,
and a porsisleni ly punuweng, strony) y aroipadie lasios affeetod: Tye Tigli.
Speafie peovily OA to (id nithte with aleahal; diuelyes in
valiumol YOGouleahad, deseA fferpar,

Cardaraom Tincture, Campound-page Taz,

Cherry duled--page 120.

Cherry Syrup---paga
1901,

Cinnamon

SieCnnPree UT greener: Saga Cd

heoclptat bork oaCYaetanumia davreict’é Meo (eau Lateee

sear),
Th contains, inenth (Oy aot tos than2 tidal volatile ail
Liaum A flapartig aHeNe. Formac ly, Te aL que i Gay

Livi,

Clianamion Oi) (Cassia OH Oil a? Chinese Cinnatmen|) “The volitile
sal disci bed with atorfran ther daceandl aesof Cpeireeageny enandde
(Neen) Sooex Blame (Pagn Leveeceded), eeeditiod by dbsulladieani: een.
(aienet Tesi Pity ADS, by valu), of Che lobe) aldeliyden ofcir
dil Ciananaidebyede is Che eb? constituent, Yellowish ar Lewes
Tiid. Gegenedoy, caging) Dhiedcer aan aye) aa oa poaere boo Ge any, aed
having Lie vhiniaeteristie arlar iad daste ef eassia elibaitioon, npc:
Kravidy L448 by LOGS. Sotulale dian ened voliusie af alealiol, 2 voles
af ANS. deobotor nn

equal volun al placed acedin aciel Piscas A flair,
I fornnorly wan ised ina dose uf) mis fer Catident vate

 

Cocoa

(acaUSP XY) Prepared Cacoa, Fayed Covoo, Conan Powder,
Mioaalivirie Munk (aay

A powder preparet from the rongcedl, cared ternal of the ete
send ol Precbrorcg cacao Lind (Pan aterecndincene),

Th ytakba 1Q Lo 22% of nanvelad ile, othoresolible ax lrackive,

Proputition--Tbe cocoa bean ts lark ay die renal afin dornicsta
Honantending process which tl andorggos. Plata edeeada te gory
sings af shafled cacoa beans Ceueed avdy) pround lon emantiy psinite
whieh forms a hard erie when it codda boesise af abe high Pat.
orto, (OG ha fd,

Tis Wie faa preparod by palvoriging the residuaconiaitiays alice

portodhe fit has hee hatmoved by expreasien fram plum chevolate,
Tomy be flavored by (he addition af proud apiea, ground vanilla
Loin, vanillin, athydwinllin, coumarin, salane otha(hivern iui

tounge
anhde not initiate Che flavar al gheralale, mili or huteer, Three

types are focognived dapending
an fat carlent dvcedfast

cucud ur

Algh for
cocoa

(28% ninigium), eweud at wedife cocoa (10 da

Sh) andl dove fel cueod (eas GhJO,
Seen’ ciaealate te phichocolate plus addec! sugar aud: Shiver

Casually vonilla>.
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Mitk chucolade in omixture of awoot chocolate and milk powder
ur

other daiey product. Chocolate and tho products donaribedt ahave
contain the purines thaabraming and caffaing, aad) eomideralle

quantities of fat (cocoa buller ar theobroma ofl), ns well aa protein
nodatareh, (hese factors are lowered in wweet chocolate becwuee of
the large areaof added sugar (mare than 60%of thefinal prod-
uch).

Deseription Work caddigh to purplish brown by mai]yrate brows

powder having a chocolate-like odor and tite, free fren aweetredn,

Usow—-A fondand pharmaceutically
nea flaver dy tablets, syrups,

pill and tablet. coatings, trachea, eta,

Gocoa Syrup—-page 1301.

Corlander—paqe 1290.
:

Corlandar Oll

She volatile of dintilled with steam from the drivd ripe fruit of

CortandrumsediLind (am Garbediferde),
Constituente--’Phe ateohol d-linalodl (formerly lermed “corian-

drat) jn the chief conslituont of this oil, accurring in amounts

varving from 60 to 80%. OUbor conatiduents fictude f-borned!, gera:

ttle, pinwhes, tespinenes and p-cyrane,

Deseriplion---Cokorlens ay pale yollow liquid, having the charnietaria-
Lie odor andl taste of covlander; apocitic prayliy OBGH to Gah,

Solubility.-Solulle ivvalumes af 40% aleahal,

Usen-—A Caverlig agent, Lt formerly
was omployed da dase af

Gomi ona earaindgiod,

Denalonlum Banzoate---page 1342 t,

Erlodictyon

Comuniptives’ Word: Mountain Baling Yerba Santa

The dried leaf of Brigdietyon eadifornieuat (dopker elo Arnott)
'Torray Céam dydropaytiacede),

Canatituanthe-A bitter resin, golakife aif, erradietyonrane
{CylOn also called homucrindictyed), fixed afl, tannin, gra, ote,

Usor---A pharmicautionl neceadiy. Tt in uaed in the preparition
of Beiodietyan Pluidesdeact,

Eylodietyon Viuidoxtract [Yerba Sante Muldexteact}2repare:
tina: Ushay Rrindivivan din moderately

canraa powder, 1000 y), propure
Uw fuidexdenet by ProconA Goage 143), vaing tombe of 4 votes of
wlcahol and T vole of water au the menatraun, Macorate Ure dro
during 48 hy, Gaen peyeolate at a moderate cite and roperve Lie first FOU
mL of percolate, Aleahal Cantoad: tf to G24. Uses A peculiar,
aromatic flewused iy eyrupA an olixtea, enpoeially for

makin
the

taste af hither divas die quinine. Decaure of ita reainotn characterit

requires
an alkali to vender it neluble ty neq ueaua wx Lures.

Eriodictyon Byrup, Aromatic... page 1301,

Ethyl Acetate

Avetic aad, ethyl aster; Aceticbbor

CHCOCT,

Bithyd avetate [141 -78-4) Oy byOy (A811).
Proparotiondy show distillation of a mixture of aleghal and

geelie acid in the presence af aulfuric acid.

Daneription..’Trannpazent, colorless liquid with a Cramrabt and re-

freaking, aliphily acetoun odar, ualpuciliar acetaue, burnings (Klar
apresreddy OHO Co O.H08: dixtily 7G tu P70".

Sotubility. Tal. in boul (Om. of watary miseibie with alenhed,
neatane, other, chlarolotn ar fixed nad volatile oily.

Unow--Chiefly ana [traadasetengs ager. 1G ia sud indimdriadly in
arditelal frail essence, ana cedeent for alyocellulose varnishes and

Jacquen and asa solvent in orgrinic chostintry,

Ethyt Vaniliin

Benaaldihydo, d-othosyi -liydroxy-,
Aourbanal: Bthowan,;

Vanillal: Varirpmne

a plyA?

J-ithoxy-4-hydroxyhenguldahyde [12f ated] ColdawOy (166.18),;
Preparation.--Ty renciiny o-obhoxy phoned with formakdohyde and ya

nitrosadimethvdnailing i Mie presence of dummacd wales,

Description Five, White or slightly vetlowish eryetula odar anid
Lasle ainthar to vanillin; affected by light: solutiars are acid Ga Lilie
mein nba77".

Solubility: 1 gin abowt 10 ml of water at $0% feodly solubbe in
mleohal, chlaraforn, Glee or solutions af Cxed allt

hydraxitlen.
CaenA flaver, like vanittin bud alyongor.

Eucalyptus Oil

The volatile oil diated with atoait from the fresh loaf of Buea

fypdus qlodudis Lablilardiéreor of nang other specs of Hecadyplis
LtHeritier (Bain Afvecacede), IL comtains aet leu than 208 of
QhallyyOQ (eucalyptal),

Conatituontise The most important conabiluent is cveadypiul
Ginee!), Otho compounds inelade d-a-pinene, alobutod, phiucar-
veal, inocarcene and several aktehydes,

DoseriptianCalockan or palo yellow liquict, having a eharacterintic,
wonuiiic, samewhat campharneceous odor, and a pungent, spicy, couliny:
faatsk apoeifle pravity O.005 bodes at 26",

Soluhibty. Soluble if valumes of 7O%caleohkol,

Uses A flaportaagent adn eapectoraae ibebranie bronchi:
tis, Healzo hag baefeeiostatic properties. ‘This oi) niny ho taxic.

Fann! O11

The volatile of divtallod with steam from the dried ripe trait uf
Poenteu hon pudeere Miller (Pan Landattiferach

Natetf said material has separated, carafutly marni tae ail
watilitis completely douafied, and my i hafive using,

Constitvente—-Anetiate 1Cyl] vQ) is the chief comitituant,
or-

auting La the ex lent of 0 io Bagh, Same of the obher conctibuenis
are a pingke, phollandrene, dipentane, fonehone, medhylehavical,
anvianidelryde ancl ntinic acid.

Doweripthon- Catartans ar pale yellow liquid, leving tho eharacterin:
ie odoy and tayte of Connels specific pravily (abd G1 0825; congealing
homperanare is ial below ao.

Salubilily-Sulublo in 8 volumes of HOS alehol ar hat volume of P08:
altohol

UsoA flavoring avant. 1 formerly
wos emplayod ina dasa of

Ook red. ue a cererarniat ied,

Glycyrrhiza

Licorice Roots Liquorice Hout; Swealwuod: Waban duties Roots
Spanlis Juiea Hoot

‘The dried rhigome and roots of Glyeverhiza glabra Linn, known

in comimnered as
Spanish Licoriva, ar of Glycyrrhiza glabra Lind var

Alandudiferd Waldatein et Kitaibel, kawin commerce an Russian

Licorice, ovofothar varietion af Glycyerhtza girlieLiand, yioldinga

yellow and aweat wood (rin. Leguminosae).
Constilacnte-This wolldknown root contain § to 7% ab the

awool prindiple glyevreiizin,
or

alycyrrhiace acid whigh is 50 times
aa aveet.oa cane sugar. ‘There algo iy present

an olaarosinas sub-
waned to which its stipht avridity ia due, ff aleahal ar an allnli is

vad asic iienatpuunfor the root aid the preparation
nottreated La

depriveit of aoridily, it will have a
disngreenbie

aftorlasto, Mor this
regaon holling: water inured for ila oxtraction in both tice ustract and
the (iidex tract,

Doacelption--The USPYNF provides duscripilons of (atgraiate
Spraish und Russian Glyeyrrhizas, Histology andl Powdered Clyeye
ruzn,

UnoViduable in pharmacy cliely for ia stecet flaver. [hig one

af the gext efficient substances drawn far masking: he laate al

biter subetancan dike quinine, Acide precipitate the glyeyrrhiain
and should not be ndded to wistures in which glycyrebizaia inl:
ocd iy maalclinagrooate taste. Moat oftheimported licorien ix used
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by lobacen maniafarticors (o Plaver bahacre. Voda is ued in

making condy.
Pure Glyayrelian Bx tener Lure Lienrice Rout exten} Meapaeria-

Hue: Majaten $000 pal plyeyerhiee, (a erunnday gawidler, with) Hailing
watur, deinafer dh baa penculiter, id percobade with bodtng wader quail
ihe lyesrrhivaix oxdatated, Add enough dilniod niorna Kot tien Le
ihe percolate

te impart
a distinetdyamaneniacel oiler, ben hoit tlie tiquid

ander yortial almaspherie pease winot ip roadhend Goa valuing ot

about (9000. Filter the liquid, and immediately evaporate the fil-

trate util Che residing hast pilidéy consiatengy. Pare exttacl aft plyeyer.
thiga differs fans the commorciad antraet de tliat if in nln cohipiotaly
wobble di aquedin mishiton. "Pha large mount of (ler waod in the

eumiierciad eeriedar wive it dirniiies candeen Hadi ba uae ia attend i
tite for the purcastracd, Heseriadiaes  [dlack, pilidar

ana Tanvinngs
a

characlovinlic, pweel Lanta. Ceo A flavortag agent. One vif the ingeree:
dinnle in Aramidie Camcara Sagrada Phadex tract,

Giyeyrrhian Fluldextract [Licurice
Hout Phocextrack Liquid bx:

trad of Laequarice). Prepared“Ce FOO yp uf comracly ground ylyeye-
hia ade about 200 in. oat Tolling water, mix, aad alluw fo niaeeratlss ina

suitable, eavered porcolater far 2 le. “Phen allow Che percolation
bi

proceed ad arate of f tod il énin, aracsallyadding beoiliny, water wil
the plveyerhion ig exluuitod, Add ennatgh cliluged) srmmsostia solution te
(ho poreolate Lalmpirtadistinety ananoniacd alar, (hen hail the bieqnidl
actively aadér dormal almosphorie premnre wal iO ik reduce) Ga

volume at about B00 1ob. Filter Une liquid, evaperale Lhe Altrate anit
ataain Lath endlae venice meisuges 700 caf, coal, graclullyadd 260

tile af altehel and onaugh water foie (ae prodnet
measure 1000 tal,

nudoix, Adeofred Gyeternt: “do 24%, layvole, Claes A gland
fire Cort ine in syrups and elisits

to be aplayanl
ais vediighes aad

CoOrreclivc.

 
 

 

Glycyrrhizae Elxlr---page 1902,

Glycyrrhiza Syrup-—-page 1302,

Honeyepuge TO?

Hydrladie Acid Syrup—page 1302,

lso-Alcabolle Elxi..page 1326,

Lavender Of

Lavonder Phawers Oi

Nhe volatile otf dintilled with atonin dem die Preah Ceaweriny babs
et Lapendide affieinetia Chaix ox Villarn (hartrdiela vera oCan.

dello) (ram Latlotae) or
pradgeed synthedivally. TL qoLg Tcl

leas Lain #54af catara caleukitid dy CielOy Cinanea ian,
Constitaenta-Llis a prodaect af consderaile imporlaner in per:

famorey. Linaiydacetade ik Che chided coal Lien, Cited Appears Lo

hea normal cumitituent eal Baydish oils, Ouher omability dielude

winyl aleahed, d-baracal (amall amounts etapa faranetitat

(Calas Pratorerad: aeetie, daatyrte, valeric, andl capeuie aedde
(as antersy; anees al d-pirene, fomanece Cir Hingdisl ails any) and

the sesquilerpume eanyaipliyllenc,s ctsand Belaae, an dahurtiyedes

(prabably oaderte addedyde) ancl cetera,

Deseriutien. Coluclan ar
yellow taquid, having the ¢haradhatindic

adorn bible ad dayender (owerspecilie peavlly (875 to QBHH.

Golulility. 1 vediane alinsolves dd volinied ol 70%: aleahal,

Usew Primary
aan

perfume, 1 formerly was uacd bn doses of

OL ra anc ecerateerntiee,

Lennar oll

The velatale oil obtained hy expressian, without Ghe aid at het,
fromLhe freak poed of Wie frail af Ciasua Hinaa 01 dnaié) Puranas

lam (Pam Rutacede), wii: or without Lhe previous separation of

the pulp apd the peal Tbe total alolivde consent, calewaied ay

oftral (Chole), be 22 BRfee Cali ferndype al, uid 0.bafoe

Hadityyoeail,
NoteQo vot use ott thal hes a tereiinthiae dur.
Canndibaonise Pron thaatandpoint. ol odar and Chives, the mast.

nadaworlhy constituent I Lhe aldobyde eifrad, which in present lo

the oxtent of about 4%, About ati af cL dimotene in presents earl
miata of fergingie, feyaierenic, campiene, fphediandrene jaid
yLorpineny digo occur, About Wh af a andi, nenwalatile suhatance

culled cizopland, det iia of fenrer-campher, which is issatvee
oat of the pool, alao in prosant. ln atktition, thore ate laces of

severnl alher canpemnds: a-detpineud; Lhe aeelates of Hinctodl and

nerantadseitrenedal, octyt
and rary ehfohades; (he sengquilerpernan

Atebolere pid codinencuid the ketone aeelddicpdaniarie.
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When frenh, the oil bos the Cragrant eder of bamaii. Taide 4

the instability af Ghe terpenes present, (he ol) cendily wderyaes
tlaterieratian by aadatian, acquiring,

a feretanithinate odar,

DineripdionPale yellow
fo lang yellow

or greenieh valley haul,
with the aharacteriatie odor and caste of Lie outar part of fresh lemon

peel: specitic phiily Qu) (Aah.
Solubility. Bolle in 3 velymen of aleohal; mdscibte dr all propor:

Guna wilh cdehydratad aleahel, enrhen diaaifide ov
glicial acetic aie.

Unok: A fleein pharmacentionl eepatalions and. i certain

dando snd foodn,

Mathyl Salicylate

flonsuic acid, &-lydlraxy, medhyt ester, Gaaliheria Gil; Waren reer

Ob Hetula Gtk Sweet
Bireh Oil Veaborry Oi Artilivial Wintergreen

Oil: Svatiukie Wan tergecen al

te, MIEN

 “On

Methyt salicevlake (UO 3eH) OgeL(ORICOOCH, CARSa peo.

duced ayntheticnlly
ar abtamied by maceration andl subsequent dis-

dilladian with steamfram the denves af Gauldaria prociatbens
Linné (fain deieaeece} or fromGe bark of Hetete denta Linné (Fam

Hetulaceae).
NoteIt ritet be tebeded (a indleate whathor i. was tide sya

Hhotiaaly or distilled from cithor of (he plants mentioned above,

Proparation Found aatarally in git ieria and bella eile avd
in many other plinly Dut the cominieretal prochuet as yistindly synbat:

ie ade by exteritying, aieyfic acid oth eeshyd aleolial ine die

penance if salfaric acid acl dintihinig.
 

Toweripiion Calories, yollawinh
aa raldiah fiqadd, havin, Che char:

actonitie oder ivi) Gast af winlergrenny xpecitie gravity Giynthelic),
L380 103,188, (rom gankheria

or betuind, L026 to Leis boils between

YO to eeewith some decompordtiion.
Solubility. Aiightly soluble in watery, solulile iv aleahal or

igluclut
werlic avid,

Lges-A pharmacgention! necessity and curateréreitent (hacad an

algesie). Aga pharmaceution| aeroasily, it is aeed bo Qrvee te

alficial Aramadie Caseara Sagrada Pladexiract, and it is espuad in

every resperk (a wintorpreen oil or sweet bireh ofl Ag a caHniteriry

tont, itis nppiied la the wkin in the furocol’a Hniinernt, ontment or

crane; aire ahauld be exercised alpee sulleyluie @ absurbod through
the skin.

Curio Tecnosieitmelis ike wintergreen entity, ibs ies edd

Crecuentdy by children and hive caused niany fatalities, Keep ud of
the peaodt of children,

Doge fepdead, i fetiong nid salidinna i 10 lo 26% voncentrn:

{int.

Monosodiuimn Giutanate

Glitinie acid, sanasatliaan sali, aansolydlenle

[142-472] Coban NaCl) (82.
Proparauian From Lhe farmantation af beet sugar ov mohiaaes

or by Byelrolysia off veqied adide preterit.

Deseription White, eryatalline powder, ‘The pantalydrade ef
floresces In aly Lo form ilies mapediyerartc.

Solubility. Very solidein awnter; sparingly soluble iy alcool,

User.Mlavuring agent ans) perfuand.

Nutmeg Ol

Maristion OF BU XH, Bost fodign Numa O17,
Weat tulian Nutmeg Gil

The volatile oil distilled with tear fram the dried kertela of te

pipe aieeds af Myrishted fragrine Houttiym (tim Myetationcvar),
Canatitiantiedk centaing about 80of d- pds: cud dau.

phene,
4% af dipeatene, aboul % of the aloohals db burnenl, perany-

ol, d-dindladd nnd despinedt, Sb ad ayristion, 0.6% of eafead, Gaui at

anwistie act Pree and mcmitora (2d af cuuenel
andisnerigenal anid

iaces af Lhe aleahal ferpineddd,
a cilraldika aldedyde and several

adidas, all proncint
ig asters,
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1206 GHAPTER GG

Doncrdplion--Colorlone
ar pale yellow tquidl having Uie charactaris-

the marand Gale of nutmeg specific gravity (aae( indian Qi) 0.880 ty

O4h10, (West. Cridian Oit) Qashd to 6.80.
Bolablicy. Soluble iaa eqsaal camauil of nleaiiok 7 vodume of Fast

ladOF in 8 volumes of 10% nlonhal L valunmof Weal Tnediad OM in 4

Velie ofSh alcohol.

VandPrhnnrlly aaa fleoartng agent. Win uaed for tia purpurd
in Aromatic Ammonia Spirit (png1898). ‘Phe oil alaeis employed
ana fluvor in fooda, certain aleahalie beverages, dentifrices and

Lohacen; Lo weno extent, ih ala is used in perfumery. Tt formerty
was Used ada curatmuiive and doce! stimulant te the gastrointonti-
hal Lact iba done of &<.05 mia Tn overdanaa, it ache Aan nareetic

paikon. This off is very diffierlt ta keep and even if alightty Gere:

birdie ta aaafit far flevuring purposes,

Orange Ol

faweel, Ornate Oil

"Phe volatile oil abLained by expression from the fresh pool of ive

ripe fruit of Citras ainerte’s (Linnd) Osheeck (um Ritaeeae), The

etal aldehyde content, enleunted an doeanal (Cinlyo?), fs 12 le

Ate
Node Qo nod ase off deel dasa daeebtadhine odor,

Conatitirents..Canuinéy of deéainene ba the extant of at lesvatt,

08s In ube remaining & bo MG are the Gdoratin COBHE LIEN Ls, anon

whieh, in gaiiples af Arperican origia, are nedecydie addedeyele, eft eed,

i-tinalodt, nronyt alvokel and traces af esters of farmie, avetic,

capris and cojele agida.
in addition Lo most af those compovnds, Tovian-produead ail

contains dderpinedd, berpinolene,
a

corpinene nnd mathyd aathica

nilate,
Kept mder the usual conditiens i id vary prang Lo decompose,

and raphily acquires
a lerebinthine oder,

 

Donoriptiondntensely yellow orange ue dtep ordnge Tegal, which

possoasen Cho characterlte adur nid tate of Wie author part of freak
giweEtornnite peel specilic gravy O42 ta (Hdd.

Halubilicy--Mincible with dehydeetyd aleolol ruc wilh eartaun distat-

fide dissolves inns anal Malang af alicia acetie acid.

Weng A flavurinyy agend 01 clixiry and offer proparitians,

Orange Flower Oll

Neroli CHI

‘The valatée off distilled fromthe fresh [losers af Citrus aia

diane Lind (ham Nreéaceac),
Conslitenta—@-Oelmene, beepinene, beamphertt, dijcatene,

Lfinalodl, devaniol, famnesal, dterplaeal, phenylethyl aleahul, ne

rol, aerolidol, decyl aldeleyede, fennel, metand anthranitete, bre

date, dedtie ators af dhe atcudols prenont and traces ub psders of
hanzale, phenylacetic anil padmidde acids.

Diieription Pale yollow, slightly fliorengant Tiquid, which Lesteonien
veudish brawn on expose to lygis and ary diatinetive, Mragrant odur,
qunilir Uy Eat of arange blogging, mid aa aegnuakia, ab Cited sweet, then
Kone;bitter, Guiles maty become Gaebicl or audid atLow Cemperidiriy
spocilie gravity (Gh to O.8KO; neatral to Mums papery an ueaholie
soduthots His needed Aeoresceice,

Lson A flavor and parfunre, Several lows valuable varieties of

the ail are loiown commergially, 'heas aro designatedaa Higarade
(ram the fresh flowers of bitter orange, the ordinary noreli ail),
Portugal (eom the fresh flowers of wweel ovanga) and Petit-grain
(from the joaves ad young shorts of tho bier orange), ‘The flaul

varloty ia knows ae Potala,

Orange Flower Water--paga 13900.

Sweet Orange Peal Tincture

Preparations From aveet orange pocl, whieh ie die outer rad of
he nonarliticiully colured, frewh, ripe fruit of CNdea atnonats

(nnd) Onheck (Fam Aateceae), by Process M Conge 1649), Mac.
arabe S00 yo of the sweet orange peal (Notoedtsetude the diner,
white partion of the rind) in 900 nil. af aleohel, and complete the

preparation wikh aleohal Ga mde the produdt
menwure 1000 mu.

Uso Late ag the Altering medium.

"The
while portian af Lhe rind must not bo used, athe proportion

of ail, whieh in
only iv the yalkow vind, ia reduced, and Lhe hitter

principle Aesperdin is introdaecd,

Alowhol Cantont. 42 to 72%,

Unson-— A flivor. aad in ayrups, elixirs and emubsiens, “hin tae.
tire waa irfrodueed to provide a dalicate orange favor direct fun
the fruit instead of depending upon onne ail which ao

Prequueritdy 6

terebiithinate and anit for usd. The Lineture keeps wall.

Compound Grange Split

Contains, in each }0Gan.., 28 to 80m). of the mixed oils

Grunge GH.
.

BanoOM ee eee eect eee eee

Copdamdar Qi
occ eee e cece ern entaase cena

Ana CHI...
Alcott, amuttic

Tomake,... : correc s
HOMME nT

Mix the offs with sufficient aleahol Gaimake Ube pendued nengure LOG
mh

Alcolel Gantomt --G5 to 78%,

200 nd,
ith
“thin,
Ail,  

ioavt qdinaatity,

Uses.A flavor far glising An alggholie sofation af thin kind

permits the anifaem introduction of stnall proportions of ails nad

flaw proworves arange and lemon oilk fram rapid oxiglabion. ‘These
iwo aila should be bought in amall quantities by the pharniacint,
alnee the apirit is mad) mont qaliafactorily from odds taleen Cre

betes nel previously opened. This will insure that celieacy of

Haver whieh about always die charackerialic of ulixies

Orange Syrup

Syeap oF Orange Pal

Contains, each 10 had, 460 to G0 ing of eile acid (gH nO7,
Sweat Geange Buel Tincture ...... sOmL
Clarke Achdanbadvotin)

cocci eee ee tessrisaes
=6oOK

MMU cee eee Ceca e nde bbeebu iver p rate eens
lik

Suovunt
vice eee Debate eee see etese renee

GAO
Purified Wator, a naiftighie quantity,

a

To mak
occ c ccc s es tenets coe

HHT.

‘Neiturate the tale with tho Gneture nicl eitrie avid, andl geacualtyadel
{00 mbeef purified water, ‘Phan fitter, relurning Lhe frat partionaaf the
filtvate until it hagemen clear, abd wakh Lhe mortar and filter will

enough purified water taanake the filtrate mreanuer 40 1, Vieselvo
dhe suerone iy his filiade by agitation, without beatingsdid adel enauph
purliied water tamale thie preduet anamee 1000 mL. Mis and atrein.

Note.a aut use eeudat Aen a derebinthine vier or uate ar

shies ather trdicaifons of detorioradien.
Adeahal Content. 2 ta S%,

Usea-A ploanant, acidic vehicle.

Peppermint

Agnerlens Mint: Lamh Ming Beandy Mint

Conaiata of tho dried lonf aad flowariny top of Menthe piaerita
Litné ("am Leabiatae),

UsoreThe aouree af groon color for Peppermint Spirit (page
704), ‘The odor of freak poppermint is due to the presence ef about
at) of avolatile oil, much of whichia fost on deying the loaves in air,

Hi ip cultivated widaly both in the US and Mranco, Th formerly
was

dyed aHcarnnativa,

Peppermint OltPhe vulasileoil distilled with stenmy trany tive{reels

overyround porta of Lhe flaworkayplant ol Afeatha piperite Linnd (fain

Labiataa), rectifiod iy diniillation aiid neither parvially nor wholly de-
tnantholized, Lo ylolds rot daaChan 6%ofeators, cudeudatad an menthyl
aeotate {CyHegGQe], and net lousy chan 60%of tetad menthol [Cdl],
{ree ond ageatera, Cunstityenta: Thin beenof the most importantof
the group of valadile ails, “The chiof conatituient in Menthal Qpege 765)
which aceurn in the laverotatory form; is uslor, maaliyl aecrate, ti

pronont ina much anal}manent. Ouhbor compounds whiehare precwt
include tha helene

waathone, piperilone,
ae

plnene, bediaiennend, plel-
Jendrenc, cadinite, mentiyd feopalerate, daauaterte atdedvedo, avetitde:

hyde, manthofuran, cineal, an onklontitied factor [ChuklinGal nna

prohably amy! acetate, Colorless or pale yotowlaid, having a along,
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penetrating oder of pepperniat and a pinged’ Geode, [ollawiedd ty a
Srna ion af cold when ior bbebtto Phnaaenth; apeciiie pray il y O86
to G.90K: } veluie digalves ia a vobinavs of TOaealso},  ieew A

favoring agit, canafaatior, aadixeptiv aml tac’ aaesthede, Valse in
dtd @XLdvely tod flener inaaiey, clawing ai, ole

Popparmint Spiit---page 74a.

Peppermint Wator.-paga 1300.

Phanylathy! Alcott

Henaiestnidl 2 Pbrpyled hageal

Operon
Phenethy| alvelial (68] CabhyG (7): petiina aiaaber

bf eau tint oi}y such as Uose of rose, neroli, hyneindh,
carbadzon mad

odes.

Deworipdien -Colorkas fiquid with a case like odor nnd a sharp,
larity (ante; solidifies at 22" apecitic gravity Tan? fo bGau,

Solubility.1 ie dG otha! water; oboof aleatial, etarelorna ay

elher very soluble iu fised oils, alyverin
ar prapydone qtyend: slaghaly

noliadde ih mineral eat

  

Hediitad udedul far tie an an antacterial agent ite aphthabiaic
splations, bub ib is al Hirilaat of fess avons.

His used in fave,
acu sedy perfume and ih Ube preparation of

synthetic oily af tone and simile flower ols. 1b in ive a volumile

perluone fictive,

Pine Needle Oil

Dwart Pine CHI

The volatile oil wintitlea with steam Ceara (he Fromleat at Pras
migia ‘Puerta ite variety pavidin (Hacrke) Aeneri (yan Mina
cea; couldn 3 bo 1G, by wordt, ab esters caleulated ag

Cydia.
(hry) neelate),

Camstituents. Toeontaiis Une tarps da pfnene, a yatieae,
phedlandsone, bifmenent, dipeadoie, and poaobky syfavadrena, (ie
inter Gorayd aeetafe did weveral uniduatifindl Cerpane and avg
for pence aleahols,

Dowceription
-
Cofochas lo yellowish liypaid, taiving ao pdondant, are

Indtie adder arna bitter, paced dasles apevitie eeavile DABbo Oy al
ah,

Saubiity  Cissulves in foe Ul voli at 0Sodeuhal, often wilh
lurhidity.

WandGhiolly
aan gerfence andl Aemortag aga’, UL adie is oa

ployed
asa inhalant in bronmwhivis,

Raspberry Syrup--paga 102,

Hose OW

Oitaoon: AC Tar of Home

‘The vadalile oil dat ites) with ofeare fran dhe fash (ewer at dtusa

Holfica Lanné, Roan damadceaa Miller, dose adba Lind, Mosc canitte
folLiené onvarieties al ose species (Maan fasceqie),

Canstifaenta.Prog Fhe (unildive aid point he edad eam:

penhenta are lhe aleohala geeetiad Whyallah and lettrancedte

(CoiliaGH ‘The sempuileepone alechols frmesod and nevof aces to
the extercad Pe aind 6 to 70%, teapectiveht "Poyothor, the fur
aleoloda constitade 70 to fash alse ail Meeydedleyd afeaied, which

coniptign Micaf Gheoil, ia an
dyperload oderiforqua eanstitwent,

Other compounds promt ave ddond, eayeoal, noayd aldetiydr,
trodes of effead anid Dan solid hydtoeiebodi althe paradfin series,

Description A colurtaor yeltow diquiid, which Ides Che eharacteriv-
tie odor ana) caste af rand; ab ta?) a vineases dinpuidh) aageacdial cectling it
thatigee lea cemtdeeont, ervetiine ances, Which inary Tie [ipgtical eaindly
Dy winidiyg apocitie ra vity CoE(0 OACS" compared wiltp waterat
Be" J oabodxes wit fomf a! chilarafaran withast (uyebiclthyy an Che
addition af 20d of 90%aheaiol fo tie aobatian, Che renting Tepe ip
nentiad ag aad boomedatangd Hieres paper agi) dipasiti a eryalabine
redichie within fornia an adandingg al 40".

 
 

Lines Principally arsgerfreene. Tis reeagnived officially Cor is
lien

nero in dose WetCla tard and cosaittirs,
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Stronger Rose Water

‘Triple Rone Water

Aturadod galubion af tha adorifirous prireiples at thie Hawes dal
Masa ceatifedia Vdnnd (tan Hosatede), prepared by distilling the
fresh Sewers with witur and sepaciap the execan velalile oi fram
the clear. water portion af he diatilicta,

Netee When dilated with an equal volume of puritiod wator, (1
may ba mappligd whon Rose Haterin required,

BResoripdian -Aaarly colarless aad clear ladid whieh) posnesson (oe
pleakant odor ail toate ol fread rose hiawonis, mud hyfree rey empye
duetin, titan iedied Pagat growlbie,

UserAn ineadiont in fuse Waterndmend. 1 aomatimaonin

prepared extomporanacualyfrom concentrates ar fram road of], Tne
auch water ia net affiedal and rurely compares favorably with the
fresh dintilale fran rege petals,

Saccharlt

 Lt Honshuntiagel AAA ane, Lidiexice; GHondila;
a

Tgiaoss
if inide

Saosin CHureoughea Welleae): Saveula (Syadid)

C

oy yi
.. (

SI ‘apeelnrmBO

1u-Bengiaothlavalip sane I balieside (47-07-28) Con,NOgs
(itd. 18).

Praparation. ‘Poluene ia reacted with chiorosulfonie acid to
fornia Coloenesalfonyl chloride, whieh is converted Co Ue wdfua-
amie with ammona THO methyl group then iq axidized with
Hehromale vindding a-sultainoylbenaade ack) whieh, when healer,
foriis Lie eyetio imide,

Doreripdion White ervatads
ur a white crystalline powder, odutluys

ne hana think agtaipatic oder: in dilute aedotion iO i dntenmely aywael:
BOLianie ciel La Hibauit noel betens PG ta eae

Sobubilityeed gin akiof wider,op. ef algohal orapd, of
hoiing wales; slit iy adabledin chlorafonn oe odor, caadily disnaled by
(ihe sola Gian af aingnediia, sodutione of aR bydrosicon ar solutiais of
ali eavtaantion with Che avalidinn of da

newA sweetenitnt afent in Aronaie Coscara Sapeada Plt:
extroe! ond highly deoholis preparations,  ECic an nilonualy wacel.
satalinan, AGOportion ia auivalent ip aweelaning power £0

approstmadtoty HO goat
aueroge, [Cis aaedd asa seertandag aged in

vebicles, coum foods, beverages ont in dieds for dialalies Ca re.

place ie nuerane, ‘The relilive aweelenig: power of anecharin ik
inerensiul dy daha dan,

 

Saccharin Calélum

L2-Bonanothiael aCone, 1 baliogide, taleiony salt, bydrate G27)
Calcium o- Benzaanltionite

uy ur
Leoe oa

Or
12-Bearsinathiagedin deanbt- dioxide eatedaan andl hadrate (407)

[G18 EOD] CaCaeGtoPallO C674): aadevedrats [8G
a] 404 43).

Preparation--Saceharin ja roncled with a semdmalar quantity of
ealeiaen hydposide ib acquonin oodinon and the resulting wolatdan be
conceatraled Loeryatalll mation,

pow SEO ae

vol,

 

Deseriplion White crystals oro white, eryatitling pawder odorls
ty han Tint arena Ge odory mind ant iatenenty aweart Gast ana da dilate
Bole iene, Wl titer alghteat id plata BOO denies: rie ave ie akin,

Solubility finGand, of water oral ofelenbul.

aes and Doge See Sucehartt

Sagcharin Sodium

aL Ainiainot biancaa0ye, dy bedianrede, sendin: salt, ditivedeate,
Saludde Saechacen, Sutuble trent; Sadia a deesdsinde

sulnahess

 

EES

ert

soph

Hs

SRE
Ese:
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Ye, g

oOaa
.

ednaHes

1,2-ongisothinadind-ane 1)-dioxide sodium alt dihydrate
[GLSG-H7-8) COAGN NAOS.2heO Gd) ondydrusy |] 284d}
(205,16),

Treparation--Saecharin is dissolved in an
equimolar qaantity af

aqueous sodium hydraside and dhe getutionig concentrnted Lo cryn
tallixation.

o

210

Degoription. White eryatala
or a while crystalline powder, odorless

or faa a fate avomatic odor and an intensely aweet tance even fay dilate
solutions: in dikate solution Uh be about 200 times an awoel an suerin,
when di pewdered form fi. uauatly cotatiabout 4 the theoretical
aramaof weber of hydbaiion due Le efflorexcones,

Solubility.1 join 1.6 nd.of water or SQ mt. of ateohal,

Qaos--Same an Saecheetn but hie the advantage ef boing
ovare

soluble in meutrad aqueous yolutions,
Apdicution-—15 1a (0 mg as neckasary.

Norge Form. Tablets 15, 40 and G0) me.

Sarsaparilla Syrup, Compound...8PS-14, page 445.

Shony Wine--page APS-145, page 1240,

Sorbital

Sianin; Sarbit;Serhitals 4 Glaciol Sorby (Aria)
WOGWden ta atid

‘a
aaHow OHH A

 A

neGlucitol [80-70-4]) Cal yOu CAR2I7K i may contain small
amounts of other polyhydric aleohals.

Proparation--Cammerolidly Ly reduction (hydragenatien) of
coruin sugars, auch aa phucose,

Pexeription--White, byyroscopie powder, greales of floykes, having
A iwvetd Gakte: Lhe usual form medis dial 6%,

Solubilityye dat aout 46 mL of waters atightly suluble in aleolrl,
nethanal ar necetic acid,

Usog.--An osmotic dierette given intravenously in FH0%Gof) nol
tion i diminish edema, lowe corobroxpinal pressure or eeduce
indragcular pressure in giaucommn, Te vlag de Gated ak a laxative,
wweeldner, dumectant, plowticiver and, in 70% tu/te) aalution, ata

vehicle,
Dowe-8O to 100 mh el a 60% solution; famediue, aad, BO ba G0 gy.

Sarbitol Solution ia nwalor aplition containing, in each 100(60-07
of Cofal solide: coming egeentially of tenerbital and aimall amount of
mannitol and ather inarerls palyhydrie aleehola. ‘Pho contort af l-
werhital (Cpl a(Qe aq)

in aagh 1) gis iok leds Chand yg Deserdyatiun:
Clone, colurlowarupy eed, having a aweot (nate and bo characteriade
ador, neutral ta litmus; spocifie Waly

nol loge than 1.286; refractive
Indes nt 20145610 dO. Cees Hin nadia bo injocned. thas baon
aod areplacmmund for propylene plycel

av
ylyertin,

Spearmint

Spearmint Leaves; Spaaraink York, Mint

Tha drigd loaf and flowering: top af Mfentia spicata Tanné

(Mentha waeidis Linné) (Common Spanrmint)
ov af Menthe carat

ca Gerard ax Bakor (Scotch Spearmlnt) (Pam Eadiatere),
Fresh npoarmintis uaed in preparing mint aaued and alag dhe well-

known mint julep. ‘The volatile oil is the only conutiiavent af impor-
taned iv thig plants the yield in from Ya Lo 1%,

Qaes—-A flavoring agarit.

Spearmint OW in the velatile ofl diatillod with wlantrom tho fresh
overqaid parts of Uke Mowvering plank of Mentha spicata ov ol Atontha
cerdigeds continet lew dian GBS, by value, al Chol GO feavong
10.00), Phe ebiat odorifercunt COUHALLLUORHE i Tha Rabun deearoari,
Aimoricnn all ako containn difiyerecarvent

eoadate
(CyCOOC oHyy],

finronenat [Choktial,
a wmnall anaunt of ptedicenedeeia (Chabl yg) abl lta

of esdere of vaferie und ceproie aegis. Colorless, yellow ar gracniah
yellow diewid, having the characteristic odor and Caale af apoarmint
specific jravily OSH? ta Wd; soluble in) volume af 80%alcehol, Dut
upon fisihor dihitian may boone burbde. Gsexs Primarily

naa fhavae-
ine ater. Cokie hac been aad dineqeorinatine in theses of (hi ib.

Bucraae
eeeOlyeupyranaide, Par

trnetahirunonyh,
Sugar; CraSugar: Dee,

Supa

Sucrose
[B7-80-1] Cyaay) (448.80); aur obiaiied from Sie.

eharumofficinarumLand (ham Gramiieue), Beta vitgarte Lind
(Fam Chenopodiaceae), and ot}ior sources. EL eantainn na

addgaSUR tcun,
:

For the structural formula, ave page 382,
Proparadion-Conmorcially from the sugar cane, gook rout and

aorghun. Originally, sugar cand waa the only source, but at prenent
the rental Jteda aaftaris is uaod largely in Murape, and to an (teens.
inye oprae fy this commetry, for making suarond

Tho tuyere cane dicrushod and the juice amounting to ahoal BOWiG
axpreasod with roller milla, The juice after “defeentien" with lime
ancl removal of uxcesn of Hino by earboute meld cag, ia ron inte
vacpane for concentration and the saccharine jules is avaporat:
al ip thin inti)begins to cryntallive, Afton Uhe erystallivation is
complete, dhe warm mixture of eryatals and syrupin un illo egatsy.
fagee, inawhich the crystals of raw sayave dralaed and advied, he
ayrap romultiyg

ae a
byproduct fram raw sugar in known as meafeas-

see, Raw beet sugar ig made by a winilar process, but ia more
(roublewonie ty purify than thatomadefromsugar cane.

Therofinodl mazar from either raw cane or heat sugar is prepared
by dissolving the raw wagar ia water, clarifying, filering and, finaly,
docelorizing the solution by pacsing if through bone-llack Mites,
‘The wator-white solution finally is evaporated under reduced pres.
aura to the eryatallizing point and thon forced to cryalice in ama

wranules which ave collected and drained in a
contrilnge,

 

Dereription--Colerlaut
or white cryaiala, crystalline oieion or

Noches, or a white, eryatalline powder; aderleen, sweed (aabG; table in wins
solutianie neutral Le ditimasy media with decampanition front iGO tn 18h";
apecitie gravity of ahowt 4) apecitic rotation at 20° not dex than
(Gi0" unlike (he other offieial agar (doxtvoney, fructosd cudlaciose), it
doen aot rediee Pabling’s solidion even in het aoludiena, ale differs Mant
Lowe augers in that it ia darkened atl charred by sulfuriv avid in the
coll: omental and, in lite aqeaun solutions, ob ferraenty inte
dleohol and eventually acetic act.

Rucrou is hydrolyed by dilute mineral acide, slowly in tho old, and

rapiddy an heating inte ane motecule anoh of dextrone ar lesuloag, “Thi
process le knewdaghnically ashi vernan” and the productin referredto
14 invert sugae” the torm inversion boing derived from the chan,
Lhrovgh the hydralyaig, iy the option) ratation from dex tro of Lhe agro
lo love of tho hydrolysod product. Tho anayme (rieenese alao hydra.
lyseu

sucrose,

Balubilitye-/ yin G.f ml of water, Poni. of alcohol or in aligh tymore than 0.2 1, of holly, water: insoluble in chlorofariy or other.

Uses.Principally ag a
pharmacentical aecossity for making svr-

ups and loxengam, TL given vincoxity and conpisteney tr fluids.
Inravenous adminigwation of hypertonte soludions has boan om

playachiefly to initiate osmtodie digredia. Such a
procedureis nal.

completely aate and renal tubular damage may reault, particularly
in padionte with oxdaliyg ronal pathalogy, Safer and mare offoctive
diareties are availabe.

Compressible Sugar

Sucrose that may contain some starch, matlo-dextrin ar invert

sui contains 80.0 fo D408 of aueroad,

Dosexiption
-

Whila, ervilalling, oderlaas powder; aweed (asta, ulable
iyair,

Sohwbiliny. "The suerace
portion fp very soluble ty water.

Unon—A piarmeceteite aid aga tablecing exeipinl and steealen:

Dugagent. See alan Sueruee,

Contoctloner's Bugar

Suerabe ground together with corn atareh tea fine powder;
cur:

inde 86.0 te 07.0% of sucronn.

Doripiion Aine, white, adorloas powders ayweaotGras wlalyle ine ay
sponifie rotation rot lows thar G28",

Sulabiliy. Dad wtecreseprarlieen ie meeltaly}e: by Godel ywalias bhiis en giee.
Ty apluble tn bolling waiter.

Uaon--A pharnunceubic
aid avn

talleding exedpient and suena

inAedend. Bee also Sucrose,
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Syruppage 1302,

Tatu Balsam

alu

Ahnlsats obtained from Mjrexades defeat Clini) Charis
OfnaLeguninesae).

Canatitamatie Up de 809) resin, alaout 09vudtidy off, beta 15,
free clandinte ver, 2 lo Ae hevweie ante aid (hoshe candi. Mya
yolgdle oil incompoaed chiefly of beaayd benzoate and bend eqana-
mate, ethvé beazoute, ethyl clnmimete, a larpend cablad totene

(possibly idemtieal with phadiandrene) and the neaqudorpane iia.
hel fasnesad alsolive bean reparted te be present.

Deneripuion  Frewnor yotlowish brawa, plastic xolids iounmparent in
thin Joyers ancl britrle whan old, ded an oxpeied to eald Gemporntares
plongsut, aromatic agar cengbling that of vanitla dnd a mild, drotati:
diala.

Soluliiity Nearly inseluble in aileron bisclvant hexmnesalable ip
aleohol, chloraforwi ar ether, aaniedinis with alight eosidae or

Larbicily.

UneA dediele, laboraqvead and aiuioling expecterant an

qoayvrup, Ce je alag an iayerediqn. of Compound Aersain Tiredare
(pyge 760),

‘Yoh Balam Syeap [Syrup of Pola, Pale Syrnp|Breyerear:
Addl tala balsa tinea (aa aid., all alone) la magnesivin carhonalc
(10) and eueruse

(6th inmaruir, and inddatinataly. Craduntly add
periftied water G0 mL with trituration, aod Gitar. Disiolve Cha re
Haniider af steno CAGi Che ela fitrade with pende eatiiys, stead
Wnengrap while wires add potified water (qa) threnych the ateainer be
haalio Lhe prodiuat mine TOW aL. Mik dhearoighty. Wate May he
hale alia in dhe following anna; Place Che reninlodaye suites (700yt)
ina suitable percotabar, the ack af whieh nearly ia fled with focudly
cle cation, niointonud after parking with afewdrape af water. Pour
the Filitst, abbotas clireaiied den the foial hove, cen aa ae rade,
nod reguiate Che caittlow toa stoady dig af parealate, When all of the
Tinai dane ean Urey, fetare: portions ad the pircedate, ff hoeeaity, fer
(issotveall ad (he scetade. Then pret encupgh poritiod water tbrangh ie
Colton fe athe the predic? oagsdee TOU nn. Mig theusiily ter:
fad Contents Blo BS. desea Ohiofly [oe iacguogalle fire iy couysh
aytupa, Fog Pua.

Tole Tis‘Mipetare [Toke Pirate)reparation: With tal
Dalai C200 yl, prepare a Ghecture ly Proceny Mo Qaage 1b4a}, using
nlechal an Use eensteuiin, Afeaiol Contents 77 1a BBM. Ufgess A
Delany preparation any loved

anat Addition ty expeclurant mis Lures;
alno ued sa dha: preqpuevdsonof Pele Hateane Syrup Doge: vada

Yantlla

Vanilla Bean

The cured, full grows, waripe Fruita’ Vaatia plaiiyetia Andyews,
offan larenwe i comtnoaren na Moxa or Bourbon Vanilla, ar ad Vie.
aie fabitewe’s EW Moore, lonawi iy comma tiTahitd Vanilla
(Moun Grdvdaceae) vielda nat lena than 1of anhydrous extrac
tive acluble in diluted aleubel.

ComnatitvuenthContaina beac ofvelatile afl, [heed ail, 4%
Tonin, sugar, ernAlie aedd and about 208%anti(aoe bolaw), Tin

highedt. grace af vabilla comes from Maghigaaenr, condderdble quan
tities ef Che drag dlaa are produeml in Maxice,

Wer Cavor,
Nate Do aad peep it bas decane bvitide,

Vanilla ‘Piaedaen featesct of Vanilla}. eegeeations Add watar
(200 mL} do cenmndnadad wariila Ceal inter send) howe, (OG gd in at
Winkie covered com Ladner, and macoroto dang, 1 hay pretacably ina
wart place, Adil alenhal (200 m1) ta be mixtare af wrod aad water,
mix welland macorate about dé day ‘Towler the ristare (ea percai:tor Containing sueroas Civ cones

ranutos,
40 0, and clenin; uhon pack

(ha dase firmly, and percolate alewly, maiiye diluuadl aleotel (4u) ity the
menelruum, df Gre perealatar ia paelod with aa

eventy distribauid
mixture of Gir eonsnibadad vanilla, sacreso ad clean, dry sand, the
Inerensod werface area poemila

nore efficient poreniatien. “Thin tineluse
TengenRhaiie Use only offieial one tn whieh aie: in apieifiedin
andapenbiont. Afcatol Crrfent: Fuels. Cites A flavertay aed,
theo Mapes, page PANO,

 

  

Vanlliin

Penvaldoliyile, a daydrox sy. tne loss,
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‘-lhyalroxy danethoxybenanldehyde [P47 AUG a} Cal tah CURE LGD.
Preparationram vanilla, which comtiiin sla a, EO alae i

found iny other substaees, drckuid ag dikeauw af cercvie ples,
crnide baat uy, asparagus and ovor anafelida, Comuanercially, if ie
made ayuiheticntly, While ehemionlly ideation! with dhe product
obtained fram the “vanilla bean? “Tlavaring propreationa’ made
from Honevwer eqainl in Aiwor the propatatien in whieh sand ln aleeie
lowbetanke varia coins ale uduroue pradiucla. Tis ayadhe
nigaby oxidation provesios fram wither coniferin of euenod, by
fronting fudiacal willl ehdurafaris (tte peounener afan allinli, ane dry
other mellachs,

Daxuripdion Pune, vehite Conigh tly velo ergaala, anuadiy necdle-
like having an oder and Lante supqertive of vith affeetedL by lysht;
seliitons aie iid cotactin fran AP ba aye,

Sobubility. Dp thaboug 200d. af water, aboard ZO ube? glpoerin
ar

80 ond. ot water at H's freedy soluble ialcohol, chlorafurn, eluent
wnlibions al he fixed alkali livevaxides,

Tncompad idliiicn:  Catibines with aiveesa, Tarmeng
a cetipouied

whieh inalniog) disolible pa glenhol. bis decumpased by eddadies aid] ie
oxbdizod wlawly by Gace aie,

Used Only
aia

flavor. Bolatioms af i nomatines aire gold) ana

synthetic wubalitulo for vanilla for Tlavoring: fooudu hutiis inferiorin

flaver te Ute teal wanitla extract,

Water-nage 1400.

Water, Puriflod-—page 1401.
Wild Cherry 6yruppage 1402.

Other Flavering: Agents
Anine AUEOX [Anbar Seal Maropean Anizecd weer Cumin} “The

(led wipe feat of Aiarpiediaanisin Lhd. 1 contingent 12% of
volatile oil, Of A flavor and carmdnative,

Ceydan Climaman: ‘Che dried timer bark of cle whoats af coppiced
Trea of Clarina ceybericiie Noun (tt Lageaeeie); conta, in
dah TOGnet lon thaa (LS nal, volidile oll Cha: A earitinatin and

flavor,
Chev (elcid tlower-lid af ugenia curvuphylia Chacenyes)

Bidlock eb Harri(Pan Afyriceetned contains, ae each TOO 2, nel
less than Mad olehwe od. dfsecs Ararunentéc in donee af 0,35 p anid i
dcapat ift fata,

Corhander- The delad tipi fet af Caatarrdrarn setter Lipid (Fare
(ntelliferae): yields not tent GhiaO48 i], volatide poetouler of/ 100 pp.
tines: Seldom aded alone, but aanielinesix conbined with other ayers,
chiefly ana fleoa'. Tale dn timed aca end iiaget anid Maver ie vans,

Teacalyptel (ined); Gajepital; Chale Creea OItaitied Pain

oucalyptiaendt aad framater sanrecs. Charen Head, bieving a chacac:
leriati¢, aromacts, distinctly wanypliernceous odor and a Gunes, cdi,
epiey tate, 1 volume fa voluhle in & volun al GUM aleshals migeide
with aleahal, chleretarn, ether, giicial wcatic acid or (igud gr volabite ailss
inmoluble dn water, Cees Primirily abu faeariag agent. Laeally itis

employed tor ili antiseptic atfee in idinamatinas of thie nose aid
Throne eearGiuendkin divind. Hoxoated ita br qaed day ivliafeat ert dat
ratichitin,

Hong! [Peanol Seed}The dried cipe fruit of veltivatad yavietios al
Mowrtedtiar ondaire Miller (Fai blared’fee): containsbe Gi al a

exyyeenited volatile oil and Hof a fined an CAien; A Aleta and
coemnenelites

Higer RI EAiapiber)- Phe deted shigonie ol Ziggies affiednate Han.
aor (Fan Zingibernede), Keown ih echuiiared an denaricn Giger, Adti-
aan Ginger and Gochin Ginger "Tho ater cortical layers often are

reomeved ellhor partially
or

Completely, Caneditaeada: A pyc sal-
iatieces, gueueitead: vada Lite oi) Gbinaniaitay Celsygeen, about, ie Aftivansdsfeyor¢to 84), containnay, Une derpehes ecanypdunce und Baphedandeone and
Uhr sesquiterpene diagdiesreaey, cltrad efaead and borneol, Uses: A fla-
earn aan, Te Tormarhy wan atiployel in a dike of GOO py, as an

intextivnl athioubent aid camidoative ty colin and in diarrhea.
Ginger CHoavosin. Yields 34 6098 nif, al volatile gigieff/ 100 (af

aloavenin, Peeparativs: Baceact Gio utsorenin (on ingen, ia anodes
ately enarse powiler, by percolate, ain cite aeotane, mgolint oy
ae Engen ns (de cent ei tain.

Glyeyechiza Katracd [aiearicn Root Bx traedl; Livetiee} Ag ocklrael
prepared from the rhigonne aivd coebs al spudien af Ciyeyeeidse “Par ne
fort ex Liend (Fam Leguminosae), Deserqadtan ewe jawder or in
fattened], evlindtieat eulls oy iy pias; yg roti or mannebave: a thon
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Tack colae externally, and acbritiie, sharp. amoeth, canehotdal Mactira;
the extract law a chiuneterialie ane sweet Gaste which ia net ere Unan

voryodighitly mevid. Césess A flaparteg agent,
Havoardor(Lavandula)Sowers of favereendeede spieet (Leapnictieler

afficinatia
or Dasanidita pera); eombalis a voludile oll with Che princined

cone innit | Tinalyl acetate, sess A perfinie,
Lamen Peel UBP XV, 82 (Prenh Lemon Pool].Pho outer syollow

rad of Lhe fresh gipe fruit of Cites dines (Lind) Barman filiun (Pam
fivfacead}: contains a volatile of] aad beaperidin, (ecw A flavar.

Lemon ‘Tinctures U8? 8 VTE [Lemon Poel Maclarenreparations
From Lamonpeed, which da the outor yodow ried of the Frosh, ripe feudof

Citrus fiaon Chinnd) Barman Cline (Fam Mudgee), by Meacese AM

(aage 15433), 600 g of the pool boing macoratud fy 900 inl.cohol aad tha

preparation being completed with alenbol to make the product mensure

1OO0 mi. Une date ax the Citering median, he white portian af the

yind wumad not be aaed, ag the proportionof gil, whiehia found only in the

yollow ind, is reduced and the bitter prinelple, henperidin, intreduced.
‘Alcohol Content: G2la TiUaeat A flavor, ty firenoss of fiver halngy
nsmurod midl comes framthefresh trait, and hedan alcoholic solutionit

is more wiablo Ghee tie oll
Myreia Oi) [Bay Oi) Oi of Bay} “Phe volatile off digtijled from boven

al Fimeada racentosd (Miller) J Wo Manre (Fan Myrtacoae); genni
the phenolic compounds gugonol and chivieol Claes Ta the prepnra-
Lion af ley ran gin a perfiene,

Orange GH, Hitler-'Phe volatile oil ablained by expranian fron the

frogh peal of Wie fruit af CHews aurantiin Laiand (Fam fudereac); con:
tains primarily d-limonena, Pale yellow liquid with a charietoriatic;
aromatic adar ef Ue Seville orange, if it has a Coeoiinthinate aden, ib

should nob bu dinponkeds refractive indo |.a725 to LaThb wt 20°, VW
if(fora Wetle framGyanye Ct (page 1290) oxeent for the botaaical aren.

Miacible with auhydretis alechol and with about 4 vahianes algahal,
Usen, A flavor,

Grunge Perk, Blular [Biter Orange: Curacao Orange [oet; Bigarado

Granga}
Phe dried vid of the wiripe fut fully grown (ruil of Cstees

maaation Liimé (tom Befacese), Coastitieenty: ‘The tier part of
dhe peat fr(he bitter orange gontaine 1 volatile ail and the glycusice
heaporidin (atlas. ‘Thi, apon hydrolyain in the pramener of

HieSO,, yields hesperetin (Ct ahh rhavrune (Cyl Og), ave Teele
cond (Cah Qa). Caen: A ffavortryg ayaeit. Ee han heen usedaghiteor.

Orange Pool, Sweet UEP AV The freah, outer sid af ddnan

artificially calered, ripe (euik of CHeas adneasis (ing) Oabeck (Fan
Rutacea; the while, iner partion of the rind into be oehided. Gon-
thins a volatile off hut ne

hespoidii, since tho wycoside aecurn tin the

whit portion af Ure rind, Uésea: A flair.
Oeeks [Crvie Ructs iris Mloranting Orria|-Tho punted and arinehi-

gone at Die geemanion Einad, including ta variety flarentine Dyken

 
  

(iris flurenting Linnd}, onal dets patlide Launarel, (fan detdaceae);contting abowt.Q,7 (ad.of ie vulatile all Corris butler) vriniie pete und
Lhe ketaae irene; Tork: prow iden Uig fragrant odor of crite Leen: A

perfune,Pimenta OW [Pimenta Oil; Allupiea Of] The volatile oi? dinutlad
fron (he Cenitof Pareate offidnatia Lindiny (Fam Myrtaeede). Uses:
A carminctive und atiitidaat ind alae nan condiment in foada.

—

Hosemary OF}-Phe volatile ofl dintdlod swith steam from the Cea
flowering Lopn al Kosmariius officinalis Linné (Pain beblatie): yielde
notloan than 1.A%) of extara calealated an

hornyl acetate
(Chale), and

tint tons than B96 afLutak bornaal (CygltgO), {veo cal aw estern. Cesseita:
ente "Phe amount of esters, caleulated as

bernyt acetate, anid of Latal
borneol, reapectively, varios aoewhal WILile geographie amyres. Cin.
eol ix prenent te the extort af alent 19-26%, dopending on the sures,
She terpenes d- and beaepinine, dipenteone and capiphene, and the
ketone camipier alac acer ip thiaoi, Dereriation: Colavleanot paly
yellow Hiquiel, having Lhe characloriati¢ odor of reuniary, aid aowarne,

ennipharnecous taste, apocdfie gravity Q,88d bo 0.038, Sotubdo in b vob
tune af80%alcolal, by volume, Liab ipent farther diluilon may Tecan
turbid, Uses: A flapar and perfume, chiefly, in rubdncinat Vinhuents
such aa

Compa and Koap Liedaurt
SentraThe deied bark of the root of Saasefras effect(Naliall)

Noes (am dauraceae), Uren Principally becouse of ia high content
of volattio off whieh serves to dinguing tho Uuwle of disagrwente ad
atanes, Andituaion (sassdfeae ten) formerly wae ued oxTonaively

ak a

home romedy, pordigularly in Mae ieuthean alates,
Saadafeas OHPhe volatile ofl diated with atoum fron Sassafras,

Uses: A flaoar ly confectianers, particularly in hard condied, Malia
(ie ail ov aalrol ia wand ao prexorvadibe in niwetlage aud Ubriry panto,
lating far suypertor ta methyl sulieylate fer this purpose, Sincethe ail is

antivende, Horietin isomployedd in conjunction with olher agents For
focal apicalien in diandame of Uae nose ald Uiroat; antral alae ta ung ins

(hin was,
Wild Ghorey [Wild Tack Cherry Bark[—The carefully tleigd stan

bark of Prunua serodina Whehart (Fim Rosacea), fred af bork and

prefernbiy living bean collected inAutinn, Coastitqendss A glucoside
of denandelanitedie (oHCHORIN: knawn ag pruasin (page 385),
the onayie emiudeie, Hin, 4 Biller principle, starch, resin, ele, Ti Cha
Tye and the Hnytieh Utorature this dyup baw heen loraied “Virginian
Prangea literal it iigorred. tranelation efthe aida botanical sae,
Pranus virginiana. User A flavoring agent, cdpeciully in cough prepa:
pation, Th ds na, ingredient in Wild Cherry Syrup. As with bitter

almond, contact with woter, in the presence of emvuddn, tedulte ny dhe

production of boyaldehyde and HOIN. All proparationy of wild charry
atould bo nade without hat ia ordar do avoid dentrielin afthe enzyme
which fs reaponuible for Che greductionof Uae free aetive princi plan,

Oiluting Agents

Diluting agents (vehicles or carriers) are indifferent Bula

aianecs which are ued as solvents for achive medicinals.

They
are of primary importance for difuting and flavoring

drugs which are intendedfor oral administration, but a fow

auch agents are
designed specificully for diluting parentoral

injections. ‘The latier groupis considered separately,
"Phe expert selection of diluting agents has been an

impor
tut factor in populariang the “apecialties” of manufacture

ing pharmacists, Since alarge selectionafdiluting agents ik

available in a choice of colors and {lavora, Lhe preseriber has
an opportunity

to make hia own
preseriplions

mare accapt-

able to the patient. ‘Phe hest diluting agent is uaually (he

best solvent for the dyug, Wator-sobuble saubetances, for

exmmple, should bo flavered and diluted with an aqueous

agent and aleohol-sohible drugs with an alogholic vehicle,

Thus, the diluting agenia presented herein are divided Into

three groups on Lhe hasiv of their physica! PTopertiaas aque

aus, bydtoaleaholie
and alcoholic.

Ayweous Pilating Agents

Aqueoud diluting agents inehide aromatic waters, #yrHpDs

and mucilages. Aromatic watore ara used as diluting agents
for water-soluble substances and ania, Ini. cannot mask the
tanto of very dinagecenble drugs, Some ofthe more common

flavored aqueous agents and the official forms of water are

listed holaw.

Orange Flower Water

Stronger Change Pluwer Wala; Triple Qeage Mower Water

Ajituraled solutionof (he odarifarsus priltelpkenof Lhe flowersof

Citrus nurantinn Einné (fam. Ietacede), prepared by distilling
the drosh flowed's with water and separating the excess vetalile ail

fromthe clear, water porkianof Lhy diatillato,

Dodeelpthon-Ghould be aearly colorless, clear ov
only Cincy apren-

cots the odor should be dat of (he orange blovganys) tb nmust be free fran

ompyretian, muslims anil Fungokd growths,

Waen--A veliele flavor and perfince in wyrup, olixirs and solu
lions.

Pappermint Water

Aaw, anturated solution of peppermint ail in purified water,

prepared by oneofLha procuumen deseribed under Arumatic Waters

(page 1622),
Usos-A carminatiovg and flavared vatiele,
DoaeeTB mL,

Tolu Balsam Syrup--page 1208.

Watar

Water[7732-18-5] He) (18.02),
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Drinking water, whieh io airijeek ba lea regulations with reapock

ladrinking water, and which is delivered by tho omieieipal or alhor
local public nyatem

or aviwe Crana private wail or rosurvoii, a hie

slirlingg matoriat far all farof Water covered by Pharmacopeial
evnager tega hit.

Drinking
waler may be used in the preparation af WSU" dru

subslanoen (ag. in Che cgtrnedion of certain veyetable dtraga uid i

the ganulactare ef 4 fow prepaGay Uneel externally) Init neti
Lhe preparabicn of dosage fares, or in ae prepa ian of rengents ar

Wed solutions. Fin ee liamper the sulidect af a mepurade monepraph
(in die US), dune oa Ube eiled eGindarda vary Cron one oan

anmily to atelier and yenerntly are bayand the coiled of private
partiog

or CO
OTEONS,

Purlflad Wator

Wotnp obtained by dintilation, ion-exchange Lrentimont, povarsc

oanosia or any olher audible proces; contain no added substan.
Cantione Da nad ase this fe preperetions latunded for pareniter-

at adrinigivadion, fur sech purposes, ase Water far fnjeetion,
Hucroriostatie Water for bijection, ov Sterile Water for dijeetion,
payee: Lake,

Preparadian ron walercomplying with 1A repulations with

respect Lodriniciig watlar, A Corner ulliedal proses for witor, who

prepared fy dintillation, in given below. ‘The pharmacist whe ut

preparing sterile salations,atch anit lavefreslily dieGitled wateraf

exveplionally bigh prada,
not only tree fon alk ratarial or ather

Inieroscepse growsie but also Cree fram the products af motabeltec

procosias resudlbayg from theprowlaf sued uqginiams in Che walor.

ad vindagmiunly: may fallew (his plan. Phe moetabalic products
com:

Inonly are apalon of we pyroqohsa abd uavally consiaf conplex
armac conmounds which couse lehrile reaetiond if present inthe
selvoutfoe paren leral medionwibstancd,

 

Digtithation Prods

WG
occa ccc cette tete ee vaca ee HO Vad

WAWGKE
tee vo THO Val

Pat) to water Po alilable appnragus provided wilh a hioel tin er

gloss condonacy, Cotleet Hae firs 200 volusies and reject this perkod,
‘Hhen eodleet 750 valuesaod keg (ie athd Tied water in ghaieep agpered
bola, whieh ture been ciel with xteaaor very Thet clict Thiel water

Pnaeddadely before beings filled. “The Firs. 100 verhanion: are Henriebe
eliminate Foren volatile wihaluieen Casand fi ordinary

water sav only
Ath enlonies ard atniiented. sive Cha rieidae di (he eG contenconcedes

Leoladhiwitverl solids.

 

Deseription  Colorhas, vleay quad, wsthuut riche aay Ubi a.

Ute. A péirutcendic utd (vebigle iad solverd). 1k nvunt be
ver) fa eam

poring closae Carma Par iacernal (ard) adiminisiea:

tion aa well ax alecle plarniaceuticals agplind externally, stich as

callyria and dernitoloyien) proparntianrk, bat theso mul he oturil.
ted dafore unt.

Whiniever wator ia called for in official costs aid) assis, thin iui

Ve aces.

Syrupa Used ae ditediag Agends

Syrups are useful as
dilating ayonts for water-soluble

druand act bolb as solvents and flavoring ageata, ‘The
Navered syrups usttally consist of dimple syrup (Bb%sucrose

in water) containing apprapriaté Mnveringy mulatances, Gly

eerhica Syrapivan excellent vehicle for galing substances

hocause of ite colloidal prapertios,
aweel (aver rnd lingering

daate of Heorice, Acacdi Syetp is valunble in disguising the
taste ofurea, Truth syrups are expackalhy effective for maple.

ing sour tastes, Aromatic Hriadetyan Syrup is the diluling
agent of choice for masking the bitter trite of allgilaidls.

Cocoa Syrup aad Cherny Syruys
are

good general flavaring
aye nts,

Acacia Syrup

Acruda, grimular or gmowedared
ec ieeere ee Laye

Sadie Bemnoute oo... eee.fe lic
Viribhn QWmelare

sc eee eee tee cee nee and

PHARMAGEUNIGAL NECESSITICS {307

 
MUOPUHe ... rrra BORE Gg
Daelfigd Water, a sulficient quantity,
ualee bape tees cette reeeeeeeee se

HOGG nth

Mix the acnein, seria beatnaie and snerog; thin add Ut Wid. of

purified water, andl mix weil. Tent the omixcure ang ated bath aati
nolulion is completed. Wher caol reniaye (ue neu, ail dhe vanilh
ieture ane eidfiaiad puacillee waiter Lo mnake Che prodeed treaneiye TOU

mond etzain, if nocemary,

UppedA flauaredt vefacte antl adeandcend,

Charry Syrup

Syrupup Chieadl

Charry daletscccccrscccccccerrecr
eee eee nee Sift

SUOPONE oc pect c eee e eee cnet e nai ee es RMR GE
AlgOHol

occ ccc eer c ceca eeesaceeteereeee eee ec bod,
Purifiodt Water, a sulticivit quantity,

Toaahar,.....
ivvesavaveueauueranipeteee corer LOH

Dinnglve Lie sucrose Ha chery jider by faating om a dteaa bath, coal
Hal eaneve the famn and Monling salide, Add (be aleobel aod sulTieiont

puirified water Go nidke POUL mil, adel anix,

Adeteehad Charade. | Le 24%,

Unies A ptiaaantiy flavored vediefe which is particularly usefa
in aaskiog Uae laste of galing and get detigs,

Cacoa Syrup

(Carag Syciips Checolitefavaroed Sveup: Chocaiede syrup

 

COUR eee basaae .1
ERD

SAMOCMURA
Cpa eee wae cence

GT
Dadaquidh Glan (KOK

CHyeerd
cee ees ah wd.

Madina Chlorides... a5 2
WalEih cece eee cane eae pee eeeee beens teen)

hE
Sodium THenzoide o.....-
Purified Water, a sulficient quaniily,

Wap mite
ceeee

veered,

Adie the snerase aid the eoeas, antl Us thin anikxtuin pradually adel a

mduuion of The Hauid guiecoso, glyectin, salivay chturtde, saailtin and
norGinn berwite to dee om al tot purilied

wales Bring Che qaitire
inistaredon dull, and madalain at beiliag Wemperdture for simian Albew
treguld lo pean fanpenidare cod add gullicien® purilied

wader lo made
tho produet

meaxiee HOO aL,
Alot Chacon containing, nel more han PES utvolatifes ot heresctible

oxtrneiive C70)elonnnp diving inn tonleney Co aeparale,
“Hirenecaran! eontainen aster ie fa”

 
 

nes A pliaxinthy flupured afiele,

Aromatic Erlodietyon Syrup

Aromualie Yorba Saute Syreps Syenpun Caregen

tidadigiven Phuidextrach
occcc ccc cree. A tal,

 
   

Potnashiin Hydroxide Sabullow (aad) oo.di nm,

Compound Cardameadt Thudare
ceeee UF mad

Lenon ibe...
beta een pe bette ead tb bbe eae reo.) Hanh

Chawe Ob eee catueeestteesissetiesrereces 2 nih
Aleuhol

. : peehe
CUUPOH Spc

bttte

ene sO og

Maytnealuin ¢
teva

Oo
Purified Water, a aulfietout quantity,

Sivtnalty
o.oo... biped ket pees

 
bees veeee eens

Tae

Hisanlve (hat oila iy Lhe aleabiol, add tie Ciighex tat id dhe Gieture,
then the polawiqim hydroxide solution and aa mnt of pavitiod water,
Add dhe magiesiaan carhonalg, shake (ie anisting, afii ta alanl

ovorniplita Chor nid aciel mulficiestt jaurdfind water CheongUe filler te

male Che quid oieanure 00 md. Pour this fillente ipod Lhe anerone

canliined inn bottle, dinsolwe Dy plaming Che hebdie in hot water and

agitadiiye dhe caritonty frequently, Cool the solution and vill sayCigctat.

purified walter to make the procuch mente {001 wl,

Algood Cantennt: Gla dn
Tneanipatibiition Alhaliie in reaction die lo dhe potisdian hye

threxide paed in ile mautietuce, Avids are neatealiaed) wilh umially a
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41402 CHAPTER G6

concurrentprecipitation of Ue casing of the ayrue, "The tandin whietit
conuiiia introduces (be incompatibiition of that aubatarien,

Lsen--A pleninnitly fleeered ochiele, especially adapiod to tha

ndtuintatiation of bitter sqhadanend like (alain.

Syrup

Simple Syroy

MMCCOHO
coc ccc ect eeeetce err srereetaeee reese ees AIG

Pudfled Water,
a sufficient quantity, nee

0
oa

1000 mL

May be prepared by using deiling water of, preferably, without

hea, by the followlag process

Place Whe ducrose in a auidable percelater the aeck of which la nearly
filled with loosely packed cation moiatoned, afler packing, with a tow

dlrapy at water, Pour carey about 4h0 mL of purified water upon the
aucrone, and ratulate the outlaw to auloudy drip afparcolite, Rotwen
Une percolate, if necomary, all all of the aucroae hae tlinnelved, ‘Theat
woah the Hukle ofthe parcalater and the cotton with aulficient purified
warler Lo brig che volume of the percolate ta 100 de, 4nd min,

Spockie Gravitye-Net Jews than 1.40,

Usen—-A sweet vehicle, awoolening agonl and as the baxie for

many Caverad and madicntod syrups,

Other Syrups Used Ad DHlwting Agunin

Cirle Agtd Syrup USP XVIEE [Syrup of Lemon]-Preparation:
Disnolveeitrig acid Chydrows, 102) by purified water (0mL,), andmlx the
solution with wrap G60 ak). Add lomen tincture (10 wT), tad wea
ayrap tome tht product measure WOO my. and mix. Mute: Janet

dinpentus tif i has a terabinthine odorae taste orates otter indied-
tiannf deterioration, Aleahal Contents Laas (han 1% faceanpacltil:
iting: Reactions chayactoriatio of Lheacid whieh il contains; hencei is

het a auitable voblele for alkaline ingredignta uaeas phencharbital
yodium trom which it progipllates phenobarbital, (aes Solely ag

easant vebiete, the Toramia making 1 possible Le prepare extomparn:
noelidly and quickly a ayrap bavieg the faves ef lemen,

Glyeyrrhiza Syrup USE XVIEE [Licarica Syrup] Preparation:
Add fennel off (0.00 mL) and anise oil (0.6 mL.) da glycyrrhiza Auidex-
(roel G80 ml) and agitate und nied. ‘Phen actd nyeup (qs) to make
the produeh mensure 1000 and, and nix. Afcahal Cuntints fi bo (ts.

favampatihiitiag: ‘The characteriatic flavorli deatroyed by achla due to

precipitation af Whe glyeyrrhivin, Cfsew: A flavoredachicte, ospoclally
adapludto ihe aindaintradianof bitter oe naurecus suibbateda.

Vydvledie Acid Syrup-—Containg, ih oneh 100 ml 1a be 19 § Hl

(1274). Preparation: Max diluted hydriacic acid 140 m1.) with pini-
fied water (B50 ul), anc diawolyva dextran(450 g) in thin mixture by
agitation. Add purified

wator (qa) Co make the product
monary 1000

my, aud Filter, Caeetion: A nuest aad be digpenteed if Ub condadis free
judine, as euidenend by a red cofneation, Desceiption: ‘Tradaparants
coluvlosk, OF HOL more Lhepalo nigacolored, syripy Hauld; adorlos
and haa a aweet, neidulous tasle; apecili¢ gravity about 1.18; hydidodie
aviin doomposod onally iy ainyplo aquaous solution (unless protoclod
by hypophonphoroua acid) tren iodine boing Hheeatad, and Htaken inter-

nally, whonin thin condition, ils brilating to tae Wimentary live, ‘The

ductroae deed In Unig aycup ehould be of the highest grace obtainable,

Incompxribalities: ‘Ve reactions of the deida (page Let) at wail ue

thoseof Lhe watoranluble dadide alla, Oxidizing agony lilornta iodine;
alkaloida may bo precipitated,  (lJaen Seulldionally ae a uatiele for
expectorand druga. ht (herapoutic prapertion

are thou af Une fodidan,
Dose: Useat, baal

Raspberry Syrup USP XVID2eeparagion: Dissolve sucrose (800

i) i raspberry flee (8 mL) by heatity, an a maton bath, eval anil
romave Whe fonnnd floating dotida, Add algohal (20 ml.) and purifiod
water ya) Lo make 100 mL, and init, Alewhol Contents 1 to 2h.
Tneompatibiities: Rompborry juiee ta preparad

do conti met Jomthan
oth oftric aed: the syrup, tharefore, lina reactions characteristic of Gain

neid, natably He (neampadibiity with alkaline substances. tlsess A

Dleakantly flavornd vcdticle ured to dinguine the willy or wour inate of
ailing medicaments.

Wild Chorry Syrup USP XVIDfreperation: Pack wild charry
(in contac

powder, 1800, previously mojalenad with wator (00 mil), i

cylindrical pergolatar, and ndd water dun) te leavea liver ofit nhovethe

powdor, Macarate for fjir, than proceedwith rapic purcalation, MBIT
nddledwater, wat! 400 nL, af porcolato ia collactad, Filterthe perenlate,
if hecenanry, add suerane (B75 1) nud dissolve it by unltation, then add

dlycarin (tot mL}, aleobel (20 gal.) andl water (qu) te make the product.
menture 1000 m1, Strate if necemmary, ZC may be made aise ta the

fatiaeing
manners ‘The sucrowe nay ho dissolved by placing it ina

Hagenpercalatar op directed for preparing Syrup, and allowing (he

poreclada Troan Gia wikl cherry to flaw Chrowh ib ad ite a pyeaduatad

 

vows) comluiniag tha yiyededy and alcohol watil the total volume mon
anyon L000 mL. Alode: Bont ja avoided, Jowt Ghe enzyine enidlain bo
Tanetivutod. I thin shoald happen, the preparation would contain pe
frow HCN, pon which Ila action wea socdative for coughs mainly depends,
Vor a ddvcuuaion of (he chemiatey Involved, seo Wd Cherry (page 100),
Afechol Contaat: ) to 2%. Even: Chigily

ama
flavored veltete for

udByEU pA.

Mucilopes Used as Diltthing Agents

Mucilages
are alao suitable as

diluting agents for wator-

soluble substances, and are ospecially useful in stabilizing
auapengiona and emulsions.

‘The following mucilnge used for this purpose is described
aider Kmulsifying and Suspending Agents, pare FROA,

Acacia Mucllago-page 1504,

Hydroaleahatie Diluding Agents

Hydroateohotic diluting agonte
are suitable for drugs golu-

te in eilher water or ditiled alcohol, ‘The most important
agenta in hia group are the clixira, ‘These solutions contain

approximalaly 25% aleahal, Medicated alixirs which have

therapeutic activity in their own
right are nal included in

this section. Listed below are the comman, nonmedicated

elixirs whieh are used purely
as

diluting agends or acl vents

for drugs.

Aromaile Ellxir

Simple Blister

COwango OW pete teense tee amb
Wemon OP cc ccc cca eee a eae ee ees a6mb
Clorhandur GH) poccccceeecre cree te etree rete G2 ins
Anine OF. as rere rename (000
FPP

aes Coes per eeveereeee eee APE md
Vale ccce cep cece ute cccsetatesaveneeateeg testers

SER
Aleohal,
Purlfiod Watar, each, a sufficient quantity,

Panay pp scceeccccccecceceeeeeersveeeeeeneee es
AHMT.

 

Diselve dhe oils in alcohol to make 200 mL. ‘To dis aolytion add Mee
ayrup in eevoral portions, apitaling: yiporounly after catch addition, and
afterwarda add, in Lhe mani manner, the required quantity of puritiod
wator, Mix the Late with the liquid, and tiller Ghrough

a filter walted
with diluted aleshol, relurning the fillrate until aeloarliquid is obtained,

Aleahal Cantont2) (a 20%,

aorA pleasandly flavored pefifele, onsplayed in the prepara:
dion of many other alixira, ‘Phe chief olyjection to ite oxtansive use is

the high alcohol content (about22%) which ab Linennny COUTETEL

Lie alfoct of other medicines,

Cardamom Gplrit, Gompound--APS-15, page 1236.

Other Hydrowtesholig Diluthig Agenti

Glyeyrvhian Elixir (eligi Adjuvarig Licorice Mlixir|. -Creputrettaan:
Mix glyeyerilae foidextract (25 m1.) und aramate olixir (875 ml.) and
filter, Alenhal Content: 2h to 2%, Usess A flancerad vedeiote,

Flavored Aleohotie Solutions

Flavored alcoholic solutions, af high alochotic concentra:

bien, are useful og flavery to be addedin aémiall quantition
te

syrups or elixirs, ‘The alcohol content of these solutions 13

approximately 60%, There ara two bypes af flavored aloo

holie aoluliomm Vnctures and spirits, Only nonmedicated

Unetures and epirite
are used a6 flavarinyg agente,

Compound Cardamom Tincture

Cardanoin Seed, lt maderataly courag

POWHOE
Soccer etree eee Devae pasa teateeesiaeee

BOE
Chosen, in fang powUeT

cscs tases are eee ee
BOR

Caraway, to madaratgly conrge powder
cee

12
To mak

eccreee AUU 
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I

Prepare a Cinelre hy Proven M4 Gage 1548), mricerating (he mixed
powders in 750 m1. ata mixture af Oak, af ydveerin andYO nL of
diluted aleshol ane completing the greparntion ty ues Cet (ee
iaineder of The mixture al mdeahol ail ytyeerin prepared

as directed
above, nnthen dilated aleahel,

Note Campari cardinium tinekire may he eolared with ane ar
mate cele(page eee),

Alechel Content Reba als,

Lson oA HaaTT valicle becnaae if ite ploananit{ener usd colar.

Lamon Thicture----page 1300.

Myrola Spirit, Compound-RPS-13, page 4!

Orange Spirit, Compound--page 1296,

Orange Paal, Sweet, Ticiure—paga 1296.

Poppermint Bplrlt---page 703,

 

 

Diluting Agents for Injections

Injections
are

Vigttid preparations, usually solutions ar

auspengions of
drugs, intandedt ta be injoetad thraugh the

akin inte the body, UHuting agents used far these prepara
tions may be aqueous or nonaqueous and must meet tho

requiremcnts for steritity and alga of the pyrogen fost.

Aqueous dialing agenta include such preparations
ay S¢er-

ile Waterfor Dijeetion. and various storia, aquicaua solutions

of eleetvolyies undfor dextrose, Nonaquaaua diluting

agonts
are

penerally falty oils af vegetable origin, fatty eaters

and polyola such as prepykene glycol and polyotlylone phy:
ea, “Phase agents mee used to diadolve ar dilute ail-aoluile
Hubataneds and to suapend water-volahle aithabaneds when iL
is desired Lo dearene the rate of absorption and, hence,
prolong the duration of action of dhe drug substances. Prep.
arations ofthis type

aro
piven intramuscularly. See Maren

Lerad Preparations, pug df,

Corn Oil

Minas til

The refined Cised ail obuined from Ga ailrye at Aeaeaye Laid

(Fam Geanifnede),
Preparation. expressed

from the dndvari fbaberyos
c0 terns

napatadad from Cae grain oi bere h raniiiebire,

Doweription Chea, litt vedlow, ity laid witha faint eliatiLori
We adorn and dante; poetic privity OE bo O02 7,

Solubility.Slightly sulbie bi abeolinl: miscible with other. ehlora-
fore, bengone or seleend lysine,

Usen-—Main oftiedal ane iiaa sodeecd andl eadiede for tagecdiara,
Hoscuned anny edible oi) eudistiture for solid falg in the management
uf Axpercholesteradania.

Oder gees include maling soup and far

burning. Leiaonileyinuc oil cal Urerafare iesfor librivat-

ing
oe MEN Tey patie.

Cotlonsead Olt

Colton Seml OFCotten Oi]

Vhao refined feed off obtained Team dhe seed af aul(ieatedl plants
ol various varieties af Clossypltadirsadoad Linder of other species
al Gaaaypien (tan Maleaerar),

Preparntion-Cotionacoda contain aboot (69h aif ‘The Levtiae of
the seouds are Ciral agparater, and the Kernels arc aulijecked to igh
prema in bydraulie proases, Pho ortide off Lis basal brightred (a

blackigh ved ealar, He eeguives purification before it ia suilalile far
medicinal ar Canad pairpunin

Raseriplion
—

Pride yellow, oly (iqudd Wi0h a bland) Laaday urloriess or

nunely tut pardielos of nalid fal oiry wegarile Thelowe 10"sulin alan
Of toe GO! apamdtic eavdd y LoD bo Gone.

Solulitty:: Sinbely salute in leohet: nideihie with othw, chhura
form, solvent hexane or earbon divultiil.

Uses. -Qilieial aiasetuend id gebiele for tuectians, Tin sang.

times Laken erally
nna iit eadhartic in Ghe dese of 80 ml or more.

 

PHARMACEVTIGAL NECESSITIES Woo

Yaken intocnally, digestibte oils retard pantie secretion and matilily
and incre Uieaalorie indales.  Toadse ds ead in che nanuledarie af

ypap, Hapmacgaring, tard sabat ition, glycerin, hibyicants whl Go.

nyeLicn,
 

Iethyt Glente

(414 -Delideemnote acid aUesqer
Hele COE hy LMG 
WiaOG by, Wb

Vlivt obete [21 1-02-6) Copttay GHG),
Preparation: Amang other ways, by renetings ebhanol with

olsoyl chloride in the presoned of a duitable dehydrociorinating:
agen.

Heavelptlen Mahila, practically Galorlms liquid, havi, an ayured:
able daste; npecitic geavily GA68 Lo ae; pete Vadree pareve nn ng te
indine value fh Go M5: ateritiaed by hentia at Wid? for hey prapertios
ainiag fo Thane ot pbarond) and aaehis ote, but te leas wisecias cad tore

rapidly abserbel by the sigwien; boils abou 207",
Solubility: Docs oof diaiolve in weler; avingibly with vegetable oils,

niiverab oil, aleated ar aest aryiiiic sobveaits,

UneA aediiefe for cegiain inteaniuacaie iajectahie propara-
finns,

Poanut Oll

Aravhia O11) CGhrouicdaiut OF Nuc Qik Marth Nut Hl

Phe refines! fixed od obiained (rom the seed keraeds af ona ov

mure of Lhe cuttivaterl vartiotio of Araciia diypareca Lina (ain

Lagittuoxae),

Denerhplion
-

Colortoxe ar
pate Yellow, fly liquid, witli aghavacterin-

Te nutty odor ned abland Grates apeeitic jumvily (G2 lonek,

Solubility -Veryaliditty salihde in alenhol miscible willrether, chs
roforniar cama clinudfiche.

UnionA soled’ iy praparing oi solutiona far injection Coayce
HO). Thalso is ucod for making Hadaenta, obsanenta, phsters and

HOA ababate for olive wil,

Sesame Oll

Yred Oil Benne Oil; Clag ili On

"Bie refined fixed off aiviained from Che seed af ane ar iaore

cullivatial varieties of Sevan: drdieene Binine CPi Peadifiaevde).

Doseviptlon Tate yellow, almest odnclia, uily ligaid with a blared
(rates apecttie pravihyO401G 13 0.927.

Solubility. Slightly aluble der algahol: mnivaibie with ther, chlore
form, solvent hexane ay carbon disultide,

Ween oA solvent and oeftiete in afticial injuctinns. 1 is uated
muah dike alive oll both medicinally and for faded. IL dova inet

readily urn rancid, Te ndea is ued [ni the manufactureof tosmnoties,
iodized off, Hniaots, ginkmenta and oleonurgarinc,

Water fay Injection

Water purified by distillation ar by reverse osinoal, 1 contains
vo ndelal au bata.

Ceution Tt is tatended for
uae asa solvent far tie preparatian

of paredteral solutions, For parcaterad sedidruis trad mee pee.

pared wader aveptic cunditians arudaaed ateridieed by appvopri-
fe fildretian

ar da dhe final contatier, firwt render if atertte anal

thereafter peatoct it from nucrodial comtaminathan.

Toseriptimn lene, eoloriges, adielens lyri,

UaenPhernacetie aid fvohicle and solvent),

Bactorloatatic Water tor Injection

Slorita waar for injection containing ene ar mare ai laky: antin-
crobial agents

Note Give itautit dice eeyaardfor Che camyantibility of oe aindont:
erabiad arent or agents dt caatieris wel the partictar mredietral
substance thd is to be dissedned ar dilteal

Unua-Sree velicte for parenteral proparatians,
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1304 CHAPTER G6

Storlle Water for Injoction

Walar for Parantorali

Water for bijection atorilized and wuitably packaged, Jt cantatas
no andniicrobial agent or other added substan,

Pegeription. Clase, colarloat, odorlonn, deqqud,

Uses-—For (ie preparation af aff aqieeua parenteral’ soludcrons,

including those used in aadmial assays, Seu page 1647 fay a detailed
ciweuanin.

"sod toenmeshed

Sterlto Water for
irrigation

Water for
injection

that haa boon aberilized and auitabty pack:
ayo, TL eontatin to matiniderobial agent or otior adited mibalanee.

Dowaription.-Clonr, colorlers, odurlows liquid,
UsingAn feeiga ting sedetinn.

Emuisifying and
Suspending Agents

An onulaion da a
two-phase syatem im whieh one

liquid is

dispersed
in the farmof amall wobulen Uiroughout anathor

liquid that ie imoriseible with thefirst liquid. Eanulaions are

formed and stabilized with the holy of emulsifying agents,
which are atofaclants and/or viscosity-producing ngenta. A

augpenston is defined aga
preparation containing finaly di-

vided insoluble material suspended in a
liquid medium,

‘The presence ofa suspending agent in required Lo overcome

agdomeration ofthe dispersed particles and loineraase the

videoaity of the media so that the particlos settle more

slowly. Emulaifying and auaponding agants
are used exten:

aively in the formulationof elegant pharmaceutical prepara:
tions for oral, parentoral and external uge, For the theoreti-
cal and practical aspects of emulaians the interested reader
iy referred to pages 300 and 1805, More dotniled informa-
tian on the use of suspending agents is glvan an page 15498,

Acacio

GuinArahic

ho dried gummyexudate from tho atomand branchos of Acacte
senegal (Linnd) Wilktenow or of other celated Afrienn apacian of
Avacia (Kany Loininostie)},

Constituents-—Pringipally calcite, magnesium and potiusiuln
nalis of the polysaccharide arabde aed, whieh on ackt bydralysis
yields tearabinosa, -rhamnore, D-alaclon and rn tldolionic acid

containiag te ghucuronic nad ind O-yalaelose.

Doseviplign: Acadia! Spheroidal tears up to 82 ma icarieter ae

anular fragments afwhite to vellowinh white colar, tranglucend or sorte
wit opare: very dritgle; almeat adorkas; praducas i mucilaginous
senantion on thedonague. ffrde Acacias White to yethewish while, (hin
flakes. Powdered Acacias White Co yollawish white, angular miero-

xenpk: Ceagnents, Greanvlar Acacia: While lo pike yolluwinh white,
fine granules, Spray-dried Acadia: Whitt to off-white compacted mi
Atuncupbe Mayra on whole aplaeyvos,

Salubiliy.  Fnoahuble in aleahal, hut aiimeat completely nojable du
twice ita woighi. of water at reom larporalares the resulting sodution
flaws really and teach ta tenis.

Theopatiid ttle -Afcuiod or atewhelie ayiutions precipitale acacia
as ateingey mates wha Ue aieatiod ainenats taere faa dbaut disof
the talal valine, Solution ds effectad by dilution with water ‘The
nadie is doatrayod Uhrough precipitation of Giacacia by decay mel:
ade, Borax abko cats a

precipitation which in proventod by glycerin Ut
contuing enleiinn and, therefore, possesses the iieompaliiilities of thiv
ion,

Li conting a peeavidiese which netsab oxidizing agentamd produces
colarod dorivatives of aaninapyring, antipyring, ceevel, ducataeal, pleanud,
tannin, fhyned, oeadiin and athar wubatanced. Amore the alkaloids
affected ave atropine, apomorphine, cacaiae, hunudrapine, Ayaweyi-
mine,arpline, phywosrtidie and scapadamine, A parlin) dantruc-
tlon of Uhe alkaloid oeeurs da the reaction. HenkinLhe soiution of acai
ford Tow mindtes al FOO? destcoyve Cho poroxicane anal dha eclar rene Gens
tire avoided,

Unen-—Eatansively ag a suspending agent far lisoluble aub-
stancon In wator Gate L638), in Lhe preparation of araulaiana (pages
208 and 1604) and for makbog pila andl trockos (page 1004).

lida usad for Ha demudeend action In iiflammations of the tron.
or stomach,

Tar olutionshould net be used aga subaiitite fay sepium
protein

in tho Grontinenl af abock and as a diaredie in hypoproteinemic

dima, vince te produces variouy ayndromon Lat way result in
oath,

Aguwoiy Maeitage [Micilaye of Guim Arabic] Preparation: Place
acacia din damall fragimienis, FAO ye) Toa gindualed battle having

a wich
meu lind a capacity wel yrend ly exceeding 1000 mL, waal he drupe with
eld purified water, allow tk lo dri and ade etough wari purified
water, Inowhich benzoic acid (2 9) han been dissolved, Co male Uae
produck méasure 1O0Q nL. APLor lepperings Jay Cie botle on ils aide,
rotate iL aucanignaily, and when the acacia hie dissulved strain (ye
Hiueiape, Ae ade arizy be prepared cs

follows: dissolve henoig acid (2
in purified water (400 m1) with Ghee of haat, and adel the sajucion tu
powderad or weuular acacia (M0), ina moartar, (riturating Wile the
avacia ik disseived. ‘Thon sakd mifficiont pacified water Lo rake the
protuet ouahiine L000 vn. azul ateain if necessary, Chia aeeond mettiad
in primarily for exdeaperanieuiin propanation. Uses: A deatidront ane
a awaprading agent. EO oalko haw heen anployad an any exelaiend in
making pie and beaches, and as an eriadetfyiag aged for cod liver ell
and other wabatances, Cautionsd¢ aux’ be free from nolapaay athe
tadinaen af decampasttiian,

Agar

Agor-Agar; Vogolablo Guliting Gelows: Chlnoke or dapanosa Gelatin

‘Tho dried, hydrophilic, colluidal wulstance extracted [rom Gall-
dian cartiagineum (Linn) Gallon (am Getidiecvae), Gractaria

eonfernoides (Linn) Greville (fam Sphaerueoccacede) and related
red algae (Chinn Rhedouplyceae},

Jonstituenta-Chiefly of dhe calelim aadt of a
galactan

meno

(acid sulfate),

DeseriptionUsually iv bundios af hin, wembranes, agglutinated
alvipa cet ioc, Cadted,

ar geangiited fernmay be weak yellowish
orange, vediowinh yeray to pale yellow or cota Lowy h whea any,
bettie when drys cxtoriesn or will a wigdit oder, prodvoes.

a ovucilaginar
xenmntion on Ube tonge,  Adso aupplled an awhile lo yellowigh white or

pate-yeliow powder,
Solubility.Iseluble in cold walar saduble in boiling water,
Trcompnlibtlidhesdddother guris, (Lin cledydeatect and preciptlal-

ad {rem selutign hy dteahed, Paanic acid causes
precipiiadion; efedit

fytes Guusd patildebyderation and doeroawe in viscoricy of aola,

 

Unng--A relatively ineffoctive bulk producing laxalive ured ina

wuriely ofpropriciiey calbarties, [ro niineval oil cmulalena if acts as

watabilizer, Che usuat dose is 4 4o 16 ¢ ones ar tiona day,
Li alse in used in cilliee median for bactordologi¢al work abd ia Che

Winufiebice of ier cream, confoetionarhyn, ate,

Alginic Acid

Alginic acid [9005-92-75 (averageoyuivalent weight 200); a hyd
re

philic colloidal carbohydrate axtraatod with dilute alkali from vari-
cud

apocios of brown neaweode (Phatphiacene),
Preparathone-Procipilates whenan aqueous solution of Sodiaa

Alwinate is treated with mineral acid.

DoseripiionWhile lo yellawiah white, ffbrous powder; odorlont Gr

pracdeally odorless, and Grataloes 2H (iin 10 dikpeaion in water) 1.5 te

Wty (QA Nath, 208) dab,
Solubility... toawuble dy water or

organic solvents: aolabke in alkaline
sohaGion#.

UserA phermaceutte add Qublet binder and omudluifying
agent), Tin aged as a

aiviye agent fn Che paper and textile indus-
rita,
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 Sodium Alginate

Alpinic acid, aoiliann aadt; Algins Mamueol: Morpgiin, Kolin (Xvtes)

Sudivis alviante (YOOO-H-4F Civaraye ae divalent weal ae): the

purified carhebyderate produel wxtractod fram brawn weaweedhy
Whe ose of dilute alll. Ch conmists chtelly af the sadivan salt of
alpine acida polyuranic acid compout of betel mainaurcenic anit
residiiod linked ao -lnd dhe carboxy? preup ad eneli unit is fro while
the aldehyde group in diddesd by a glycosidic linkage.

Doteription Nearly odorkesas aad Ginteloga, come ve fine powder,
yellowish while ab color.

Solubility Dissalves in walor, forming
a viaeous, volhaidal solution;

insoluble da akeahot arin hydrualeuhotic salaiionn ii whigh Wie aloalul
contene da greater Linn baad 40%Dy weights inaalabhein chderufarin,
neers an acide, when ie pDaf Lhe sebidion brecmen lower Gian abot

UsoA Uickeiiny and emulsifying ayerai TKis property
avikes Tt tbefal doa wadety af areas. For exami, ib id umedd to

impart amoolhneas and bay to tee ereum and ta prevené formation
afies parlicloes.

Bentonite

Wilhinitn, Soap Chay MinerSoup

Bentonile [PAR7s-O)
a

nadive, codloidal, hydrated nluminam
Hélioales,

OcourrenesHontunile ia found in Ue Mid iweatal The US ane
Chonada. Originally ealed Taxtorite alter ite digcovarcr ine Wyn
nitty, a name wos changed bo bentonite after its dincavery in the
Fort denton formation ofthe Upper Cet aceou af Wyoming,

DoscriptlonVery fing, adorlon pewslor with a
slightly earthy taste,

frac fram peril Lhe powder is nealy while, bul may bea pate huff or

creominecolorad,
The US Geological Survey dam defiyed bentonite ai Sa Gransporter!

atralified clay formed hay Use alteraGion af volwunke au shurliy ater
deponition.” Chemically, it it ALO.870,020 plus other minerabs an

epurities, LL consdate of colloidal eryalaliiae plates, of losk tan micrsa

senipic
dimenasiona in Chickness, and of eailaidal dbyenaonn it breadth.

nis fuck secounts for the extreme ewelling at occurs when Cia pliedin wader, dinewater panedradqn botwanin ain pafiadte catdier of
qates, A gone apécinen “wells 1 te $4 dies its volsane,

Selubliity-—Jnaolubio in wate ar aeids, bat i has thie praperty af
adnerljiy ire quantities of water, ewelling io appreximnately [4 Ween
its origin) veloing, anil Corday highly visegue bhiactrepic suinpendionter

ged. Tie properly nade HH tighdy anefu) iy paarnges. Els pret:
forming property is augmented by Ube addition of rial) anata of
allcaline substan, sdeloas mayestexide. 1 dees net awedl in

aryqanic solvents.
Tncomprlibtlithes

=
Aetds and acid salts dace Tb waeler iabsarbiiy

ewer and (hus cane a breakdowi pf Che mig. Sutpeniisne are mend
ntabte na pid above 7.

UsoA proteetive colfofd ti Che atabittantion of arspeastuas,
Hooked haa been used aa an onilnifier for oil and aaa: hase for

antors, aintndais ind siinilar preparations,
Hontano Mapir-“reparatiag: Sprinkle bentenite (60 gh in por:

Lions, an hot purified water (80009, allowing ach porisan lo Brean
Lhotnayhiiys wetiod withant stirring, ARow i fo adnd with ocean
abirchay forhe Su woh andforn mga de obtainged, qd pavifiedwater Lo nalie 100g anomis. “Phe magma may be prepared: nlaa ly
ncebiniend evans se) as ay

uae ala Glevdas, as Colliwar Place purified
wlan Gabo200 4) in Cho hlomler, and while the machine te useing, adel
hantonite (a00, Add purified waler la nialce ay to alaut 1000 poor up ta
Cho anerating capacity af thdibendler, Elona tha indstise for obo bmi,
ade purified water tpialke 1004. and nig. Uses; A suspend agent
for imnalahle medionmerla.

Carborner

Carboxypalymedhylore

Agymthotic hil notecttiywoithh cross-linked polyanoe af acryl-
ie adhd: containe GA bo 68%of carhaxyde acid (COOH) peoupa,
Tho vincosily of a neutenlized proparation (2.5 4/500 ink water) ie
30,000 ter 40,000 centipoises,

DoneriptionWhite, daily powder with a
alignt characteristic actae:

hyprescoapie: pl Clin LUO disporsion) about th specific ptevity alow lt,
Salubrlity Cacutralver! withalkali dycrexides

ar amiges) Dissolve
in waitor, deahal and ylyeerin,

  

PHARMAGKIUTICAL NLGEOSITES 13908

UnoA thicken. suspendiag, dispersant and enueaifying
dara? for pharmiceuleds, cosmetics, waxes, paints aid ather in
duatrial prockscta,

Carrageonan

Cartagena O00-07- 1h
Preparation. “Pho liveraotidd extracted with water or aqucuius

alkali from ecerkrin red seaweeds of (hire chon Adraduplyecede, anil
yopuTalor from Ga galution by precipiuition with alouhot Cretha-
nal, ellen) ap iseprapanel)

ar
by crun-roll drying ar droeging,Cloudd tudeEid a avicibile mi lote of potassiacy, sudiina, catenin,

TaeEa LATEa aleeeslere ob yodlaetanderied a0-cuiydea-
galuckise copolymers, the hexoses being allernately dialed a 14 aaa jb:
{ain the podviner. Phe Cheer main typo of capalynsers progenk qe

Aepo-earraymonin), fotciarageand: fede oareageeniag, whiel
differ in the composition aud inane al Titkage al manamneris unibe aid
Che dared al adiftatien (the eater aolfale can lon’ for cartagedians varies

from
Hie WO), Kappeconapeenan aad fode-carrageenan

are Ue
nella Meacdions; daariede-earragecniny if Che neigolling faction. Che
gelling fractions ity la separiied from che nangelling draetion ly addi
Von ef palin clloride (ain aqueous elution of carrageomin, Car
Tapiena bepanided bye drunieral diving day contain tetaril li:
plyeutinies

or yp fa SMe! pobvscrlinlie dG ged an ped bad rippin, apenas,

 

Deseriptien Yellobrewer to while. coarse Lo fie peaveer; ocesrlaas;
tastdlors, produeinig aang lapis detanacion ony Che: Lantus.

Hofulidity: -AT catrageniis hyde pias in aolwile, buonly
fambaterarragemnin aad sodium carnigernane disnalve completly.
Galliaeamaynendns require hentia, fa abou, 80° fee complete eotud an
whore pation and cniciim tong are preagn,

Unex Ti Mie pharniaceatien| nad food ieduabeies as an ornilaify.
inye aumponeling teal polling agent.

Carboxymathylicaltuiasa Sodium

Cairbowe 2: Chirbaxsiniet hood); CMC, Coflutone Gain (fereutes)

Cotlulosa, carboxyaedivl other, sadtum wilt {004 deed]; comtains
698 af sodium (Ma, cajculetod an the dried basis. 1 ig avail-
qbhe in eevern] viscosily Gypes: low, mediuan, high and extrs lips

Doworlpioa White lo caaecolond powder ar pavers Hae pow
doris hygroscopic; PALO) in LOO aqua sehation) about 25,

Solubllity. ltusity dispersed in water bo form collujdil solutions; iv
soluble dar adcodiel ther atgst albier orginie selyeuta,

Grow Piremecedie add (susponding agent, (ated exeipiant of

Viscasily-inarenaiag aed). En tailed Coen (bin used aga lyalrop hil:
ie colloid laxative,

Done-lsual, adudé, daxatios, LB dor d Uines @
diey,

Dosage Foro: ‘Tibletu S00 says,

Powdered Ceitulose

Catilone fl00d
He

-G} (Cab gGhi7 purified, mochanioally disinte-

7tated cellutone prepared by procesiing alplia cedlidese ald iabteadd aia

pulp fromfibrous plant materials,

Deseriplion «While, odarloi substance, cusedsling of brown parti:
glog whieh aay he eainpeersed fiom! binding Gibleda whieh clisinee:
hate rapiddy in winter: axdate ja saunas pales, exhibiting dayereos al
Tingnead rangiCrom

a feeofowl, dense powder loa eoqras, Matty,
honflewiny neteriak pl Gaupornatanl liquidl of a 20 g/80 rat, acpueanis
ALNgutedian alter Thin} i te to

Salwbiliiy(nenlahte i water, dilute acids ar anarlye all uryeinie aad:
vearln slighéty solubte in NaQe) sobation CE ter 20},

 
 

Uno Phareiccoutie af (tabled lgent, adaorlant ar
suspend:

lage cyperuit).

Calyl Alcohol.page 1412,

Cholesterot

CUrolodl-fecn teal aig). Choalesterin

Chelout-G-onst-al (O7-HH-G] Cag iL€) CHa6.66).
For Lhe atietaral formu, sod pago a8,
A ateroid alcohol widely dintribuled in the animal arganian. lay

addiWian to chalentovet nd is caters, aevaral clogse)y relied eberoil
Meshola secur in the youle of epya, the benin, antih, fish olla, wool fas.
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1206 GHAPTER 06

(10 Lo 20%, ote, ‘Mhese dosely coaem bleit in propertion, Qeof the
methods of coummercial procuction iovelvos axteaction of itfrony the

unanponifiahla matter in the apinal cord of cattle, using pelrolewn
hangin, Wool fat alve ia axed aa auurce,

Baseription White er faiidy yollaw, almont adorlass pearly leaflote
Or prienition anundiy acquires

a yedlayw (a pate
(aut calor orp prince

exposure 10 Hyht or do olwated Comporaturest melts 147 bo yay",
Solubility: tnyoluble in water: a yp slawly diixolves in 100 mL of

qlesbul ar ahow) hO ml af dobyvdrated aicohal; snluble i asetuae, hot
aleohol. chluroferin, dioxins, efbor, ely acetata, aulvont hexmae or

veqttabeteeiln.

UsesTo enhance inearparalion
and onnihifieation of medicinat

produeia iiallnor tals. Mina plermaceution! nercenalhy Toa Piyaiee

philie Petrofetian, in which ienhances waloreabsorbing cHpally.
Seo Chapter 19,

Dioclyt Sodiud Sullosucclaate (Docusate Sodium)-—-page
789.

Goalatin

White Colatin

A product obtained by the partial hydtolywia af collagen darived
from the akin, while comiective tissues and bonag of animals, Gala-
din derived froman acid-treated precursor ia known ag Type A and

oxhiblia an jnacleetric point bolweon pH 7 mad 9, while gelatin
derived from an alkali-Ceoatad preirgor ia kiown as Typo 74 and
oxbdlts an iaoolielric point between pH 4.7 and 6.2.

Gelatin for uae in Cho nuaufaatued of caparulog in which ba adtis-
pongy medicines, of Far Uhe coating of tablets, may be colored witha

certified enor, may contain not mare Ghan 0.15% of aulfur dioxide,
Inny Contain a Bubb cancentration of sodium baryl sulfate and
seable andimicrobial agente, and may bave any suitahle ol
atrenpth thatls designated hy Bhaom Gelometor noniber,

Regarding the special gelatin for ane in Ube preparation of emul-

rions, sie fatudsions (page To44),

Doveriplion-Sheats, Taken or shreda,
or a enarae to Tine powders

faindy yellow of amber in eobae, the gobor varying in depth according le
the particle size; elight, chaeacteriaic bouilion-like alge; statiin air
when dry, but is eabject la microlinl decomposition when mabut. or it
salution,

Solubility Lnaohibie ja cotd water, but awellit and goftenn wherim.
moracd fa it, gradually abaoriing fran flee 1Q camedia own weight of
watort aluble by hot water, deede acid or hot mixtures al ylveoria aid
wali; Insetible Lp aleghel, elilorofarn, ether ot fixed and volatile oils,

 

Waowedn pharmacy, to cond pilla and form capsules, ond aaa

vehicle for suppeailorios. EL atso in racommendnd ag an emulatying
ayont, See under Avnuisigng in Chapters 19 and 89, alia Suppasi:
faries (pute FOO), and Adsorbatle Gelatin Sponge (page 816), Vt
Ajvo bine heon used ag an adpuvant peoloin food in malnadrition,

Glycary] Monostearate-—-page 1912.

Hydroxyothy! Geallulose

Colluhong, 2: hyd raxyathy) ethers Getloaise (ato Carbide); Miatrogal
(Hercules)

Coluhise hydroxyethyl
athor (004-62-0],

Proparation-Collose ia tronted with NaQh anid ben reagted
with olhydane oxide,

Rowtiptiog.
.
White, odortenn, Liataloms, Freo fhowing powder, sultans

at nhout 137°) rofpactive index (2h solution) aba hadG, pH about 1
iby biota ate nenanie,

BolabilityeDMasotves rondily Us cold ar het water lo jive clear,
fmmoelh, viscaua melitiota: partkuly sebubla in aicetie acid; banalin
Mest organic Kolverns.

UnoResamiblos carboxymethyl oottilosg aactuen in Chat ie ica
codutose ather, bud differs in hating nonionie anid, henen, danalitieny
ave unaffected by callom, Ibis used pharmaceutically ava thicken:
or, protective callaid, bindod, atabllizer and suapanding agent in

minions, jellion and aintndiets, loviens, ophiialmic aaluldons, aap.
port Larion and tablata.

escumnaubathaltdd? 11/42/122nrmnaledenenRETINeenNLa 

Hydroxypropy! Callulaue

Cellutons, 2-hydroxyprapyl ether; Kluced direenden)

Calhutose hydraxypropyt otha(fkid 64-2],
Prepnration--Afier treating with NaQtt, cellulose ia reacted

with propylene oxide at olevaitod Lampariiire and prenaure,
 

Dosorlprion--Oitewhite, oderloss, Gindelenk powder softeae at En!
Veurig cat cempletedy bert 17° in Ne ar Oe, rafracdive index (24
eoluven) about Laat, pH Giaieeui sedition) & le H.8; welders are
Aone.

Solibiltye Soluble in water belay dO" (rigndlubde dave ls? ); aphids
Tomany polar ocginie solvents.

UnesA broad combination of propertios useful ina varigty of
indugtrion. Th is used pharmacculically

ag a binder, granulation
went and fili-coutar by the manufacture of dabletay an aleohol-
soluble thickener and guaponding agent far adixire anid lotions and a

stabilizer for qaulsians.

Hydroxypropyl Methytcaiutasa

Cellulone, 2 hydroxypropyl meet byt ether

Cabulose hydroxypropyl methyd ether (0d AG.3], avaiable in

grades containing 1.4 lo AQ0% of methoxy and 4.0 to QL0% af

hydroxypropoxy jeaupea, and Liv in viscosity and Uieraud yoluttan
Lempernturen of poltions of apecified concentrating,

Proparation--The appropriate grade of methylealluloge (age lin
tow) [a trondod with NaGHi and reaeded with propylene oxade at
wevatad temperature and prombre and fora reaction Cine wulfioiont
1o produce the deaires! degree

af attachment ofmethy! and fyilroxy-
propyl qreupes by ebher linkages Lo Che anbydeydcun singe af
celhulowa,

Deseription- White te slightly off whing dibeoun or geanilir, free
Howing powder

Bolvbiliiy-—walla in Waler aod preaduees
a dear to opalenant, vs.

cous colloidal mixture; wodergogn reversible teandforiiadian Crow aod be

peda howling add cooling, roupecdively, Timoluble av anlydrous abeotiad,
othaar ehlarofer im.

 

UsogesA protective colloid that i useful aa oa
diaparaing and

Lhickening agent, and fn aphithalinie walations to provide tie de-

muleontaction and viscens properties daxcHtial for cantuct-lonk use

and in “artificialetaar” formuladons, Sao iydraxyprepyd Metal:
deliiitose Opheitmie Sedation (ynge 7G),

Lanotln, Anhydrous-page 1311.

Mathytcettuioss

Celidoun, madhyl ether; Mediacel (Vw); Cetlatliv? (Warner Cagfeare);
Hydraloge (lipjatad: Syneatine (tie Line)

Cellulone inetliyl other (2004-67-0);
a

methyl other of cellilose
Gonnina27.5 ba LSS of metho y oupa,

Preparmtion-- dy the saaction of mothyl cioride ar of dinetty!
sulfate on coliitasa divealved i sodiueni Iydroside. ‘The callulose
methyl ether se formed In coagulated by adding methanol or other
ayHable ago. and centrifuged. Since cellulose haw d bydroxyl
rrenipa/plugone revidue, several motayhedwise cabo made vary

ing, ationother prapartios, In solubility and viscusily. ‘Types
deeful for pharmacdudieal application contain Crom b ta 2 methoxy
radicala/plucosy renicdie,

PDageriplion
|

White, fibrous poawiler
ar

perils; Aquod ATAPI
gions Houlral Lo Titianatible to allatios and diluteaula,

Hotaddlity: Insoluble fi ether, alohal or chioroforay; solobbe in dh
ela weetieaeid and faa radsdure ef equal parle of leah) aud ehilurofaren;
awolis dailies, producing aalear to opuhuwaend, viscous coluidal sot
tion; Tinohuible in bel water and matueated aall sohathann: salts of mineruia
acids and particularly of palybasic acid, phenols and tints conyutle
inoualudions, but this ean ie prevented hy the addition af alechel at of

glycol tical,

UseA
aynthotic aubstitane for natura) ume dat has both

pharmacetutic and dhorapeutic applications. Phariinatarticully, if it
vsod ana

dinpersing, Hhickening, emudsifying, sttiag and ecatl

arent. Vida an
ingredion£ of many nese drops, oye prepiraiions,

Buen predictions, cogmetien, Laoth puatos, liquid dentifrices, hair

fixatives, crema and lotionn, Th fanclions aa u
protactive colloid for

MYLANINST. EXHIBIT 1013 PAGE 240



MYLAN INST. EXHIBIT 1013 PAGE 241

—

muy bvpes of Ubipersed dubat ances and iyiaffective slahaiqerfur
eidin- wale gnulatans,

Thorapautically, if ue und ina bide dievadiow in the treatment af
ehrauie cansdipecion. “Baker with | ard ylassesfiul of wiator, itfornis
a colloidal solution in the upper alimentary back thig satution loses
waler in the colon, forininy a get thal. dierennen ie bulk and sofiness
af Che atoal, The gob ie bland, demuleont and wonireitaling Go dhe

gaklroindedinal bevel Quod a permal adeat develepa, Lhe dose
shod be reduced toa level adequate: ter oiaintenaace of pron
Tonelios, Althouggl if tilies up water Crom Ube gaatroditontinal

taal

wana: readily, mebhyicelilone Galley hove gaused focat inpaedan
and inteviinat obstruction whefoles with a linvited amount of
wiler. Jlalao is used ned

Copicalophithalmie protecuint, in the form
af (AG to 2 andutian acarvin:

as artificial tear or a contaclens
nolition applied Lo the conjunciive, 0.05 te Ob mada line, bord
dmesg cay as powded,

HoneCsadt as laxotive, § 410 gy with water, 2 (a4 Limes aday.
Dose Paros Tableis: 600 nyOphiliadyie Seluiion: 0.5

uel )%e SynapseAOomL.

Octoxynol 9

Polydusy faeedanediyl ee be), LaleGanetiylbutyl phani
aa:

hythragy:, Gel ytphanosy Potvetoxyvothimel NI MJ

we aan
ule, ‘

mie).
TA,AT (he

Polyethylene ityeal

+

nan
1,8,Aedramethylbuty)phenyl)

eLher (002-93-
1 [han anbydreus liquid mix tare af mare.

pe(Lay

letvamethylhulyl)
phony! others of polyethylonn wlyeals in which

varios fron & la bf, and whieh han an
average molecular weight af

647, corresponding bo Che forrala CagoO
Freparntion ay reacting pl, t)4- Lotvaungtlyuty dd

palime)with ethylene oxide ab olevated temperature under prasmure in the

progenee of NaQi,

Deseripd ionOlea, pale yellow, viecaias liquid, having,
a fate odor

and a bitter Grate; specie peavily about 10Gb: HG) in POO) maples
weblion) abatek

Solubility.Miscible with water, whiuinhe! ar deetune aghudle fr han:
gene ap boliena issoluble in sober lesan,

Unow--A nonionic detergant, cmalaifior and
disperainpg aye,

1

jaan ingrediont in Nitrafirasande Sulntien, Bee Podyarhydane Gly
cat {0 (page 114),

Olay! Alcohol

WeOletadeabal, (4). Abdo) ag OSA)

 
CUAEG Hw

A Mt Dating

(2)-0-Outmcdecon-Leol [14-282] Cady? (260.48). x mixture of
ungoturated aad aaiurated duph-molocularaweight flatly akcohols

consisting chivély of aleyl ateolial,

FPreparation-Qao mothed reacts ethy) olewta with absolute
athanel and matatlie aodiua (eg Ayn Codd dae: d's, 1668),

Doueehptian
—
Clear, cobardons G9 light yellow, aid} ligniel; Tink chee:

lorie adex and bland taute: iodine value hotwear Bh ind UO; hydroxyl
valuc between 205 and 215,

Solubility
-
Salute in algadol, ether, kepcoapy? algaheal ar light tin

era) oil imehitabe i walar.

Veen 4 pharmaceuticalComulsitying agent or emolliont).

Polyvinyl Alcohol

Bdlienel, haiapelyinercB

siege
tle ba

Vinyl alenbol polymer [W002 4S] (Gehan
Proparation

—
Polywdnyt

acotate ie approximately
sath hydra-

lyzed fi a malthanol-malhyd acelata sulution using either mineral
nedd on alkdi ane a cadulyand,

 

Daseription. While to creane-celured power
or ttatiales: abavloss,
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Sohdalily.Vronly naluble in water; aohidion edfoelend vase
rapidly il.

dumewhal alovaled bamporataran,

UseA auaponding agent and emulsifier, oii har with ar within
the aid ofnuyfactiad. 1 commenty in anpboyed ngabrieant and
Broleckane da virieun aphthalaie praparntiona, auch aa deconrow
iaats, arlificial dearand contaol-lens products (see page 19d),

Povidone

YAyavalidinang, Dolhenyl, hamapelymer, Palyvinylpyeroliciisy PVP
.

WHCH,
©

:
.

I :
aMgtd

|

ee
Vinyl? pyrroidinone polyarar (QU30-8] (CryNO),. a ayn

thetic palyiner commiting of Traear Levinyl at pyrralidinene pron,
tha degroe of palyanerivahion of which results in polysiors af varia
molecular weights. [is produccammerchally

min werien af prud-
ucla having mean Mmolecolir weights yanyging Crom abet 1,000 to

Aho. 700,000, ‘The vincosity of solutioncontaining LOG or teas bs

osaantinly the saiie ne thet of waders xaluilians mere conuerirated
than ie bacome dnord Viscous, depending upon (he gancentrntion
ane he molecular weidhitef the polymer unod. Tbeantaiing 14 to 10%
of

nitrogen,
Fropuration--1,4-Brtaiiediol ia dehydrogenated thermally with

(he aid of copper toe y-butyrolactone, whieh ia dhen reacted with
ammonia to form t-pyeralictnene.  Adelitien of Che later Co aeutye
jane yielde vinylpyrrelidinane (manamer) whieh is palyimnerized
(hermially in the presence of lydragor peroxide and anne,

Pass
iption

«
Write bo ero

white, odorkess pawn, byyroneapic:
PLEO) dn 20 pelt ins) te

7. :

Solubility: Setnblo in weer, aleohol ar ebdarafariny, tasalitle is
ethor,

User A déapersiag nod suspending agent i phiammaceutical
preparations,

Propyfane Glycol Monostearate

Oetadecnoic acid, mondiader with | dprapanediol

1,2-Propanedio) mapestearabe [aSnomicduse af the pra
pylonglycol meme. and diestere af alaarie and palmitic acids, 1
containt nol loss than 80% of maboorters of saline) Gathy melds,
chiefly propytote plyeol monostearnto (Cad ats) and prepylena
glycol moandpalinitale (CiplaGah,

ProparationBy roaeding propytone glycel with slearey) chlo.
ride in a suite dubydrechiorinaliag chviransieayt.

Dasoription. White, wax-like soft ar white, waxcike: began ur
flakes; slight, agrecnisle,

tity.
adorn and fanle; congeata aad bower Cla

AS iad value het arore Chad 2) naponifcaton value 186 ta bids byelraxyd
vale

TAQ ba P70 peda vidi: mot ccadiay fh
Solubility

©
Diselves inorganic solvents auehoim aleaiel, minerat or

fixed ale, Dengeng. other or acetone: inseladle in water lat may be
dinperned di hot water wath the add of poesall nian of sospeor auer
HoT adde quelyee silver agent.

OseouA stirferctaad, Tt ig particularty naedul ag a disperning
ajentfor perfume oily or yil-saluble viteiin in water, and i ces

medic preparntians,

Siticon Dlexide, Colloidab-paga 1426,

Sodium Laury! Suifate

Sulfuric acid manalodecy) ester
sodiin nally bina, Dupenal C

(Orpondh Cardinal WA (Prete & amit)

Sockiam monodadeey! muilfate (51-3163);
a mixtare of aodiun

alkyl aulfates consinting chiefly of agdiumlauryl sulfate, ‘Phe com.

bined cantont af sodium chlorice anal sodium sulfate ta vat riage
than 8%,

Preparation the fatty acidy of cocoriitoil, consisting chiedly of
lnuric ackl, are catalytically hydrogenated to farm tie eorrdapond-
ieeohala, The latter are Chon ontevitied with mulfarie acid: {aul-

tntedl) ane the resulting mixture of atleyt lisutfatge (alkylaulfurie
nels) ja converted inte a mixture of godium onlin by reachiag with
What under controled eouditions of pH,
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Doseription.. Small, white er Hick yellow eryadila bovine a wight,
characteriatic citer,

Solubllitye f gan Onl. water, forming 07 opalasent solution.

Deora tbihition..tencta wilh eafionie surfioeeretioe agenda with
low af aclivity, evan i coneentealiom: Len daw le Gane

preeipitabian,
Unlike soups, Cid compauible with difute neids, and caleiinandl magi
HiUty toda,

UserAnenulayay, deterontand welding agent in ointments,
jnakh powders and other pharmaceutical preparations, and in Ue
metal, paper and pigment indusirign, See Chaptari and a7, 

Sorbltan Eaters

Spans (Attias)

140,

crpe Cityin

Sorhitaw oateran (monoleurade [JASE
AD8): moneuleaie [Liked

A]; monapafmitate (2G200-H7-0);
manawtearate [L8ak-4l-G]; cle

loade [26266-5H-0): drtatemmate [2OGKR.19-65]).
Proparation--Sorbital (i dehydrated to form a featten which ia

thon asterifled with the dastrad fatty acid, Seq Podysorbates, pape
1914, whieh are polyethylene glycol othora of sorbitan Paty acid
SALUHYA,

DeserlplionAfaaataerate: Amber, ody liquid; miy became hay
ur

forma
precipita; vincasity bent 4gi0 epHLne d.6) acid no 7nas;

rApOrTCutian
na TBA la 17, hydroxy) no 380 to Ai. Mfeneudeate,

Arbor fiquids vingority about (O00 epi, HLT me dy weld no 8.0 nix;

aaponifiention
wo 146 to 160; bydroy) na 1to BT, Mongpaladiada:

“Sin, pana wary dolid; HL ne 6.7) acid no 4 to 7.6; saponiGedtion ne
140 to Pht; hydroxyl na 276 10805, Monustearate: Cream to tan bonds;
Hd noacid io 5 bo 10s waponifieation nad? to Lav; hydroxyt na 2a
to 200. Trdafeate: Ambor, olly liquids videosily aliout 200 cps) HEAR na

LH acki ne Hignax: gaponifiention ao L010 EO: hydrenyt
io Gf to 20,

Tristearate: ‘Tan, waxy beadig PLY we 2.7; ack te 12 be 1 nape fies
Giana176 to Lalbycleaxyi no 86 to 80,

Sotubillty--Avgualaecate: Bolubla taomethanol or aleahol; dixpers-
ibie fn cintifled water nad hard water (200 ppd; insoluble in bard water
(0,000 ppm). Monneleate: Soluislein anal, mineral or

veretable ofl,
slightly salable inativrs didperdible in water; innelwile bn acotone, Afui-

apalmitate:  Tivperathin (h0%} fa divtied water or hard water (2G

pins seluble in ethyl aeetatay iameluble ty cold dingwater or hard
water (20,000 ppm). Monextearate: Soluble (aleve molting point) in

vegetable alte og minarat ait insaduble iy watar, alcohol aid propylone
glycol, Prigtemtes Salule in mineral oi), vegetable alls, alechol or

methaicd: inaoloble in. water, Westeurate: Sohblo hi isoprapyl atea-
hal finale fo water,

UsesManionic surfaetands Used an inulaifytag agents ty ue

preparation of water-in-oil emulsions,

Staarle Acld—page 1312.

Stearyl Alcohol

L-Getadacanot (Af Chadd) (270,00); contadin not leas UniS05)

afatoary] aleohel, Ue remnindas consisting chioflyof eoty] aleohal
Joint)

=
24244).

Froparation---Throughthereducing action oflithium aluminin

hydride
an

ethyl wtearate.

Dovoriplion--White, anetueuy Males or
granular bavia faint,

charactorintic oder andi planed takbe; mgita fo bo 60°, ;

Solability-—Inacluble ba water, aohuble in algghal, chlaraforina, they
or

vogiiahie oily,

Uron--A surface-active agent used to aftadtiiee eniudaiensa and
incroasdtheir allity do retain large quartition af water, See Hydro-
philic Ointment (page1012). Hydraphitie Parratatuam(pagal),
and Chaptora 1) arid 47,

Sterculla Gum-—-page 746.

Tragacanth
GhProgenncks Hey Gai GoatPhorm

The dried guaunyaudition fram Astragadus gutefer babillae:
ditre, or other Avintic apocion of Astragadies (tan, Lagemtansag),

Conntituenia---G0 te 70% basworii and 80 Ga 40% soluble pum
Ceeagacendiiad, The basnorin ewatiq in the preienes of water to
form a

gel and iragacanthin forme a collnidal nolutian,  Bassarin,
conmiatnig of complex mathowyla led acids, rouernblend pectin, “Pray
geemithin yields gluicwyonic seid and arabinoxs when hydrolysed,

Deacription-Maitianed, tumellatad, fruquently eurved fragments or
aLraiphtop apically iaviated dined ploede Of bo 88me in thinker: while
fe wonl-yollow in coliny Tranakacont; horiy in tex tua: adorlenus lntlpsd
mucipinoUE Late, Wheea powsdored, itis white to yellowinh whita,

‘

Intreduaed late water, deagacanthabiarhs a
cartain preparlion afthat

liquid, awelle very much, and foyna nsert adhesive pueda, bu. dens net
dikaolvo.  Pagitated with wi execof watur, Chis paate forine a wanrenya
mixtive: but in the courod of bar’ daya the prealer poet RepANTOH, cadet di
deposited, having

a
portion dissolved in the supernatant Chadd. ‘The

finent mucilage ia ollaingd fromthe whole jum se fate foro, Several
dye uhoukt he altowed far obtaining anifarm enedlaye af (he mal:naa oh steamygth. A commen acdultarant ik Kaneva Gae, ant Ue
GAP/MI? bios ThGraduced Ganda bo detect itt paiaoice,

Solubility. dnaehible da nicola,

Unos--A suapandiiy apend in lotions, mixtures and extanporn
Tous

preparations and preveriptions, Tt is used with aniadadying
agenta dncely Lo ierencopsiatoney and) retard creaming. te in
sometimes ured aan desided in sored Unreat, and the jellyelike
product formed whothe giais alowed to wwell in watar serves aga

basin for peinrrageoutical jethion, eg, Bphedelie Sulfate dediy. Lt
lag da used dn varidie confoctionory proces. Ca the fori ef i

iycorita, IL had heen used aga
pill excipient

‘Tragacaadh Mucihige —Preperctions Mix gdycarin Cle) ith puri
fiod waters (#6 oy) tia faved senna, beak Che mastee boli, dso
Hinge the aaptiention al beat, addb traptmeanthy (6 2) and bondole acid (0.2
and pacerate the mixture darhig 24 br, stirring ovenilonaily. "Chen
ackbenough purified water Co diake Hee mixtare weigh 200 yp, suit actively
until of unifardy comadataney, and strain forcibly through rausiin, ses:
A auaponding agent far insoluble sadisticta tater} nixiuran  1Cis
(ROprodeod ie agent.

Xanthan Gumi

Keoltral (Relea)

A high-malocular-weight polysaccharide guint produced by
a

pure-cullure fermentation of a carbohydrate with Neathononds

campestris, ion purified by recovery with inoprapyl aleohed, dried
tnd inilled) contains b-ducean and b-aainnarde ae dhe donna
hoxese waite, along wilh 0-glucuronic aed, and in prepared

aa sould:
unt, potas

or caldivan sais yields dat to 4% af earhon dion ide.
Preparation.See above and US Mata tht,708 mad 3,607 096,

Desevipiinn While ar eream-colored, liabetvan powder willt a slight.
onuinic edar, powder and salulions vtadade at 26" ovlease; dees not oxhiliit
polymorphinm, aqueania aplugienn ace genatral Go lips.

Sotubility-—J poinaout a ne. of aleehol; sahabla ia bob or cold water,

Uder--A hydrophilic colloid tu thickon, suapend, aaulsily and
atabilize wlan based syatoma,

Other Eamulaifying and Soaponding Agenda
Chandens [Jrish Mow: Cacrageenan)- The drigd quy-Dlegeleed plat

of CHondeus erivpre (Lid) Stackhoun (Fam tgartinaecae), i faas,

Trincipally,
Wein chntailying agent fay Hid petreladunn and far col

liver oth Ltda alia protective,MatteThe partially jomtiated praia! aid at more variotien af
orden atdyare Liand (fam Granade) and eatinanytalyiic

at:
ayn. Yallowish or apber-scelarad pening iiving a charactarig(te ater
Andon syweel taste. ‘Pha evaparntes agama extract conatibudes mdi
extract,

Mah ixdiriet-The product obtained dy extracding malt, the partial
ly and artiflelally garininaled grain of ane or more varied ion ad Horde
balgare Laid (any deeded), Caer. An infroqnuend ly carte ermudnl-
fying agent,
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Ointment Bases

Gintmenia are semisolid preparations for external appli-
cation to the body. They should be of auch composition that

they kofien, but nol
necessarily melt, when applied ta she

wun. ‘Therapentioally, ointments finetion as
protactives

and emollients fer the skin, but aro used primarily
ag vebi-

cles or bases for the topical application af itecicinal sul-

atances, Olnlanetbe also may be applied
te Lhe eye or eye

licks.
ideally,

an ointment base should be compatible with the

nldu, atable, permanend, amoath and pliable, nanivritating,

nonwendlaing, inert and rendiy alle to peleaie ita ineorper
rated mediention. Since there is no

aingke vintraent base

which posaeases mal Phese characteriaties, eoniuded sencureh
in this field has tailed in lhe development of numerourn
now bases. Indeed, ointment bases have hecame ae nner:
oun ad bo poquire classification, Although oitiment bases

may de grouped in several warys, i ie genesnlly nywrnod that

they
can be clausified best according to composition,

Hence, the following four chases are
recognived herein: ale-

aginaus, enulsifinhis, anvulsion basa and water-solalde,
For conypleloness, substances are included Ghat, aldieugh

not Used plane as oiniment bases, conlrthibe sand
pharma:

emidical property Lo one er mare of Lhe various haves,

Qleaginous Ointment Bases and Components

The qleaginoua ointment bases include fixed oils of vere-
tabla origin, fats oblained fram animala and semisalid hy-
drocarbons obtained fram petroleum, "The veyetable ails
are uaod chiefly in oivunants to lower the ital ting paint

or bo

sofleanbases. ‘These oils can he used asa base in themselves
whon a

high porcentape of powdaorix incerparated,
"The vegetable olla and the animal fata have two marked

disnd vantages
as ointment bases: their wator-niiserbing

GA

pacity i lew and they have a
(endency to became roacue,

Insofar aa veredable oily are convened, Ube second disadvan.

tage can be overcome
hy hydrogonablian, a process which

converta many fixed otk ilo white, semisalid fits or inte

hare, almost. britle, waxes.

The hydrocarbon basod comprise
a group af substances

with a wide rango of melting points
so that ry desired

consistency and malting palit may le prepared with repre
senurives at this group, ‘They

are stable, bland, chemically
inert and will mix with vrluaily any chemical substance,

Oleaginoug bases are excellent emallionta,

White Ointment

Ofntient UST Xb Bliple Onatinent

White Wax ccc eee ee Petcare eee AMEE
Wikia Pedvoliban.

ccccevcerees
MMO

Yotmakt..,
eee.
OL)

Maid ihe white wax dia suitable dish ena water adh, adil tae white

pelvola tin, warmcy lil Hague Bed, han discon Gai: Ove heating, ane sir
the nxture anil it begins

te congenl Ce is ortilssialy ta vary the

Draportion ef wax bo obtain suitable consisleney al Lhe oid monk aor
clifferend climatic conditiatin.

Unes- An emollient and vehiele for oddier cinta.

Yotiow Giniment

Vollow WHY
oo ccc ccc e cee eee er sects

fhe
Paeteoltui

tete eee veers
BOR

Wah ccc Dee eee
1000 4

Malt. the yellow wax inca andtabla disk on natebath, add ihe
petrolua, warn Wau Wquetied, then discont img Lig heating, and star
te misture undid) if begin (a conyoal His permissible tao vary Cit
propor lioaf wax (yahtadn a auitable cosainkneyof the olla ander
Aifforent chats conditions.

UserAn emolliont avd vohicle for olher ointments, Bath white
and yollaw ointment arg inewn an Sample aiatinent.”

|

While aint
mont ahoukl he used Lo prepare while onatimenta and yellaw aint
monty should bo used ta prepare colored ointments when simple
dinkmentia proaeribed,
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Cetyl Esters Wax

“Synthatic Bpernueet{"

Aamixtire consisting prinarity of estar of saturated fildy aleo-
hols (Gy, lo Gish and anturnted fatty adda (Gy. bo Ca TE hana

saponifiention value of 109 to 120 and an aed value of aat more than
fr,ah

Doseription White to uffowitiis, auniewhal trinelaenst Qirken, ory:
talline structure andl pearly titer when ented: faint odor and a blaad,
mill Gites free Crom rancitiive specific yravity QAO 1o OO ad 68";
iofling wahae aot avers Li Deaalby ddl par ae

Salubhity--Ensolebee iy waders prnelicnty dmalistste: ist cold alveoli;
nalable in hnillry: aleabod, ether, chlorofarn or lixed) wml volatile oils
slydiiiy soluble in eald sulvedd hesine,

Linen A coplacemont for apermaceli aed (a give cartaiibeney ane
Laxture Co ointanants, on, Codd Crone and ftose Water Cintaent,

Olele Acid

U4)Od adecenaie acid; Gloinie Avid; Hlaic Aeid
HAC COD Ly,caeilHereHGAe

Olele veil (F12-H0-1) obtained from tillaw and other fda, ane
commits chictly af (4)-G-ockadaconaic neid CRAY), Oleic acid uses
in preparations for internal administration ix slerived fron edible
HOWEET,

To usually contains variable mounds af the other tilly acids

privenh in tallow such nanekaic and atoariec acids.

Proparntion--Obtalned
ag a by-product in the miuntfacture af

the ali stearic and palmitic acidy used in the manufactureof

candles, stoarates and obliar product, ‘The arude Ghiie acu) in

known wa rect gil, Une stearic ancl pabnitie acids being separatedby

coodinyt.

Dawipdion -Colosless bo pale yellow, oily tinpaid: lave dike aclor mtyel
Anstey eposilic jrnvita CHAD Gal Ait; conpeals ate Lem pesadins hotabove

17: pruce aed! dulidifios ab dat atinespherie promue it decomposes
wherbeated al AW to HOO" on exposure bo fir eC eteaeliianl lyalseoe be yeh,
darkens anc develops

a rancid oiler,
Solubility -Practicatly iimuluble i walters tsiacible with aleoliead,

ehlareferm, ether, honmena or fived and valatie oily,
Theolbitities. taache with alkalies lolorm soapa. fbetGy aed:

dit nalendatan salts dorm inacluble alates, fodiae solutions ave decal.
orized Wy formation of che ailing addilion companied! at the acid, Mt is
usddived tO varinis derivabives hy aitefe edd, palasadint perpiaayenale
A abhor bya Gs.

Uses Clunsified
ag an emulsion adjunel, which reacts with alla

Tie to form soapthot Canedian as candsi fying: agontay ih ie used for

this purpose in sith preparations ag Benzyl Benzante Lotion ani
Crean Soap, Licaheo is aed to propare olaite nadia of asc,

Ollve Oil

Swart Oil

Thefixed off obtained Cromtho ripe fruit ef Clea enrepaed Lanne

Cent Gleceenc).

Semprecose
mag

gaPipSoEA
Ee
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Proparntion. Thy eruthing recerdly calloctedripe olives ina rill
without breakiag the putamen, (hen maderataly pressing the pulpy
man, ‘This produces tho highort parade oi, known me

vdrgny oe,
“qubline ol” or

'irataxpressed of]. Pha mann in thie press then is
mixed with walgr and again axpredaed with greatar prossura, an oll
of second

quality resulting, Any oll remaining in tho press ona ia
finally axtreetod with carbon disulfide, ot the nits in dhrawa inte

large cistorna, Mixed with water and dhe ai) alowed to soparate,
‘Shia in sometimes called ‘Pyreno of," “bagasse ail” ar “haile dane
for” When bought in budk or from unaleled conlatners, cotten-
weoeoil, colza ofl, geaposéed off, sean) aif oy other hinnd eile are nat

dncommonty found an aduiteranig.  Layge quantities of thig of] are

imported from Italy and ether counteies bordering the Mecitorra-
Han, and it ia produced ton lintitod extent in die Southern Us,
chiefly in California.

Doxeriptlon--Padle yellow
or

light greenish yollaw, oily teuid; alight,
choracterialie edor and Catle, wilh a

faintly acrid aftertante; apeeitic
itv dly O01be O56.

Solubitity.Alightly anlabla in aeohol migcible with envbon distal
fide, chlovetermar ether,

User-—In making covatas, cintinonds, iniients, ued plastern, 1

in a bland ail, well-auited for emolfieant purpasen and tor food. Tt
olso is uaas an omotliont laxative; sufficion hamish be given

wo thal

anough escnpes digentiatt (a aatithe atool.
PoseThe usual doo in dd mb,

Paratiln

Paratfin Wax, Hard Paratfin

A purified mixture of aglibydracarhone ghtained fram petra
douim,

Daaerinin  Coloriens or white, more or leak Cranal een mann witb an

eryutalling ateuctira: &liych ity prema: ty the Louch: aderless and tartel oa;

conyaabed'? (0 6",
Solahility.-Frooly salute ip chlarefornn, other, velatihe aida ait iadwairhy

fixed
Giles lightly salable in dohydrated abeahol; ingaluble in walter

oraloniol,

Useue-Mainly, to inerease Lhe contigteney af game aintimenta,

Petrolatum

Vollow Sofh Zoraffing Amher Polrolatuny, YellPotrolataia:
Patroloins Jolly; Partin detly

A purified mixture of seminelid hydrocarbons obtnined fram pe
drofsum. Ttmay contain a gaitable adnbaliger,

Prepiration---The “roalduians,”ng they are (ermed toohnteally,
which are aldainad by the dikkiladion af petroloum, are purified by
molting, usually treading with wulfure acd and thon percolating
thraugh eecontly Ianed tong black or

adaarptive claya, this re
moves the oder and modi flea the color. Selective salvonts are aaa
sometimes employed Lo ateach inpuritios,

I. hag bear found that the axtent of purification required to

praduco Petrolatum aud Light Mineral C4? ofofficial quality
re-

mover antoxkinate that are oadurally prevent, and the purified
produet subsoqaenthy has a

dandeney to oxidize and develop an

offomive odor. ‘This ia prevanted bby tha ndditien of ao imine

quantity of a-tocopherol,
or other suitable antioxidant, aq ib wow

permiasilile,

Dasaription.
-
Uayelious pros of yellowish te light amber colar, at

nove thin a alight Suorencanee after being netted: trangparent in thin
Tavira fred ar nearly free from odor ane Laskey apacilic ptavity ORIG to
O80 al GOmaith hotayaan a8 and GO%,

Solabllily.. Ingoiuble in waterrilnast insolubleit caldl or hot aleahol
oreold dohydrnied alcohal; freely aohahle in hongone, eacbon dimiltide,
chloroform or bur panting off} solaile in other, wolvant beganor ia hoe.
fixed and volatile ofa, dhe dograd of nelubility in Ghose solvents varyinyt
with (he douposition of the petraiauim,

  

WaodA base for aintmenta, 1 in highly acelugive and therefore
a

ood emollient but it may Bot velense some druga routlily,

White Potralatum

White Petrolois dolly; White Soft Pardfin

A purified wixture of sonisolid hydrocarbon obloined fram jo-
troleum, and wholly

of nearty decolorized. Lkimay eontnin a suit
able atabitiser,

ProprrationeTh the dume manner an polralatain, the purifies.
tion trealoent boing continued uutik the produit ia practiently free
frond yolow color.

,

Deserip tion Whiteor find y vollawhih, Uncd oun nian Leaauparolt
in Ghia lavoro, aver after cooling (6 0%: specifie gravity C.405 Co O880at
GO; melta 48 to G0",

Sotuhiliy-Shmikar do that described wider Pafendadien,

Uaoa--Similar to yollaw potvolatum but often is preferred la
entind of fa freedom from color, Tt to employed asa protective,

s
hase for ointinenta ond cerates and to form the baaiv far burn

dressings. See Petraadiaa Gauze (page 2st)

 

Sparmacall

A waxy substance obtalned fram the head of Ghe sperm whale,
Plysater macroceptratus Linné (Fam Piyseteridaa),

Caonstitianike-A mixtore of several constituents of whieh eelin,
or coly) palmitate (aACOOCHag, predominates, Wher ve

crystallized from aleahol, cefiin obtained, while the mother liquor
an-evaporation daponite anol, cecta elate, whieh whosaponified
ylolda ecdin efafe acid, ne acid resembling, Int dintiact from, olege
acid.

Proparation--By pumping Whe olwiginous materiad fron the
boad af the sparwhale, separaging dia liquidh partian known as

aperm ofl and purifying the romaining erude solic, whieh In this
aubatance.

Desorption. White, aomewhnl tamducent, sligttly sarelitioss
Hiinwens erystalling facture cand pearly luster; fait oder ond a bland,

mild
trite, fred Crom raneldityy spacitic aruvity about Oo: malts 4 to

ne"
Holublility---Inaghuble in walter; practically inseluble in eold aleohoh

slighty soluble in cold toivent hexane; soluble iboiling ateabil, eter,
chloroform or fixed and volatile oils,

 

UsesOne of the audid fatty substances formerly dinploved to

give consistency and Lexture to corates and ointments, an in Cole
Cream apd Rose Water Gindment. Inthe interest af whale conaer:

vation, Win bas been replaced by cetyl! esdars teas (lke Rnawn ax

aymlheticaparmacetd),
Dose-ar external ase, tapleaily,

ns
required,

Starch Glycarile
Starch Gyeurin

Bo|
pectttetee eis

HOE
Bengole Aeid

cocci

cccceceeerie

entree ee
an

Puritiad Water coe... eeeae corey afl mal

CUYQOFIN
ccc cece cee ieee eae tet vee FOU aE

No mmke ahal
cccccccccccecceceeeceececeece cess

AOOY

  
  

Bub the sbireh and tho benvaie acid with tho purified
water ina

porcalain digh wii] smooth mista ix peciluced, Hhon sale tha glycerin,
and mix well Tonal the mixture on ond badh to a Conperatre
hedavenn 140 aul 144%, with constant but gentle alinriay, caudil a Griuala
comb, Jolly Tilo tide rowults, and thoat nteaii Chyengh muslin,

Tbahoulel be freshly propared,

Used-—-Alichouvh bok an oloqginour baga, Uva eaedffend prepara
tion ik sometimes used ag a substitute for n fatty elintiment. 1 ali
bas boon wood aya pill excipient.

Dono---Mor eatornad use, Copleadiy,
aa required,

While Wax

Bleached Botawas: While Raeavasx: Bleichod Wax

"Phe product of bleaching and purifying yellow wax thet ia ob-
{tained from the honeyconh of tha bee [Apts mediifera Linmé (aan

Apidue)).
Prepuralion——'The calor of yellow wax ii discharged by expeasint

it with my extended surface to tho combined fifluence ofalr, light
and moixtura. Ione process a siream of meltedwax is directedan

corevolving oylindor kopconstantly wal, upon whieh it eamenill ith

(hin layers whieh are aprend on linan clothe atretehed an frames and
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savor esheneShs Ind ZAPFPEPFELAG NEESECIPOSAEAELreeNeha

oxpaed 10 Lhe air and ligt,
care

being Gielen (a wos and accasionabty
further bia few dave Chey are partly bleached; bud te remove
the color completely ih ia nocossary bo repeal dhe whole proeonn aie
aenere Limes. When sufficiently tlenehed, ibis retiect ayief areal
ito smal) cireglar cakes.

 

Bascridion -Yullowbh white, nearly tieabaions, samewlint (rari
centvalids faint, charietarialie aidan; bec fron raneidity; melin Gtu Ge;
npocdiic pravily abun Ot,

Sobabitity: homlable in waters aparing]y solible icold aleabot boil
ii tcohel disilves Che eerolie neidl and a geetal Lie tiyvieii, whieh
We Comets cenipuinlely aaluibbe in chloratarin, tlaae tigi) civ
velaie oie gary aaubhe in cold bengay eald carbon dinfide:
completely soluble ia Crewe liquids ap about go".

 

Usew A atifoning agent iiinay preprradivns auch up cero,
pieiden ind andanai ta,

Yotlow Wax

Hooawaxs Vedliqy Raciovas

The purified
was from Loe haneyeomb af the tev, Apis medifera

Linné (Mam Apidae),

PHARMACEUTICAL NECK SSIIs Wait 

Consuituents. A inixture of Uiree sulstinean CU verter, in
solute in Woiliag Weohed aud consiating elielly of ayyeleyd pati:dette [Cho(yalGal) and wavedesd adeated [CayHaQT G2 een
ag eotudir acid [Candas], formerly called certs when olataiied only
in an

impure niate, whielt i dissolved by boiling ateohel, lat crystal:
lites out on

eeating ane ds} ceraedy, whieh roots clinnelsarel an Une
veld alcahalivliquitl The latear is probably aimixture atfaley acta.

Propariiion| | ia aaatdrnl svcretion of bees, LOis altained an
the barge dente by find abstrackiye dhe honey Cran cle eombe by
shaving off Che onda of tie eclls, dreading and den pliciag than in

cencriftues, ‘The honey is rapiddy whirked oul, water ie added and
iin wax in cleaned thoroaghty anid aquielbye iC hon is enelied and
atrained and ravi fate miulda bo cond) ane harden,

Deacelplion Yellow do jrayish brown solid; agreeuhle, hanedile
adorn, faind, chirneleriatiy dante: when coll iL is soméesehal britlhe and
When byulen 2 peach uu dudh gular, soncesnlailine (retunies he:
remea plinble Crem Che dota Cie hand: spreilig pravity about O05:
tholla between G2 and ah,

Aalabilidy. Jnsotobleia water; sparingly cadublo in cald aleahelt com:

Neloly soluble i chloratorn, eur or fixed aod votatile oda; partlygatubido in celd bonged or sarbon dinal fides, completely salable fi (hese
ligpaids at aheut 40%,

Cees. A stiffening agent diovainy phavriaeceultenl preparatiann
aul ingredion( of many (aligthes,

Absorbent Ointment Bases

The term absorbent is used here da dinete Hie water.

absorbing
or

ennigifyinyg properties af these bases ave aol to
doseribe Cheir action on the alin, ‘hase bases, samelines
called enudalfadle alpiment tases, ore

ponerally anhydrous
substances which have the peaparty af absarbing Camutsity-
ing) considerable quantities af water and ail retainioge thei
aidinenieike consiateney, Preparations of this typo do wa.
contain water aaa component of their hisie formula, lot ee
water is dacorporated, wher and as

desired,
a W/O emulsion

resulis, ‘Phe following official proaduets fillinte this cadre.
ry.

Anhydrous Lanotln

Wael iad USE XV]: Refined Woel lal

hamadin Gal conbaiis nel mong Gha O256 al water,
Comediluontae Contain the sterols chalostaredoF LO] ane

axyehdevsterdl,
an well as

¢rilerpeae and aliphatic mcohola, Alsat
Theat the alechols are found on the free wtate, Lhe remainder ovcur:

Nhax eators of the followinCita nade carndidie, anodic, fae
enn, danapada ide, anesd ceind patadie. Band doae are foun
free. ‘Phe emulsifying aid enoltient setions of lanelin are due Gu
the aleaioals thatonre found in the unsaponifishle fraction when
lanolin is Goatod with alkali. Conetitaiting approxialely ane half
af this frachior nine) foawn its fail edeatiade, Che atlix ean

prided of chidtesterad (Q0%), Menanterad (2000), ehatestanod (difydre-
headend’) (04), anoscerad (2ad wnioun other aleahols (104),

Proparadion: Fy purilying Lhe fatey matter teeing obtained
fram Lhe wool of the wbeep. Pits pabaral wael fot contains abot
a0of free fully acide and Citcy acid mutase of eholesterad and agher
higher aleahols, The cholesterel compeunds are he important.
canelenbrand, Gaaicure Lhese tra purified) fori, many procenses
have been devieed. lr eacol these Che crude wel [att Geena with
work alldali, the saponified fats aad eniulaions contaifuped fo aecure
Lhe aqueeid saaselugon, fram whieh, ott standing,

a
layer of

pardially purified wool Cal separates, Phin procduel ix fietlier partfie by dronting it with calehkun ebderide ant chon dehydrated by
fusion WH aisloked lime. This finally extacted with acefong and
Ure sobvenrt wdhangquenUy separated by distillation. ‘Mhis differs
fram lanolin in Lat the formar eandaing prachioglly

au wien,

 

Description Yellow, fondciots, anetuons minke light, charndteristic
udor, dolla between 8G and 42°,

Selahilky.-doseluble in water, bat mixes withovl yeparaiion with
about Uages Tie well at water; aparingly soluble in cate ateattoel more
wolble bodied aleohol: freely aalulile in adher or ehloraforn,

Laie An tierediont af olotments, aspecially when ni aqaeous
Vigil id da ha incorporated, 1b ives a clistinvlive quality to the
ointinest, ercasinp absorphion ad active iapred tanta ing maja.
Ing anorGondidoney for the ointment under mort climatic
condibans. Howevor, ft Rahaga andiod from many oiled on
the vovanimendation af dermadelagiota who have found ual wary
pabhents are alloys bo tits anima wax,

Hydrophilic Potrolatumn

CNOMRLEVAD,eet cette rete eee ees
BD

PHOE ADCO)etree eee cee TU RE
White Wag oo.0.... 2... ee. et teeereeteese is iiees

BUF
Wile Pavonieecteee »

BE
ATCTTry

Mett the cheaytadcetial, while wax, nd while pubronulia Tot her an
astonbath, thea ade (ie chalosterol, and ati cantil i com pleretydimalyves. Rerove Ton Gie bri and apie nti) the rabstre corps,

Vaan OA protective and weaternbaerbable atadovent bese, 1b
will absorba large amen of water fram nqueaua atu tions af medi:
cating wihstindes, forming a W/O type of anulaion, Soo Olngmennts
(purer 1602).

(Wher Absorption Otani) fines

Ivdvoxyvebeirin Sulfate [Sulfsted Hydropeciatedd Casha Oi:
SIO) A sulstaner prapared by aaltatiing hyd sagenated cantar oil,
Halo, yolliw-brawa, inivlaous

senigoted
maga: faint oder containing

about OS ommoigally howd BO Aigpersihke in ward and plycerti:idsciblo with propylene qlyeel, pulrulatame ar figer aila féxess A
AMTaceaelive aaah taeda preparing, Aydleophille: niatanay lipase
wher aang lsieinys,

Emulsion Ointment Bases and
Components

ioulaion ointnied bases are netualy semisolid emul.
Hons, ‘These preparations

can be divided data two groups on
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tho basis of eriulsion type: eniulsion aiidnent base water:
in-ail (W/OH type and emulaion ointment basa oil-in-water
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(O/W) type, Bases of both types wil) perniil dhe incorpora
Wien of some addidional amounts of water without roduciiy
Lhe consistency of Lhe base holow that ofaaalt cream, THow-
evar, only O/W emulsion ointment daises can be removed

readily from the akin and chothing with water, W/O emul-
giana are bedter emoilienta and protecianta than are O/W
emulsions. W/O cmutaiona can be diluted withola.

Catyt Alcohol

Cotontearyl Alcohol “Palmityl" Alcohol; Atdol 62 (8herex}

CHaHy)a0

1-Hexacdeennal [)24-29-8] CygHaqQ (242.44); a mixture of not lows
than $0%of cetyl aléshal, the remainder chiefly steneyl aleohel,

Proparation-Ty catalyie hydrogenation of palmitic acid, or

saponification of apormaceti, which eomtaiie coty! palmitate,

Dowerlpion-Unetuens, white Males, granules, coher or east;
faint charactoriatic odor ancl adaland, mild taste elie dS 150"; not less
than $0% divlits belweor A1G and EG",

Solwhilitylnduluble in water! soluble i nleghel, ehlarofarm, ether
or

vepolaile ail

Uaser--Gimilar to Steed Alcotel (page 1408). Tt also imparts a

amooth texture (a the whib and fo used widely da commetie eraami

and lations,

Gold Cream

Potrolatum Roo Walor Oinunent U8) X V1

Coty] Matora Wie...
06. toertereetaeeeeee TRO

White Wax cicccceeee es Derveveereeeye eee
Leth gt

Minarat Qik oo ..... 0.05 tote ete eteeee eee
BAD

 litaratvereeerse BR» E90 nad

HOG

Sodium Horata ...--.5-

Purified Water...
realtyOut occ cree eee eee eee eens

Reduce the catyd astarn wax and the white wax ta small pins, mall
thenona ditahath with the mineral oi) and vontinue heating wil the
temperatare of the avixhure reaches 70° Disnalva Ure sod jum borate in
the purified water, warnedte 70° and gradually add the warm Koludion
to Ge melted migture, sieving rapidly anid voutlnuously und) it hus
conyealet.

Ifthe ogtiment has beon chilled, wuit elightly before attempt(e
Incerpenate ouier indredionty (ace GSP for atlowall: variations),

WeenUseful ago an omallient, clainsing cream and ginkment
bnae. It rosembley ftose Waser Glacment, differlng onty in Cat
minoral oil ie aded iv place of almend olf and omilling the fragrance,
This chaage produces an ointment hase which is nat aulject. to

rancidity like ane containing
a

vegetable of, 'Phis ina WAom:
alti,

Glyceryl Manootearate

Oetadeeanoie oeid, monoonler with 1,2,3-prapanilrigd

Monostenrin (566i
a mixture chiefly of variable propor:

Gone of glyceryl monnstenrate (OaOMeCabyOy
=

368.46] and

glyseryi monapalmilate [CyCOAChatQe AOBL],
Propatadion--Among other waya, by renebing glyewrin with cor

moreial sleareyl chloride,

 

Dosoription—-Whito, waxedanlid ar occurs in Uae form af white,
wilk like Limes,

or flakes: slight, agreanble, fatty odor and tae; dacs not
melt, below 65°; affeelodby light.

Salubility---Inagluble ih water, hut may be diapered in hot walor
with the aid of a amath amount. of sovp or after suitalde aurface-active
agents dindolyvén in hot organic adlvents sich ne alecshol, mineral or fixed
oils, heawzene, (Ger or neetone.

— Uses-—A thickoning and omulaifying agent for oiniments. Soa
ONnementa (page 160%),

Hydrophiie Ointment

AL2h
Oth ye

Mastheylyyendon
cerehee

Propytairaben
 ee

Sodium Lanryt Sulfide
ooo

eee

Propylone Glycol
occ cr rete tiene coves TE gf

Ftoaeyvyl ALcceettae ween
2aog

White Potrolatwn.
cca ventric eee AEM GE

biteecieeeess BAD ggPurkfiod Water ......-

To make about .... 2... Secteeeeer eee rere
DMOOE

pebeet ee

 

Mell (he stantytateahol and (he white pelrolabinn
oo a atedis lath, ane

warm to abeut 76°, Add (he other
ingredients, previously clisnelyed in

thewatoe and wennaad to 76%, mad sGe Che mixture angil it campedis.

Uses—-A adempamacable ainument base for the ao-ealled
“wasbable” aintmania. ‘Thin isaO/W amulaion,

Lanotn

Hycdrous Wool Fat

The purified, fatdike substance fromthe wool olshen, Ody delea
Linndé (fam Hawidae); contalis 26 Co d0%water.

Doverigden
—

Yallawish white, obianane’ ike sass, having alight,
characlasigtic oar: when heated oat sheadad i weparaces fide an
upper oily and a dawer watar layers when the water ia avaporated

a
ronidineat Linedrend whieh ia (re apikhenwhen anagdieed,

Solubility.dwolible at watery soluble be ehluretern ar other with
acparation of ite water of lydred tot

Uses—- Largely
aga vohicle for ointments, for which if ie admin,

bly adapted,
an aecaumt of ite compatibility with alin Hpide, 1.

nrmuhifios aqueous liquide, Lanedn ina WAD erulsion,

Stearle Acid

Ooudocanaic acid: Cetylacatic Acid; Staumraphanic Acie

Stourie acid (S7-11-d];
ow minturd of townie achd [CaalwQy

184.48) and palmitic act(CghgQ.
=

26644), whieh togethor
con

aLiLULe not foan Chan 00.0% of the telal content, ‘She contontof each
ik o6lene Dhan 40.0%of (he Galad.

Purified Stearic Actd USPis a mixture af che same acide which

LayteLhor Gonmbituie not teas (han 98.0%ef Lhe Catal coment, nal the
contentel ChidlaQy is not kept Laan 90.0%of tho total,

Propuration—-From ediblo fata nnd olla (ee oxception hel) by
boiling tham with aoda tye, supacating the glvcoria and deaanpanding
the resulting aeap with sulfuric or

hydeochiarie act, ‘Phe stearic
acid aubrequenily is aeparalod from any olaic ait by cali) oxpres:
lon, It alsa dg prepared by the hydrogenation gin wubaoquent
anponifieation of oleia, Manny he purified by réaryatallization from

alcohol.

Doseriptlon-ard, white or
fainGy yatlawinh womewhil qlosy anu

crystallinsolid, arn while oe yollowiah white powder;
an udor and luste

miyqeeative at’ Callow: mela about §8,68 and shoul not eongonl at 4

loniperntare blow 64") dhe purified aeid miolts ad G8 ba 70" andl conggerls
hetveon 68 and 69°; slowly valitiand hetaveen #) and) 10",

Solubility. Practically insoluble in water, fg in lene 201. ol
aleohal, 2 aL ef chiavotorm, 4 ml ef ether, 26 m1 af acelone or Gn. at

aurbon Gitrachiorides frealy aehabhe iy caren disudticey alee woluible tr

anty}acoiate, bengene oy Loli,
Jncompatibilition-. rasoluble ston ratie are fornudd with

oany met
aia, Olvtment hases made with atone ack way showevidence

of aryity
ott oy Sumapinens due to such a reaction whan aie or eriesills are

compenanded therein.

Vaos-.1n the preparation of sodiumatgarita whiehia the solidify.

ing aycand for the official alycerin suppositarics,
4 ontorig Labhot

touting, ointinenta and for many other commercial pradue(4, wudn6

toilet cream, vanishing croane, solidified alcohol, ele. (Whate

beled solely for external use, it ta exennpt fren the requiverent that
(tba prepared fram adilale fate and pila.)

Other Emaliion Olntnmit dase Component
Woel Aleohola P.-Trepared bythe

snpunilicntion
of the proase af

Lhe wool of ahaaand separcdion of the Troefien containing cholesterol
and other gleohola, 1 contains aed lows thar 0% eholowlaral. Chaldlen-
brown solid, somewlal. bride whan cold but becoming plastic when
warm, Wil a think charavkudatle oderhaa a ximooth and whiny frachnre,
malts net. below 68%; acid value not mare (han 2) saponification value bol
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rave Tham 1s anulsions aiade with Chis aterdal darken en te
sublact ab arin

an
obgeetianghle adore in het woathor,  Tnealalle in

water: diederately sotible in aleahel; completely: soluble in iy yutlis of

hailing anliyadreus aleolal: freed wolable in ether, chteroforny or padra:

PHABMAGHUTICAL NECESSITIES 1413

Jove other. Cnes: Ap caimalsifying agent foe Uke preparation af WAG
tnvulslone ana welar ahsorkarble salagianes in ododarent baaes, to in
rove Ure bexhaed, stability and emotiinnt prapertios af QAV ennulsions.
This Kiveowar leo cin Zetia A leutiads,

Water-Soluble Oiniment Bases and
Components

Included in thin scetion are gases prepared dram the high
ey

ethylene glycol palymers (ING), Theso polymern
are

parkeled under the trademark of Curbowax. ‘The polymars
have a wide range in molocniar weight. ‘Those wilh elect.
lar weights caning from 200 dar 700 are

licyulda; Hrewe ahove
1000 are wax-like solids. ‘The polymers

are water-soluble,
nonvelwile and unekaeus agents. "Phey do not hydrolyse

ar

detariarnte and will net support meld growth. These prap-

erties aceaunt for their wide uae in washable ointments.

Mixtures of PIEG are used lo give bages of variona consiaten-

ey such ag very soft to bard bases for suppositories,

Glycol Ethers and Dorivaiives

Thiu special claw uf a here eof eonsiorable impostinee tn alia:
maceutieal technology. Both mend and polyfuncieal ron,

paunds are roprescadied in the grep. “The sinnplest member ie

e(hylend oxide JORROHLOL,
the indernal or

eyelie ether af dhe wisn

pat glycol, oflivienc lyon POUCH CHyOH). Mxternal mone. aie

dliothary of ethylene plycat fROCPRCH OH and ROCTCH ORT
are Well-lamawn ue largely la resmarel: dau by the Carbide &

Carbon,
Preparation in the presmee of MaQh wt lemperatiees ofthie

order of 120" (0 185% and under a total prusisarg af about 4 ataio-

aphares, othylenc oxide reacts with olliylone plyeod ba form com

pounds Having Uae punernd formula HOCH ACH OCT) CTLGH,

commonly referred Lam condenaetion polymers and termed poly:

uthylene (or polyoxyethylene) jdyeola. Other glycols borides othy):
one glycol futetien in similar enpacity, and tha commerciid ganeric
toni

doptesl far Lhe anlare provp is polyalleylene (or palvox silly:
lene) glycois.

Nomonelatire
-

1. ito be notod that ctese candensaticns pinky:
mers ure biltinelionad; ia, Uney certain both ether and deahod fink.

aque. “Pho compound whavely ae 7 is the commercially impertant
Hickhylend glycol [HOCH ACH OCH

CHYOHL,
and ita dyernal ether

in the furniling dioxane [CH
yt

CACTI], Che mang- nad
dieters derived free diethylune glycol have the formutas WGC,

CHyOCHACH LOH and ROCHRCTAOQCTICTROR! The farnar

commanty ape Garnid “Caeiieds” and the lattes "Claloaadaes," rept:
istered (adunarks holonging to Carhide &Carbeary to.

Polyethylane glycols
ire differon dated commercial namonelas

lire by adding a number to tha aamewhich represents Che average

molecular work. ‘Thus, polvediydone plyeal dit) has an average
molocular weight of ghoul 400 Gneasured values (ar gammiercial

naples range bebweea d&G and 420) corresponding,
to a vadof a

For Lis particupalymer efapproxtinately ds. Polyaiers lave how

prextoeed in whieh dhe value afsana inde be lrunalruds. Upton

approximately 10, Hie eampoutids mee liquids al yanLemperature,
vinngaity and boiling polad increasing with jnereasing molecular

weight. Tychor polymers
are waxy solide and aire termed commer:

clally Carheimaaes (another Carbide & Curvhon Lradoaiarhp.
iLahould be obsarved Ghat the presence af die te larminal bye

Groxsd groupe in the pelyalliyloae glycule iakes possible die fosana.

Lien of both elber and estore derivalives, several ofwhich are marked
ad prolieta.

Uaon---Tecause of (boir vapor pressure, solubility, solvent power,

hyproscopicily, viseasiiy and lubricating sharaclaristes, the pull
kylene glycols on their derivatives Ainetion in many applications

as

offeelive roplicements far glycerin and water-inkeluble oils, ‘They
find considuralde uae as

plantieias, lubrieinds, condivionertn and
fittehing agents for processing dextilos mid rubber. They alae are

peypewLaak ne cbkarlsd fying, aeons fdas chispénauols for such diverse

substances as dtyen, oila, resins, Gacetieides mid ywitloter kypes of

pharmacmiiicak, la addition, they ae qinploved Craquently
mi

ingrodiants i aiilnent baneand dina variety of coammedio prejnta:
Lions,

  
 

 

Polyethylene Gly cols

Pedyday Latadiimedivh,
wo

hvdro ochydeaxy.,
Corbawines (Cnebtde

Carbon): Atgep UCT

HPCE | CL

Polyathylend lyends [2ig22-Ga-4],
Propasation...Klhylane glycol is reacted with otliydere oxide in

the presence of NaQHE al lenporatares in the range of 2208 Ga 1h!

wader progr of about 4 atin.

Deneviption

—

Palyethylene glycutes 200, 400, f00 amd UGH are clon,
vincone Honida at faany Comperabure,  Podyed aside géverdis 00, 1000,
150, 4850, 4500 cd #000 ore white, waxy solidly. “The giveols do tal

Twilrolvae
or delerionite tader dypien) condition, Ay heir melocutar

weinht ineremnn, tinihwitee solubility, vapor preanties, hygraseoplelty
did solsbitily iy orpatiis salvage deceinin; at the icine Lite, freeging or

selling rhnge, specific wravity, Tash paint and Vineasily dnerenis Uf
(hese eampoliids dinilo, small fires shoul he oxtiayetidiea| with carton
iliexide or

dry chonical extinguishers sine Large fires willy “alcatel ype
fone es tingaimhard,

Botubility- All embors af Chis class dissolvein weler fo forms elon
dnuitions and are soluble i rnainy aryuiiie welled.

 

Uses-!Phene parses a wide range of solabiliies ariel com
pailihdli:

(ion, which marke thon usoful in pharmaceutical aired cosmetic preqyl
nitions ‘heir blandness venders Lom highly acceptable for hair

dresaings, had lodiens, aun tar creams, deg lotions, aliivdap crennin

and skin croams (ag.
a

paroxide oinkwiiel ig stalde may be

prepared using Uhesc compeunds, white all-lype bases idaclivate Lhe

peroxide). ‘Pholr wan in washable cintments in dineusacd under

Olntmenes (page 1802). ‘Thay alao ave aged in raking HLL» peal
-

lorics, harmane ereama, cle. Sto Polyethylene Glycol Cntment

(helaw) and Glycol tiers (above), Sheliquid palyelhyione glycal
400 and (he sniid polyethylone piycol S800, umed fn the preporiien

specified (ar a parmiasibl: yarindion thereat) in the offielal Polvetle

vena Glycol Ointment, pravide a wrtaraolibide ala tinent base aed

ip the formulation afsuuny dermatalagient proparations, ‘Phe suid,
waxy, waterautuble lycals after are Waed ta ineraane the videowity
af Hquid polyethylone glycols and Lo atiffen oitinent nnd muppant:
tory bag, Ty addition, Uhey nee und to compendate for Che nel city

point-Loworhiy effectof abhor qginta, ie ehlaral bydrule, tte, on angh
lyase,

 

Polyetivlond Glyoad Oininent USP.» Preparafion Hawt gel yirtds-
viene glycol Sas0 C0yp) nid polyoliylene plyaad 420 (GOO py) cn a waiter

hath tadlh’. Atlow to coal, iid stinuntilcongoalad. 10a firmer prepa.
Cun ia desired, replace up is 10 of polyetiydone ylyest 400 waite ati

aqua amennt of polyothylone ylyed) 8ab0. 160 to 26% al err aeons
notion #6 Loho bieerpordtedin Lia sintinant, replace 80yof potyethyL
che gical S860 by G0 yo af wtuaryl alcohol. {/ses: A wator-nuluble
ointarort bane,

Polyoxyl 40 Stearate

Polyloxy 1 deethinediy)) «hydrolryd ray, oclidleeurean ba:

Miyri (ey)
ROCTL

(AEC) ie Mee tamed frelity,
A oappiesinty AD

Polvothylend glycol monosloarate (B00 MEA]:
a mixiare of

momextunnite nnd distourale eaters af aniced polyoxyethylene
diab

nad corronpanding free glycols, Lhe averaygo polymer length being

equivalent bes about 40 exvethylene unite, Palyuyyeriydene 60

Stearateisa similar mixture in which the average pulynaey Jong li is

oquivatent Co about &0 axvetiyvionetila,

PraparationOnemelbed consiets of hentiyg thie corresponding

polyethylene (dycal with an equimolar puirtions of wlairic acid,

DootiplionWhile bo light-tan veaey mali) oukorthers vie ban a [ied
fat-like oar; conpoaln betwen A and ae

Solubibiiy.-Soiulde in water, alcahal, elber or aeedoney, iavolibie in

mineral or
vopotle ods.
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1444 CHAPTER 60

VUaor Contin cater and aloohal funetions that dnpart hott

Jyophitic mid hydraphilic characterlties bo tale if deer ca ar

faciant and omuluifier, Hola an ingredient af same water-salubte
ointment and cream bane

Polysorbates
Sorbitan enters, polylaxy | 2adhanediy) dariya, Manji(ees.

Caneray}; Sorlaten (Abba et); Tweens GE)

HIDEO,ATng

hyeg (Cr aly0H
Hate

[Sur of wk ard x net,A Magyi000 ]

Borbitan estera, polyoxyethylana derivatives; fatty seid! estore of
sorbitel and iia anhydrides copalyinarized with a varying number of
moles of ebhytong oxide, ‘Tha NI recognizes: Polysorbate

20

(atreeture given adove), a lawrate oator Pafysorhace 40, a
palmitate

onto: Pofysorhate 60,
a mixture of alearnte and palmitate ontara;

and Polyaarbebe AQ, an oloate eator.

Proparation-'Thesg important nonionte myfagtants (nage 268)
are

prepared aturting with serbilol by (1) alintination of watar:

forming warbitan {a eyelic sorkitel anhydride); (2) partial qularificn.
tien of the worhitan with a fatty acid auch an oleic or staarie acd
Woklig

a hoxitan ester known comnierciatly as a Spaand
achanical addition af othiylene oxide yielding a Senta (he polyax.

yothiylano darivalive).
,

Description. Polysorbare a) Lemon lv amber-calovad, oily Hguied:faint, characloviatic ater; warns, nomowla fitter tates upedific nravity107 te 1.09) p20 aqua eodatien) Gig a.
.

Solubility.Malywerhate ds Very soluble in water, pradhieiag
an

ndlorlods and apathy colorlamnalations valuable diy aleadtial, etd ansecdailconn oil, ethyl acatale, ethanol or toluones ianalable in mineral all,
Unser —-Toonuge ofthee hydrophilic and lyephilic churactarintienthone nonlonic aurfactanla me vory uaefal as

omulsifying nyoforming O/fW emulsions in pharmacouticnln, commetios and otter
typos of producls, Polysorbate &) in an ingredient in Gow! Par
OQiatment and Solution, Seo Glycal Adhere (page 1913),

Other Water-Sofuble Obadiiiat Base Com pond

Polyethvhine Gaya400 Manustaarate UBP AVEAn ether, ale.
hel and ester, Semidrangparené, whideh, adress or gearly anaplins
Higa elds from TK) te dd. Mrenty soluble in carhon letrachloride,
chlorefarny, eUber or ped roleuns berains tig hély aolibleta alesdals: iota.
ble tn water, Uses; Aonic duirdneo-nattve agenin thie prepa radleen
af cron, lotions, dingnente add similar pharmagen Geel preparadaun,
which are readily soluble dn water

Pharmaceutical Solvents
The romarkable growth of the solvent industry is alleated

by Une more than0 solventa now
bemp produced

on an

industrial aalo. Chomically, there includea reat variety of

orfanic compounds, ranging From hydrecarhons through al-

cohols, esters, edhera and acids to vitraparaffing. ‘Their
main appltientions

are in industry and the syn tesis af organ-
iechemicals, Cotparatively few, however, are used ag sal-
yonts in pharmacy, because altheir baxicity, volatility, inata-

bility and/or fammabitity. ‘Those commonly daed as
phi

maceutical solvents are doscribed in this seetion,

Acotona

YPrapacane, Died byl hetane

CLCH

Acetone (67-00-11 O11 0) (68.08).
Cauttone ft is very flimahde,

inerttird,
Preparation-—lormerty obtained exclusivaly fram the destruc:

tive dintiiation of woud. ‘The distillate, eonsiting peincipatly af
meLhanol, acelie nedd ane aedane was deadealized with bine and (he
Agelone wag sparaled from dae meld ateohol by fractional diguilla-
tien, Additional qunttiiies

wore obtained by pyrolyats of the calet:
an aeehate farmed int the nodtraligation of the distillate,

TLoaaow ix obtained Jargely
aa a

by produel af Lie butyt alcohol

industry, 'Thia aleahot is formed in the fermentation of carbuhy-
dratuxdnel aa corn wlirch, nGlasses, ele, by the action of the bactari:
unmClostridium acecubuevdieua (Weizmann formentation) wed itin

alwaye
one afthe products formed in Cho process. Thalso is obtainud

hy the calolytie oxidation af igepropyl alcohol, which ia prepared
from propylene rowulting from the “erackingof crude pelroloun,

Qaonod ae where toomay be

Dowaription.Trarparent, colarloas, mobile, volatite, flammable fic
dd with ow eharacleriae odors npacitig gravity not mere than 0,789;
dintile fetveon BOB aad (8) canes abo 88") aqueaea aoiatien
necetecal feb ities,

Solubitity-Miscible with watu, abeohol, other, Chioraforn ae mont
vodatile aitn.

Uitene An andiaepdic in qoute above 80%, dn coanbina-
Gion with aleohel it in aad aa a antiseplic cleaning solution, Mik

ovoployed na mensiraun in the proparation of vlooreying in place
ofethor, Tt ig amed ann soften? tor dinnolving fatty hearlies, reste,
pyrexylin, meércttinis, ate, and alain the mantufacture of may
organi¢ conipounda such ay chlereform, chlorobutanel and avearbic
acid,

Alcohot

Sdina Spiritus Vind Reclilieatua, 8. V1, apirat af Wine:
Meliylearbinal

Why! alcohol (64-77-H); containg U3 40 98.80, hy weight (40 te

86.0%, by vetume), nk Pho? O° Raf CAH WOH (46.07),
Preparation-Hoa heen nade for cemturies by formentation af

hertain carbolwetries in the presgnes of zaige, an engsiie presont.
in venet cola. Usable carhohvdratecontaining nintertals inelacle
moluaies, auger can, fruit juices, carn, barley, wheal, polata, wend
nti woate sulfite Hquors, Ar yeast is capable of farmenting only 0

jtlucese, fructose, 2-mannase nel LeyeaTaeonee i. in nagentdal ehet
more

complex carbohydrates, such as nlarch, be canverted boone or
nore of those xiaple sugary before they

can be formended, "Thin in

accomplinhed variously, commonly hw envevine or acid -cntalyeed
buvedrel yain.

The pet reaction that oceuta whooa hoxdose, glucose far axaniple,
in formented to aicohol nay bo reprenentod

as

CoH yg
=

BUHL ROH 4b BOO

hut, the miechanion of the proces in vary camplox, ‘Mhe fermented

Hquid, containing about (6% of alevhol, ia digdtted te obtain a

diatilate containing 94.9% of CYTOR, by value, Ta produce
abeolide efeohad, (ie Oe prodnved ix dobydrated by vayivns process:
en,

iomay be predueed also by liydration of etlytene, ofandant

supplies of Which are availabe feam natieal and coke oven gies,
fren waste poines ef Che potralean induebey aad atliar sources, in
abothoer aynthoria acatyhond fa hydrrted catalylierily le decalde-

hyde, which (hen it iydrogenatot catalyLicatly Go ethy! alcohel,

Doneription
=

“Transapurent, colorlans, mobile, volatile liquid; abidebut chatnetaratic oder burniog dastes boils al 7K" bul volaGiilzes even at
‘low Ganperndure, and is faanarcble; when pare, i be ued bial Covwarebsall
indientors; apecitie peavily at 16.068° (he Us Governed standard tem:
perature for Aleahol) sat above (810, indicating nol dons tan 22.0%al
CoH,QH by weight op 94.096 by volume.

Solubility: Minclble with water, acotane, dlorofarm, ether ar away
othor axpanic solvents,

Thadpelted Thin and prepirations cendiln ipa igh parcent
age af oleaho) will provipitate miay areciaaic salta [sear an aqaeoun
coalition, Acaefa jamtwornlly in precipitated fraa hydroaleohodie rived
an when tha dlegbol canceis qrentec Uaeaban, aig,

Stroup oaldiaing agents ouch as cerioe, aiteie acd, peciaaniity
oF chromate di acid aahiGien rooed, ip sene casen vivlanthy, wal) i. ba

pradned oxidation product,
Alkaffes couse a darkening ty cotar due te the anal nauof abele

hyde: tatty peenanl in if.
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Uaoa—-In pharmacy principally for ite aolvant powers (page 2iG),
Tie also is used sv tho atarting point in dhe manufiekure of many im-

portant compounds, tke ether, chloraform, etc, [alania used asa

fual, chiefly in the donatared form.
It ian ONS depramart, Caniequontly, i oscnplonally hag bean

adinindotored Indesvenously for preaporative and pastoporative
ao

dation in pationts in whem ether meamired arg ineffective or eon

Wrafadicated. ‘The dove employed in] to 1.6 miu/ky. tte intrave
nett wae ia aApeckalized procadure and should be dmplayed only hy
one

experienced in tho tochnique of aueh uso,
{tin used widely and abused by lay poraons adasedautive, Lt has,

however, Ho medically approved uae foy (hin purpenn, Moyaovar,
alcabal potontinios the CNS effects of numerous sedative and de

presaant driga, Hones, it ahould not be used by patients liking
darlin preceription draya or OTC madientiona (kee page LYG2),

Textornably, thas anumber of madient won, [tina galvent Car he
Loxicorendrol causing ivy poleoning, anc whould be used to wanh the
akin thoroughly sang after contich, Ina concantration of 26% it in

anployed fdr hathing the kin for the purpose of colag and redue-
fag fevers. Ligh comin trations itis aredefdetend and an

ingredi-
ont of iInany tinimenits, ina cancentratiad af bO% Th da used) bo

prevant sweating in asiriagend and andddreie lotions. Tt alae in

employed ta cloak and harden the skin and ia halpfad in prevent.
ing bedsores in iedridden pationt, fia conecotaation af 0 to gay
ids germicidal At optimconcentration (70% by weight) it ia

jtond datixendie far the akin Cacal aati-infeetive) and alae for in-
atrumenis, [oahio iy used asa aedeat to cleanse the akin splaahod
with phenol High concontrationsg of it uftua are

injected ino
nerves and yanidia for the tedfef of pain, accomplishing: this hy
causing nerve dagenveradian.

Donatured Aleahot

An ach of Congrosa dune 7, 1906, nuthorives tho withdrawal of
ieohel from boud without the paynient of infernal revenue tax, for
the purpove of denaturation and use in the ards and industries,
This ia ethyl aleobol to which have been added auch denaturing
muaderiads aa toctendor Che aleohol a|fie for uae ns aa iadaxieatinye
beverage, [tin divided iia two classes, namely, cam plecedy dena-
tated alechul and epeciaily denedaeed afeatal, propared in acca

dance with approved formulis proscribed in Pedoral Incuatriad At.
eohol Meyruladigne 3,

Information regarding the ae of aleohol anel povreaqaivemonts
may be obtained from the Redonal Direeter, Burau of Aleohel,
Tobaceo and Firearms, in any of tho following officoa: Cincinnati,
OF: Philadelphin, PA: Chicage, 1a: New York, NY) Atlanta, GA;
Dallas, TRoand Sas Pranvisea, CAL Racderat requilation provicen
dhal-complolalyand apecially denatured acohola may be purchased
by properly qualified persons fram duly eatablished conaturing
plants or bowdad daalera, Ne permit is riqquired for the purchase
und wee of complately denatured aleahal unless (he purchaser in-
(onda Lo recover the aleolel,

Complotaly Thaaatured Alcohol ‘Thin tarm applicn to ettiyl
dtechot la which bas beenadded material (methyl isobutyl katonc,
pyronata, mmeling, accloldal, harasene, ofc) oF auch madre that Che

producla may be gold and used within certada lanitatians witht

pormnit and bond,
Specially Qenstored Alcohol. This alvuhal is intended for una

hicgreatar number of npecitiod ants aid industrive than completely
lenatured alcohal avd Lhe chorncter of cho dunaturant or denmiar:
nnts used ia auch) bhat apeeially denatured aleaho) gay he sold,
posaoased and und only by those poraona or firma Uaat hold baie

pormila and ava covered by hand.
Formulas far products using specially denatured aleahol munt be

approved prigk laine by dhe Rogional Direefer, Burenaf Aleohol,
‘obaceo nnd Firearms inany of Che rogicnal offices listed above.

Usos--Approximately 60 aociaily denatured aleahol formula

containing combinations of mere Chan 90 differgnt danaturants ara

avaihiblo to fill tha neady of qualified
users.

Lore amounts of

apeciothy danaturated mleghals are tsad as raw materiale in (ho

production af ncetaldahyde, ayalhelie cubber, vinggar and ely
chloride as wall amin dhe manufacture of propriadary selvents an

cleaning keludionn, Heber and chieraform ean be rade fain ault-

ably denalured aleohods and formutas for Che manufochure oflading
Vinetura, Greon Soap Mneture aid Rulibing Atcohel ave aot tard in
the ragulationns,

Specially denatured alcotols alia aro oseae nolventa for surface

conlings, planiion, inks, lolled preparations and extol pharneeu.
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tidale. Laryte quantition are waed in the processing of such food and

drug products
oa

pectin, vitaming, hormones, anidhtotier, alkaloid
and blood praduetly, Other ates iseludo wapplomental melor ful,
rocket and jet-fuel, antifreeze solutions, recrigeranta and culling oils.
Pow prodhets are manutiecured today bhuide pol require Ge ano of
Weohal at, wome slage Of productlan. Specially denadired aicohel
may not be ased in the manufaetare of fonds ar internal medicines
where any of Gie ateohol romaine in Uhe Miished product

Rose Water Otntment

Cah Chinen Galen's Corate

Chet yd TabaWk
eee

TBE
Wt Wakceeeee teen ce rte

TED
Almond OH) cc.cccDeeg bbe decease

ned
Sodluin Borate

ccc vee
Oat

Stronger Mune Wado).
vereoee Ob m1,

PurlClod Waar ccc cce cea teresa HGS md
Rowe OW oe... banaue cepeee, hand,
Tone shut ces cceceeececc cece cera nen eae eee

LOOMGE 
Radice Gre ceky) anger was and the willy wax to apall pieces, meld

(heatedbath, add dhe ationail and coatinue beady andi ibe
tonporature af the snisture readhes 70°. Tinsalve die sodium barait
the purifed water and stronger come wator, warmed to 70", muck ypeudually
add Che warn nelacien Lo Lhe medtod mixture adierhiy, tapidly aid cane

CimouelyGt it has contedo about di’. Tnearporate the roxoid.
Itnnd bettefrom ranediiy. TP the alnlanentdias been ehiflod, warm

iLnlightly before attempling ta ideerpordia other ingredients GioUP
for utlownhde vardetlona),

Ulatory:
-
Origiaaled by Galen, the fameus Homan physician

phacwaciat of (ho talcentury AL, wae knows for many centuries by
the name af Viyentuan or Goratun Hefeigerana. Tt las changed
hit tithe ia proportions of methed of proparation Uhreughout many
conirion,

UnsoAn camdiiend and ofnderedt dese, UMtyW/O anialiion,

 

Biluted Alcohot

DHinted 1thanol

Amixtare af nleshol and wrrtar
containing 11.0

ta d20%, ley weight
(dAto 408%, by volume}, of 75.508, of CollQH (48.07).

Preparatien---

Aloattal
occ cccc ccc ccc e cece se eeese rete ee AE TL

Pasidied Watur
oo... bocce eeeteeeese ener ee ye UO aL

Mansore the aleohel ana (he puriiied waliy separnteby ad the sane
lemperatyre, andoiiis, 1 (he wider and the ofegtiol

and
tlresulting

wixture ave meaguced al 28%, (he valuate of the mixture will be whoa 940
mh

Whenoquial volimon of adechel and water are mixed logadher,
a

rine in Lemperature and a covtraction of abaut 8%in volume take

place, En amall operations the contraction generallyia dinreyarded;
in hanger operntions thin very importank. 10 gal of officiat nleohal
are mixed with 60 gal of water, the product will not be 100 gal of
diluted aleehel, burt only 964, gat,

a contraction af ah gal US Preof
Spirit ditfora from thin andl is ebeengons i cordnline 0%, by value,
of absolute nleuhal at 18,50" (60"P). Thik correspeands to 420ihy
weight, and hada apecifie gravity of (0S7 af Lhe aume dompora card,
i upirits have a

specific pravity lower than that of “proof episit"
(1.0841), (hey araqaid to bo “above proof? il preater, “hedorwproof”

Healwo may Ie prepared fram the tulleavirg:

Poberaberh
ccc teeettee

ME
Prardlied Waar

ccceeeeee ee
EE

Rules For Dituiion---"The following roles are
applied when mak:

ing
an aleohol of any required lower porcentage fram an aleelial of

any viven higher porcentage:

Yq, By Volume—Designate die volunporcantage af Ge stronger
alcohol hy ¥, ane Giatot Ure weaker alealial by t,

Berle Mix 2 votunien of Che stranger aleohal with parifiod water ie
tate Fo volumes of produed. Allow the minature fo gland andl fail
contraction haa taken place, and andi) it hin cooled, thon pinke ap the
iefigieney inthe ¥ voliby adding more

purified water,
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Beanie
=

An atentol af 80% tye vedunio ia to tar inaCraman
dleohol of M09 fyvolinne.“Taki a0 veluoies af the dd alcohel and
4éd encniggh puciied water lo produce 940 yalina@aad. fede Lempdare,

tl, Uy
Wegght

Denigaud: Che werptht percentage of Ghe stranger
ateolial iy M44 andl (had of Che wealter neohal ly ve,

Rate. Mix ar harts by weltht af Uhe atone ileahal with paritiodwater tonal3parts iy welght of protaet,ean ple An adrobol of 50% by weinkt in da he qaade fron an
nleohot af OK by wolhteeBake f0 parts by wedslit of the GL i8
nleshol, and acd asaqyehy pacified water to produce 241 parte Dy weight

Reseription. Ax for Advadad, execpt its xpoeifig pravity in ODA te
0.087 04 5G") andigating Ghat die strat af CybLO1T correspande (1
that piven in Ube offiejal detiniGen,

aesA mienedzuden in mnaking tinctures, Juidextracts, @aciinch,
@le, 14 proportios already fave been dawribod fully iy conection
wilh (he varhous preparitiona. fla value consiata aut only i its

antixepdée proportion, but alse ii Ha poasnssingthe audeed? pawere of
both water and aicuhol. See Aleatal,

Nonbeveraga Aicohol

This is Gax-paid ateahol ev dined spirits Geer in the manufac.
tare, by approved formula, of such medicines, medical propara-
(ans, food produets, Mayors or Cavoriyg axteacta ag are unfit far

heveraqe prposm. Taceraal Revenue Service Rayulations provide
that unaitied hnidora of Spacinl Tay Stumps who use tax paid
aleohol or cietiliod apirite in the types of prodtiota listed above, may
file a efains for afeaed faa deqaehaics av refinedof a considerable part
of Che (ax paid.

Amylene Hydrate

#-Fodanal, 2 amethy Tertiary Aa) Aleohot: Dinethyiedhylearhiaot
Ou,

CA
gayCH

fort Pontybadeaal [fede dp Cad pO (Beh).
Preparation. Amyloar ia mixed with % volumes of O98 TAO,,

hath previously egaled ta 0°, for abot fhe; dian aoubralized with
soca, distilled) and the first halfat Ghoe distillate containing inost of
tho amytone hydrateis deended with onliydeods potieaiuny carbonate
anidd rechintitledt.

Boveription. Clear, codorless Gquid of cargliunceous mor, wolition
novtlead to Hines specific wravity O.808 to O.807; clindiln completety lice
taeOF and Oa

Salublitye Jp italwd boot watery andacdble with ntoaial, ellara
form, atheof fyearin.

UaneChielty,
a

phacadacendie necessity for 'Pribraiuedhartual
Sadvtion OPS 1G, page G88). 1 hag hoon uagd aaa edaddy
adie in duscn of bod padininigteredd in glycoriy.

Chiloraform-—page 1329,

Fiher-—-page 1041.

Ethy] Acelata—page 1204.

Giycorln

L248. Peopandriel Glycerol

aaMOTHSOn

Glycoral (80-81 -6] Cals (02.08),
Chorieatly, (ld Uh sinplest Gihydeic aleohel, [tia warthy ol

apecind pole bugagie the two Lorminal aleehel groups are
prinary,

wherttwia the middle ane is secondary. ‘Phathin decomthe firat

polyhydeic alechal which aa viok] bothan aldany (gears tdelyde)
and a ketone (dfhyadeuayaeedane).

Preparation.1. By snpunitiontion of fis mnt oils ie Che api facture of Reap,
8. By iydrolyaleesfats and oils Uhrough pressure and auperhont

ad atoain,
4. By fermentation of beet sugar molasses in the price of

Tare nmatiatie of sodium aulfite, Under thie ermi Livnia feuclian
takes pinice axpreained in

Cah yyOy
=

Tihiwore
CANO) a + CCH+ On
Glyeorda Amdiudoli yale

4. Glyeorin ia pow
propatad in large quantities from prapyleng,a

petroleiie prodvet ‘his hydracartonis chbarinnted ih shout 400°
to form allyl ehloride, which in conveartod to allyl alcohol ‘Treat.
mont of tha unaatarnted alechol with hypechioroun aid [AOC
yiolita the chhorshydrin dorivadive, traction of HCL with sara
tine yields 2,3-opaxypropancd which undergoes hydration toglycor-it.

Doseription-.Cleat, colorless, ayeapy: liquid with a aweet tele anid
hemare than a alight, chevacterictic odoy, whiel is naicher haenor

clineggreeahio: when exposed
lo meint dir it absorbs water and tse stich

wage18 HS and SO.) andaliony age neutral, apecifie ftavily not lelaw
1.240 (ret fathan 59) Cy) (OW Pa) hoile at abunt 290° under 1 alm,
With dacompanitian, budcan be dintilod iach iy a vain,

Solulibity, Miseihte with wator, alcehol metianal, | yp in alveut 1
tL. of othyd aecuite on abo1b ent of aeeton; biaclabte i chlorofarm,
liar ar fixedaad yela(ile oils.

Troompabibiites An explosian may ocear if ibis riteerated with
altong oxdiziig ageads nach wn ciromiinmfriuvide, natassiain chlorate
nr potiasiie peceniiaeaie, Up dilide selutiens Gite reactionproceed
atiabowor cate forning averoxidation prediety. Dean id ae orcanten:
ab enmtminant ef diand may be the eauaf a darkening: it cater dn
mixtures containing plcnals, sableydedes, fareadit, ele.

WU basi aretdor soda berate, i Tecileaiples ganacally apakenofag glycoroboric acid, which ik a ainch atronger ack than baric acti,

VasOne of Che most vatunble products knawn do pharmacy bry
virdue of a soleend proporly, [eis uneful ana damectand in keeping
dubatatlcos most, owbiye to tty hyroncapicity. lta agrecahte taste
and high viscosity adapt

it for many purposes, Some modern ica
collars aud ie haga contain ih aie water hermetically sealed within
vulcanized rubber bayge. the lotior are storilized ly dipping fia

germicidal saludion anid are tered inthe refrigerater untit mended,
To also had dome therapeutic uses, In pure anhydrous form, it is
used in the eve to reduce comeal edema and (ofacilitate aphthalnio-
acopic oxaminggion, 1 in isod arly ag an evacnant and, in Sd te
4h) asluGian, ak a ayveleMic camodie agent,

Isopropyl Alcohol—-page 1167.

Maihyl Aicotal

Methanal; Waod Alcohol

Oyid

Methanot (67-464) CHO (04,04),
Caution-2t fs pulsars,
Propieation.2y the catalytic reduetion of carbon monoxide or

carbon dioxide with lydrogen, A vine axidie-cheamiuin oxide Gata

Iyatis acd gommanty.

Veaoription Clear, colarlon diquicy charauteriatie odoflatunatle:
upecitiv peavity wot more Chan 0.790; dil ile within a reuige of 1° belween
Gab and 06.9%,

Salubilicy... Mince with water, nteuhel, ether, banane of ics lh
or ore wadyvents,

UsesA
pharancevde afd Gelvent), Hn toxic. Inpestion may

TeRult In bliadtataes vapors akimay daage Loxic rvaelions,

Mathyl Isobuty! Katona

2. Pundinona, danathy,

(CHCHCILCOCH,

4-Mothyl- pantanoie [108-10 t]) gonteina aol tere dha99% af

Cy MeO (100,16).

Doserdption —Tranuparent, culerless, mebile, ealatile liquids Safad,
kotonie and canpharicians odor, distily between | hband 17",

Solubility. Slightly soluble iy waters wineibte with aleghal, ether ar
hanvene,

Users A dentinefar ralbing aleohed aad alg a sedgeFor
gums, resing, nitrocollulese, ete. Torbayder ieritating go theayes and
rbceus men branes, ahd, i igh concontnithons, wareatde.
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Monosthanolamine

Kthanol, Zanaiao-, Hthnolumine Bbbylulamine

NOCH LOCHHy

2-Aminoothanol [141 -44-8] CulyNQ
(31,04).

Proparation--Thig alkaniolaming ia
prapared conveniently by

traning othylene oxide wilh ammonia,

Deveriplion--Clear, colorlons, modecatoly viaeoun liquid; dintingttymmmondacal oder; afeeted by light: apecifieyrcavity LOT (ao d.000; dhalaisy
hotwean 1OT and 170%,

.

dolubility---Miseible
in all proportions with water, acotang,

aleahel,
idycerin

or chlarofpany amlacihle with ether, adlyart hhoxane or fixed

alles dissolves aiiny eesantial oils,

UserA solfvené for Cate, oila and many other aubstanens, thian

pharmaceutical necessity for Phimerasal Safucion (page
1479), itennbines wilh laity acide lo form soaps which find application im

various (ypon af amulutany wach ad lotions, creams, 1c,

Propylene Glycof

CHACH(OHICHLOB

1,2: Propanadial 187-66-6] CyHwOy (76.19),
Preparation. Propylone jg converted successively to ita chiara:

hydrin (with HOG), epoxide (with NaylOy) and ¢lycot (with water
in proached af protons).

Theseviptlon-Claur, cotowions, vincgun ind prachionly aderless Hquid:
wighly acrid tanto, spoctic privity F095 to 1.087: campbetaly dintdls
beeen LBane 189%) absorbs malate (ronmodal alr.

Solubility Misiible with water, alcohol, aedhoae ar chierofnrin, salu
ble in ethoe dianalvee many volotile oiby immiscible with fixed oils,

  

Una-A sodaind, preservative and kunwetant, Seo Hydraphitie
Olademene (page 1811),

Trolaming

Mibnnal, 220,2"-nitrilotria-, ‘Triethanolamiiye
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22,2 Nitioteiothanol [100-71-6) NCOgLOH), (40,19); 1 mix-
tare of alkunolamines consisting Invzaly of triethanolaming, con:

talaing some dlothanolaming [NACAOn),
=

105,14) and
monosthanghaning [NiyCyl OH

=
G18),

Proparation-—-Along wilh suid meno and disthapolamine, by
the action of ammonia on athylene oxide,

Dovseriptlon—-Calorlew ta pode yellow, viscous, hygroscopic liquith
alight orlor of ammonia: aqueous solution iv very aladlines mally about
27": specific jravity 1120 Lo 1.128) a ateonye base and rendily combiner
oven with weal noids to form natu

Solubility-Misciile with water or alcghals selulde hy ehloraforin;
slidiily koluble in ether ar bana,

Usescombination with a
fatty acid, eg, oleie acid (aoa Rene!

Reneonte Lotfon, page 1246), og an eeriedsifier, bee Manorthanola
pe.

Water—page 1300,

Other Pharmaceuthen) Bulvents

Aleohol, Dobydrated, BP, PRT (ahydeatad Ethanol Absolute Alen:
holh--Pranaperoetl, colorlows, mobile, volatile liqaid: characteristic adurs
Durning Gaal apaei fle gravity ned more (han 0/788 at 16" hyygrosenp
ic, flammable avd boda about 7480, Miscible with water, ethor or
ehlaroform, Tse A pharmaceutical aolvents alan used by injuctionfor
roliefof pain {hee Aleofad, payio t814},

Cacenot OF [Cacenut Oi; Gopra Oil "Pho fixed ofl alstainedt ly
expreasion

or extraction fram (he kernels of the seeds of Cocus nucifera
Ljnné dam Palade). Pale yellow fo colorless liquid botweon 28 nad
30", nemiinoliat ad 208 and a baad, brittle eryatalling salid below 16%,
ottorlana and taatelein oy haa a falot odor and taste chaenadtorintie af
wocentity Le ead ned be used if ib hag ddeeame rancid; melts abot 20;
apotific gravity O18 O10o23. Readily aotubte in alcohol, ether, chlere-
form, carbon dimafide or

petretnun beng; insoluble in water,
Patrolowin Bonin

[Poetrotouin guiPurifiad benain|- Clear, color.
lean, volatile Havidls aUierecd ar faint, potrolmantdike adler: woutral roac:
Hon specific gravity 0.054 10 0.00, Practically insoluble da waters
miscible with ether, chlerefarimn, heaadid or fixed ails, Cavtions Highly
Cammahla, and ily vinpar, whonmixed with air aad ignite, auiy explode,
Uses: A wolvant Tor fala, eosin, ofa and similar substances,

 

Miscellaneous Pharmaceutical Necessities

The agente listed in this scation canptise a heteragencous
group of substances with both pharmaceutical and dined usted

alapplications, Pharmaceutically,
some of these agents are

usedag diluents, ontoric coatings, excipients, Gliering agents
and na

ingredients in produets considered in other chapters,
Tidustrially,

some of these agenta are used in various chemi-
cal processes, in Lhe synthesis of other chemtenls and in the
manufacture of farlilivers, explosives, ete,

Acetic Acid

Acie acids
a goludion ccartalning 86 to 8788, by weight, af Cole

(60,05),
Proporavion---By diluting: with disuillod water an acid of higher

concuntration, saeh as the BORproduct, or mere damamundy daca
acetic acid, ining S60 mL of the latter for the praparntion of cach
1000 miaf acetic acid,

Deseripiion..Cinar, eodurlesk liqaid, having a sleang: charnclerinthe
oderand ashorply acid Getaspecific invaabout 1.04; congoals about,
~-14%; gail Co bn,

Solubilily—-Miscibie with water,dleohol or
glycerin,

Unna-ln pharmacy ana sddvent ond memati, and for making
diluted avatie nell. it adag ia deed aa a

starting pelt in thie ayanu-
fickura of many other organic compounds, op, aeetalaa, acetanilicd,
mulfonamiden, otc. It ia official primarily

aaa pharmaccudi¢c neces-

aity for tho proparation of Aluminum Subdcviate Solution (RPS.
17, page 778),

DBlhuted Acoitte Acid

Dilute Acatte Acid

Asolution contami, In each 100, 8.7 (06.3 yg of CyOy.
Prepuuration...

Acotio MGid cocci ccc atte eee SOR aL
Purified Water,

a salficdor. entity,
Wommkes

csc cecccceseceeecsevaeeseeve reece
LOO BIE:

Mix tha injgrouieaste,

Nate"Phianeid alao may be peopared by diluting 64aofglackal
aeetic ackd with sufficient puritiod water to meake 1000 nd.

Doser pianTentially Hie sane properties, solubility, parity anil
Klondification rencdicae an Aeetie vledd, Gok ily speertic pravity: bs alia
100A and ii congoaks about 2,

Usos---Heretericidad la many type of iietaorgiunging and oces-

aionnly in amgel in fe aclution for suryden) dretnings of the skin, A
Wb sokition inagernefocidal Cenlao ia used in vaginal deuched for
the management of Triehanonas, Candida and Heanophtius infec:
Lio,

Glactal Acetle Acid

Concealeatad Acotie Acid; Cryatalliguhle Accolia Adid: Eithanolie Acith
Vinee Acid

CHyCOOH

Glacial ncetie acid (64 -i9-7] Oy FLO (40,05),
PreparationThis seid is termad “glacial” beens of ity wali,

wlawy appenrance when eonpenod, Im one process itis producad by
diatQlation of wealeer acida to which has how added a water-en-

Loading aubetange auch a ethylene dichloride. Tn this mothod,
referred to an

“axoelropie dindllation,” die eliylene dichloride din-
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tily oud with the water before the acid distily aver, dhereby effecthag
concenteation of tha hitter,

Tn another pragcas the aqueous acid ig mixed with trigthanel-
amine and hoated, ‘The neid eombinas with the trigthanolaming to

form a trlethanolumine acetate. Tha water is driven off firsts thant,
ata higher lemperature, the Giethanclamipe campo) deacon

poder Lo yield thin ned,

Agraater part of the acid now avilable is madesyathatically from

acolyland, When acelytene is pruned into thie acid containing 4

metallic catahal such as mercuric oxide, alhylidond dincetale ia

produced which yields, upon heating, acetic anhydride and seotab

duhyde. Hydintion of the farmer and oir oxidation of the lalter

viele. thia ncic.

Dawevipon-Cleat, coloriegs liquid: pungont, charactorhitie oar;
when well-dihated with walter, Wo haa an acid trate: duils ahout 118";

cangealt ata temperature not lower Chan 46.6", corresponding:
tsa

ininin of hes of CHACOOH: specific graviky abort 1.08,

SolubilityMiacible with water, deehol, acetone, elon ar
ilyeuriay

insoluble Wy carbon detrachlorids or chlarofornt.

 

Unaw--A causdie and vested whon applied externally and is

often sold under various disguises
ag acorn solvent. Leia an excel:

lent solvent for fixed and voludile oily and wany othor organie com-

pounda. Tin used primarily as an aeldifyieg agedt,

Almond Oil-—-RPS- 16, page 720.

Aluminum

Alumina AL (20,08): the frog tetal in the form offiraly divided

powder, It may cantainolcic acidor alenric acid asa lubricnnt. Tt
containg not lesa fin 88% of Aland net more than 89 af Acéd-
Insaludle subsdanees, including any addedfatty neid,

Doverkption Very fine, (reo lowing, silvery powderfree from geitly
or discalorad: particlin,

Solubility: Inighable in water or alcolral: wolublein hydrechlarie and
sulfuric auids av in solutionof fied alkadd hydroxides.

Usor-—A proteetive. An ingredient in Aluadnwn Paste (RPS-
1a, page 772),

Aluminum Menostearate

Aluminian, dibydroxylactadednnoalytbe,

Dihyvdroxy(stearatojaluminum (7047-84-9)
a

compound of alu-
iawnwith a mixture of valid organic acids obtained framtata, and
consiaty chig!ly of variable proportions of aliminum moenogslenrata
and alumingm monopalnitate, Tt containa dhe aquivalont of14,5 bo
16.6% of AlgOy (101,86),

Proparation---By interrelion of a
hydronleoholle aglytion of po-

(assim atoArie Wil an aqueous veludionof potaaiim alam, the

precipitate hoing purified to remove fred atouria avid and some

qlumitunt distarate simultanadusly produced, 

Dexeription--Vine,
while to yellowish white, lully powder; flit,

chatnetoriaiic day,
Bolubility-disatable in water, aohok arether,

; Unter.A
pharmaceutical neceniey wed in tha préparation of

Stertle Pracaine Penieditin Gaeith Almminum Stearate Suspension
(kee pape 11).

Strong Ammonia Solutlon

Stronger Ammania Wotan Stronger Aniptianign Hydroxtde Bulution;
Spirit af Tarlahorn

Ammonia [1986-91 -0];
a solution of NHy (1.7.09), eentaining 27.0

to a1.0% Gade) af NHa Upon expomure to aie il loxoa amnmanin

rapidly,Caudione~(ae core fr deermadiiiig ib becuse of Gat ceratie nade

of the Solution aad the freilating prapartics af lis vapar. Goal Ghd

contadnar well befare opening, aad Coben tre closure wit a cloth ar

similar material while opening. Fa nat tate Hand apotd Gebeda-

tron of dis yaper,
Preparation--Apunonia is oblained commercially chiefly by

ayndioale from ila conaliliend alomeais, nitrogen and hydrogen,
combined under high pressure mid nt high temperature in the pras-
ene of mn gailalyad,

Deseriplion..Colorles, teanspayent diquid: excasdinigly pungent,
chavacladavle oder ean when wellediluted if ik strongly alkaline to
litany apacifie feet aterO00

Sulubility--Misciblea with aieabat.

Useg--Oniy for chemical aad pharmuceution) purpusex, Wt is
waged primarily in aiadingg amononin water by diludien ave na

chemical reagent. Lid tod attenfor internal administration, Up
an

ingrediontin Aramatic Amunania Spirit Gauge 1638),

Bismuth Subnitrate

Basic THaasath Nitrate Biamuth Oxyaitrate; Spanish White
Bismuth Paint; Biamuthy) Nitta

Biamuth hydroxide nitwate oxide [1404-864]OCG(NO,
(1401.99);

a basic salt whieh, dried at 1065" for 2 hy, yields upon
ignition Hel lows Gian 7O%of BivOy (406.96),

Proparation--A solution af bismuth nitente is added te boiling
water to produce (he subsiteate by hydrolysis,

DaeserlptionWhito, alightly hyeroaseepia powelor suapengion in
tlintilloc wateris faintly acid to litmun (pH about i,

AHolubity--Practically insoluble in water or
organic salyentin:

dissolves randily ty ay oxecss of hydrochlorie or nitrile acid,

JncompatibilitiesSlowly hydralyged in water with Bboration
of nitrio acid; thus, it poasomgn (ha incompatibilitios of tho acid.

Reducing agente darkenit with the production of metallic biamath,

Usaa-A pharmaceutical reeesity in the preparation af milk ef
bigrauth, Ualvoia used ay an astringent, adsorbent and protection,
howover, its valle ann

proteetive in questionable, This agent, like
othor thaoluble biarmudh salts, is uaod topically in lodions and aint-
Prevod,

Barium Hydroxide Lime

A mixtureof bayliin hydroxide octahydrate and ealeiin hydrax-
ide. Taleo may contain potassium hydroxide and may contain an

indicator that ia inert toward anesthetic gaace auch ae chor, evelo
propaneand nitrous oxida, and Uiat changer color when the barium

hydroxide time no
longer

can absork carbon dioxide,
CeationsSince i confaing a soluiie fromof barivan, a is bowie tf

soallomed,

Doveripaw--Whita or
grayish while prude may havea color ifn

indicator has haan added,

UserA carbon dioxide aduorbent. See Suda Liar(page 1925).

Boyle Actd

Borie avid (HdGs) Botacle Adhd: OruiaburlAcid

Borie avid [10049-45-3] HylsChy (1.8).
Proparalion--Taygaens of the veleanic digtrliete of Tuscnay for:

morly furnished the grenlor park of thin acid and borax of commerce.

Borax ig naw found native in California and seme af the abhor
weertorn aldo, calidum and mayestborateare fuund there alao,
1. is produced from itive borax, ar from dla other boratos, by
raacking with hydrochloric or aalfuric acid,

Doseption—-Colorlanacalaw of a somewhat poarhy lundor, or orgs:

tole, but more canmmanly
a white powder slightly ametuous (othe Tenants;

octorlogs ane atable in the air; velatilizes with sled,
Solubjiiby.of in 8 mLof water, Wont alsahel, 4 mlofylyearin,

4

wl, of Bailing water or G nil, of baiting aleelal.

nose oA buffer, md Hole Ghia nae bbivg ik recognized officially. Es
ig a vory woak yermieide (loead antidnfactiae}, lis nonivritating

properties make ils satkGond suitable far application
to auch deli-

gate alruetures as the cornes of the oye, Aqaaamm xalucians are

omployad
na an eye wash, mouth wash and for ivigatian af (he

bladder, A 2.2% solution ig igatonic with jacrimal fluid. Solutions,
uvent if thoy are nade motoni«, will hemoalyzeredbkoad colle, IL tales
fH omployed

ag a dusting powder, when diluted with kort inert

material. Loan ho absarhed throughirvilatedt skin, og, irifievte with

diapror rish.
Althoughit ia not absorbed significantly from Intact skin, it 18

absorbed from damyat atin and fatal poiaoniag, particularly
in

infanta, hay occurred with tapieal application to burnn, domuded
aroas, granulation Lage and asroun envilles, Serious poisoningcei
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roalt feuay aed dagentian of na Tittle ni, Ryngptanis of! poiuniny
re iiani, wan ling, abdemiid pain, diarrbes, headache and vine:
Wialintirhanee. ‘Toxic alapecia ban bees reporlad trian the ohroniy

extion af dntonth wash cootainingi, Whe fidney way he injured
and death muy reali. His ie wa

prescvative Gs beverages and
fouls is

penhibitedt by natianal and sGrie Topbelatian,  aerc as at
tenes peasant tie denier af canfuatag i iith dextrase when cou

powodra mille farmratis far fufints, Matad aeeiderts Aauc at

erered, dor Ui reason borie acid in balle in codorcdl, sa chat it
erie Le eanfaaed with dextrose,

{1 je used Lo prevent dixcaloratianof plynacstigeine sohitions,
Dano. Togeadty, aa aquired,

Calchim Hydroxide

Slakod Lanne: Caulniin (yan

Caletahydraxide [PA05 02-0) Cacys (iaaH.
PreparationHy reacting, Creahly prepared onadeiin oxide willy

wiley,

Deseription White powder! dialine. aligithy bitter baste, absorlia
vorbon dinghde tem (he de Foninge cadenan ee bovate: wot ond es hibit
antrany alkaline feact im,

Sobebilhiy Top dn dad gh. of water ae LOL of dating water,
snlible br glverria ar

ayvrop: soluble in ateddial; (he soli biliGyiy waterts
dacicoseed DY the preciof fied allenfyraids.

Uses: In the preparation of Catedien divdeuxide Subtedéue.

Calchim Hydrexitia Topical Solution

Criviun Liydrasdde SoluGen; | dine Wier

Aadalies containing, is each POO ad, def dens Bhan 10 ng of

CalOH) CLO,
Noteo'THe solubility of ealetim hvedeoxide varios with Che lan

peratare atwhiech Uresolutionigatercdd, beige about (70 mg / 100 nyl.
6", aie less ada higher temperniare, The official coment ration
ik hased apoio Ceniparndure ap 2a?

Praparation-

 

Coleivm Hydvaxide
...... betta e eee brteere eee

OK
Purdfiod Water ccc.e ee eee bette eee BOMHyd

Adel tho caleiuan lydrosode fe S000 Gd of good, purified walter, and
aypthare the mixture viyerenesly and repeatoddy daring, | lr ATW che
excess of caleigin hydreside to nedile.  Ghpered only the elon, superna:
lant Dicgutied.

;

‘Nhe unidisunlved portien of Ure mds turd ie nit auilable for prepare
int additonal quantitice of the aqhatinn,

The abject of keoplng Tine water over ubdingelved caleiunt hy-
dlroxide inde demure n sacuratod solution.

ep astroalain
 

Desevipiian Clear, celorieds Hascld; allodine tant
reselion abserbes carhen diexide fron Lhe ade adilof calchann cartaiade
forming on the rarface of the Haid; when heured, it become turbid,

owe 10 Cho agparetian of enleiint lvedyanicla, wheels in Tense crturlale iia Heel
Chan in éedel walter.

 

Usen——Vou dilite to be offeetive asa gastric aptaeld. lt is em-

ployed agleaily ata peotead foe in varios types of lation. Tn some

lotion formulalions it in uned with alive aif or olele aciri te form
caleiimoledle Ubet functions aman

onaiaifying agent "The LP
ehasnen iL an an aacelayent,

HokePaaicalty, iy aebriyent wolutiogn and lotions as
reguired

(noo Cafemine Loding, page M02),

Caiclim Pantathonate, Aacenle-—-page 1022.

Galelum Stearate

Ontatleenmoie wend, cadetnfl,

Chdeiuimateaeato (1508-90);
a campoofealelwin wilh qimix:

Lure of solld orfante acide ahtained framfale and consists chiatly of
vavidble proporlions af slanrie and palmitic reid[ealaliny tenants,
CodligtinG,

=
8070: caletam paladiato, Coda,

*
60.09):

comfaion Lhe aqiivalont of flo 10.0%) of Gadd (enleinin oxide),
ProeparationBy precipitation fram intometion af salitionmaf

calehing ehleride aad thaocdium aadte of (ie mixed: fatty acidn
(atenrio and paknilie).
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Denerdplion Jian, white be vellewiah white, bublepowers; slight,
nhuvachoistie odes wieiaana add fred Seite cece ities.

Sobebility: diwohabde dn water, dleediot ar et hie.

Uses A dvdriraad inthe nanufaetiure al sampreased Liblats i
miso ds tiand ana

candiGdaninsg agent i Cond: aad harem netitival

pradiets, He sertiinily sontoxdie adbarn anit unetiidiun properties
Mithes it ideal Par Ghose prarpsanes.

haiciund Sultale

Sallie veld, caleba anb€ (ids Gypetian Pacman Alba

Caleiuaulfete Ci) Pres ee) CaO, Ob diverter
QUOT Alay vd?

Prepatation From natarnl aedrces or
by precipitation fram

inleraeclion of xaludioad of caleiain chloride and aaaluble solfate,

Deaeriptian. Ping, white tealigbllyyellow where, odarlodn powslor,
Sabebility

-
Binveatven da diluted HET alihtly gedable in water.

reeA dilaweartin the nwlaelare of camprenked Cilitets, 11 is

audfieiontiy inert Chat few aaddesirable renctiomne aged in libbebs
Thade WIL thiy substinee, To also ie uied for analog, plete

cant

and supports,

 

Carnauba Wax

OWtained Craw the lonven of Coperadida certified Mort dain Pat.

we},
Proparition  tousins chiefly of ayer’ vorotate with sanallor

guimnlilies of rayeieyd afeatial, cary! alvatot and cepotie cet, Has
obtained fy Creat ing He Weal fads ane leven af Capaesandi cetferid,
the wecalled Beasiien Wx ibe, with bot water,

Dinerkfion  Light-hraye
te pale yellow, moderately canted paw

deny charachirintie tdonet addons tree fren sameicbilyy specie geuvityalae
UAW macht antiid ee,

Solubility lisehabdo br waters (reoly soluble i ari sengane; she
ble in warm chloroform ar duende alihitiy eelubje ta boiling abated,

Vaen A phivmacentic nid umed asa
padaviiag agent in the mate

fachaye a! costed tablits,
 

Microcrystatiing Cellulose

Cellulose [004 el), purified, purdally depolymeriaed ecllulonc

prepared by Creating alpha college, obtained aia pulp fronfilrouy

piantanatetial with mingrat acute,
Preparation--Cellukad da aahjected to Che Iydroly ie action of

wh NWO at Lhe boiling Ganperaie of about 105% fer 1 min,

whereby anerphouscelhifosic material is removed and aggregates al

erymtalling cellulose are formed. ‘Mene are calloctad diy filtratien,
wrrhed with water apd mgacogd amimenia add digtitagealed: into
small fragiiein, offen termed culiutose cryetalitas, Try viguiains
mechanics) meni wach aa dieadar, Ue Pal 8 bbw

Deseription Ming, white, odlatieas, erysd allie powder; vonsiste al
freq flowin, nantibreas putida.

Salability Tnseliblo dn wartor, ci Tube: etched air ines oggiaide sel venta
fightly nodule dn Watt nedution 1 da 20).

UsoweoA tiled diluent and diaaiggrant 1b cnn de compransed
inte xelt-binding Gablets whieh disitleyeake rapidly

whou placed in
writer,

Microcrystalline @aulone and SatiCarhuxymethytoella-
lone A coltoid- form, abitmixture af microerysdalling celldon
and sodivin carhoxveid tydeotheloge. “Tastadlosn, odorless, while ts all.
white, coutao lo fine pewder; PDE Glinpersian)ba A. Savalis i wala,

produchig, when inporsen,
at

while,
upariie dinpordion

or pad; lanalirbte
In arpaniewolyents

ar dihabe amd ffsex: Pharnacntic aid dpuenpand-
ig agent). Grades Avatabte Gamounls ol sadiins carhoxymetnyeed:
love prodiciayy viscosities in thie roncmstritiane decipraled): Bib, 120
epa in 2.1% wohations 62%, (all eps de Besbhe in, EEG i opie tn bith
BORGO,

Powdered Colluloge-—-page 1305,

Cetlulose Acetate Phthalate

Cellulose, aeutile, Le aenvencdicarbosyiate

Cellos ieelate phébadile [9004-38-0}a renedion produet of Une

phthalic noahyslyide wid a purlid aaetnle ester wf culliviens, Wiha

  

 ehoares
wiepagers:

SSNSRAE,
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deigd at 1088 for 2 hy, ib containa 10 te 26% af avelyl (Cady
proupa and 80 to 46.09%of phthalyt (o-cnrboxyhongoyl, CallsQs)
(roupn,

Prapuvation-Celluloge in crtorifiod hy trontment with acetic
and phthalic agiel anhydrides.

Donerhption-—-Free-flowing, white powder; way haved alight odor of
acetic nid,

Solwhilit
ya.

JLasoluble in witer or atechols: soluble dn acetone or diox: 

User -An ederte (ibled-eouting neteriad Contings ofthis sub:
alance disinloptate die ia the lydrelybie effeet af the dnuaxlinal
ealorages, even when the inteaiinal contanta are acid, fn eftra
xLudies indicate Wiad collulenc acetate phthalate will withstand the

nation of arlificial gastric juices far lang poriads of fine, but will

distiterate rondiy in ardficiad intestinal juices,

Cherry Julce

"Phe liquid oxproused fram the freah pipa fruit of Prints eerste
Linné (Fam dtosecene); dantainy vet loss than 1% af malic acid

[CaO= 134.09},
Proparavion--- Coarsely crush washed, sommed, unpitted, sour

cherries in apoelider yeas Go break the pits ial not maaktie kernels,
Disuolve 0, 09) of bengoie acid in Che mixture, avd albow it loeetarc at
ream Gamnporaiare (possibly for vavernt daye) weil a aimed) portion of
the filtered jules remains clear when mixed with one-hall of ils
vobiunie of deohol aid the resulting solution docs nol beeanie cloudy
within dOmin, Press dhe juice from the mixture and filer it.

 

Daveription-—-Clanr diquict) avomatic, charactariaticlesy octor, secur

Lantos affected by tight: Ghe color of the Treaty prapairad juice ig red to
reddiah orangn PEEta ds apocific gravity 1.045 {a hO76,

QuowPo propare Cherry Syrup (page 1901),

Carbon Totrachtoride

Matting, telrachlore, Tetrach horenetans

Carhon tetrachtoride {8G-28-8) CCL, (163.82).
Proparation--One method consists of catalytic chlorination of

carbon disulfide,

Doveriprhn-Clear, colorless liquid; charactorinde ncdor ranembling
(hat of chtoralarnapedi fic gravity (O88 to 1.580: hell aout 77%,

Bolabihdy-Soluble in about 2000 volumes water, migedile with aleo-
hol, weotone, olhar, chborafernn ar bonne.

QUaos---Officinky recegnized aa
pharmaceutical necessity (aal-

vent), Mormorly it was ded an a cheap aadhelnintic fur tho (real
ment of Aaedwerer infechions but if causes severe injury bo Lhe liver
if alporbed.

Chigrotorm

Mathane, trichlore,

Trichloronethane j67-06-3) CHO, (9.48): condaing 00 to Obi
of CHC, Che reminder conaiiting of aleotal,

CantionCineshould be taken aut to erpuriee iin the presence

afd flame, deneiiee of the produetian af hermfal gases (hydrogen
ehloride and phosgene),

Proparation—Made by aio reduction of carbon tetrachloride
with water and iron and by the controlled elovinationaf methane.

The pure compote readily decomposes
on

keoping, particularly
if oxposed Lo matatuce and suntieht, earalbing in formation of pias
pono (carbonyl chloride (COC) and other produety. “U'he presence
af agmall amount of alcohol greatly retards opreyernte tliin décett-

position: heres, dhe requirement that i contain 0.5 to 1% of aleohot,
‘Tie cleohel combings wilh nay plagione forming oiv) carbonara,
which ia nontoxic.

Dawepian Clear, colorless, mabile liquid; eharaclerinic, olhereal
odort buming, sweetie: nol Tiivmable butila healed vapore burn
wida jereen flames alfortod by tygit and molatore specilicpruvity Lava
101.478, Indicating $0) (oO Bob of CHChy heile alia"; nat agfeetoud by
acids, bat in davomposed hy alicali hydroxide into alkadi chloride und
addinformate,

Solubitity Setuble in 210 velwnies ef water; migeihle with aleahal,
ether, henzeno, solver. hexaaps, acetone or fixed ana valatle aida,

User An obsolete dadiedionanestrede,  AlUROUtET iL posamenen
advantages of nentlammahility and grat potency, if rarcly in uscd
duo to the sorlous loxie effects iprodticed

on the heat. aye liver,
Intarnady, it haa beer uaed, a anall doses, ada cdeainadive, Bxdap:
nally, Hix an ieeitandé and when aged in liniente it my produce
Nisters.

It is categorized aaa pharmaceitic aid. [he ued asa prescran-
tiee during. Lhe aquicour porcolation af veyetable dirayga io prevarit
bactarinl dacompavition

in the process of manufacture, Ta most
ingiances it ia evaporabed boforta dhe praduet ta finished, Tt in an
oxcellang solvent for adlalotds and anany other organic chamicale
and i used in the annufaetire af these producte and in chemical

noalyses,

Cltrle Acid

L2.5-Prapanetricarboaxytle acid, 2-hydraxy-,

CHCGOH
|HOCCOOH

|GU COOH

Gitele acid [77-02-9} CyldyQy (O18) aronoladrate (ft4it-29-4|
(204.14).

Proparaciion.Pound in nary plied. Lb formasly
was alt ainned

nolaly froutha juice of Himes and lemon and from pineapple wastes,
Since about 1026 the acid has been produced largely by ferment:
Won of sucrose solution, inducing molasses, by fuagi belonging to
ho Asporgitias aiger croup,thearegienlly according bo thefollowing
voaetian

 

Cheblath,  BOy BACs + hyd
Susroms

=

Oxygon Clirie Acid

=

Water

but in practice there are deviations from this atuichiametric rala-

tionship,

Deneripthon--Calorlais, tranmlacent ceystaila,
ora white, grumelar to

fing eryalalling powder, adoclews; strongly ek Geto; base hydrous form
flereneos in moderatelycley ate, butda ailghty deliqueseant ty meinait:
logos iis wator of eryatattivutien ad mout §0% dilute aqueous solalena
are dubioel Go molding (lormentution), axalic acid being ane of ho fer.
Mhentatian produels,

Solubility. 1 gin Go mL of water, 2aof aleohel or about dd mL of
oldeFreckyolable diteGana

Usow---In tho preparation of Anticoagulant Citrate Dextrose Sa
lution, Anticongutart Gllrate Phosphate Dexirase Salut, Citrie
Acid Syrup and effervescent salty. Ténlaoe haa heen used (a disaalve
urinary bladder cleat, and as a mild astringent,

Cocoa Butter

Cacaa Guitar: Thoabroamn OW): Oil af Cheahronia

She fat attained from tha ronatied sead af Pheabeanta ceed

Linné (fam Sterevdiacede),
Pyoparation—-By jrinding the kerpela of the “chocolate bean”

and exproming the oil in powerful, horizental hydenuli¢ peenaes,
he yield is about 40%, Ty alwe hae boon proparcd ly dianalvingthe
oi) tran (he anreasted boaby thie ane of a volglila xolvont

Conatituents.Chemically, it ia ainixture of atoarin, palmitin,
aloin, liurin, Hinglein ane denen of other elycerides. 

Doxaription.. -Yeilowinh, white sotids Cait, apritoalle adery bland Ge
obtained! by extraction) or chocolate dike (if obtainedby pressing) Canter;
tmmally brittle holow 28% specific gravity Gah ta O.8Gd a 1009/25;
refractive index 1164 to Labi at 40",

Solabillty.. Slightly salubla in alaohol; soluble in boiling delaydeatod
aleahaly; fready soluble in other or ehloroform,

Qaoa--Valuablo in phnttiacy for malang suppositories by virtue
of ita low fusing point and its properly of becoming solid at 4

Lamperaturejust bolow the malting paint, Sea suppesitarios (page
1609). Tn addition 4o this use, it than axcellent emollient applica
tion to Lheskin whon di tomeds itadao is uaod In varloua skin creams,

aupacially the ag-called “akin fagda’” Ttalue ja aed in manage.

THantum Dioxtde—-paga 772.
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Rn

I

DenatonlamnBeanzoate

enwenonethanaminiuar Ape | CL8 die ii yd eleany! ania]
-

Las unthy) | NGAP eave, bon goate;
GH,  

va
ttle po

Bengyldiathy) (2,6. xyltcarhamoylriediyl famiiosivin bengal

[abd 8G] ChaddNey (446,59),
Preparndon-2(Dietylaming) 246) xylidice ia quaeterniged by

renekion wiih benyyt chloride, "Phe quaternary chlevide i then

treated with methanolic potuwitahydroxide
to fori Ge quatar-

vary bie whieh, aller filtering aff the CY, in reveted with hensoic

achl, ‘The slartiiyg xviidicle may he preparer by candonsing 46:

aytiding with chlaroncrlyl ebloride ated condenshag tha restating

chloroncotaxylidicte with diethylaming, iS Mal 4,080,427.

Deseriplion While, ndorlons, evysdalline bowed, 1 ingenaody Lalier
Lastest alin 1G,

Solubility 1g in 20nd. of water, adh af alenhol, 2) mt af
vhierolorny ur £000 nd. al ether,

Upes A denatirand’ far etd ateolial.

Boxtela

Pseiiind (tung Mteely Choa! easier

Doxtrin [2004-53-29(CH Qa)
Preparndion-dy the ineomplote Lydrolynis af starewilly dilule

aed, or by beating dry starch,

DesoriptionWhite
or

yellow. amarpliaiia powedoe teliti ec:
practi

cally adorlonn, yelhone charneteciatic oderds doxttarotataryy [o i
hen

ally aheye 200": lage net rebar Pelisia'd sola dors ives a reddash ecdar
wills ineine,

SaluhiiGy: Seluble in a parka al boating water, Torri aaia
solution: lass solirbhe i coll watar,

Uno Anevelpreat and goulsifier,

Dextroua

Auhydrous Doxtrimes Daeg truse
Monohydrate; Glens Ltt )- Glenna:

a-ha Glacopyranose Modicing| G)acosc;
Purified

Gligase, Grape
Supe Bren Bupacy Ceveluses it mech Sopa; Corn Shige

DGlucase moncbydrate (S29G108] CiblQg Hy(O17), ae:

Ayers [BO-OD-7] (28010), A agar uanally oblained hy the hy.
drolysia ofstareh, Ror din airueture, nee pape 82,

Preparation--See Ligaid Gluease (page UE.

Deaeription.Colorlom uryelals
ara while, eryeiailing or

granular
powders aclarleasy aweet tale; apenific rolabion Gmydiiia)

1 B24 be

Se): wihydronn dextrone mdb at 146°; dextrose slowly reduces allay
ue eupric daetvate TS in the eold ia mpidly

an lewting, bedded: a

HL predipi tate af cuprous oxide (difference fram secrose),
Sobubiliiye dain bE onleaf water oe 100 ndaf algahel) more pelitle in

hailing water or hoifiny aeahal,

UsesHee Dexdrane frufection (page BOO), Tilda is uuedl, loatond
wf lactoso, an

aaupplement Lonifor latifeeding.

Dichlerodifluoromethane

Mathai, letilareditlare,

CoCtLadts

Dichloradifluaramothane[76-71 B] CC(20,91),
Proparaiion--Corben tetrachloride: in rencled with antimony

trifluoride In Lhe prenence afantimony pantalluaridg,

 

DeneriptionChaar, cobarkonn gatOnt ut laren) adda wileprey
at iY alow4484 Lorn,

Uaon-A propediant (No 12,
aen page 1606),

Diehlorotetrafluorocthana

Ethane, J2-diehbareLb. llreadiesn,

CCHYCOIN,
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(2 Dichlorotetrafuorortbanie (iG. deb-
ny Cytihely Cee,

Preparation ly reacting 1 L2-biehlore |4 2-blferceliane
with mmimoeny tifluorodichtoride [ShiyCe), whorearpat ane of Ce
L-chloring atomit replaced by fluorite. ‘Che slarting triskiero ly:

eroethang oy be prepared trent hexaehtureoliaie: hy trealuent.
with Shas (denne ALL Gey Heacttoas fH GF, Vdd),

 

Desert pp tanClear,
culurlass gas:

lqeUheread oilary vaparpressure
MBS? about S28 Carrs isnay eontiis G la 1Q'% of ibe nani,
CeO OF

Uaew A prapatiand (So LidaDida, see page 107.

Edetie Acid

CHycine, WAY euhaacliviis] Ab (earboxymutliyh.
COSC

ARE CAMO CODED,

(Mtbylenedinitvie)tetraaeetic acid [6O-00-4] ChubtighyOn
(20.04),

Preparation ithylenadiamine ia condensed with xedium me

nochloroncelate with he aid af sadiian carbanale. An ag Maris

solution ofthe ranelante is hented fo nlqut 20" For Hiv, Urea cooled
nnd act vied with HCE whereupon the acid prooipitatan, Us Pat

OWA,

DeacriplianWhile, cevatalline poweer media with dowainpasiiien
above 220",

Hotubithiy Very olightty soluble fa watery soluble inn solutions af
cllealy tycleusdalan,

VnndevA pharmaceatie aid (metal complexing agent). ‘Tho act,
rather than any anh, i (ho form mest palot (i removing dalcign
from woludion, Li may be added lade Waod to prevent clotting.
Hoakigis used in pharmaceutionl aralyeiy and the venoval ar inaed-

wadion af unwanted ioe in golition. Salucaf dio acid are knewna

odelatus, Sue Kdedate Cateiver Hisedivm {page 824) and Belekate
PMeodium Qpage $28),

Ethytcollulosa

Calhiloge ethyl) ether [004-07-32) on
ely) ebher of cobulose con -

taining 44 ta 81%af ethoxy jooupa, ‘The merdfae- type seary
gerde contri lesa than 46.0% elhoxy propa; Cae sfarttdarde type

viacaiity grade cent iin 43.6%or more
olbasy preiips.

Preparationly the same poneral peneedure daserdied an pace
Lidar Metiyiceliiiave excupt Gintothy! chlaride ov ebly] sulfate

Inemplayadna the alkyluting agent. ‘The 45 bo 409 of elboay groupe
in the offedal elivdeeltihew certenatds Lo from 226 to 281 ediany

proupayGhdd a, anit, Cua eeprongn bing (rams 75 te Be at dhe maxi-
muy Lhegrelical othoavintion, which is 4 athaxy yroupa/Caldds,
wait,

Dongeiption-Wrag-fowhyg, white to lght Gage pewdary fornia
thar have norelractive inten af abot lal) aqueous suaipengcorny

are

Teubray bo difanus
Sotubiliia: The mclium type fe freshy soluble in tetrahydrolania,

methyl acetate, ehlareforay ar mixtures ef aromade hydrocarbons wilt
aleghal; (he nlnadard-typeia ftrogtysoluble in aleehel, methanol, tatuene,
eliernforn on adhyl acetate: both types ire dasaludle in walar, glycerin

or

propylene ylyeud

WaaneA plarnaceaede did ne (ablel binder and for filu coating
(ablota and drug particles,

Galath-page 1406.

Liquid Glucose

GhrcosSlarch Syenp: Cor Syrup

A product obtained by Che incomplete lvdeolyais of starch, Ut
consials cldetiy of decease [Ct penn, Cyd Oa, THOLTGE dox-

fring, aalboso anil weiter.

Preparciion Commereially by the aetion of very weak HpsOy
ov YHGT at starch.

Che afthe pracesses for its niauutaetare tas fodawThe stareh,
naually fran orn,mixed wilh 6 ines its weigh af water cou tain

inye leas Movi Seat PRCA, Lhe mistaine is healed to about 44% and Wie
transferred toa saitable ranckion vesdel into which staan ie passed
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vader progsure anu the tam poratire reachow (20°. ‘The tempera-
fuse is miintainad at his point for about Lohr, or until taste show

complete dinappenrance of starch, ‘The masa is then heated ta
volatilize most ef the hydeoehlorie acid, sodium carbenale or calei-
un carbonateis adited ta neutvalize tho veaiatadiygtiacds of acith, tho

diquid ta filterod, Laon decoloriaed in chareoul or bane-hinek fiHara,
ad is done in suger resting and finally concentrated in vacwum te
the desired consistency.

When made by the above process, i. contains about 40 la 40% af
daxtrons micewith whout an

equat proportion of dextrin, together
with eamoll pmeunta of other carbohydrates, notably maltose. Ey
varying the conditions of hydralysir, tha reladive proportions of the
augue nlavary,

MWtho oxyatollizable daateore in dagived, Lhe conversion tempera:
lure is higher and ¢he time of conversion longer, ‘Nhe turin “glu-
como," aa eknomarily tired in the chemical or

pharmaceutionl litera
Lure, aBWULy rofern ta daxteada, Ue oryatuti¢nble peodived.

Phe ame “prape auqar” pomebimes is appliod ty dhe solid cam
rodveial form of dextrosg because dhe principad sugar af Uhgapo ik
doxtrosa, aldiough the frult bas hover beet used asa source of Che
comimorchl supply,

Doscription-Cotorhon
ar

yellewinh, Uhiek, syrupy liquid; odorless, or
Boarang weeLate dior Prag ueroae aGinko read (hy terliees hot
abtaling cupric lartrate T'S, praduetag

a red precipilaty of cuprous oxide.
Solubility. ingiblo with walert apopiiply soluble da atoll.

LinasAs an
ingredient of Cocag Syrup (eae 1401), aa a dablat

binder and conting agent, and aaa diluont in piular extracts; it has
ruplaced glycerin in many pharmacoutiea! proparations, [bia qoma-
Limon given per tectaa

faod in cases where foading hy stomach
in imponiblp, 1 abouwot be aaed fn dhe place of dextrexa Cor
iIntravencus injection.

Hydrochlorle Acid

Chlorhydrie Acid; Mariate Ach) Spistt of Balt.

Hydrochloric acid [7647-11 -0] HCE (36.46); containg 38.5 10 SH056,
by weight, of HCL

PrepurationBy the (rtarnction of NaGland Hak, or by cam

lining chlorine with hydrogen. Lia obtained as a
by-productin the

manufacture of wodian carbonate from NoCl by the Lehlane process
in which commonsalt is decomposed with Hy804. HCL

1g
algoa by-

product in dhe electrolytic peoduction of NaQhHfrom Nas,

Dadihp hen .-Colorlous, faradiyquid: punon bactory Sunies aid adar
disgappour wéien it is diluecd with 2 volumes af water: alrongly acid to
hitmmus even when highly dilutods specific jravity aaut 118,

Bolubilty-.-Miscibke with water or aleohol,

Usex---Officially Gassified ania
pharinaceutle aid (hat ia used ax

an dehlifying agent. Tis aaed in preparing Sfheted dyvdrochtorte
Acti (page 789),

Hypophoaphorous Acid

Phoaphitde act

Hypophogphorous acid (GA00-21-6] PHO, (66.00); cantaina 40
to 32% by woight, of AylOs,

Preparation. dy yoacting barhuw or caleium lhypophosphite
with sulfuric acid or by treating sodium hypophosphite with anion
axehange radi

Doveription. -Cotorloss or slightly yellow, odurloas liquid: aaludion bs
neid to timus even when highly dilated: spocdficyravity about 114,

Solubility... Mincibla with water dr aleuhol,
Taoompatibilten -Oxidived an expomire ta air and yy auarly all

oxidighag agents, Mercury, silver anal bismadd sedis are rodueed par-
tially to the metalic atale as evichiesd Iya darkening in color. Merrie
compounds are chanpod Lo ferrous.

Uses---An antioxidant in pharnacontical praparationn.

Isopropy! Myristate

Tatradeeanoic acid, )avetdvlethy) ester

CHACH) pCOOCH(OH a).

Traprapyl myristate |. L0-27-0) CryldaiQs (2145).

 
Prepurstion-- By reacting myrisloyl chiorkle with 2-prepana:

wilh the oid of asuidalde dehydrochlorinating agent,

Doscription Liquid of iow viecoailys prieticullycolorteass ane ador-
Jacompels about A andl docompnasne al 208" withklinds oxidation
and doa nat boronrand wendy,

Sotuhility--Suluhle in aleohet, acuians, chloreform, ethyl acointe,
(ohaane, oiarad ui, canine of] or collongeod oil; proctivally fimtuble in
wate, glycerin ay

propyhana plyedh dissolves mui waxes, cholesterol ar
launalin,

Unog--Abarmacentie atid wad in coametios ind topical medicinal
preparations as an emallient, dalvionnt and to vadinnes absorphion
theongh the shin,

Koolln-—-sea paga 790.

Lach Acid

Propaoie acid, 2-hyderagy., t-lydroayproplonic Avid; Propanaleic
Acith Milk Acid

CHLCH(OMCOOH

Luctic acid [50-21-46] Cyl(0.08) a omixtare of Tactic acid andl
lactic acid Inctate (CyHieO,) ecquivalant te a tetal of 8h ta 90%, Dy
woight, of CyB,

Discoverod by Sehacle in 1780, tia the acid formed in the souring
of mith, hence the nama factic, from ble Latin taine for mith. It
roaults from the decomposition of thelackoyt (eile augar) imilk

PreporaGon--A solution af gluceaa or of alareh previausly bye
drolyzed with diluted mulfarie acid tn inoculated, after the additionofnullable nitrogen compounds and minorn| aalis, with Jaerffts
lovtie, Calelum carbonate is added to ngutralive the Inetle acld aa
sooab it in formed, othorwine the fermentation steps when the
amount of acid exdoade 0.5%, Wheo fermentation ia complete, tt
indlealed by failure of the liquid te give a tost far glucose, the
aolution in filtared, concontrated and allowed to stand, The ealei-
aia Jactate dhat crystallizes is decomposed with dilute sulfuri¢ acid
andfiltered with charcoal. The lacie acid in the filtrate iv extract
ed with adbyl or iaoprepyt ether, the othor in dintilled off and the
lweous aolation of Che acid concentrated under reduced prenkure.

oveription--Colorleas
or

yellowiah, nearly odorlonn, aytupy liquid;
acid to dil; abverde water on exposure to mGish ain when a dilide
sulution fa concentrated to above 60%, lactic acl Lagdate begging Lo fore
in ie alfieial well (he latter amounts do about 12 bo 16%; wpoed fie eeavity!
about 20: docomposcn when distilied aniler aormal proeuge hat may
De cigtilled without) docamposition madar raduecd presuure,

Solubltity. Mineible wth water, atcehol or ether inandyble in ehlara:
form.

ViewTn the proparation of Sedium Lactate Injection Coage
421), Jtalaois uged in babies! willformulas, ag an acidutantin food
proparations, and [a 1 to 2% concentration &) Home yparmatocidal
jellion. AOS nolition ja used ana bactericidal agond on the ain off
oonnlos, Thin goxronive to fiamuiad on prolonged conte, A 167%
aglution in flexible cotiodion in used to remove warte and small
ehtaneous Lumors,

Lactose

Yetucaie, 4-0-8-t-golactopyrancayl, Mik Sager

Luctoxe [63-42-48] Oye, (2.90; nionohydrate {[10089-26-8]
(200,31); a augar obtained from milk,

For the etrudtuval formula, aco page dB2,

Proparuation—--Jrom lela with, do which ja added diluted HC) to

precipliate the casein, After removal of thio caaoin by filtration, the
reaction of tha whey ia adjusted tea pH of about 6.2 by addition af
lime and tho ronudning albuminous mattorie coagulated by heating:
thia is Sitored out anc tho liquid vet anido lo crystallize, Animal
charconl ig used to decolorize the solution it aamuunnar almilar to that
umd In purifying suerage,

Anathor fori of lnetord, known aa f-licloga, algo is avaiinble on

the market. [differs iy that dho t»glucoue malotyio 2 instead ofer.
IL in reported Ghat this varioly fs awouler and more aoluble than

ordinary lactose and for thatreasonia preferable in pharmacouticul
manufacturing whore Jaetose is used. Chemleally, felackora doa
not appear to diffurfrom ordinary e-lactoad. [iia manufactarad in
(he same way aa o-lactosa up to he point of eryalaiization, hen Ue
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solidion ia heated §o a Lemperatiec dhoye a4", chia being the

tamiperntare ad witel thew form ds converted te the @ variety, "Phe
if form oeronly

as an
adhd roteywhores tho a

varindgy Mey
Lwcoltained eittier ay the anhydrenus feria ara a monelydlrate,

Doeweviption White ur creamy while, hard, ervalallfie maging or

powder: odorless; (auth awent Gite: wlable in air but readily absorb
odors; pH CE la AghaliOn) 4.0 Co 6.5; apoei tin rodabboe hGd 8 fob bob".

Solubility. loin 6 a, of waloe ar cha md. of ballin, watar, very
alighity salable dn deohaly insalumle da ehiecotorn or eter,

  

UsoA diet largely aged in edicite aed pharmacy, Tt i

vondrally an inygrediont of He medium aged in penicillin productinn.
TU is dat oxtonsively acon addition Go mill far itafedding.

Magnocium Ghioride

Mogneniim chloride hexabydrate [77 eG) MaChGHG
(POULSO): aadaydrais [P286-40- af (O51).

Preparation By treating nuygnesiie ar other sultible payee
alien niiverala with ACT.

Dogeription Colorless, uduriess, deligquescert flaltox or
oryatalswhiel) lua wale Whodened fe 100" aod loan PCT when heated ba

HO" ht (hin 20 soliGen in earben diuside: Cree waren) Ata’.
Salabilitye Very solihle in welars (heey naludie iv alent.

Usen  Bleetretyte roplonisher: plaverecdaticad necesty Tat bw
ragelig lysis und geribonesd cHalyain Chait,

Magnostun Stoarate

Ooclidecanaic acid, maqneniam snl,

Maynesitun stearate [$57-04-0). A cataponnd af magheniin adi

Hoihixture of wold organic acide obtained Crom fits, aid coamints

chingly ot vavindle proportions of muyaesivm alearate and inagie-
dium palmitnte. 1. coudadda Ue equivalent of Ga to Aalaat Myc
LOO),

Doseription-Ping, while, tadky powder, faint, characiriadic
oda

Uinetiieds, aclheren readily Ga Uhe shin and free Prony grits,
Solubility.fnaohible iwater, Wleahal or ether,

UsenoA pitirereeud teat reemsaydy Cicbeieded) in Lhe mantic
Lure of compressed Gablatn,

Mogluming
be Glacial, ¢-aloaxy' ) Cavdishamdin):,

Wow wl
cae LMMICMON HGH 

WICH Tae

1-Deoxy- dt Ciathylaming) be ghucitol f6a8d eg) Gah AQ),
(id),

Propariiion. By Geatley plhicese with lrydyaygen and mothyl-
amine under proasu round ft Lhe protien of Haney iiclal.

Doweriplion While to faintly yellowish white, oder? eryatits
powder; mela abo? Page,

; ;

Sohwbilipy- Mrouly soluble in watoa sparingly sultible i dich

 
 

Uaor--In forming aalis of cerlain pharmnacauticnts, murfaeaictive
nyoand dyes, Sua Miatrizeule Meghenine Injertiqna (payo
1276), Judipamide Magianine Infection Qaaye 127i) and fothalame
afte Meghemine Injection (page 1277),

Light Mineral OH

Light Ldqaid Potralatum
NOX) Light Liquid Pyvadtin;

Light White Minoral Oi

Acmixture of liquid hydroacarhons abtainad from potraloum, it
ray contain 4 suitable alabiteer.

Dasoriplion-gloriona, Gransirerd, adly birpuaid, treo, ar
nearly Trae,

from hovestence: odorless and Uiitelens when cold, amet devalipu tit
mere diana faba alow of petroleum when heaiad: apecitie pravily446
(0 0.880) Idnanurtle vlscondiy netanere Wii3.4 coptiataliosd ab dQ",

Bolabitity-—Jasgluble ins water or dechel; miseihlo with mont faxed
oiln, Dut nut with cagtorail: solubte tn volatile oibs,
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DasOfficially recopndaed iu avebiele, Qnee it waa uaad widely
aga vehiche for nowt ane Ghront modivationy; such uggs are new

considered dangerous bocume of the pamaibility at lipoid pnounno-
nin, Lt sometimes is used to chanme dryand inflamed akin aren and
to ficilitnte raneval of dormatologleal prepayatians [rom (he akin.
Th abould nevary be used for intesaial adiiinittration because of

“hoiage.” Soe Minaral Off (payee 788),

Nitric Acid

Nibrie acid [7600-87-27 HINOs (OLD): contains about 70%, ly
welyht, of FING,

Proparation. May be prepared hy treatment. of sodium nitrite
(Chile salipetor) wits ulfurteatoid, but usually produced ly entalys-
ie oxidation af anpnenia,

Deseriplion—Ptighty corrosive Panvieye Hquid; charactorivie, highty
inriteGayy erlort auaitie ania Lasues yellow: boils about P20") apevific
pravity about Lab.

Sulidddity. -Mincible with water,

UneJrcrercenddie ate (acidifying agen)

Nitrogen

Nitrogen feghaeet] Ne (ZL): contains not fess Chan Git, by
volume, ol Na

Proparntion- Hy the fractional distillation of Mquitiog| air.
UsoA dient for anodieial gnkes,  Phacmaceutienthy, is om

ploverdt to replace aic in dhe contabiors af wabatancon which waite be
rlfectod adversely by ale oxidation.  Rsamplos drehide ibe tie with
fixed oils, cetlais vitamin preparations and a varices ofinjectable
products. Hoalsa ia uacd as

propidiiat.

Porsic Oll

Apricot Kernal Oi); Peach Kernel Oil

‘The of] axpraod from the kernets al varieties of Mrrrias ayaa

feed Linné (Aprigat Karmal OF), ar dian (he kernahi af varieties at

Prunus persica Sieh et Zee (Peack Karmel Oi) (tanfosacene),

 

Donaipting
sone

Cleat, poate Era centered ar iMaleay bets, alinenst odurlose,
oily diguidl with a bland Gaedespecific penvity O10 Gela ot pretitel at

fompomndubes abo(a8,
Solubility. Slightly splaliio iaadealiol miscible with edhe, chara:

farm, fongone or solvent hexarn,
 

UsesA vefifele. Ti alac ia ised in prepathig cold erennis.

Phenol

Carholie Agid

C0004

Phenol (08-a5-2) Gabe) (400)
Preparation... Por many yearw minds ony ly clintilling, cfticde cur

bolie acid tram coal (ar and aeparating: avd purifythe dintilbue

hy copoated eryatalligationa, iL now is prepared aynthetically,
Aanoro reotal procesunés gherobonvdne aa the atarking point in

the mapatueture, ‘The eblovebesvenc ia procueud ina vapor phase
ronclieon, wih benvane, HG and oxygen over a capper catidyst,
followadt by hydrolysia with slows to yield HC) and phanal (whichit
racaverad},

 

Doewuriphion. Coharkess ba fight park, interlaced, oF ayparala, Bead lo.

wWuaped cryvatala, ota white ov lige piak, eeyetalling oases charnetoristic
adort whan undihated, i ywhilorey andl eqileriven tha slide ind muda

membros when waitly howled, phoned nets, farming a
highly

eelrae:
live liquids liqueded by Gye ndhlilien af 10% al wiley vapor is Punnraniclaley,
yrdlually darkenou exponure to git and ade apecitie pravily 10%; Toil
at TH: congas net laway Llae, /

Solubilitye-d gin Lim, of wuter, very ualable in
ateahal, glycmvin,

chloreforin, ethan or fixed and volatile aila: sparingly aaliblo in mineral
ail,

Incepalbititiog --Pradqeow a
tiquid ar awl) fine whan prilarated

wilh camphor, mientiiol, acetanitd, acrtoplenctidin, aainopyriie,
aatipyeine, efhyd anidoboneadd(, muaheronine, plied anilingtate,

res:

oreinal, cerpin hydrage, Giyniod ad nowernl
ollie

nanlan(airiecens
(reesluel frags

soma afbefaide.  Monkio noflons cuca deel hee i Sup OAT any TEX Eure,
Vein wobble to abet if parts ot wiikey Ripanyer kobaGoria may’ Te
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vbtainad Dy ang as much ydycerio
ae phoenal, Only the eryntallizod

Jorn ip wahable Lv fixed gids ard liquid petrotoum, Gre lgquelied foray is
fot a wuhalke duc bo ils eonlent of water Added ned gedadin

ore

procipitated by it. Codfadiaa ix congulntod dey thi pracipitubion of py-
reaylin, “Braces of fron in various ehumicals such ag ada, Garux, ete,
may preduec

a reer colar,

UnaA caustic, disiifectat, topical aavathetic ancl pharma-
coulicnd necenity id

preserudtive for injoediona, ote AL ontime

widely aged aga permicide and atifl the standard againat whieds ollie

ablnopticon ore compared, (has fowlegitimate uaied in modern medi-
dat. Neverthelass, it is ati waed in even! proprieiary antiseptic
mouthwashes, hemorrhoidal proparations and hur remvediaa hn
full wtrongdh,

a few drops of the liquefied form may he used to
citerize amall wounds, doge bites, sake Lites, etc, lj eemumeniy ti

employed avian aedipeande, omliee i the form of phonelated calor
Thine lotion (14%), phenel oindiment (24)

or a
sximple aquonus solution

(0.0 ta tf), Ue ban bain used for sclorosing hemorrhoid, lat more

effective and aafer druga
are avadlable, Af selution in jlyeerin tn

used in slimplo oaracha. Crude carbolic acidisan effeetive, coononi+
ical agent far disinfecting: axcremont. I ik of some

Cherapaubic
valig aaa fangieide, but more offoctive and dese toxic agents are

available, Tf accidentally spill, i should he eamoved prampely
from Lhe shin by swabbing with aleohal.

Liquefied Mana [Liguotiod Carbotic Acted is phenol maintainad ina
biquid condition by Une presenor of TO af walter, Cb candidiin part len
than 89.0%, by weight, of OgHaQ, Aude When if iste be mined with a

fixed vil, utineral ail or white pedrafatum,
ase the erystalline Paonad,

nut Liquefied Pheaal, Preparation: Malt phonel (a eoniventont quan:
tity) diy placing the wmnaloppered contniner ia asteatnbaa aid applyine
hort gradually, ‘Pranpfer tie fiquid toa Larod vessel, weiyh, add | goof
purified water for each Mcof phone), ancl nix Uhoroughty. Graretprian
Colorteas liquid, which may develop ared (ial apaexposure to aganil
lights characteristic, comewhal aramatic olor whan inidilutedit cater:
ive and whiter(he akin and avieeus merbranens apotlfie paavily abet
08%: when Hole subjected to distillation, the boiling: Waaperatare door
Hol tise wbove 12", whichithe boldly (omperat ure of phenot partaily
salidities al abowt 16% Solebifite Mincihle with alcohel, elser or

giveerine aandigtiro of fiquefied phenal and an equal volumeof glyeerin ig
ikcible with water, Caos; A Cormulation which facilites the dispena-
ing of concentrated phono), Ha Cherapeutio uses ave described aboinider Phenal, Wik a phavaacetion! necexsity fur Phonalated Cita
mine Lotion (page 762),

Phany! Galleylate---RPS-15, page 1269.

Phospharic Acid

Orthophoaphoerie Acid: Syrupy Phospliirig Acid; Concent otal

Phaspharie Acid

Phosphoric acid[7664 4ae2) HPO, (0); ceandaniins BG LaSb, hy
weit, af By he

Preparation.-Phosphorus in convorted lo phosphorug pestos-
idle {PaQ.) by expouing if Low earront af warn air, den dhe yh, ia
trondoed with water Lo form phosphoric acid. “Pha conversion of Che

phosphorus bo the peatoxide Calas plico while the phosphorus,
distilling from the phoxphorus manufaetuting aperabion, in in Lhe
vaar stata,

 
ye 

DoseripGonCalorlons, odorlaes liqoid of navrupy coriibanoys apie

cific pruvaty about 1.71, ;

alobillyMincible with weder or cdealial, whl Uevarvirlathon of haat.

Uaewe To male the cited acid and as na wore acid a various

pharmactulient proparationn. Incdusteially, (iu used by dental eo
manta and in heveragen aan acidilant,

Dihyed Phosphorte Acid [Dilute Phospherie Acid] eantadin, in ene
Haat, G6 te 106 goal ePOs (08.00). Preparadiun Mix phosphoric
neid (60 mL and purified wera (qa) to ninke 1000 wh, Saaeesdian
Chan, colerlins, odorless liquid: specific pravity ala LOB, Miselhlo
with water or aleohal sess A phicmesentionl adeesatty Ho alte hie
been einploved in fed patvoniag and in atier conditions by whieh it is
dhowirad docidinindster tary: arate of phosphate and mt dhe anime Bina

preduen amid neldosts, Ue haw beenjeiven in dhe dost af @0 ila day {h
mi/bour) atlas envofully controled eondittons,

Potassium Motaphosphate

Metaphosphorle acid (HPOy), pelrndarie att

Potrssiam metaphaaphate (771K0-54-G] KPO
C07)

a
atraight

chain potypiowphnte, having a high degree of polymerientians
cone

fais Ute equivalent of 68 io 41% of Pads,

Proparation..-]y thormal dehydration of monepotinaiie plo
phate (4 HYPO).

Dever iptien-Whita, odorless powdor,
Sohabiey)

-
Chauluble in water: soluble in dilute salutions of soda

aalte.

UsesPharnaceutic ata (buffering sent.

Monobasle Potassium Phosphate

Phosphoric acid, menopatarntym wally Potaetiin Tiphaspbate;Polamlua Avid Fhoaphate, Potassiun Dilrydragan Phosphate;
Sprensen's Pataugivn Phosphate

Monopotassium phosphate (778-77-G) MEO, (Ta6.0u),
ProparationHaPO, i reacted with an

equimelar qaaiity of
KOH and the solution ia evaperatod ta eryatalivngion.

Dexeription Colorless eryatale
ora white, geamalar or

crystalline
pengdor, odorloan and stable in airy pH CL in 100 seh lig) about 48,

Solubility realy aohuble i eater, practically insoluble ti aleahal

Usdu- A componant of various buffer solutions. Madicigally, i
has boon used aa a urinary agidifier,

Pumica

Wanaax

Acnbstance af veleanic origin, consistiag chivfly of complex sili-
eves of aluminum, potassium and sodian,

Doseripdion-Vory Tight, hard roaggh, povous, gravish
minsses or a

pri(ly, grayikh powder of savaral yeudas affinenenn oder, tadialenn
and stable in the ais

Throe powelora nro avafiytshy:
Pumice Daur ar

Superfine Pigateeoe Mot pwn Uta 0960 painscn
(nrangh a le 200 atandare neah aleve.

Mae Pamiee- Not lor Lida Yds) parson Chvough a Ne LGU tentlard
mesh sieve, aad nal mare than 75%pnskes through a No BOO tinder
ndeh eve,

Came Pumice Not lew than O54 pawn Unratn  Ne GO atiundlard
mush shave, and det prope shan 89) paenedreal a Na 800 atandagd
mela nieve,

Solublbhly-—Daxotuble in water and ia ned alviehedl lay achds ar allel
hydroxide selutiang,

UserA filtering and distributing mednan for pharmanautical
propavations, Goeonse of its eritdiness the pawdered farm is used 1
certaby éypea of sanpa and leaning powderk and alao as a dental
abrasive,

Pyroxylin

Collidone, nitrate: Bulahle Guneotien

Pyroxylin [0004-70-0);
a product obtained by the nelion of aimnix

ture ef nitric and aulfuric acta on eatten, anid cansinta chieflyof
callulose letraniteate [(Cebghia,

Note ‘the commercially auatladle focus is moiatared uth ahute
40%. af ateahal ar other statable setveat. The ateahal ur sofvent
niube alowed Lo couporate to site the detied sudafance described
in the Pharmacopera,

Propavation---Shonbain, in 1446, found that nitric acid avta an
collon and produces a soluble compound, ft subsequently waa

proved that this substance helange toon series of closely related
nitrates in whieh the nite acid radical replaces Che bydraxy] of the
collulosg formula, ‘Uhia asuitly is inelieated by taking Uho double
empiriend formula for cellulowd ChatQio and indicating: replace-
mont al four of the GH groupe thus

ChabaOia fb dN
oe

CyaliQe(NQab
+ 4H

Coltilean Calliden
*‘Totraniteate

‘The compound uged in preparing collodion ina varying mixture of
the die, why tole and pantanttvales, but ia mainky leiraniteate,
The hoxanidvale is (he brie exptosive guncolton, and is insulable a
ether, nlechol, geqhine of water,

DescriptionLight yellow, matlad miass of Flimenta, resonfy
Hy cation iappenruied, but ham te che lauchy exeaedingty faa:
fle burning, when unconfined, very rapldly and with a Junsieun flame;
whon kept in well-closed holley and oxposad (a Tht, Uk in dagainpaaad
with (ha avetition of nitvaus vapors, lowing

a carhonacaoun residue.
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Solubiligy  hancotuble in wate: disnadved slowly nat completely in as

parts of a mixture af 8 valine afetheraad) yeluine of alentiol dalible
ty acetane or

glacial acetic acid and precipitated fren Lusoevedit inne by
waar,

Une A pharetooritieed necessity for Calfodien (A896, page

WG).

Rostn

Regina: Colophon Geoypiad Pine Rosin, Yellow[ine Runiti

Anobid resin chinined tram fans palesteiy Miller, and [rarather

apocios of Pies Linnd (fam Piaaeede),
Constituents. American rosin containg svivie dedd [Coblewe, fe and qeabiedéc nia (CaddanG ed], y potade aetel iim whith a

nicl d- pile ackls are gradualty formed} rod resede, Some aubhers-
Gow alae include pirate acid [Cand tayQed

ana constituent. Preaek
rosin at called zadipud.

Deseripdiin  Sharphy angular, lasshunent, aober- colored (rag
mints, frequenidy coverud within yellowdunk fetus Grille ab ondianuy
Lomponilarces, shiny and wballow-eaneheidal atlor and tute nse

lightly
terebinthtintes oaadly Comihle aad buries witht a dose, veleayiah smoke,
agenitic peayvity LEP to 1.09,

Soldlidy. Inaohilie ip water, selalee jaonteehel, eth, boitane,
acial ucelie avid, chlocofarin, carbon disulfide, dijute olutionof sodi-
de

hydlrenghde anid porlesiihyrlragihe ae sanie vadatile sacl Pisce oils,

 

Vane -A pharaincaatieal necomity for Aine Zgenal Cement

(page 1328). Formerly, and to seine ex lank aGl, yaaa mac n cumpoe
nent of planters, cerates and oinkments, ba whink tH adeaelhosive

guantiticn.

Purlied Sitcacus Earth

Purified Kiespule: Purified bataaotial Hardy: Diatonmedagn Barth;
Diatomiic

Adonafsilica 35iG4) (761 -86-4] conalating af Cho fruntiles anid

fragmenta of dintaing, purified by loting with ackel, wanking and

enleining.
Oecurrenee and Proparadon: Lame dopositical thie substance

are found in Virginia, Maryland, Nevadie, Oregon and California,
(akintty in the form of masies af rocks, hundreds offoe) in thickness,
Under the micriseape il in soon to eonsie® dyely of tho minute
wiliecous feeviules ef diatoms, Homi bo purifiod coeefully io
awmeraimilar Go that directad for Tale (pane 6027}, aid torah:
iy aadeined. ‘The later dromtinent doslroys the bacteria whieh are

present flange quantities th the sative earth,

Deveription Vory tiie, white, lightepray
ur pale bull mixtire of

wurphis powder anid lear anountit of eryaialling polyorphe, in

cleding qpuyty and erintohalite: gritty, rendity alparta moisture ined
rotate about Bau Gaines ils vwriglil al water without beeoniaye fuid.

Solubliity
o
fnaehrble an water, seidae ile faltaot abkedd by

dyitdan,

Useu-Inteoduced into the USE ani disibuding and filtering
pede Ter arariatic waterk: alsa suitable for (Tiantiets of elixira.
Liha dale, ishoun gat tbaerd achive consti bien ls,

Cototdal Silicon Dioxide

Sitien (7G91-86-0) Bidy (60.08);
9

subnuieroscupic fumed stico
preparedby the vapar-phane hydrolysis of a giligan compound,

Denoriplion. Light while, neniei Lypowder af aalremuly fie parti-
cle size {about 0G am).

Solubility Tnaalulide te water un aida (except bivdrafluarich din-
sotved Inv hel. seliilions of alibi hydroxides,

User oA fadder diet ound ab a
aspendiag and: chichentag

agent in pharmaceutical preparations

Sada Line

Aanixtare ofcaleium hydroxide anid wediuin or pot austin bydrax-
ide ar ach

Homuy contain indkeatar that is inert foward anerthetic gaan
such aa elher, cyelupropan and aitrous oxity, and Wat charter
color whos Ue sodn Tine ay longor eiaigerb carhon dioxide,

Dimeriptian While or grayish while granotes; ia indieaturie adel.
eed iL pony: haves a1 tolots nbageha earn alias ide re wabor as aspeatiee a
Airy
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 PHARMACEUTICAL NECESSITIES #426

Union Neither a
shanpoutis

nora
pharmaceubien) agent 1 ina

reagent far tine abserpiian af carver diugide Ui atenthesia sina.

chings, axvian Lherapy and metololie tats. Poemiusicol lug paper:
tance af [he propor quality tor Unese purposes if bar been unde
altieial and standardize.

Sodium Borate

saditin Totraburnte; Sac2ytobenades Bodidin Behera te

Bors [1d05-06-4) Nayl0. HOH YO CML aanlivdretin |
East

al NagkhyO4, (20.22).
Preepaeation Found dn iinnvaige quiantiticn in Oaidoynia og a

eryalalling doposit, ‘The earth, which in strongly iiptegiaded with

hovas, is ixivieted: (he solution is evaporated and eryitallived,
Cutcitin hernia, ap certoballs, also ceeuys in Che hors clogs ls

if Califormia, and sadiuer barnta de obtained (ram it by deuble

decomposition with sodium eacbonate.

Deseriplion Golotosa, iransparont crvsdild, Or iwhite, erystad
line powder: aderlexs; Che crystals often ave coated wilh vwhite pow
der tue to effforencencot solitipn allaaineg Lo alia and plhenolphth
dleins pH about 9.5,

SolublHiy: lyin iQamh af water, baadcaf glyeeria
ar Tinh oF

bedliag Walon tanaduile ts abcoliel,

Dicompatibilition Tracipiintes muy aerads as dsoluble bo-
vated, Tn aqueous solution His alkaline and yautescstg

vi Lai ans atu
settee ow alumina hydroxide, roa sadtr ica dasi¢c barade and ferric

hydroxide nnd efee selfede
as xine Tueace mid a lasic salt, Alhat-

feted are pricipiiated Crem soliubions of Chain awh Approximately
qual wodghts olydyeceia and boris reid renet to

prodien
a

decitadiy
acid dovivative yanerally called ylycuraharic acid. ‘Mhus, the adkli-
Hien of glycerin te amixtare containing, iL overcomes Incumpatihil
Hiss airindap fran an subkealine peaytion,

User Aga pharmaceutical necessity, 1 is used as an allaliziing
myrentiend

men buffer fev alkaline aalidionis, Us alkaliaing progertien
provide the lasix for ils uae in donture sdliosiven aie ils bullering
Aethon for fis ase in ayvewash farraulatiana,

 

Sodhin Carbonate

Carbonic aeiil, dinediiny sult, mdnaliyd rates

Manalyilrated SorinCarbanate UST XVII

Dinndiima earhengto manotyderate [968 11-6) MagOsdQ
CEO) aafadroaus [au 1f-H] (1055)),

PropueationThe iniiiat process for ie manufietire awn cee
Viewby Lablane, a lronah apathucay, in VAT cad comsinhs of twa

steps: Cirat, the converaion of common sall [Nall] inte sodium
sulfide by beating ito with sadfirie net and, sevondl, Ube deanposi
Lion af the sallate by calcium carlamate Uimestoney aad chavo!

(eonl) at aigh temporative te yiodd Ghis aad ain cadetsudtidu,
’vho carbonate ther ia keachosd ant with water.

H. eurrestly is prepared by tie electralysix of podiany chlarile,

whereby sediapd chlertng are
produced, the former renetinge

with water lo produce sodijim hydroxide ane) Ue solution (realod
with carbon cinxide ta procuies Ue aalh. ‘The proce isan aot.

oxdanndively in focaliiions where olaetrig power is very cheap,
Phe mmanohydeatied form i made by crystallizing a congertrated

solution of Hin sit aia bemporatiire abewe da (6° R) aid sticring
(he diquid

ne as ta produce sual cryatala. Ht eantaina abou1% of
sia af aryntalligadion,

Seco aah ina dorm denjaaading 6 comimercial quality of he anhy-
Arous gall. lta annua predation bi very large, and it an a wise

yvarkiy of applications, among which are the miaanufachare of lass,
sony ald aeddivin sally iL alee gs asec Loy washing fobrica,

Wanhiiag suctionacd acede, is Lhecanlt with POonleeates of weeter,
tide Gn dhe form of colorless cryatide whet enpidly offtareance iy ihe
niz.

Deserlpuion
|

Colarlese eryatals or awhile, eryalalline powder, sialic

inairuinder ordinary condiGaas: when espoused
ta dby air abn 60° i

elflermenn, and at 0" hycormes nibyeleaua: decomposed by weak acide

Forming the salt al the avid mad Whoreting eaelun dioxide, seyuuntis
salitien alate do iaddeitars Qald alaut 110),

Solubility. yin 8 plot water ar Lisil, af boiling water, inseluble
jay telecast.

Paeenipabitslivios leis, acid aidie anil ceric prepacatinie
cau

iis decomponttion, hast aetada ne
procipilatacl

an carbonades, hydra:
ilies or havie katie, Affeuids aro precipilitydl Crom nodiGors af Choir
AIL.
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1420 CHAPTER 60

Usaes-Oreasionally, for dermatitides depicaily
asa lotien: it has

bean vacd aa moudhowesh anda vaginal douche, 1 is used In Lhe

preparation of dhe aedigan adticof many acids. "Mio WS] recopnivos
ibag a

phurmaceudie aid used ag sn
alkalizing agent.

Sodium Hydroxide

Couatie Soda, SudLye

Hodium bydrovide (810-728) NaOH (40.00); ineludua not inere
uhan 3% of NayCOs (105.98),

Cuudondivereive great eare ta handling ft, ae tt eapidly dae
sheave Lisstes,

Proparation--By treating sodium carhonade with milk af lima,
ar by the eleetrolyaia of a solution af sodiam eblaride ak explained
wader Potasatumn dydronide (page 767), Tt now is produced lnrgely
by the latvor procoss, Gud ahia Sodive Cerbenate, above,

 

Dovoription-- White, av nearly white, fused miasion, amall pallote,
flalooa, alieka ame ater fornia; bard sud Joriltle cand whan a cevad adding
Srachins exponed Go Une ait, sb rapidly absorbs carhon dioxide and mein
dure: nielte ad about 318%) npocifie ytaviby 2.14; whan disnolved dia water
oy aleahol, ar when ila solution is treated with an eid, mich boat. in
yonerated: aquaoud aahiiiong, evan when highly diluted, ava atrongly
alkaline,

Salubitity--Jycin d ml. of watery frocly soiuble in mcohol or
glycerin,

Pncmnntibiilion—Rxpasad to ale, i abgerbs earbaa diaxide and is
converted (a sodium carbonate, With fit and fatty aereds [b forms
wotubla soups; with fesfos Te forme dsoluble soaps. Sea Pufensdin
Hydteantaler Cpa767).

Unen--Tooalkaling ta be of medicinal value but occasionally used
in veloinary praction

aa acausdc. It ia uaad extengively in pharma-
ceutical procasaed naan allualizing agoraia gonerully preferedto
polandium bydroxide because it je leas deliquescont, and leds axpat-
xive; beaclsitiars, lesa of id ia reequired sinee 40 parts of He nre

aquive+
lent to 56 parte of KOK. It ia a

pharmacoution) nacoasity in the
preparation of Glyeerin Supposttories (page TAH),

Sodium Stoarata

Ocladscunoic acid, wadium andl

Soriaelonrato (AY 18-2] CatiaNay (806.47) consinia chiotty
uf sadn stearnioe and aodium palmitate (CyyHayp Way

© 8784) ),
Preparntion--Sianric acid ip reacted with an

equimolar partion
af NaQk,

Dosoriptlon— Ming, white powder, soapy to the tearehy usuedly han a
sliht, Gulawelile ordeay adTeetect by lyht) aolutiona yoallciline to phe-

nolpbthalein
t's.

Sohiblity- Slowly soluble in cald water and cold aleobat: rondily
aolulde in dot watet nnd itot alcohol,

 

Uson-- CHticiatly,
a

pharmaceutical used asain omulaifyiig aad
aliffening agent. Tt aan dayrediont of ghyeeria auppositories, hy

dermatalogiea! prectica it has been ured topienlly in ayeouia and
other alin dinganes.

Starch

Cort alarch; Whoat Sdurch: Potate Starch

Bturch [H006-25-4]: consists of tha granuica xoparated from the
mature praia al earn

(Zea mays Linn’ (Fam Gramineae))
or af

wheal. |Terdieuor reasttuiea Linné) (tam Graminede), ov from tubers
ofthe potate [Salamitabarasiat Linnd (Pam Selanacedre}),

Preepuradion--In nivking aturch fram corn, the gorin Li Beprratod
mechinically aad Che calla doflened to pormil escape of the atarey
Hranules. ‘Thin generniy ta done hy permitting (to become sour
and dacompagad, stopping Che fermentation before the slareh ia
Wroeled. On the siall auale,may ba minade Pron whent feaur by
making

a aiff ball of dough and kneading it while 4@ amall aiream of
wader Wieklor upon it. Tig curried off with the wotor, while tho

mieten Tamaine nea soft, ladle mad the labor nay be purified and
used for varloue purposes Lo which luton ia applicnble, Comoe:
cially, He aaitity largaly dapenda

on Coe purily af dhe water usedin
ita manufacture. Te may be mato deem potitoes hy fiat gradings
them, ancl thon wosbing Whe aoft masa upon nstevd, which separntes
Cho colludar audbstinces and permits Gao abareda pragualus ta be carried

through. EE Chow must he washed thoroughly hy decantation, and

he quality af Ghig starch aldo depondé Inegely
on Uie purity of the

wilor Ghat ie yaad in warhing: i.

Dawoeripdion.-Trreguive, aayular, white mae of fine powder, acor-
toss alighh. charactoriatie tanto. Guse satel: Palygenal, rounded of
aphevolil prarules up to about ts yan in dinmater whieh naualiy have a
circular ar several raved ann cletl. Waheed starch: Simple daaticutar
yoaatos 20 oo 80 fue in diametes and apherterd gramiies § ba 10 yain
dliametor; atrialiony fainddy marked and concentric. Marita stared:
Simple ooaagien, inagaliely eveid or apherleal, 80 (6 100jan in dinnetor,
abd subspherica) yramulos 10 to 8f gan in digmeter; atrialians well
Witrked cad concentric

Bo lability:Tasalulile i cold water or aleolal: wher itis boiled wilh
dbout 20 Limos ile woightof hot water fora few dinates and then eooledd,
HOt, whitish Jelly reaulia: aqu@ouu euapanaian nerd ral bo lit,

aos.as absorbeut and demuicant proportiog, 1. is dail aso

ladling powder andlvarious dermakaovion! preparations: alae ana

pharmacautio aid (lke, bindor and distntegrant), Note--Starehes
ubtoined fram different botanical sources may aol dvine tdeaitioal

propertion wth respect to their wee
for apecific pharmaceniioal

purposes, eg, as a tabletedtatntgradiag agent. Therefare, types
should not be interchanfed tates perforce edidualeniey lets
fenne ascertained.

Under the Githe Progefatiniand Stare Lhe NIP receives starch
hat has been proceased chemically

or
mochonicadly do rupture allot

part of Che gramilos in the presence of water, and auhacquently
dried. Some Lypea may be modified do render them compressible
and figwable.

Storax

Digit Stoney Styria Swot Cain Prapacedd horasi j I

A balanobtained from the trunk of Lajaddaniber ortenlatis
Miller, known in commerce as Levant Storasx, or of Ligiaddam bar

atyraciflua Linnd, known in commerce as American Storax ("nee
Hemnametidaccae),

Conalituents—The fotlowing gecur in beth variotion: etytucia
(enaamad eduacinute), séyral (phenadetavlenc, Cola), ac oand fb
atoresia (the ¢cinmamile ackl qvter of ap aleohel called storesinal),

phowyipropyl ciaranade fren araunte aotand voatiiig. ba addi-
Lion to these, Levant atorax containg edd efnaanmaty, bend ee
namata, (reo storouindl, octane cetd, atigtoarridtin, styirgentn
nd styrecemphene. "Thin variaty yialule fram 0.0 to Mae ot oudatile

até: from this have heen daolatud atyrocamphene, varia, Une cin
naumle acid ealors of edad, pheaglprapsy, deneyd and eiunamyt
deaiolsy, adpaiiatene and edyrod,

‘The Ainerican variety containg, in addition to the sfarementioned
substances common to both variaiien, styaresia (ho cinanmic acid
aster af the alouhol styresdtnad,

an isomer ofslareninet} and weyresite
adie arid, Ul yields up te 78h of a

dextreralatory volatile vil, the

composition of whieh dine tet boon diventigated completly: atyrel
and Geices of veal iin have boon isotiled framil,

Doseription—-Semiliquid, yenyigh ta yrayiah brawn, abieley, npsaqae
tues, depandting: ab

ataaling
a beavy dark leawn layer CLevarit doris);

aa aomdaolid, somatica solid mass, eoflamed by pently warring
(American storax): traniparent jn Chin layers: charaetorigtic uckar anil
Distant oti an wild,

Solubility. -dnwolubde in water, but wolutstoe, usually iievinpletely, i
an equind weight of warn aloahel, seluble in acetenc, cncbui disulfide or
ether, done edhebte posidue ually remaining,

 

Usos---An expectorané but ia used chiefly
ve a local remedy,

oapodially in combination with benvgoin: ag, i ia an ingrediont of

Compound Bensain Tincture (nage THO), Hoamny be aged, like ben-
voi, to protect fatty aubatitices frain ranedlity,

Sucrose Octaacetate

a-D-Ghicapynunaiide, 13.4,0-Lette-(-acetvd 2 2-frnetofurangsy|
Lahcaead ite

EAay:

AC A
ralbeh: AaahAv AL oN. CH OdeDan Gan

ni
4 dar iy

Cydia
}
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Sucrose oe luieelade (126-1427) CogbbiOyy (678,00),
Proparation--Sucrose fa subjected da exhaustive acetylation by

reaction with acedic aphydeiae in dhe proxenee of asuitable condens-
ine quent such na pyridine.

 

Doverinfion-White, peaeciently odorlon powder failennoly biter
(aates hyprascopie; malls dot lawer Chat 78%,

Ralubilitye- tog i PLO aa. of water, doml. of weohol, 0.3 mt of
Aeelonto er 0.6 laf bornena: very tdidde fa medial ar chlorefarin,
aulubie in ether,

UseA deactiurant for aleahal,

Sulfurated Potash

Thiowulfurie acid, dipolassivun wall, mine, wills pobmuiun sulfide
(KetS.)): Liver of bral

Vipotassium thiosulfate mixture with polawivm sulfide (Ku8y)

[SOH66-8H-8];
a mixture composed chiefly of potassium palyaultides

and potasdveuadlate. Th eontalig not tesa thea 0.8% of 3

(sulfur) in combination as sulfide,
Preparation—-Gy thoroughly mixing 7 part af sublimed sulfur

with 2 pata of polaasiuni carbonate and gradually heating Che
auxhure ina covered inad cruciblo indi) tho nia conven bo mwall and
in melied campletaly, [then is poured

ona stone or
glass nalane,

when cold, braken into pieces and preserved in Cightly closed bot
Ha, Whothe heatia rapulated praperly during ita production, the
reaction ia repranmmied appraxinutely ly

BRIO ABBas cb RusyOa # WOO,

Aw this product rapidly deterierales an oxpamire to moiature,
oxygen and coro diaxide, it ie iniporlant that it be propared
rocantly to produce aalistactory preparntlana,

Doreription-drrogudny pieces, Hvershrown whan feeshly propane,
changing’ Lea preaarish yellows decomposes upon exposure La aint sit ador
if hydramulfide and a bitter, acrid, alkaline daater evan went: dais
equse Uhe liberation of Hes from wuifuvated potas

1 ly Ooelation Hight
brown ti calor and adkaling bolitres,

Solubility. q li about 2 aof water, usyally leaving
a

alight resis
thio aleohal diskatves ony (he wabfidos.

Usorookixtanaivaly in dermatalagion prackica, aapaciully in the
alfictal White Lotien or Lotte Alba (page 702), The oquation for
the reaction of the potassium triaulfide in preparing the lotionis

BnBOa + Kaba
cr

ZnS ba + KO,

Tho mixture of ipealuble sine aulfide and sngfvr piven bie letion Ha

croamy while appearauce.

Tale

‘Tateum: Purilied ‘Pade; Peench Challe Saapaton Stantity

A native, hydrous magnesium silicate, wanotined containing 4

xmall proportion of aluminum silicate,
Geourrenco and Preparation--The native form, called soap-

sone or Heonch ehedé, is found jn various parta of (he world. An
exeallent quality ix oblninedt fran deporite in Narll: Carolina, De-

posite of a
high grade, conforming athe USP requirements, aacaro

found Jy Manchuria. ‘The milivé form osually ia aceompanied by
variable amounde af miner! aubaliness. ‘Thage are aaparated fram

it hy machanieal meang, auch as Jotation or eludringion. Te toaia

powdered finely, treated with boiling dilute HOT, washort well and
driad,

DoneriptionVery fing, while, of
grayiah while crystalline power,

Uncliann do(he Gouel, adhering readily 40 Ue alin, and fronforgrill
ni,

©
Usen-Officially, aa a

dusting powder and pharmageulic nid;
both catetorign it hag manty specific

aged. He madiciiak wie aaa

diting powder dependa
ov tla desiccant and lubricant affects,

Whar porfutad, and sumetimes mediontod, it in need extanaively
for toilal purpowos under the ane tateui Powders for well Use it
shold bein the form of an Giapalpable powder. When used aaa
Altration mediumfar clarifying Hqulds

a gearsar powdaris profverrod
Lo minimize pavanye Uiraweh the pores of the filter paper; for this

purpodaay bo ueedfor all elses of praparndcawill ne
danger

of adsorption
or retention af aelive principlos, Te dy cnaan
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lulvtieand di the manufacture of tablets, and aga dusting powder
whon aalting handmade suppositerion, Although It ig usaas a

lubricant for putting on and sameving rubber ylaves, do ahould nal
bo usecton surgical gloves because even amd] amounts daponitad in
ornor

hoaling wounds mury Gauee
granuloma formation,

Tartarte Acid

Butlanediole acid, #,2-dihydroxy-, Bulanedioie acid,
aa-diliyeronye, [Ae GeA)

govt

tyonde
OH

Womban
Goon

1-6) Tretarte aeid [87-084] Cy Hes (150.09),

Proparation-From areal, io crude qraain of Carlar (palassiany
bitartrate) deposited

on the sides of wing couka during the formeanta-
tion af grapes, by conversion to calciumtartrate whichin hydralyzed
to tartarle acid and caleiam sulfite,

Boyoripton---Lauye, colorloadof Leanaliecnt crystala,
ara whilg yori

war to fine eryitalline powder; odoriowa; ack dautar wtabie i bla airy
sodutions aeld to Tiana; desehrurnd adory,

Solubiliiy. fin 0.8 mb of walter, Qn aftiling water, a aaly of
aleadsul ar 280 mi) af ether freely salute ip aietainel.

UserChiefly, an the acid ingredient of preparations in whichit
iw neutralized bya iearbonate, arin effervescent salle, and the free

acid ik complotody almant or progiik only it aiid) amounty a the
finished praduet, Toalnois uned asa hulferiay agent.

Trichioromonefluaremethans

Mathie, triehilivatlicra-,

CPC

'Trichlovafwaramedhane (76-G9-4| OCH Tea.

Propirntion-Carhon lottnehlalde ia reacted: with antaneny
Wwiftnoride in the presence of a small quantity af antimony penta
chloride. ‘Phe reacdon produces a mixture of OCA! and OCFy
which i¢ Foadily separable by fraetional distillation,

Bogeription-—-Clear, colortase gan faint elercal oder vapor proaure
a 26" is about 206 tore budda all aa,

Bulubiliiy---Prackiedly dasoluble fy watersoluble in alesbel, attaor
oe onypinie wolverte,

User. A propediane (No 11, see page 1696),

Tyloxapol

Phenol, O13. letimethyibuiy)), polymer with formaldohyde and
oxbane: Vertows Mfrs)

al a

OR

O

“My

oO" oOaly Catts a Cuter

[AP iy chagcen1G,Grr 0hy CCHOH,
mip0 Oy ip Oyee na]

p14Totramediyl butt) phone! polymer with ethylene oxide
and formaldehyde [25301 -02-4),

Proparavion—-p-(1,1,3,2-Totramethytiuty) phenol and formal:

dehyde are condensed by hanting in the prenonce afan acidic cala-

Tyatand (he palymario phonel (hua obtained fa reacted will athylenc
oxide at clevated tamporatare anidor promiure in tha pragunes af
NaQid. US Pat. 2.404,647.

Dosertpiion---Ambor, viscous liquid; may alow a alight turbid

(yi shitarematic odor; specitie gravity about 1.072; alae at storid-
iuntion lamparatare and ii the presen of acids, bases and galta
oxidized by motile, pTd (8%aqueotia nalutlon) 4 to 7.

Kolubtlity.-Slowly bud froaly wolublo in water aaluble te niany

organic solvents, including neebic acid, benzend, carhan lelenchlo-
ride, carbon diaubfide, chlorafoarn or Loluene.
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4326 CHAPTER 66

Unes-A nonionic detergent dial dorama. both suyvface toneion
atbefterfaeinl Gundion. tia componend of Alevaire (Séoetey) mai
Bruclene (Afeon). Todke id used in contaet-lensscleaner formula
Lian.

Zinc-Eugenal Camont

Zine Compo Haqonal Comont NE XI

The Pawdor

Altay Ametite
cere eee Lee eee eee eee bareavinee

og
AUG SUUTHEO.cet ees eceseecaee OL gf
Wine Cie .... 00... peecaassereaaee ee

TOO
 

ROW ccc cette eer eee ete cece
BA

Powder he rosin aint incorporate iwith about an apual wegyht af zine
oxide until Uharauyhty nixed, iA the mixture et a aieve af teat lean
thas H0-mesh, Ttaerind dheomnteria whieh dura pet pase Lhrouzh Ge
nieveWith Brore of the zine oxide and sift ayrainy repdnt Che peaeak onli
allal die mataring yenddly paanon Cheough the sieve, Phorouhly mex the
ait stearate uid ging acetate wrth a portion of the gine oxide and paay
through a Dtsch sieve. Phaulity enix dhe Lidantwily dle
roamainther of Che aire oxide,

The Liquld

ven And
ThankMauemat.

oo... 22... pe bnessaeeeeeeereenee
COMO OTEreer

The Camant

To prepare Une conan, mix 20 parts of the powder with ] pach of Ube
liquid toa thick paste iimmadintely befere uke. Ate: ‘The amend of
Heil may: he viiert Ceypiva: any’ desired eoriaicdarey.

DescriptionPoder Yellowish while lg owhita ta eolort Jagat:
Thin aad colorinas da qwoak yellow, baviaiye

a atrang aromatic oder af clava
ANd th pune, apioy tanta; alfoetod bye ley: wpuciic yravity: 1.Gdto
LAS: rofracbive didiax 1024 bo DEL ab ae,

Solubititye—naid: minetite wilh aleohad, chlorefurni ar ether, waty
oHightly salable in water.

Gage Tn genoral dental praction
aa a dental protectiue, it, a8 a

(etiljs cupping
ora feapurdcy iliagy,

lao-Alcoholia Elixlr

Isc Votisiv
Tanw- Aloollie tix te
High-Atoohatic MIP ooOfeach a caleudatod volume
Mix the ingrediantn.

Low-Aleoholie Wixiy

Compound Ogee Spiel
ceeee eee ECA

Alcohol wocccs yas oe. Haal,
Glycerin

..... » a00 rT,
Mtinvahe RO at
Parifiod Water, amutfioient quantity,

‘To make

 

CC)
DUP U PP Uehara eee vaaae

Aleohol Qantont—4 to (0%,

Hivh-Ateohotie Elixir

 

Compound Orange Apirti nc cece eee eee ee EMT,
PHUeect ee tress eevee

RE
Gye

eentae tieeeeety, 200 mT,
Alocheal, a sufficient quantity,

Toowake
oo. ...20. cece eteeneteteyeneerersees ee

AMO M1;

Afgohel Gontomt73 ba TH
Dana latonded as a gonaral vehicle Cor vations medionmonty

that requirnd sulvents af dilforout ateobeal steengtha, Wher it ia
specified ina prewcriplion, the prepartion of ity twa

inyvocdionts to

be uneia dat whieh wilt produce
a soludion of the requirod aleahol

strength,
The alcuhol strenghh of the elixiy te he aed wil a single liquid

goiteniea! in a prescription is approximatoly the qameas hat of the
pilonical, Whogntonieals af different aleotiol strengths are aged in
the game preseription, the elixir to do und ds to be of such aleohel
abrengti as (a secure the best aelution posalbla. ‘Mhik generally will
he found (o be the average af the alcohol atranytles of Whe wevernt
ingredients,For nonextractive aubstineos, che lowest aleohul sioneftie
olixir that will wield a

porfeat sotition ahmaild be chanen,

Oiher Miveelhuneud Fuiiiaeacdiiea! Nagexsl thou

Bucrylitle {Propenoie acid, Boyan, Sanat hyl prop) enters Lnabutyl
2-cyanqnervlida {OMS022 Cally Nk CURLER): CHU cond] PregariefiaOne nothod rasets iaohuiyl ?-chloronerylate with sodium evinide,
ties: Suyyeical nicl Chima adllaaive),

Corcain [Ovokerite; Barth Was: Caraniny Minornl Wax: Mosall
Wax|--A hard, white odarlios solid resembling spavmimeoti when pur
fed, occurring antaraltyip depovite in the Campathian Mout lain, bape
cially in Gadiela. [ila a imixtare of natural complex garattin tydrocur-
Dona. Mella belweon OF amd 78°; apeeiiie gravity (92 do 04: alable
Loward oxidiainy agents. Soluble a 0%aleahol, heavens, chtoreform,
petroleum, binds or hetoila ideew Sabstilutefor bugnwass iy dan cat

-

ry, for ipreesion:
wax.

Kuilenodianiine Hydrate AP, PRE aNCTRCH ENTE OL
-

Clour, colovions or
slightly yellow Uiqaid with ae agitaniaed odor ane

characterintig alkaline Caute; solidi iew ay euoling Co a crystalline avi
for10"); botte 18 4a 19°: apeeific pravily anil, G00hyyruscopic aad
abaorbe CO, from the aby aqueous solutions alliting tu Hii. Miseibte
with wator or aleohel; nolable i t80 pares of chloroforin: slightly seadudln
In bongone ane ether. (fees Wad deomanefaegurteal! antinophyline andl
1) (he preparation of whliephylling injections.Forric Oxide, Kod Candin not lena in O06Qe. Tis mide by
loating unilve feeete oxide of hydroxide nti temperature which will yiedel
aprodiel ef the desired color, ‘The oelar da everned by (ho Gan paradare
and time of heating, the prenencn avd kind of other mnedalk and the
partie sive of the oxide, A dark-colored oxide is Caverod by prolonged
heating wt high lemparatire and ihe presence af ineanese, A light
colored oxide is favored bye tho provenice ef vlindnam and by finer
parlehe size, Clses: baparting colar Gonanedinina and cme ics.

Ferrie Oxide, Yotlow-Cuntajie nat less than O58 Pad 16 is
prepared by hanling ferrous hydroxide

or ferrous carbonate in ait ata
low demporatuca, Clea: Ag for Aid Fortic Oxede (nltoved,

Tignoy NE XAL [Mel Claritied Honey, Sqained Honey] is Lhe nacelia-
rhe gecretion depusited in Uae honevenmb by the ber, Anis meliiferu
Linné (Fan Apidae) Tt onust be fred from Jereign subetaneds neh as

paris of insacte, leaves, ofc, Su nay centade pollen ptyins.  distary:
Haney ds one of the oldest of food aad medion produets, Daring the
lth and 17th coutiriog tt wai recommended ann eure for alinavery:
thing, foastideernte: dra) erate(6 10 8%), sveroxe (0 (a Re.) and
dextrin (28 to 7%). Deseriptions Pbieh, ayrapy: liquid of a

light
yellowinh (a reddish brown colar Leatesdldeend whoa Mend, but feesuently
becanies opaque and wrapubur Guraagh erystaltigation of dextrose; clas:
aeboriatic odor and a aweet, Caindy ageict tote, tse: A aWwerleniiye
ayantroid piaeiesiie tacit,

tydriadic Ach, Diylad. Contains, tn eaeh 100 m5 te 1B 9 of
PUR(L274H), and GOO ing Gal PEPOy (GG,00%, Phas letter faailed te

provent the formation of free iodine, Coedions dt maat nat be dis.
peased

or used in the preparation af alher pradiets if Wf cantaine froindiad. Praparadiva: Oia lame eeale, by Che intoraedéon ofind ia and
hydragint audfide, Meveripitua and Solubility: Colorless ar not mare
than pale-yellow, odorless liquid: apoeifie geaviey abaut 1b Migedtylewilh watat ot aleatal. Cees: lay

Hydride
Acid Syrap (oye 102),

ho datier hag doen ungd as an oxpactorani. be also is yaad in the
nanuineduro of inerganic lodidas amd distafoekants. “The 67% weld ubue
ja sodfor analytival purposos, auch aa

methoxy detarminations,
Lime |Gals; Calcium Oxide; Quiedeline; Hart Line: Gale Gada: OnQ

(AG.0H))-—-Preparation: By enleining Garexéore (a native ealeiun csr:
bonate) in kilwith abeong heat. Deecriptten and Setadiity: Hard,
while or grayish while giumasoa or ataiilos, er a while oe peayiah while
powdor: aclorionsoludion atcongly atkaline, 1 @uohalleitt about 840 m1
of water or 7740 til of boiling water aelable in glyecely

or ayrnys
ingoluble in aleohel, Uses; Tn puikiue dort, Whitewnah and varias

vhomicas and products. yin an
ingeodiont in Stdfurated dine Solu.

tien (RPA 16, paENT). In the USD, edeium bycleosxide hun ropliced
{hatdeyore stable and more rondily available ofa quality audtalie fot
madieinad use than that agually obtainable.  Uiilome protected{yoair,
it stan becomon unfit for den, dais to the action of carlion dinxicde mid
Hethsbure in thoair, Bae Celera: Aydeascde (page 1319),

Poach Gii—An oil roxembling almondoff obtained from Perstea ve
qenis ain floxacede). Boe Porste CAT (payee 184),

Polacri#in Potuaim fMothacrvlic acid polymer with divinylhen.vung, potassium aad |SN4-76-5b Am borlit Tthe88 Gioden & Haas)|
Prepared by polymarting melinceyie seit wilh divingdbonzene and ho
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rerultinr resin is neutralized with KOH. Dry, buff'colored, odorless'

lii."i.i,i. ii*-n"*ins powder; stable in light' air and heat; ineoluble in

i"t"r. U..r, Pharmiceutic ard (ablet disintegrant)'
"ffiior"iii" iGlvcols, potvmers, polyethvlene'polvpropvlene [9003-

' 
tls'i, rii*i-c*i ia'Oiitixii"r)l-Pollpropvlene slvcol is reacted with

-, r,"i..e .xide. lJ ses. Pharmoc eutic aid (surfac{ant)'
""iiii-iu"iii.tuice-The liquid erpressed from the freah ripe fruit of
n""-i-raiit Linn6 or of Eubus stidgosus Michaux (Fam Bosaceae)l
i.,i"iii"s not lees thsn 1.5% of acids calculated as citric acid' Prepora'

;;;, 
'Ernr6 

thJ iuice from the washed, well-drained, freah' ripe re{
l".it .iJr. Dissoive 0.1% of benzoic acid in the expresaed juice and

irii,i.iii t".t""a it t*- t€mperature (poeeiblv for several da-vs) until a
il;ii ;;i"" ;a the filtcred lirice produces a clear solution when mixed

;;-hi[;ii[rJume of alcohol, thl golution remaining clear for not less

iiirn ib.in. Strain the juice from the mirture or filtcr it' if neceseary'

triiriiiiii. b-tr", tiqui:d with an aromatic' charactristic odor and a

il"r""i"titti", sour taste; freshly prepared juice red, to reddish oran.re;

"ir".tlit-Uviigt 
q specificgravitj' i.oz-s to t.tus; pH 2.7 to 3.8; refractive

iia"i-".i"toi tiran t.ed-s. uses In the preparation of Bospbery
t's:#;nil1'3tt{'tli::"::t'1f 

s-,ro,aristotochiaetotiq.yjl!::.
6;;fi;il;erce as Merican Sarsaparilla; or of Srnr.lox regel-rlKilip
iii{ort"n. [no*n in commerce as Honduras SarySPatilla; or of Smihr
iraiii"", kunth. known in commerce a8 an Ecuadorian SarsaParilla; or
'of uriait"rri""aspecieg of Snerlor Linn6, variously klown in commerce

a" B"u"doii"n and Central American Sareaparilla (Fam-Lifioceoe)'-
6."t"1* ifi*iJeg of the saponin grorrp, -sorsosoponin 

(poallra) and

iiiiiiiiili G^ilocin), whiih are rela[cd structurallv to the digitdis
;i;;ii[;, ;rJ p*.ot tt 

" 
gtcroid nucleus. When hvdrolvzed with

eiiutc;i,i., thev split into sugars and the corresponding sapogenin

S**-*p*il ti"idiio.toroprginin (pongeninl plus one rhamnose and

two slucoce molecules, and smilacin yields srnihgenrn plus sugar mole'
cutd. Starch, resin, coloring matcer and volatile oila also are present'

itii. a*" *"i first'used in-Europe in the l6th century a8 a much-

,runt"a r-"."av for syphilis. The origin of the name is-in doubt Uses
g"i"" *itho.t pharmacological actio;s, it is not employed in modern

ttrei'a'peutics. atihough the liity is inclined to atttibutc certatn therapeu'
tic virtues to its use.---Soai", 

Ctut matc lsodium Acid Clutamate 1142'47'21HOOCCH'
(NHz)CHzCHzCOONaI-White or nearly whitc, cry-stalling Powder'
Very sotuLb in watcr:iparingly soluble in alcohol. Uses' Imparts a

meat flavor to foods.-Stdirriit i"itv"ollate [Sodium Mercaptoacetatf, ; HSCHzCOONaI

-xu"i*moii civitals whidh discolor on eiposure to air or iron Freely

sotu[,[e in *iter;illghtly sotuble in alcohol. Uses Reducrng agent in
Fluid Thioelvcollae Medium for st€rility t sting.- -Sit"i, 

ittir"ted lMutton Suett-Intcrnal fat of the abdomen of the

"f,""o-. 
bi,ir Lrrps (irem Bouidaei, purified by melting and straining'

filf,i6, .otia fat wiih a slight, charaiteristic odor and taste when freeh;

;it" i,;&;r 45o and 50-o and congeals between 3?o and 40o; must be

;;;;; in a cool place in tight co;tainers' Uses' In ointments and

ceratrs.
Uree lCarbamide I5?-13-61 CO(NHz)z(60.06)l-A product of protein

."taUotirm; prepa.ei by hydrolysis of cyanamide or from carbon dior'
iJ" 6, 

".ronoivsis. 
iolorless'to white crystals or white, crystalline

oowdir: atmost 6dorle$ but may develop a slight odor of ammonia in
bresence t f moisture; melts 132 to 1350. I g dissolves in 1.5 mL of water

6r l0 mL of alcohol; practically insoluble in chloroform ot ether. L'ses

A orotein denaturani that promotes hydration of keratin and mild kera'
toiysis in dry and hyperkeiatotic skin. It is used in 2 to 209o concentra'
tions in various drY-gktn creams.
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CHAPTER 69

Pharmacological Aspects of Substance Abuse

Frederick § Goldstein, PhD

Protossoy of Phanmacelagy

G Victor Bossi, PhD
Viee Prosidont of Academic AHfalss and Professarof Phomoacelogy

Philadelphia College of Pharmacy and Science

Philadelphia, PA 19104

Substance abuse continues to be a major problem within

the US and will remain goin the 21st century. Although
recent data indicate a decline in the use of certain iHicit

drugs by high-school seniors (Table 1), there has been no

change in the percent who drink alechol. Unfortunately,
among the many American adults currently dependent upon

alcohol and other psychoactive chemicals are membors of

the health profeasion, eg, pharmaciats,
nurses and physi-

clans.
Substance abuse may originate with the physician,

the

patient seeking medical irealment or with the adolescent

drug experimenter. Physician-generated
misuse may resull

when there is inguffcient concern or time to evaluate the

patient adequately as a candidate for paychoactive drug
therapy, ‘Treatment is all Loo often direcled toward the

alleviation of sympLoms without a concertedeffort. to identi-

fy possible deep-seated
causes and reapondto the emotional

as well as the medical needsofthe patient. Overproscribing
of mood-altering drugs Involves potential

harm not just to

the individual but to society at large. While physieian-

venerated drug misuse represents
a relatively small percent-

age of the overal) problem, itis especially regrettable that

any negative contribution arises from the actions ar Inac-

tions of health professionals.
Patient-originated abuse encompassesa larger aspect and

persists despite significant efforts by the majority of physt-
cians and pharmacists

to restrictthe dispensing of psychoac-
tive agents. Some patients will visit several physicians, ob-

tain a numberof prescriptions
fur barbiturates, tranquiliz-

ers, alimulants and/or narcotics and present cach

prescription to a different pharmacy. Thus, the patient.
may accumulate substantial quantities of controlled sub-

stances oither for personal
use or for resale, Attempts to

thwart. such patterns of drug acquisition have, thus far, boen

unsuccessful.
Peer pressure, alienation, hedonism, mass-media adver-

tising, affluence and boredom are among the factors most

frequently cited as those leading to the misuse of drugs by
adolescents. The consumption of alcoholic beverages, ciga-
rejle smoking andthe liberal use of sedatives, tranquilizers
and central nervous aystem (CNS) stimulants by adults,

particularly family members, foster the development. of a

cavalier attitude toward drugs, and increase the likelihoodof

drugtaking among adolescents.
Three basic atages of adolescent drug usage have been

defined as the initial experimental phase, periodic
recre-

ational phase and compulsive (chronie} pattern. ‘That many

young people resist involvement with drugs
or do not pro-

zreas to chronicor serious palterns af abuse emphasizes the

importance of personality traits in the genesia of drug do-

pendency. Persons of any age who have a low frustration

tolerance, cannot cupe with the daily pressures of life, re-

quire instantaneous gratification
or who have unfulfilled

dependency needs andserious problems
ofsocialization may

come to rely
on drug

use in orderLo escape, albeit temporar-

ily, from a psychological environment whichis bleak, joyless
and/or filed with anxiety.

As stated, many factors are involved in the process by
which an individual ultimately selects the pharmacological
route of eacape from atress. Recent studies indicate that a

smali percentage ofthe population may have a
genetic pre-

disposition for developing
an addiction to at least one

drug-—alcohol.
However,it is quite clear that some paten-

tial addicts can resiat entering this pathway
if they become

aware of the Ltoxicological consequences of drug abuse.

Many school, religious and community organizations have,
in fact, made substantial efforts to present educational pro-

grams devoled to acute and chronic toxicities produced by

psychoactive substances. Pharmacists should expand their

participation
in these programs; in this regard, the following

information can be of assistance.

Central Nervous System Depressants

Opioids (Narcatics)

Heroin is the opioid most often abused. The preference
for herein is not based onits unique euphoric properties but

is largely
a matterof economics; herain is the most potentof

the opioids, thus providing maximum profil per kilogramto

those engagedinillicit traffic.

Barly in the course of heroin use, intravenous injection is

followed quickly by a sense of exquisite visceral pleasure
whichis similar to sexual orgasm (the rush), an enveloping

feeling of contentment andthe receding of internal conflicts,

Paken orally, heroin also produces relaxation, euophoria
and indifference to pain and sivess but net the “rush.” in

the susceptible individual, the intense desire to recapture
this drug experience contributes to the establishment of an

emotional
or

psyehic dependency.
With frequently repeated administration, the individual

becomes progreasively
less responsive to the drug; (hus,

Table }-—Nattonat Survey of Lifetime Use" of Drugs by High-
School Senlors®

peeR

NEE

AHAA

Change trom

 

 1965 tae7 1985

Alcohol 92.2% 02.2% 0.0%

Barbivurates 9.2% AM ~1,B%

Cocaine 178% 18.2% -2.1%

Marijuana 54.2% 50.2% 0%

Methaqualone 6.7% 4.0% 3.7% 
*

Poreand who ever uacd,
»

National Histitule an Drug Abuse Notes, Surnames (88,
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everincroasing doses are
soughtin

an
aldempt bo duplicatethe characteristic effects. Chronic suppression of central

nervous system function results in a
dependent state in

whichthe drug mustbe taken on a
regular basis Lo maintain

a reasonable semblance ofwell-being and equilibrium andto
prevent the anguish of the abalinence syndrome. Thus,
opioid addicts soon find themselves taking hergin not for the
pleasurable effects but primarily to prevent withdrawal.

Tolerance to opioids does not
develop uniformly. Far

example, addicts experience, during chronic use, lessened
respiratory depressant, analgesic, sedative, emetic and eu-

phoric effects. Some may show decreased miosis while moat
suffor chronically from the constipating effects of the drug.
Drug tolerance always ia relative, never

absolute;
a dose

always exists Lhat is capable of causing death from respira-
tory paralysis, and overdosage is a common cause of fatali-
ties among opioid addicts, Although death associated with
heroin use has beenattributed routinely to averdosage, ath-
er factors sometimes may be involved.

Quinine frequently is employed by “dealers” to dilute
pure heroin because, like the opioid,it ia bitter and prodiaces
vasodilation simulating the rush. Thus, addicts cannot de-
tect adulteration readily and may unknowingly inject them-
selves with large quantities of quinine, which may produce
significant, myocardial depression. Codeine, while signifi-
cantly leas potent than heroin, algo can

produce death from
overdosage,

Withdrawal] symptoms usually reach maximum intensity86 to 72 hr after the Jast dose of heroin and subside graduallywithin 7 lo 10 days. The severity of the abstinence syn-
dromeis determined largely by the degree of acquired physi-cal dependence

andthe rate of elimination of the drug.
The signs and symptoms of opivid withdrawal include

yawning, sneezing, lacrimation, restlessness, anxiety, insom-~-
nia, Nausea, vomiting, gastrointestinal cramps and diarrhea,
swenting, gooseflesh, generalized body aches, fever, tremors,
muscle spasms and

jerking movements. Excessive perspira-
tion, vomiting and diarrhea combined with diminished food
and fluid intake may result in dehydration, acid-base distur-
bancea and ketosis. Occasionally, cardiovascular collapseoccurs.

Withdrawal symptoms can be suppressed either by ad-

ministering the drug of dependence
or another narcatic, If

an
opioid, such aa methadone, is giveninitially in a slabiliz-

ing amount and then the dosage reduced gradually, the ins
tensity of the abstinence syndrome may be lessened appre:
elably,

Theopioid addictis subject.
to risks arising out ofindiffer-

ence to minimal putridional and hygienie requirements witha
consequent. high incidence of viral hepatitis, bacterial en-

docarditis, tetanus, pulmonary infection, pulmonary edema
and thrombophlebitis.

‘The use of nonsterile injection equipment and intravaseu-
lar intreduction of cotton fibers and adulterants, such ae
lactose andtale, all contribute to dhe developmentof local
and systemic infeetious disorders and pulmonary granulo-
matosis,

Hyperamylasemia often is obaerved during the
acute phaso of heroin-induced pulmonary disturbances, In-
creased serum

immunoglobulin levels are encountered com~

monly in addicts. Although the clinical consequences of
this finding

are understood incompletely, serological tests
for syphilis

are
false-positive in a

significant proportion of
such individuals.

Noninfectious complications of opioid addiction inekude
transverse

myelitis, rhabdomyolysis with cardiac involve-
ment and myoglobinuria and Horner's syndrome, Quinine
containedin street heroin preparations produces amblyopiaand thrombocytopenia. An aqueous mixture consisting of
crushed tablets af pentazocine (Talwin) and tripelennamine
(Pyribenzamine}, with the street name of “I’s and Blues’,

has been used intravenously by addicts; the effects are re-
ported

to be similar to the heroin rush.
Toxic reactions can be serious and inelude lonic-clonic«selzures and acute respiratory distress with hypoxia. 'Mhelatter effects apparently result from deposition of insoluble

ingredients of this mixture, ep, tale, in lung tssue thus caus-
ing pulmonary granulomas.MPTP

(f-mothyl-4-phenyl-1,2,3,6-Lelrahydropyridine),an
extremely toxic by-product ofillicit meperidine synthe.sis, deatroys certain types of braintissue

(nigrostriatal) aftey
only

a few doses; this produces Parkinson's disease in theabuser which,like the degenerative cliniea! disease occurringin geriatric patients, is irreversible.
Women whopersist in the use of heroin during pregnancy

give birth to
opioid-dependent offspring. The signs of with-

drawal in the newborn appear within several hours to several
daya and include high-pitehed crying, deeplessness, irritn-
bility, tremor, vomiling and diarrhea; the latter may result
in severe

dehydration. Naréotic-dependent infants are
horn smaller and exhibit an uncoordinated and ineffectual
sucking reflex, which reduces nutritive consumption. Phe-
nobarbiial, diazepam, paregoric or

chlorpromazine have
been usedtoalleviate narcotic withdrawal in neonates,

The approaches to treatment ofthe adult addict involve
medical ag well as

psychiatric and social aspects. A basic
obstacle in any approach to the treatmentof opioid addic-
tionis the characteristic high rate of recidivism.

Methadone maintenance, currently
one of the most widely

employed techniques in the management. of opioid addic-
tion, involves stabilizing the patient. on a regular daily oral
dose of methadone, preferably in conjunction with support-
ive paychological

or
psychiatric counseling. In (his context,

the maintenance drug does not
provide true pharmacologi-cal blockade; rather, regular administration resullg in Lhe

development of tolerance to methadone and cross-toleranco
(ao heroin. Thus, the addict will not experience the heroin-
induced “rash” and euphoria unless doses substantially
higher thanusualare injected,

Theoretically, when unburdened by these factors which
motivate addiction, methadone may be withdrawn gradual-
ly. However, many former narcotic abusers cannot main-
tain a

drug-free state and eitherreestablish Uneir addiction
Lo heroin or

request continued metadone therapy. In con-
trast, some addicts refuse Lo enter a methadone maintenance
program. ‘The reasons for this decision include

Theclain: by some narcotic sbusers that methadone is just another
type of drug dependence und one which is moredifficult. fo surrender
than heroin use—ia fact, methadone withdrawal can be more intense
and painful than heroin detoxification.

Methadonesignificantly impairs human reproductive capacity hyde-
creasing both ejaculate volume and-sperm mollily (heroin produces

a
iesser effect uponfertility),

Family wombers maybe ondangered~-a number of children havedied
after ingesting the liquid methadone preparations used bytheir parents.

Analternative appronch, based on the conditioning theory
of opioid dependence, employs narcotic antagonists to extin-

guish draug-seeking behavior by blocking the euphoric effects
of heroin, Nalorphine firsl was

auggosted for dhis purpose
but its limited duration of action and bigh incidence of
hallucinogenicreactions made its uae

impractical. Cyclazo-
cine is effective ornily and provides blockage for up to 24 hr
but, like nalorphine,is

an active anaigesic
andis associated

with a
variety of

disturbing psycholomimetic reactions.
Naloxone (Narean),

a
“pure” opioid antagonist (ie, pos-sessea no

agonist properties}, produces fewer unpleasant.
effects but is relatively short-acting.

Naltrexone (Trexan),
a

Jonger-acting derivative,
can

block the effects of heroin for approximately 72 hr, ‘The
resulls of cHnical (rials are

disappointing since many addicts
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under treatinent refuse to take a drug which is devoid of

narcotic-like effects.
Clonidine (Catapres),

an
ag-receptor-agonist, has been

used successfully in treating heroin withdrawal reactions; in

some cases, it is more efficacious than methadone.’

Barbiturates

The clinical use of barbiturates has declined substantially
in recent years. The benzodiazepines, while not free of

adverse reactions, are safer and have supplanted
barkitu-

rates in the treatment of anxiety and insommia, It is clear

that, in general, hypnotica (barbiturates and nonbarbitur-

ales) should not be preseribed
for more than a 14 to 28-day

period. Beyond this Ume efficacy decreases (a decline in

hypnotic activity may begin after only 7 days of continuous

therapy). Pharmacists should monitor these prescriptions
very closely, consulting with both the patient and physician
in order to insure praper uae and prevent dependence prob-
lerng.

The hazards encountered in the use of barbiturates in-

clude occasional unanticipated idiosyncratic
or

hypersensi-
tivity reactions and accidental overdosage as may occur in

young children unaware of the potential dangeror in adults

during a
hypnotic drug-induced semistuporous state of “au-

tomatism.” Yor most persons, sloep provides only a tempo-

rary reapite but, ali too frequently, intentional overdosage
witheasily accessible sleep-inducing drugs provides

an ave-

nue of permanent escape from the pressures of reality.
Barbiturates reduce the amountof time spentin the REM

(rapid eye movement) phase of sleep, ‘The reduction of

REM sleep for a
period of several daya may cause the indi-

vidual to become irritable or 10 evidence disturbances in

personality and rationality. When the hypnotic is with-

drawn abruptly, there is a rebound increase in the REM

phase often associated with nightmares,
a feeling of having

alept poorly
or actual insomnia. *Rebound” REM makesit

difficult for the patient
Lo give up the drug and contributes

to the developmentof drug dependency.
The signs and syinyploms of barbiturate and alcoho) in-

toxication are strikingly similar. Visual perception, recall,

reaction-time coordination and other indexes of paychomo-
tor funclioning are affected, the degree of impairment large-

ly depending
on the concentration of drug in the brain.

Intoxication, either with aleahal ora barbiturate, is charac-

terized by difficulty in thinking, reduction of ego controls,

poor judgment,
confusion and emotional instability. Neu-

rological impairment and muscular incoordination are major
factors in the personal injuries

andinvolvement in vehicular

accidents which are common occurrences during the course

of intoxication with these drugs. The CNS suppressant
affects of aleohol, baxbiturates and opiates, auch as heroin,
are mutually reinforcing; exlemporaneous combinations of

these depressants may result. in unpredictably abrupt and

severe incapacitation.
Low doses of barbiturates (as employedfor daytime seda-

tion, nighttime sleep induction or the control of epilepsy)
are

often takenfor indefinile periods
without eliciting tolerance

or
physical dependency. ‘These phenomena renerally

oceur

only with doses considerably in excess af thase customarily

employed in medical practice. To iilustrate, the usual oral

hypnotic dose of pentobarbital sodium or secobarbital sodi-
um is 100 to 200 mg, whereas oral doses of these barbiturates

in exeess of 400 mg/day (and generally
in the range of 60)to

800 mg/day) for approximately
| month are

required
to

induce clinically significant tolerance and physical depen-
dency. Paronteral (subcutaneous

of intravenour) adminis-

tration of barbiturates may lead to physical dependency
at

lower dose levels and within a shorter periadof time,

The amount of barbiturate that may be consumed by the
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compulsive abuser varies considerably, but average daily
doses of 1 to 1.5 ¢ of short-acting derivalives are nol uncom-

mon, and some individuals may use a8 much as 2.5 g/day
over

prolonged periods
of time.

Withdrawal reactions, which In some cases may be more

hazardous than the opioid abstinence syndrome, develop
upon abrupt cessation of chronic barbiturate overuse. Mild
to moderate withdrawal reactions include anorexia, appre-
hension, tremufousness, muscular weakness, mental confu-

sion and postural hypotension, A severe barbiturate with-

drawal syndrome may involve profound disorientation, de-

jirtum and hallucinations and convulsive seizures of an

episodic
or

protracted
nature, Most. individuals who have

ingested eight
or more

hypnotic doses of a barbiturate por

day over an extended period will experience convulsions

during withdrawal. In extreme cases the barbiturate absti-
nence syndrome may terminate in cardiovascular collapse
anddeath, With the longer-acting barbiturates, withdrawal

symptoms are slower in onset and Jess severe than those

encountered with the shorter-acting derivatives.

Pharmacological treatment of barbiturate dependency

zonorally is approached by replacement with either pento-
barbital or phenobarbital

al an initial dose sufficient for

stabilization; the dose thenia reduced gradually
over a

peri-
od of several days

to weeks depending on the individual

patient response.

Nonbarbiturate Sedative-Hypnoties

Neurological impairment, psychological and physical de-

pendency,
andan abstinence syndromesimilar to that asso-

ciated with barbiLurate abuse may result from excessive use

of many nonbarbjturate gedative-hypnotic and antianxiety

agenita, including chloral hydrate, glutethimide, methypry-
lon, methaqualone, meprobamate, chlardiazepoxide

or diaz-

epam.
Methaqualone remains a “street” drag of choice. Al-

though claims have been made thatit and other nonbarbi-
turale hypnotics (eg, chloral hydrate or triclofos) produce
little or noeffect on RIEM sleep, other reports challenge Lis

distinction anda final conclusion haa not been advancedyet.

Aoroparesthesia (ingling and numbness in the extrem-

ities) may occur
prior to the ongetof hypnotic activity, par-

ticularly when sleep does nol ensue rapidly. This sensation
iy experienced by many methaqualone abusers and probably
contributes to the aphrodisiac effect(similar Lothe ‘Spanish
Fly’ phenomenon), Increased muscle tone often is evident,
it even may be obaerved while the patient is

in a deep
coma

and may last for several days. Acute toxicity differs from

that of the barbiturates in that marked reapiratory and car-

diovascular depression generally
are not. sean after large

doses of methaqualone,
Psychological dependence and toleranceto methaqualone

have been observed, but the results of studies on the devel-

opment of physical dependence
are equivocal, Apparent

withdrawal symptoms, such as headache, anorexia, nausea,

abdominal cramps and interference with sleep, have heen

noted in those investigations reporting physical dependen-
cy. ‘There relatively minor symptoms may occur during
abstinence in the individual who has been taking five hyp-
notice dases of methaqualone daily for several months.

Severe reactions which may be encountered oecasionally

during methaqualone withdrawal include convulsions and

toxic psychoses, Ingesting aleohol with methagualone
is

very dangerous, leading to 4 acrious impairment ofjudgment
and psychomotor coordination. At least one state reports a

high death rate from injuries sustained in car accidents

where the drivers, passengers and/or pedestrians used this

drug combination.
_Mandrax, a combination of methaqualone (250 me) and
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diphenhydramine (25 mg), has been abused by addiets in
Great Britain, Canada and Australia. ‘The reactions due to
overdosage with this drug combination are similar to those
of methaqualone but. are

potentially more severe since di-
phenhydramine, which possesses central antimusearinie ac-
tivity, may produce psychological disturbances, excitation,ataxia and convulsive seizures (diphenhydramine does not
influence the absorption

or biotransformation of methadua-
lone).

Meprobamate produces sedation and relaxation com para-ble to that of the barbiturates, although the clinically effec:
tive duse of meprobamateis higher. Cognitive activity maybe compromised by chronic oval doses of 800 mg of mepro-
bamate per day, while at daily doses of more than 1600 mg,
psychomotor performance may be reduced significantly,
Paychie dependence and tolerance occur with prolonged
high-dose administration and physical dependence developsalter consumption of 8 g or more per day for several weeks.
Depending

on the dosage and duration of use, meprobamate
withdrawal reactions may range from anxiety, insomnia and
tremors to

hallucinations, convulsions, coma and death.
Chlordiavepoxide, taken in doses of 800 to G00 mp a

dayfor several months, may result in physi¢al dependency
re-

sembling that observed with the barbiturates and mepra-
bamate, However, withdrawal symptoms may be delayedfor several days after chlerdiazepoxide is terminated, due
possibly to slow elimination of the drug. Agitation, insam-
nia, anorexia, depression, psychological disturbances ane
convulsions are

among the reactians which followthe eassa-
tion of prolonged administration of high doses of chlordiag-
epoxide,

Diazepam, the most widely prescribed benzodiazepine de-
rivative, also may induce physical dependence. Patients
receiving 15 mg a

day for 4 to 6 monthe, or
higher doses (G0tio120 mg) for about 2 months may, upon withdrawal, experi-ence gastric cramps, sweating, agitation, tremors, insomnia,

confusion, disorientation, auditory and visual hallucina-
tions, delusions, paranoia and depression,Serious acute intoxication may occur when benzodiaze-
pines are combined with other depressants, eg, ethanol, nar-
cotics, other sedative-hypnotics, tricyclic antidepressants or
antipsychotic agents, Simultancoug ingealion of ethanol
and diazepamis

particularly dangerous. In addition to the
expected additive

CNS-depressant affects, in the presence
of ethanol, diazepam bloodJevels are

elevated, compared to
diazepam takenalone. Some reports suggest the possibilityof teratogenicity resulting from administration of mepro-
hamate or certain

benzadiasepines during the first Lrirnes-
ter, in the interest of caution, the use of these antianxietyagents should be restricted during this critical period of
pregnaney,

The medical and pharmaceutical professions bear a grave
responsibility in preseribing and dispensing barhiturates,
benzodiazepines and pharmacologicaily related agents.
Physicians, pharmacists and nurses oftenfail Lo convey ade-
quately to the pationt the potential of these drugs for en-
snarement in a vicious web of emotional need, often pro-
pressing lo escalated consumption and, ultimately, the de-
velopment ofa dangerous degree of psychological and phys-
iological dependency, Although only

a limided numberof
drugs

were discussedin the aboye sections, itis ImportantLo
note that azy substance causing acute CNS depression is
capable of producing psychological and/or physical depen-
deney during chronic use.

The legitimate applicationof drugs should not be Jeapar-dized by irrational fears arising from situations created bytheir uncontrolled use. However,it ix equally important. to
recognizethat certain drugs, by virtue of their ability Lo elicit
profound changes in moodandfeeling, may, in the emetion-
ally predisposed person, lead to a

degree of psychie depen-
dency and compulsive use detrimental to the individual and
to

society.

Alcohol
Although greater publicity usually is acearded to marijua.na, hallucinogens and narcotics, alcohol remains the Majordrug of abuse in the US, Approximately 15% of all UShealth coats are for the treatmentof ehronie alecholism andassociated toxicities,
Alcoholic intoxication apans a range of blood-ethanol con.centrations from 0.05%, at which level some

impatment ofjudgment occurs, to above 0.40%, associated with profounddepression ofvital physiological functions. Concentrationsin excess of 0.60% usually
are fatal,

Although manystates regard an individual as being “le-
gally drunk” atlevels above 0,10%, controtled studieshavedemonstrated repeatedly that functional deficits such as
impaired adaptation tolight, reduced psychomotor perfor-mancewith prolonged reaction thnes and generalized detari-oration of simulateddriving skills are ovidentat blood-alcg-hol concentrations well below 0,08%, Thus, individuals with
blood-alcohol levels below those required forlegal classifica.lion as intoxicated may, nevertheless, be dangerous drivers,

-ompelling statistics compiled over many years implicatealcohol as a
principal contributor to motor vehicte accidentswith consequent injuries and fatatities. Public outrage Ivygroups such as Mothers Against Drunk Drivers (MADD)has been directed recently toward the legislative andjudicialsystems for their minimal penalization of drunk drivers,

particularly the repeat offender. As a
result, most statesnow have passed stricior laws with mare severe penalties,All 50 states now

require
a person Lo be 2] yr old in orderto

drink alcohol.
Two-day jail termsfor first offenses and quicker suspen-sion of the operator’s license now are routine aspects of

punishment. However, none of these statutes can restore
the lives of innocent children and adults who have been
killed by intoxicated drivers, ‘The prevention of alcohol
abuse through educational and other methods remains the
approach most likely to reduce deaths, Manyairline pilotsand railroad engineers currently are involved ip such pro-
grams.

Severe alcoholic intoxication may
result in forms of amne-

sia characterized as
“state-dependent learning”

or as a
“blackout.” In the former, an individual can reeall what.
transpired under the influence of alcohol only if again sub-
jected to an intoxicated state,

senerally, information ae-
quired while under the effects of alechol js remembered
poorly

or not. retained in the nondrug condition,
“Blackout” refers to a severe short-term memory deficit;

subjects cannot recall what occurred while intoxicated even
if they again become inebriated. Assaultive or destructive
behavior (eg, suicide, atlempted suicide or

homicide) associ-
ated with drinking frequently takes place during

an amnesic
state,

tslimates of the number of aleoholies in any society are
very imprecise; the number of individuals in the US alone,whose lives are involved inextricably with alcohol, is num-
bered conservatively in the several millions. ‘The cost in
terms of lost productivily, accidents, crimes, self-degrada-tion and the disruptionof family, business and soeial bonds
is beyond computation. Chronie abuse leads to debilitating
pathological alterations which seriously impair the alco-
holic’s healih and diminish lite expectancy; these effects
may be summarized as follows:

lL.
MartatityThe probability of premature deathis approximately Uiree Lines
thal afthe general pepulation, in addition (o a greater frequencyof
fntal necidonts and suicides: patholoica! changes are contributory.2. Cardiovescutar

White several clinical ntudies show a reduced incidence of
heartdiscase (possibly dae to clovation in protective serum high-density

lipoproteins) samong persons who consume an evernpe af 2 02 oF loss
of alcohal per day, heavy drinkers (more than % 0% a

day)
are

atcreator gisk of developing various cardiovascular disorders which
include:
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a.
permanent dilation of peripheral blood vessels around nese and
ayer

Lh. hypertension¢. artheroseleratic heart disease
d. congestive heartfailure
a.

peripheral vascular disease
f, evrebrovascular disease (eg, stroke)

3. Neurological
Observed clinical changes may occur 48:
a. cerobellar ataxis Gnotorincoordination)
b. decreasedability le perform cognitive tasks (eg, verbal ancl

nonverbal teals)
c.

polyneuropathyd. pyalagmiasa. Korsukoff psychosis
f. Wernike encephalopathy (may include some or all of above, ie,

aa Lo de)
Cerehral atrophy, documented by computerized axial Lamog-

raphy,
can be extensive and has been linked (o functional nenralogi-

caldeficite. Of particular interestis a report which suggests theloss
of coymitive skills mayberelated moreto consumption of substantial
amotuts of alcohol per drinking episode than fo the frequent ase of

Kinited quantities, Partial recovery may oveur wilh total absti-
nened,

1

4. Hepatic
Degencrative allerations in liver morphology and function appear

during chroni¢ alcohalian and develop progressivelyin the following
order (includes sequelae):a. aleoholic fatty Hver (hepatic pain and tendorness)

hb. alcahulic hepatitis (nausen, vomiling, anoroxia, weight. lass,
abdominal priv)¢. cirrhosis Gauadice, eneephalepathy)

As with oleahot-induced neuralogical changes, ceusation of drisk-

ing ustinily prevents further deterioration.
§, CastraintestinalUteer formationand extensive pastrointestinal hleeding lrequent-

ly are seen in addition ta:
a. csophagitis
b. postritisc, intestizal mainbsorption (of, for example, fat, folie acid, thia-

mine, vitamin 319)
d. chronic diarrhea
@. sloatarrhea

G6. Pancreatic
Chroni¢ panerentitis oftenis observedafter approximatoly

7 yr of

heavy alcohol use Casually appears pefore cirrhosis}. Panereatic

failure nuty produce insulin-dependent diabetes mellitus.
9. Hematological

Anemia may be eaused by deficiencies of faiie acid and/or iron;
other dikordays are:

a. thramboeytopenia
y, peranulocytopenia

8, Endocrine
a. dinhetes mellitus
bh. preudo-Cushing's syndrome
e hypoyonadism

{L) female: amenorrhen
(2) male: jow plasma testosterone levels, impotence, infertl-

ity, Costicular atrephy
%. Infectiona. bacteremia

b, bacterial peritonitis¢.
pneumonia

d. tuberculosis
1, Caneer

a,
esophageal

b. hepaticce. laryngeal
d. pharyngeale. mouth
f. breast (possibly)

Although alcoholic beverages constitute an
appreciable

source of calories, they provide
no vitamins, minerals or

prolaing, Nutritional deficiencies associated with long-
term heavy drinking may conslitute major factors in the

developmentof polyneuritis and cirrhosis of the liver. How-

ever, evidenco suggests that liver damage results from the

direct hepatotoxic effect of alechal and/or its metabolites

and that cirrhosis may occur
independently

of nutritional
status,

Alcohol passes readily from the maternal to the fetal cir

culation, thug frequent consumption of alcoho! during preg-

nancy creates an unnatural intrauterine onvironinent for the

developing fetus. Infants born to aleoholic mothers usually
are underdeveloped and exhibita siow growth

rate and men-
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lal retardation. Current evidence suggests that these ef

feeta may be permanent, Cardiovascular aberrations, in-

cluding syatolic
murmurs (due to possible ventricular septal

defects) and congestive heartfailure (resulting from possible
atrial aeptal defects), and craniofacial abnormalities (suchag

short palpebral fissures and maxillary hypoplasia) have

been documented as patterns of malformation in infants

bornto chronic alcoholie women. ‘This dysmorphic pattern
has beenclassifiedas the Fetal Alcahol Syndrome (FAS)and
ia moatlikely to oceur when maternal consumption is equiy-
alent to 90 ml. (or more) of absolute aleoholper day.

‘The chronic ingestion of alechol results in pharmacody-
namic and drug-disposition

tolerance. However, the degree
af tolerance is not as great

as that which occurs with mor-

phine, Physical dependence develops to aleahol, which is

similar Lo Usat observed with barbiturates and narcotics.

‘he severity of the aleohol-abstinence syndrame
can be cor-

related with the degree of intoxication andits duration. A

relatively short period of heavy drinking may be followed by
headache, nausea, vomiting, general malaise and slight
tremulousness during the “drying-out” period.

/

Abrupt cessation of alcohol consumptionafter 1 weelt or

more of intoxication may be associated further with anxiety,
insomnia, confusion, tremors and haijlucinations. Long pe-

riods of intense Intoxication may, upon withdrawal, result in

delirium tremens, a
syndrome characterized by increased

autonomic activity (eg, fever, sweating and tachycardia),

agitation, diseriontation, severe tremors or convulsive sei-
aures and frightening hallucinations, usually of a visual

form,

Hereditary predisposition, endocrine abnormalities, psy-

chological defects, susceptible personality structure and30-

gocultural and economic impacts
are among the many fac-

tora that have becn considered as interacting in Che causa-

tion of aleohol addielion. Because of the many conflicting

hypotheses
on the etiology of aleaholism, there is no stan-

dard approach to therapy. ‘There is a
general agreement,

however, that. a
prerequisite

for successfal therapy is tatal

abstinence from alcoho! and, for al] practical purposes, this

represents the only viable solution for the individual alco-

holic.
efforts Lo correct the drinking habit almost invariably fail

if the patient attempts merely to reduce his consumption of

aleohol. Indeed, the failure of the alcoholic to accept the

realization that he is incapable of drinking in moderationis

regarded
as a

primary obstacle to the ultimate resolution of

the problem.
Some alcoholics stop drinking oftheir own volition, others

are able to discontinue the habit with the aid of professional
or peer-group counseling

andstill others continue to relapse

despite repealed and intensive rehabilitative efforts, Ther-

apeutic
measures employed, with varying degrees of success,

in the long-term management of the alcoholic pationt in-

elude participation in supportive social organizations
for

cambating alcoholism (eg, Alcoholics Anonymous), psychi-
atric therapy and the use of neuroleplic or antianxiety

agents, although the latter may result in subsiitution of one

form of drug dependence
for another. The unpleasant in-

teraction between alcohol and disulfiram may be used both
as a decondivioning device and ag a deterrent.

Volatile Hydrocarbons

Volatile hydrocarbons(eg, glue, carbon Letrachloride, gas-

oline, nail polish
remover, lighter fluid, paint, lacquer,

var-

nish Uhinner--even those solvents found in typewriter
cor-

reclion fluid and adhesive tape remover!) are abused most

frequently by young individuals between 10 and 15 yr ofage.
These liquids usually

are
deposited in a hand korchief, tag or

bag which is then placed
over the nose and mouth and the

vapors inhaled, a procesa known as “buffing.” Initial exhil-

aration and CNS excitation may occur with blurring ofvi-
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sion, ringing in the ears, slurred speech and staggering gait.
These effects generally last from 30 Go 45 min after inhala-
tion. Depending upon the quantity of vapor inhaled, drows-
iness, atupor and unconsciousness may result,

Occasionally, volatile hydrocarbon abuse precipitates pay-
chotic behavior, but susceptible individuals are

apparently
those who manifesl personality disturbances antecedent to

druguse. Aranesia often follows recovery. In extreme cases
of intoxication, death due to respiratory paralysis may occur.

Psychological dependence can
develop and, although

physical dependency does not, this latter situalion probably
is attributable primarily to the limited duration of volatile
hydrocarbon use, rather than to the pharmacological prop-
erties of these chemicals, If volatile hydrocarbons

were
abused frequently and for a

sufficiently long pertod, physieal
dependency might be established,

as is the case with other
potent CNS depressants, eg, barbiturates and narcotics,

Physical signs associated withthe use of volatile hydrocar-
bong include characteristic odors, irritation of mucous mem:

branes andelevated pulse rate. Chronic abuse may produce
damage

to the kidneys, liver, heart and brain. In glue aniff-
ers with sickle-cell disease, severe anomia has been observed,
possibly

as a result of bone-marrow depreasion. Chromo-
some

damage in glue sniffers has been reported but this
adverse reaction remains to be established definitely.

‘The inhalation of butyl nitrites (primarily isobuty!
ni-

irite) produces pharmacological effects similar to amyl ni-
trite, Butyl nitrites are found in room deadorizera which
contain one or more isomers (eg, n-butyl, sec-butyl, igobutyl,
tert-butyl), Buphoria, the mast. desired immediate effect,
often is accompanied by dizziness, fainting, cutaneous flush-
ing, headache and hypotension,all of which are due to signif.
icant peripheral vasodilation. Subsequent effeets include
dermal irritation leading Lo lesions on the lips, nese, penis
and scrotum. Since nitrites may be carcinogenic, chronic
inhalation may produce

cancer,
Many homosexual men

have used nitrite inhalants, which may promote Kaposi’s
sarcoma, cannonly found on the nose

tips and oral mucosa
of such individuals who ultimately contract ALDS.

Aerosol Propellants
More than 2 billion aerosol spray cans are

produced cach
year for such diverse applications as household cleaners,
furniture waxes, insecticides, hair sprays, antilussives,
pants, antistiching coatings for cookware, deodorizers, dis-
infectunts and cocktail-glass chillers, Manyof these aero-
sals also are

widely abused by youthful drug experimenters,
primarily teenagers,

‘The effects which result from “huffing” aerosola generallyare similar to those described for volatile hydrocarbons.
Reports in the medical literature have described several
cases of collapse and death of young persons within a very
short time after deliberate inhalation of the contents of
various aerosol containers. ‘This phenomenonhas been des-

ignated “sudden sniffing death” (SSD). The appellation
implies

a greater dogree of specificity, however, than may be
warranted, The mechanisms involved in SSD have yel to be
elucidated. Autopsy findings have been negative in that no
anatomical cause of death has been established. Suffoca-
tion, frozen vocal cords and respiratory failure may accom-

pany 88D but do net appearto be the primary factors, since
death occurs so

rapidly,
Considerable attention has been directed to the fluoroal-

kane propellant gases (most often Freona) as possible caus-
ative agents of SSD, The data provided by

some
experi-

mental animal studies suggest that the fluoroalkanes are

capable of producing direct myocardial depression, brady-
cardia, atrioventricular block and ventricular dysrhythmias.
Other studies conducted with these chemicals, however,

 
have not. revealed significant direct cardiotoxicity,oalkane propellants and volatile hydrocarbon solvents alsomay have anindirectaction on the heart,ie, sensitization of
myocardial Lissue to the arrhythmogenic effect of the cate.

luor.

cholamines. Thus, in individuals exposed to inordinateconcentrations of these materials, endogenous epinephrinereleased during severe slress or
physical activity might be

expected Lo produce a
markedly deleterious effect on cardiacfunction, Hypercapnia, as would result fram rebreathingthe air in a small, closed environmentfog, hag sniffing)

maypotentiate further the cardiotoxicity of
catecholaminefluoraalkane or volatile hydrocarbon combinations.

.

Asthmatic patients have heen found dead Rurraunded byone or more bronchodilator aeroso) containers, the contentsof which have been expended. Investigations into the na-
ture of such fatalities indicate thata severe asthmatic attack
itself may be the major

cause of death, However,it also has
heensuggested that fuoroalkane propellants combined with
epinephrine

or
isoproterenol may produce lethal cardiac ar-

rhythmias if the recommended doae of inhalantis exeaedod.,
Isolated reports have linked the appearance of sarecid.

like legions in the lungs and premalignant pulmonarytesiong
ta the increased use of agrosel preparations. However, the
validity af the presumed association remains to be eon-
firmed.

Deaths related to aerosol propellant abuse have declined
during the past few years. This trend apparently is due to
elimination of Freans from spray cans in order to prevent
environmental damage (eg, destruction of ozone

layer in
upper atmosphere).

Nitrous Oxide

Inhaling nitrous oxide for nonmedical purposes, ie, Lo in-
duce a

“high,” remaina a current. national problem whichis
not confined to teenagers. Students at both the callege-
undergraduate and health-professional level, as well as li-
censed practitioners,

are known to be among the abusers.
Supplies of nilrous oxide have been obtained through he
theft of large cylinders (eg,

as used in hospitals)
or the

purchase of whipped-cream cartridgea which contain ap-

proximately 3 L of nitrous oxide.
Acute, uncontrolied exposure can be Jethal by promoting

unconsciousness in the user who then-callapses into a
body

position which cauld be suffocating. Atleast one death has
occurred in this manner. Otherfatalities are known and the

Drug Enforcement Administration estimates that nitrous
oxide-related deaths are

underreported,
Chronic toxicity develops not only in abusers but alse in

health professionals who employ nitrous oxide forlegitimate
purposes, An extensive survey of dentists and dental assis-
tants found that when exposure was

“heavy,” ic, more than
3000 hr over a

10-yr period (6 hr per week), the numberof

reported adverse cffocts was four times greater than those

experiencing “Hght” exposure,ie, less than 3000 brper 10 yr.
The initial signs and symptoms of nerve

damage
ovcur as

numbness and paresthesias (unusual feelings in limbs de-
scribed as

burning and/ortingling), Later, muscle weakness
and gait disturbances may develop, In abusers, this paly-
neuropathy could become permanent. Othereffects of pro-

longed
use which are

firmly linked less include headaches,
nephrotoxieity, hepatotoxicity, neoplastic disease, spon {a
neous abortions (higher than normal rate) and teratogenici-
ty.

Marijuana (Marthuana)

Marijuana is obtained from one of man’s oldest cultivated
plants, Cannabis sativa, ‘Phe biotogically active principles
of cannabis are concentrated in the resinous exudate of the
flower clusters. Traditionally, the femnle plants have been
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harvested Cor their bigh regain yield. Chemical analyses have

indicated, however, that the cannabinoid content of the res-

jn does not differ significantly between the male and female

plants, The potency of preparations derived from cannabis

varies enormously depending
on their composition and

method of formulation. HMashish, the unadulterated resin

fromthe flowering tops of cultivated female plants, is a most

polent form.
Bylegal definition (US Federal Statutes), the term yari-

juana embraces all parts, extracts, derivatives or prepara-
tions of cannabis, including the pure resin. However,

as

usually encountered in the Western hemisphere, marijuana

comprises
a mixture of the leaves, flowering tops and other

atruclural parts of the eannibis plant, generally dried,

chopped and incorporated in a form for smoking.
Although A!-tetrahydrocannabinol (LHC) appears to be

the majoractive constituent of marijuana, biologital activity
may be atlributable largely

Lo the Li-hydroxy metabolite,

Marijuana cigarettes ordinarily obtainable in the US contain

about 1 te 2% THC. Based on an average cigaretlo weightof

approximately $00 mg, the amountof available THCranges
from 5 to 10mg. Stronger products, ie, those with 3 lo 5%

THC, are currently available in the American ‘narket,”

Depending
on its potency,

a
marijuana cigaretle will pro-

duce moderate to intense psychopharmacological
effects

which reach a
peak wilhin’ 15 min and persist for 1 to 4 hr.

As compared
to smoking, marijuana

consumedorally is

about J
ag

potent and Lhe onset of activily is delayed but

markedly. prolonged.
One of Lhe most consistently demonstrable effects of mari-

juana in humansis elevationof the pulse rate; the rate may
tise by 50% or more above the preexposure level and in-
creases may be sustained for several hours. Within limits,
ihe intensily of this response appears to he related to the

amount of drug consumed, Blockade by propranolol impli-
cates B-adrenergic receptor activation in the mechanismof

THC-indueed tachyeardia, However, that the increase in

heart. rate occurs withoul a simultaneous increase in left

ventricular performance suggests Lhe operation of an antiva-

gal mechanism by THC. Smoking marijuana while taking
other drugs knownLo produce tachycardia,

eg, nortriptyling,
can result ina very substantial elevation of heartrate,

Blood pressure changes are variable; slight elevations and
reductions of systolic and diastolic pressure have been not-

ed. Continuous electrocardiographic monitoring of subjects
who smokedcigarettes calibrated to contain 20 mg of THC

revealed no ECG alterations that could be altributed defi-

nitely to marijuana intoxication. In contrast to the in-

creased heart rale observed in humans, THC produces bra-

dycardia in several animal species, eg, the rat, cat or
dog.

Reddening of the conjunctiva (conjunctival congestion) is

another consistent response to marijuana. ‘That reddening
also occurs after oral administration of THC indicates that

this is pot an artifaet. produced by irritation from smoke.

Despite
a belief long associated with marijuana, significant

changes in pupillary diameter are net observed. Although

marijuana does not elevale Lhe reapiratory rate, oral admin-

istration may produce airway dilation, probably by direct

relaxation of bronchial musculature, for a
period of sevoral

hours.

Appatite is stimulated in humanand subhumanspecies,
but without concurrent alteration of the blood glucose level.

Weight gain, which often occurs during prolonged
use of

marijuana, probably is related more to increasedcaloric in-

take thanto excessive fluid retention. Disturbances of equi-
iibrium and muscular coordination as well as hyperreflexia
during marijuana intoxication have been reported. Other

physiological changes noted with marijuana include dryness
of the mouth and throat, irritation of the oropharyngeal
mucosa, nausea and occasional vomiting, Unnitus and pares-
thesias.
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‘She marijuana-induced
state is characteristically

a
hyper-

suggestible state; psychological and pereeptual effects are

influenced markedly by the mental altitude, mood expecta-
ions of the user andthe setting and circumstances attend-

ing its use.
Typically, there is a sense ofrelaxation, inner

contentment, euphoria
or even elation; thoughts flow in dis-

connected fashion in a dream-like slate; time and space

orientation are
impaired; body image is distorted; percep-

tion of colors and sounds is altered, usually intensified:

laughter
comes easily and may be uncontrollable but some-

Limes moodis subdued or
depressed.

The subjective responses to marijuana correlate generally
with the onset and duration of tachycardia and conjunctival
vascular congestion. EJEG changes have been recorded in

THC-treated animals, and il has been suggested thal the

activation of septal
areas associaled with pleasure and emo-

tion may play
a role in certain of the ohserved psychological

alterations.
Short-term memory frequently is impaired and informa-

tion learned while under the influence of marijuana is re-

called effectively only when the individual againis subjected
to the drug effect, ie, state-dependent learning. Intense

depersonalization, joss of insight, disorganized thinking and

speech and grossly distorted perception
occur with high

doses but true hatlucinations rarely
are

experienced, except
al toxic levels. ‘Chis contrasts with the hallucinogenic drugs

(eg, LSD, DMT) which induce organizedvisual iHusions and

hallucinations at subtoxic doses.
Performance in psychometric tests is affected variably,

depending
on the nature of the task, its complexity and the

dose of marijuana, Generally, marijuana produces
a dose~

related psychomotor performance decrement. In tests of

driving skills, speedometer
errors wereincreased but brak-

ing, signaling
or steering responses essentially

were unit-

paired, ‘There is, however, a
significant delay in light adap-

tation which may seriously impair driving at
night. Mari-

juana prolongs the time needed to regain normal vision afler

exposure to bright light as, for example,from the headlights
of an oncoming automobile. This effectis dose-related and

may persist for 2 hr after marijuana
use.

That deficiencies in these responses may contribute ta

automobile accidents is suggested by the finding of meagur-

able blood levels of THC in some motorists involved in

traffic violations. In a recent aludy, subjects with plasma
‘PHC levela above 26 Lo 30 ng/mL failed coordination tests

routinely given to drivers to assers the severily of aleohol

intoxication. However, the temporal correlation between

plasma ‘THClevels and degree of incoordination was not as

accurate as with alcohol,
Adverse veactions ta marijuana

occur
relatively infre-

quently. ‘Phey have been classified by Weil! ag follows:

1. Normal population.
Simple dapressive reactons--occur i neopbhyle users; terminale

spontaneously.
Panic reactions-—oceur mainly in individuals whe have inhibitions

regarding
use of psychoactive drugs; pauiontmay be anxious, depressed,

fearful, withdrawn or
agitated but, generally, ia panicked due to physio-

logicnt and/or psychological effects which are
misintorpreted

as life-

threalening.
‘Toxic psychoses—serious, Lemporary disturhances of normal

brain activity; pationts
are disoriented and frequently exparfence hailu-

cinations,
2 Persons who previously have taken hallucinogenic drugs,

Precipitation of flashbacks”.—rnariiuana may induce recurrences

of a
“trip” which developed originally from previous conswuplion of a

hallucinogenic drug.
Preeipitation of delayed psychotic reactions 10 halluginogeni¢

druga~-hallucinagens occasionally produce psychote reactions spveral
months aller uge—marijuana may have heen the biggering factor but
this cannot be established definitely.

3. Persons with a history of psychoses.
Manyindividuals who have unpleasantexperiences with marijua-

ha eve amulant schizophrenies-—in seme of these cases marijuana may

precipitate
true psychotic renelions,
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Death in humans resulting directly from marijuana toxic-

ity appears to be a rare
phenomenon. Acute-toxicily deter-

minations in animals reveal that extremely large amounts
are necessary to cause death and thal the median, Jethal
dose-to-median effective dose ratio Ge, LIDSO/EDS0) for

marijuana is many times greater than that obtained with
either the barbiturates or alcohol. Children who accidentlyale marijuana-containing cookies became intoxicated and
presented with varying degrees of effects routinely obaerved
in aduita, eg, tachycardia, bilateral conjunctival hyperemia
{congestion}, ataxia and nystagmus; recovery was unevent-
ful and occurred within 6 hr.

‘The continueduge of
marijuana may result in psychulogi-

eal dependence, and tolerance maydevelop to paychological
(characteristic “high” time estimation), physiological
{tachycardia} and combined (psychomotor coordination) ef-
fects of marijuana. The evidence for psychological toler-
ance accrues, in part, from the observation hat chronic
users tend to increase the amount consumed, or resort to a
more potent variety in order to experience altered slates of
conacivusness. Clinical laboratory studies provide data to
support the other forms oftolerance. ‘The mechanisma in-
volved in tolerance to marijuana may include cellular adap-
tation, particularly within the CNS, and an increased bio-
transformation capacity.

Conversely, the phenomenon of “reverse tolerance,”
or

sensitization to marijuana, has been reported, ‘This may be
attributable to psychological

or metabolic factors,
or a com-

bination of both. Experience undoubtedly plays
a rola in

the user's awareness and enjoyment of a
marijuana-induced

“high,”and, with repeated conditioning, less of a stimulus is
necessary Lo trigger the anticipated subjective effects, In
addition, long-term smokers appear to be more afficient,
inhaling and retaining more smoke per puff than the novice.
THCand, possibly, active metabolites of this motecule are
éliminated slawly from the body. Some chroni¢ users con-
tinue to excrete THC in the urine for 20 to 30 days after

terminating all marijuana smoking and/or ingestion. ‘The

frequent
use of marijuana, therefore, may result in signifi-cant in viva accumulation with a

consequent reduction in
the amountof drug needed to exeeed a

paychaactive thresh-
ald in the brain, Such accumulation has been reported to
veeur in volunteer subjects who claim having had noe prior
exposttré to marijuana, Approximately 50% of a standard-
ized dose of THC was presentin the plasmaof naive subjects
56 hr after administration, ‘Fhe factors possibly contribut-
ing lo this prolonged retention include an

enterchepatic
reclroulation of THCand/or active metabolites, binding to

plasma proteins and sequeatration in adipese tissue with

delayed metabolism. In chronic marijuana smokers the bio-
logical half-life ofTHCwas reduced appreciably (ie, ¢)= 28
hr), but this period atill is sufficiontly long to result in accu-
mulation if marijuana is used daily

or more
frequently,

Physical dependence may occur, since after 1 week of
THCadministration,

a withdrawal syndrome has been ob-
served which consisted of anorexia, nausea, insomnia, sweat

ing, hyperthermia and tremor. ‘The mildness of these re-

sponses probably is due to the alow elimination of THCfrom
the body, which allows physiological and paychological ays-
tems to adjust to a

drug-free state gradually.
Under experimental conditions employing male animals,

and in human smokers, marijuana decreased testosterone
blood level, testicular size and weight, spermatogenesis and
sexual poteney, ‘The inhibition ofthe release of

huteinizing
hormone (LH) from the pituitary gland, and the testicular
responses 10 LH stimulation have been cited as

possible
mechanisms. However, THCalso has weak estrogenic ac-

tivity, aa demonstrated by animal studies andclinical exami-
nation (including biopsy) of young males who developed
gynecomastia during heavy marijuana

use. ‘THC inhibits

ovulation in rats, rabbits and monkays. ‘The disruption of
menstrual cycles has occurred in women wha smoke mari-
juana

on a regular bayis.
Studies conducted with laboratory animals have shownthat prolonged administration of PHC may inhibit growth,

impairlactation, promote thyroid hyperplasia and elevate
plasma corticosteroid levels. ‘These physiological alter.
ations appear to reflect primarily actions of THC on the
pituitary gland. High doses of 'THCin animals have been
reported to induce hyperactivity and eonvulsive selaires
indicative of neurotoxicity, Lacking comparable data in
humansthe significance of these studias must be interpreted
cautiously.

Prolonged marijuana
use may lead to serious pulmonary

toxicity. in vitro tesls employing lung explants demon-
strated that marijuana smoke can induce premalignant and
malignantcellular changes. Chronic exposure ofanimals to
marijuana smoke led to severe bronchiolitis and squamous
meLapiosia of Uke tracheal mucosa, and fatal

respiratory
complications occurred in some cases. Bronchial biopsies in
humans who were

long-term marijuana smokers also ye.
vealed squamous metaplasia. Substantial respiratory im-
pairment, indicated by

a
significant Increase in regisLanceto

airflow (auggestive of obstructive ling disease), and high
carboxyhemoglobin levels also have heen observed in these
individuals. Both abnormalities are

comparable to those
associated with chronic tobacco smoking. In this regard,
smoking

one
marijuana cigarette increases the concentra.

tion of carbon monoxide and tar in the lungs comparable to
five or more Lobacco cigarettes. Pulmonary toxicity should
be considered a

probable consequenceofchronic marijuana
sinoking.

The suppression of cellular-mediated immune regponsive-
ness has been demonatrated in young, chronic marijuana
smokers, but this effect. is transitory. The lymphocytic

re-

sponse observed in marijuana smokers was similar to that of

patients in whom impairmentof 'T (thymus-derived) cell

immunity is known to occur. Some clinical studies have
shown no

significant suppression of lymphocyte funetion.
Current clinical data indicate no increase in malignancies
and infections among chronic marijuana smokers,

Personality, attitudinal and behavioral changes frequent-
ly

are associated with chronic marijuana smoking. ‘here

characteristically is a reduction in motivation, the desire to
he productive, creative or

contributive, and the individual
may experience acute feelings of insecurity. Although ele-
ments of this syndrome are typical of normal adolescent
turmoil, compulsive involvement with marfjvana may aecel-
erate or

project. into, intensify and delay emergence from
this ambivalent phase of life. Marijuana may foater similar

disruptions in older persons but evidence alsa exisis that
individuals can continue to functioneffectively in artistic
and other creative areas while indulging in frequent” but.
moderate use of the drug.

The LaGuardia Report (Mayor's Committee on
Marijua-

na, New York City, 1944) stated that “marijuana will not

produce
a

psychosis de novo in a
well-iniegrated stable per-

son.” Judging from the medicalliterature published subse-
quent Lothis report, primary marijuana paychosis is relative-

ly
rare in the US. The precipitation ofserious psycholagical

problems appears bo accur primarily in persons with
preex-

isting personality
or amotional disturbances. ‘The use of

marijuana by schizophrenic patients, including those being
treated with antipsychotic agents, may result in rapid and
serious delerioration of their mental slate necessitating

re-

hospitalisation in some eases,
Some studies havo demonstrated a positive correlation

between marijuana dosage and birth defects, However, oth-
er

investigations have failed 40 provide evidence that mari-

juana possesses teratogenic activily, THC administered to
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pregnant rats and dogsis transferred rapidly
to fetal Wiese

and results in a
higher than expected incidence of abnormal

pregnancies and stillborn offspring. Malformations ob-

served include cleft palate, accessory ribs, fused ribs and

asynchronous and retarded vertebral ossification, Women

who smoke marijuana while pregnant experience
@ longer

period of Jabor and their newborn weigh Jess Lhan normal

and have altered CNS activity, THC is Hpid-soluble and

passes into the milkof the lactating female. Thus, marijua-
na

specifically should be avoided by women whoare breast-

feeding their newborn.

Although primary attention has been directed to the ad+
verse

physiological
andsocial effects of marijuana, there are

geveral indications that the tetrahydrocannabinals
may

possess clinically useful properties. When administered to

patients with advanced cancer, oral doses of THC (capsules
containing 7 to 10 mg in aeaame oil) elicited mild analgesic,
antidepressant, tranquilizing and antiemetic effects. How-

ever, a
rapid development. of tolerance, sometimes by the

third dose, has limited THCuse in these patients. Further,
at these doses, and more

frequently ata higher(20 mg) dose,

disturbing side effects, eg, dizziness, ataxia, blurred vision

and excessive sedation, were observed. Although it often

stimulaies appetite, marijuana is nol useful in treatment of

anorexia nervosa, {nfact, it probably should be contraindi-
éaledsince persons with this disorder possess some underly-

ing psychological almormality which can be exacerbated by
oral THC administration, ie, some patients receiving this

therapy have developedsignificant dysphoria manifested as

paranoia and toss ofself-control, Other investigations have

demonstrated significant and prolonged reduction of intra-

ocular pressure by marijuana in glaucoma patients, The

proposed anti-inflammatory and anticonvulsantactivities of

THCawait further clinical evaluation.

Although much remains to be developed, there is begin-
ning to emerge a reasonably clear picture of the acute phar
mucological and toxicological effects of marijuana. While it

will take longer to identify chroni¢ toxic effects, the current.

deficiency of such observations should pot, therefore, be

misinterpreted.

Cigareties

Although warnings have been published
for 90 yr—-“very

many chronic, and oftenfatal, ailments are
produced bythe

use of tobacco” (Frank Merriwell’s Book of Athletie Devel-

opment, Slaeel & Smith, 1901)——-many Americans are just
recognizing the health risk fram amoking cigarelles and are

abandoning their use in significant numbers.

Cigarette smoking accounts Lor approximately 4 of all
vaneerdeaths in this country andis the leading aingle

cause

of such mortality. Lung
cancerand cigarette smoking have

been linked convincingly by
numerous clinical atadias,

There is a similar, Lhough less frequent, association with

pipe and cigar smoking.
Current evidence shows clearly that lung cancer deaths

among women has increased substantially over the past 40

yr. This greater mortality is associated with a
proportional

incrense in the numberof women who have become cigarette
smokers. Further evidence of this correlation is found in

dala from two slates. In Washington,
over a 1O-yr period,

the lung cancer death rate in women increased by
more than

100% but the breast cancer death rate did not changesignifi-

cantly, In Utah, where a strong antismoking atlitude pre-

vaila, the lung cancer death rate among women is Jess than

50% of thal for breast cancer,

All smokers should be encouraged
to stop since, after

several years of nonsmoking, the risk of developing broncho-

venic carcinoma appraaches that of nonsmokers. Smokers
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also have a higher incidence of both periodontal disease and
cancer of the oral cavity than nonsmokers. Bladderearcino-

ma, manifest both before and after the appearance of lung
cancer, ig another risk, as is cervical cancer. Switching to

‘low tar, low nicotine’ products may not be any improvement,
since elinieal studies show that smokers take more frequent
and deeper putts of these cigarettes than of regular

ones in

arder to maintain their usual plasmalevels of nicotine.

Bronchitis and respiratory
tract disorders, in general,

are
more prevalent, not only in smokers, but among their family
members as well since an exposure to cigaretLe smoke often
is inescapable in the relatively closed atmosphere of a house
or

apartment,
Cardiovascular disorders occur more frequently, and the

riak of death from coronary heart disease is significanly
grealer in-smokers than in nonsmokers. In patients with

hypertension, hypercholesterolemia
or diabetes the risk of

coronary heart disease is increased further by cigarette

amoking. Peripheral vascular disease and cerebrovascular

insuificiency also are encountered more often in amokers. A

commonlink to these cardiovascular diseases appears Lo be

(he damage to blood vessel (eg, coronary artery) walls which
oceurs more frequently among smokers and whichserves to

promote formation of atherosclerotic plaques.
Myocardial infarction is a relatively

rare
complication in

premenopausal females; however, cigarette amoking pro-

gressively increases the incidenceof myocardial infaretion lo
as much as 20-fuld among women smoking 35 ar more ciga-
reties per day. Since female hormones may be a factor in

the lower rates of cardiovascular disease in women a8 com-

pared to men,it is perlinent to note that menopause offen
occurs at an earlier age in women smokers,

Recent data also show an increasein stroke among young

and middle-aged women who smoke cigaretios.
Smokers have elevated carboxyhemoglobin (COHD) levels

due to inhalation of excess carbon monoxide from the com-

bustion of tabacco. Significant carboxyhemoglobinemia
re-

duces oxygen transport. by the circulatory system. Environ-

mental conditions result in the formation ef CONb equiva-
Jeni. to approximately 0.5%of total hemoglobin in the non-

smoker, Smoking one pack of cigaretlos per day may pro-

duce COHDbin the range of 6% or more, a level which may

resull in interference with subtle CNS processes, eg, the

judgment
usedin automobile driving.

Heavy smokers may show COHh levels of up to 20% of

total hemoglobin, which places
a substantial strain on the

cardiovascular syslem, Such alterations in oxygen trans-

port have fed to consideration of possible restrictions on

using smokers’ bleodfor transfusions. An additional conse-

quenceof high carbon monoxide levels is secondary polyey-
themia, ie, tissue hypoxia due to

prolonged exposure to

carbon monoxide results in increased red-cell mass.

Gastrointestinal disturbances associated with smoking in-

clude epigastric discomfort, gastritis and, possibly, gastric
and duodenal ulceration. An increase in gastric acid regur-

nitation into the esophagus apparently aceounts for ciga-
yetle-induced heartburn which frequently

is painful in

heavy smokers.

Pyloric Incompetence and subsequent reflux of duodenal

juices maybe a contributory factor in the gastritis and yas-

tric ulceration since bile injures the gastric mucosa, particu-

larly in the absence of food in the stomach. In addition,
nicotine may cause areas of ischemia in the gastrointestinal
tract and may reduce pancreatic buffering seerelions, thus

peptic ulceration may occurin the presence of even nonnal

rates of gastric acid secretion.

ontinued elgaretle smoking during antiulcer therapy di-

minishes the probalility of successful treatment.
In regard

Lo influenza, several studies show that smokers

contract this disease ata higher rate and experience
a

great-
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er
degree of incapacitation Ge, more lost work days than

nonsmokers),
Considerable data show that smoking during pregnancyia

associated with higher than normal rates of miscarriage,
spontaneous abortian, prenatal mortality and prematare
birth. The newborn of women who smoke during pregnancy
are more

Hkely 10 be underweight, be short in stature and
have a smaller head. ‘These effects are

dose-related, ie, the
incidence increases in proportion to the numberofcigarettes
smoked per day, Weight, height and head circumference
decrements persist 4 to 7 yr alter birth.

Smokeless Tobaceo—Switching to smokeless tobacco
does not reduce toxicity. ‘The use of two cans of snuff per
week is equivalent 10 smoking two packs ofcigarettes per
day, ‘The absorptionof nicotine is rapid, peak plasma levels

occurring within 5 minutes of application to the oral mucosa
andtwice as much nicotine is absorbed than fromcigarettes,
Leukoplakic lesions and cancers occur in the user’s mouth,
causing premature death in some teenagers and adults
(Babe Ruth was a

heavy user of smokeless tobacco and died
of an

oropharyngeal tumorat age 52),

Ceniral Nervous System Stimulants

Amphetamines

Theclinical indications for amphetaminesinclude
The management of certain behaviaral disturhanees in children, ey,

attention disorder (hyperkinetic ayndrome) assecinted with minimal
brain dyafunetion,

‘The symptomatic control of narcolopsy.‘The treatment of exogenous obesity,
as short-term (ie, a few weeks)

adjunets in a regimen of weight redaction based an caloric restrietion,

Benaphetumine, chlorphentermine, clortermine, diethyl-
propion, phendimetrazine or

phentermine, allernatives to

amphetamines in weight-reduclion programs, also are sub-
ject to misuse and abuse. These compounds are related

chemically and pharmacologically to the amphetamines, but
possess a somewhat higher anorexiant-to-central stimulant
ratio and peripheral sympathomimetic activily.

Misuse encompasses the episodic ingestion of amphet-
amines lo suppress fatigue and prolong wakefulness and
alertness, thus enabling the individual to continue mental or

physical activity beyond his or her usual limit. of endurance.
‘Teachers frequently

are witness to the futility of hyperam-
phetaminization——in the form of the tense, distraught stu-
dent whoseeffective functioning is precluded by disorienta-
tion and menta) short-circuiting

ov in the form of the ex-
hausted and depressed student whose chemieal props have
collapsed,

Despite the hazards involved, long-distance truck drivers
similarly use

amphetamines to dispel monotony and bore-
dom. Although the practice is overtly pernicious, the ad-
ministration of amphetamines prior to engaging in athletic
activity (eg, swimming, running, weight throwing) may im-
prove performance to a

degree that could be decisive in
compelition.

/

There remains a
significant “gray area” of misuse-—-the

prescribing of amphetamines and amphetamine-Hke drage
for unjustifiable

reasons or, at. beal, in cases wherethe thera-
peutic rationaleis questionable. ‘To the busy medical prac-
ltioner, CNS stimulant and depressant druga may providean

expedient,if less than ideal, meang of helping his patients
cope with the pressures and frustrations of everydaylife. In
the treatment of

obesity these drugs provide a questionably
effective and often self-deceptive approach to a

complex
biomedical problem,

Clearly, those engaged in preseribing and dispensing
drugs must exorclae skied judgmentin eliminating

aa can-
didates for amphetamine therapy those patients so emotion-

ally predisposed
as Lo explore the secondary values of their

anorexiants, ie, the mental lift, alan and psychic crutch upon

which they increasingly may depend to cope wilh crises, realor imaginary,
Amphetamine abuse relates primarily to the nonsuper-

visedingestion
or

injection of large doses of amphetamine or
ils many chemical derivatives Lo experience the drug-in-duced paychicexcitation, euphoria

or
“high,” and the physi.cal maelstrom of restless enerpy. Methamphetamine

(methedrine, “speed") is a favored congener among
habitual

wmphetamine
users who generally inject dhe drug into a vein,

This provides
an almostinatantancous onset. of the euphorie

effect (the “fash”or “rush”) whichis ineffable and ecstatic.
A marked degree of tolerance to the amphetamines

can be
acquired as, eventually, several grams of drag per day may
be consumed. ‘There have been reporta of the use of more
than 10 g of methamphelamine intravenously

over a 24-hr
period. Tolerance does not develop uniformly to all the
CNSeffects, The compulsive

user may evidence increased
nervousness, anxiety and persistent insomnia as the doseis
increased.

In a
typical pattern of abuse immense doses of amphet-amines are injected every few hours around the clock,

These “runs,” during which uhe individual remains awake
continuously, generally last 3 to 6 days but. may be prolongedto weeksif the useris able to sleep

evenas little ag 1 hr a
day.The appetite for food is suppressed and there is a

feeling of
unbridled energy and a

compulsion for constant activily.
Intravenous injection of enormous doses of amphetamines
elicits a

“chemically generated trauma,” which appears
linked inseparably to the acquired psychological depen-dence. ‘The intense psychotoxicsyndrame ultimately forces
an

interruption of drug
use and the individual lapses into a

protracted period of deep sleep (the “crash”),
Although it generally ia considered that the amphet-

aniines do not induce a-physical dependence, abrupt with-
drawal is characterized by lethargy and profound depres-
sion, both psychic

and
physical, which reinforces the drive to

resumetheir use.

Massive abuse of amphetamines frequently leads to con-
siderable mental and physical deterioration. Intravenous

injection of large doses is extremely disabling, socially and
psychologically, and has resulted in psychiatric complica-
tions ranging from subtle personality changes lo paranoid
paychoses, Harm to the individual and to society often
arises during psychotoxic episodes. In contrast to the de-
creased paychological drives of the opiate user, the compul-
sive user of CNS stimulants baa exaggerated drives. Ana-
lyaing the personality factors which undorlie the preferential
abuse of CNS stimulants versus narcotics, it has been postu-
lated that the amphetamine abuseruses Lhe stimulant as one
ofa variety of compensatory maneuvers to maintain a

pos*ture ofactive confrontation with the environment. In eon-

trast, the heroin abuser reduces anxiety via repression and
withdrawal,

The hyperactivity, the compulsivity, the feeling of great
muscular strength, the paranoid delusions and the auditoryandvisual hallucinations may combine to male the anphet-
amine or cocaine user

capable of comiiiting serious antigo-
cialacts. Chronic users af stimulant drugs algo are accident-
prone, since they

are unaware of their fatigue untilit over-
comes them at an

inupportune time.
As In any situation in which hypodermic equipment is

shared without proper sterilization, there exists a risk of
blecdborne infection, notably viral hepatitis and AIDS.

Among amphetamine abusers, evidence has been noted of

hepatic damage
so commonas to suggest. the possibility ofa

direct toxic effect on theliver,
Parenteral administration. oflarge doses of sympathomi-

metic amines may result in morbidity
or

mortality due to
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intracranial hemorrhage or cardiac arrhyUhmias secondary
io severe hypertension, Necrotizing anglitis

was observed

in Rhesus monkeys given repeated Injections of metham-

phetamine for a 2-woek period, and elinical descriptions of

cerebra) vasculitis and hemorrhagefollowing the injection of

this sympathomimetic
amine have been reported. Intrave-

nous injection of amphetamines may result in a
syndrame

characterized by fever, lexkemoid reaction, disseminated

intravascular coagulation and rhabdomyolysis. ‘These fac-
tors may be responsible for the development of acute renal

failure in certain amphetamine abusers.
MDMA (3,4-methylonedioxymethamphetamine},

also

lnownaa “estasy,” ia a
“designer” drag which, according to

its users, iInereases their awareness and the ability
to com-

municate. In regard
bo
toxieily,

a recent study demonstrat-

ed that MDMA selectively damaged central (brains) nerve

fibers in monkeysafter only 4 consecutive days of adminis-

tration. Since monkeys also are sensitive to MPTP,
a

known neurotoxin in drug addicta, this preclinical investiga
-

tion suggesta Lhat humans maybeatrisk following MDMA
use,

Cocaine

Cocaine,
ag extracted by chewing leaves ofthe coca

plant

(Erythroxylon coca), has dispelled hunger, provided
a sense

of well-heing and enhanced the physical endurance of Ande-
an Indians since before (he Conquistadors, Even Loday,i
the Andeanregions of South America, chewing

coca leavesis

regardedas no more deviant a
practice than amoking tobae-

co leaves by persons in other parts of the world.
The subjective effects, laxicity and present-day patterns

of cocaine abuse are remarkably similar to those of amphet-
amine. Until recently, cocaine was very expensive when

purchasedfromillicit sources. However, larger amounts are

now being smuggled successfully into the US, leading to

reductions of the “street” price. This lower cast, in the

presence of a more
plentiful supply, has resulted in a

greater
numberof cilisens becoming cocaine addicts. Whenitis

unavailable, abuaers often resort Lo amphetamine. Hxtem-

porancous mixtures of cocame and amphetamine
or heroin

are commonin the contemporary ding
scene.

Regardless of the route of administrationof cocaine (oral,
nasal insufflation, intravenous), there ia good correlation

between the appearance ofcertain physical effects (tachy-

cardia, elevated blood pressure) and psychological alter-

ations (“high,” pleasantiness, anorexia). Frec-base cocaine

available as “erack,”is absorbed rapidly after smoking; peak
plasmalevels occur within minutes.

Prolonged
use may be associated with weightloss, inaom-

nia, anxiety, paranoia, sensations of insects crawling under

the skin (“cocaine bugs”) and hallucinations (primarily
vi-

sual——flashes of hight
or “snowlights"; may also be tactile,

olfactory and auditory), Ulceration and perforation of the

nasal septum algo may occur. In one
reported case of chron-

ic cocaine sniffing, the patient presented witha continuous

nasal discharge that was
nol

mucus, Instead, it was shown

to be corebrospinal fluid leaking from the CNS area due to

extensive cocaine-induced local tissue and nerve
(olfactory)

damage.
Large doses of cocaine may result in cardiac dyarhythmias,

tremors, convulsions and delirium. Deaths have been re-

ported following every route of cocaine administration, in-

cluding nasal insufflation. Unusual fatalities have occurred
in drug dealers who, to avoid detection, swallowed prophy-
lactice filed with cocaine; when several condoms rupturedin

the gastrointestinal tract, lethal concentrations of cocaine
were absorbed.

Tolerance to cocaine develops very rapidly (Lachyphy-
laxis), particularly

when used daily. Although
a “line” of
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cocaine has aboul 25 mg, some addicts have used & to 9

grams per day. Treatment consists of abrupt and complete
cessation (as opposed

Lo
gradual—approximately

7 days-—

reduction with most CNS depressants).
A withdrawal syndrome, which inchides increased appe-

tite, fatigue (abuser may sleepfor 24 straight hr) and depres-
sion (with inereased suicidal tendency} usually occurs in

cases of chronic administration. ‘The craving for cocaine

during withdrawalis very intense during the first.7 days and

appears to be linked to hypersensitive dopamine receptors

{componsatory biological adaptation to cocaine-induced da-

pamine depletion). Bromocriptine (Parlodel), a dopamine
receptor agonist, has been employed successfully in treaLing
this aspect of cocaine withdrawal.

Physical dependence, therefore, does occur with chronic

cocaine abuse. However, ita presence is unnecessary when

clasaifying
someone as an addict since addiction is charac-

terized as “a behavioral pattern of compulsive drug abuse”

associated with “overwhelming involvement with the use of
a drug, the scouring of its supply and a

high tendency to

relapse after withdrawal?” In this frame of reference, the

chronic user of cocaine or
amphetamine

is an addict,

Psychotomimetics

Psychotomimetics constitute a
structurally diverse group

of naturally occurring and synthetic molecules. Interest in

these compounda resides more in their misuse than in their

lepitimate medical use. They are of value as research tools

in experimental psychiatry and in the exploration ofcentral

neurochemical mechaniams, but their therapeutic applica-
tion remains limited and highly controversial,

At high dosage levels many drugs may disorganize mental

funetion with resulting confusion, delirium, hallucinations

and, frequently, memory loss or amnesia, Such drugs in-

elude atropine, scopolamine (and related centrally acting

anticholinergica), quinine, quinidine, digitalis glycosides,
mecamylamine, adrenocorticostercids, nalorphine, disuifi-

ram, bromides andcertain heavy metals. The loaie psycha-
ses

produced by these drugs are due primarily
to generalized

metabolic disruption of both neural and extraneural systems
rather than todiscrete neurophysiological perturbations.

Certain chemicals, however, are uniquely enpable of in-

ducing dramatic changes in psychie processes (ie, percep-

tion, thought, feeling, mood and behavicr) in doses which do

not produce generalized metabolic disruption and whieh do

not cause marked disturbances in sensorimetor or autonom-

ic funetioning. ‘These compounds generally
are classified as

psychotomimerics, althoughthe extent to which they mimic

spontaneously occurring psychotic
statesis inconsistent and

incomplete. Other imaginative designations for such sub-
glances inchade psychosomimetics, psychotogentes, psycho
dysleptics, psychedelies, hallucinogenics, mysticomimetics
and phanéasticants,

On a structural basis, psychotogeni¢ chemicals may be

classified Inte three major groups;

Substituted indale alkytamines, og, dimethyhayptamine, psilocybin
or

lysergic acid dietiyiamide,
Substituted pheny! alkylamines, eg, mesciling or dimethoxymethy-

lamphotamine,A strueturally heteroyeneous group, including the glycolate oster,
ditran [a mixture af N-cthyl-3-piperidyl- (80%) and N-ethy!-2-pyrrali-

dyl-methyleyelopentylpheny! alycolate (70%)] and the piperidine deriv-
alive, phencyclidine,

With the exception oflysergic acid diethylamide, the cheml-

eal natare and pharmacologival properties of the various

psychotomimetics
will be considered only briefly. The in-

terested readerig referred Lo sevoral comprehensive reviews
on this extensive and complex category of psychoactive
agents (refer to the Aiblography).
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Dimethyltryplamine

Hallucinogenicactivity is characteristic of a
large series of

N-alkylated tryptamines. Structurally, the simplest of
these is N.N-dimethyltryptamine (DMT). 'Phis compoundoccurs

naturally
in the seeds of Piptadenia peregrina, A

powder prepared from these seeds, and referred to as cohaba

snuff, is used by Haitian natives (o induce mystical states of
consciousness. DMT is not effective when taken orally,
Perceptual and mood changes result when the compoundis
inhaled {snuffed}, smoked or introduced parenterally. Its
offeets are

rapid in onset and limited in duration (a few

hours), irrespective of the route of administration. Syn-
thetic higher homologs of DM'T, ie, diethyliryptamine
(DET)

and
dipropyliryptamine (DPT), produce qualitative-

ly similar psychological effects whichare, however, consider-

ably longer-lasting.

Psilocybin and Pstlocin.

Psilocybin, the phosphate ester of 4-hydroxy-DMToccurs
to the extent of about0.3% in the Mexican mushroom, Psito-
cybe mexicang, Dephosphorylation in vivo, by alkaline
phosphatase, converts psilocybin to

pallocin (4-hydroxy-
DMT). ‘Theloss of the phosphoric acid radical reduces the
polarity of the molecule, enabling more-efficient penetra-
tion of the blood-brain barrier, which may account for the

relatively greater hallucinogenic potency of psilocin
as com-

pared to
psilocybin, Although psilocin is less potent than

LSD (ie, approximately yap as active on a
milligram basis)

and produces
a

less-persistent psychedelic state, when
equivalent duses are administered blind it generally is im-

possible for subjects acquainted with the LSD phenomenon
to differentiate between the two drugs.

Mescaline

One of the first phenyl alkylamine hallucinogens to be
idenLified was mesealine

(3,4,5-trimethoxyphenethyla-
mine), isolated originally from “mescal buttons,” the flower-
ing heads of the peyote cactus, Lophophera williamell.
This plant material long has been used by the Mesentero
Apaches of the Southwest American plains in thelr quasireli-
gious ceremonies of peyotism, Mesealine is not a

partieular-
ly potent psychotomimetic. ‘The equivalent. oral dose of
meéacaling (usually

5
mg/kg in humans) is approximately

4000 times larger than thatof LSD. Following oral adminis-
tration, mescaline produces

a characteristic syndrome of

sympathomimetic effects, anxiety, hyperreflexia, static
tremors and psychic perlurbations including vivid halluci-
nations, usually of a visual nature. in man, mescaline hag a

biological half-Hfe of about 6 hr. It is excreted in the urine
principally in the form of the unaltered drug and the inert
metabolite 3,4,5-trimethoxyphenylacetic acid,

‘The addition of an
alpha-methy] substituent to mescaline

produces 3,4,5-trimethoxyamphetamine (TMA),
a

paychot-
oven approximately twice as

potent as mescaline. Its en-
hanced potency is due presumably to a decreased suscepti-
bility to oxidative deamination provided by alkylation ofthe
alpha-carbon.

The TMA analogue, 2,4-dimethoxy-4-methylamphaeta-mine (110M), is a potent psychedelic agent employed exten-
sively by certain drug abusers and designated by them as
STP (an acronym derived ostensibly from the terms “seren-
ity, tranquility, peace"). In doses of § mg or more, il pro-
duces indense and relatively long-lasting emotional changes
and perceptual distertions, Cases have heen reported of
individuals actively hallucinating for several daya following
asingle oral dose,

The consideration of the pharmacology and structure-
aclivity relationships of the numerous

synthetic dimethox-
yamphetamines, trimethoxyamphetamines and methoxy-

 

methylenedioxyamphetamines is beyond the scope of this

presentation,
this area has bean reviewed extensively by

Shulgin e¢ at" and Snyder and Rieheison,'

Lysergic Acid Diethylamide
‘Pho dextrorotatory isomer oflysergic acid diethylamide

(LSD), synthesized by Hofmann in 1998, remains the most
potent paychologenic agent either of natural or

synthetic
origin discoveredto date. Although

ag little as 26 ug of LSID
may produce subjective effects, intense depersonalization
usually requires doses in the range of 100 10 250 wg. Strue-
turally, LSD is related 1o the ergot alkaloids, nota bly ergono.
vine. ‘This structural resemblance may account for certain
pharmacological and toxicological similarities among LSD
and the lysergic acid alkaloids of ergot.

Metaboliem—Following oral administration, LSD js ab-
sorbed rapidly and widely, but not distributed uniformly
throughout the body. It is bound strongly to plasina pro-
teing; highest concentrations are found in the liver, kidneysand lungs. Considerably less than 1%of an

orally adminis-
tered dese penetrates into the CNS. Autoradiographie
analyses of brain samples obtained from animala injectedwith “C-labeled LSD revealed relatively high concentra.
tions in the auditory and visual reflex areas. While the
distribution of LSD within the brain would appear to Sup
gest the functional involvement of specific neural areas in
the psychotogenie phenomenon, there is an

imperfectcorre.
lation between drug localization andsites of drug action.

In humansthe biological half-life of LSDis approximately3,6 hours; this corresponds roughly with the duration of the
peak psychosensory effects which then subside graduallyover an 8 to 12-hr period,

Pharmacclogical Effeets—LSD possesses considerable
CNS-stimulantactivity, It produces

an BMG pattern char-
acteristie of central activation, alertness or arousal and
causes insomnia in

laboratory animals and humans. LSI)
counteracts the central depressant effectof barbiturates and
ig antagonized by such suppressants as

chlorpromazine,
LSD produces a

sequential, though somewhat overlap-
ping, pattern of physiological and behavioral changes, the
intensity and duration of which largely

are
dose-dependent.

Pupillary dilation, tachycardia,emulousness, hyperther-
mia and elevated blood glucose and free-fatly-acid levels,
indicative of adrenergic activation, frequently

are manifest.
during the early phases of the LSD) response. ‘hese physio-
logical allerations may be attributed bath to primary LSD
effects and to nonspecific stress-anxiely reactions.

Controlled studies ofindividuals under the influence of
LSD uniformly reveal a

generalized impairmentof objective
indices of adaptive bohavior and psychomotor performances,
especially those processes and procedures that require eriti-
cal judgment and coordination. It is Hkely that intellectual
and motor decrements are due to altenuation of attention
and motivation as well as to aensory-cognitive disturbances,

Perceptual alterations constitute the roal dramaticef-
feets of LSD; their kaleidoscopic patlerns defy

a brief de-

scription, Illusions and pseudohallucinations, mastly of a
visual or tactile nature, are

experienced eammonly, whereas
true hallucinations are

relatively infrequent. Synesthesia,
the crossover from one sensory modality

to
another, is an

oflen-encountered LSD phonamenon. Colors may he
“heard” and music may become “palpable.” Moods and
emotions may range from ouphoria, elation and ecstasy to

dysphoria, depression and despair. ‘Phe psychological state

produced by LSD cannot be generalized withprecision, As
with other psyehotropic drugs, the response depends

on

many variablea, including the dose administered, the per-

sonality and expectations of the individual as well as envi-
ronmental influences.

Mechanisms of Action—~The neurophysictogical
corre-
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lates of LSD-induced alterations in behavior are understood

incompletely. However, recent data indicate that LSD and

other hallucinogensact. at postsynaptic seratonin receptor
sites (SH'Ts subtype), Theeffect of LSD upon raphe

neu-

rong resembles thal of an excess of serotonin at postsynaptic
recaptorsites,

:

Experimental and Therapeutic Uses-—LSD has been

employed extensively
to induce experimental psychoses for

the primary purpose of studying aberrant mental slates an-

der controlled conditions. Despite prodigious efforts, the

LSP model has notyielded pertinent clues to the biochemi-

cal etiology of schizophrenia.
‘

Several investigators have proposed LSD as an adjunctto

convenUonal psychotherapy and as anaid in treatment af

chronie alcoholism. LSDalso has been reporLled
to provide

long-lasting “euphor-analgesia” in patients with terminal

cancer. ‘The feasibility and effectiveness of LSD for these

purposes remain unestablished and controversial, LS) has

no approved therapeutic
uses and currently is an

investipa-
tional drug subject.

to rigid state and federal regulations,
Dependence Liability—Marked psychological depen.

dence on LSDis observedrarely
as usage tends to be occa-

sional or
sporadic rather than frequent

or
compulsive, A

high degree of tolerance to the physiclogical and behavioral

effects of LSID develops after three or four dosos taken with-

in arelatively short period of Lime. ‘This acquired resistance

disappears rapidly if drug intake is terminated, ‘There is

considerable cross-tolerance arnong LSD, mescaline and psi-

loeybin, but this phenomenon has not been demonstraled
between LSD and either amphetamine

or AYTHC. As

physical dependence
on LSD does not develop, there is no

characteristic abstinence syndrome upon abrupt discontinu-

ation.

Toxicity—Despite its extreme
psychatogenic potency the

acute toxicity of LSD is remarkably low. ‘The medical liter-

ature records noverified cage of death in man attributable to

the direct toxic effects of the drug, although fatal accidents

and suicides have occurred during states of LSD intoxica-

tion. Homicides committed by persons apparently under

the influence of LSD have been reported relatively infre-

quently. Most. of the individuals involved evidenced pre-

morbid psychopathological
tendencies and thus the role of

LSD in violentand assaultive behavioris equivocal.
LSD-inducedfeelings of depersonatization

andaffective,

perceptual and cognitive distorLions may, on occasion, result

in disorientation, confusion and acute panic reactions char-

acterized by anxiety, fear and a sense of helplessness
andloss

af control. “Bad trips” generally follaw the ingesion of

high doses of LSD) by nontolerant persons. They also are

likely to occur in inexpericnced users, those with ambivalent

attitudes toward the drug experience
or in disturbing

or

threatening surroundings. Reeguilibration usually takes

place within 24 to 48 hr.
Recurrences of perceptual distortions may be experienced

in the postdrugstate by
a relatively high percentage of LSD

users, ‘These “flashbacks,” which vary i length froma few

seconds to several minutes, may occur up to 6 yr after the

drug was last taken. Flashbacks may be spontaneous but.

often are triggered by periods
of emotional stress or anxicty

ar by other psychotropic drugs, such as marijuana. ‘Phe

mechanism of recurrent hallucinosis is unknown but may

reflect a persistent disruption of psychological defense

mechanisms with a
periodic emergence of repressed fears or

conflicts.
Chronicdisruptive states associated with anxiety, dopros-

gion, aomatie disturbances and difficulty in functioning,
which aré relatively resistant to psychotherapy, commonly
follow LSD use. Protracted schizophreniform psychotic
states with paranoid behavior representinfrequently

occur

ring but tragic psychological consequences of LSD. Most,
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but possibly notall, such cases involve unstable individuals
with prepsychotic

or
premorbid personality traits, Anunfa-

yorable prognosis is indieated by motor retardation, with-

drawal, blunt affect, anergy and suicidal ideation during the

injUal hospitalization period. Treatment varies, hut tithi-
um has been proven effective for the alleviation of L&D-

induced psychosis.
‘There are several reporis of inflammatory fibrosis oecur-

ring in individuals who have consumed LSD. This compli-
ention has been recorded previously

with other lysergic acid

derivatives, nolably methysergide. Arteriospasm resulting
in obstruction of the internal carotid artery, and the devel-

opment of peripheral gangrene necessitating partial ampu-
tation of the extremities, constilute isolated case reports

indicating that LSD shares the vasoconstrictor activity of

other ergot alkaloids.
In 1967 investigators first reported chromosome damage

in humanleukocytes cultured in vitro with LSD. Although
the clinical significance of Lhis finding

was
oxaggeraled

yrossly in the public news modia, the widespread publicity
contributed to a significant downturnin the abuse af LAD at

that time. ‘The possibility of affecting generations yet
un-

born apparently sltuck a chord of moral responsibility in

many who were convinced oftheir personal ability to main-

tain psychic control but who were unwilling to “pollute the

#enetic stream,”
Genetie studies conducted with LSD have been reviewed

critically by Dishotsky et al) Although the relationships
between LSD and chromosomal damage, leukemagonicity
and

teratogenicity
remain unresolved, cerLain tentative con-

clusions appear warranted,
Data supporting

a
positive relationship between LSD and

chromosomal aberrations have been vbLained primarily with

individuals reported
to bave taken LSD obtained in the

black market. In most instances, the amount of LSD con-

sumed cannot be ascertained or only
can be approximated,

The repuled LSD samples may contain other drugs
or con-

taminanta, either added or incompletely separated during
the proceasofillicit synthesis, ‘The population ander study

frequently extemporize with barbiturates, amphetamines,
opiates, cocaine, marijuana

andother paychotogens, in addi-

tion to LSD,

Chemically pure LSD administered under controlled ean-

ditions has, in several studies, failed to produce detectable

damage to chromosomesor has producedtransient chromo-

aomal aborrations in peripheral leukocytes, but these defects
were no longer evident several months after LSD acdminis-

tration, ‘Transient chromosomal breaks in white blood cells
occur

spontaneously. ‘They
can be increased by certain

antibiotics and anUneoplastic agents and even
by conimonly

employed drugs such ag aspirin and caffeine. Viral infee-

tions are associated with an increased rate of chromosomal

diaruption. Hepatitis, gastrointestinal
and upper respira-

tory viral infections are common among ehronic drug abus-
ers. Thus, it appears that chromosomal damage, when

found,is related toa history of drug abuse in general and not

to LSD specifically.
The pathologicalsignificance af chromosomal aberrations

in continuoualy replenished peripheral leucocytes is equive-
val. ‘Testicular and bone-marrow biopsies in rhesus mon-

keys given repeated oral doses of LSD have not. revealed

significant chromosomalalterationsin gamelogenic and he-

moporelic Ligsues.
Two cages of acute leukemia developing subsequent

Lo the

useol LSD are recorded. Although
a causal relationship has

not been established it may be premature to dismiss the

association as
merely colneidental.

Same studies suggest a
higher incidence of spontanecus

abortion among pregnant women whereportedly took LSD

prior to or after conception, and agreater numberof cangen-
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ital anomalies among
live infants born lo mothers exposed to

this drag. However, several complicating fnetors preclude
a

definitive correlation of increased reproductive risk with
LSD ingestion, Among those are the indeterminate nature
of purported LSD samples obtained “on the street,” a com-
mon history of multiple usage of illicit drugs,

a
high inei-

dence of infectious diseases (especially viral illnesses) and

marginal maternal nutrition. Although the effect of LSD on

human pregnancy and fetal malformations remains uncer-

tain, discretion dictates the avoidance ofthis drug by women
of childbearing age.

Pheneyclidine

Pheneyclidine (PCP, “angel dust”), chemically and phar-
macojogically similar to ketamine (Ketalar) used to induce
“dissociative anesthesia,” is probably the most dangerous
substance abused in the US. ‘There is no consensus as to Lhe

precise pharmacological classification of PCP. The com-

pound may, depending
on the dose and other circumstances

of use, exhibit stimulant, depressant, analgesic and halluci-

nogenic properties. In “street” form, PCP oftenis adulter-
ated and frequendly misrepresented as THC, mescaline,
LSD, amphotamine, cocaine or many other psychoactive
agents,

Although occasionally ingested orally
or

injected intrave-

nously, PCP most
commonty is smoked (afler placing it on

marijuana
or dried parsley leaves in a

“joint”or “snorted”

(nasal insufflation), By smoking, the experienced
user can

limit. the dose of PCP(self-titration) to a level with which he
is comfurtable andless likely to overdose than whenthe drug
is taken orally,

While PCPingestion
can

produce euphoria, adverse reac-

tions mare
commonly

are observed, particularly in naive
users. An excellent classification of PCP effecls has been

developed by Rappolt ef a?" based upon their treatment of
more than 250 cases.

Tachycardia
andelevated blood pres-

sure are consistent findings and appear, in varying degress,
within each of the following categories:

Staged: 2 to mg PCP (serum concentradion, 26 to 90 ny/ml)
Subjects

are disoriented, combative and violent, They also
experience ataxia, aHerations in perception of visual, audHory
andLactile sengations, excessive swoating and salivation and anal-
gesia (they many injure Lhemaelvea unknowingly due to this anal-
getic property).

Deaths oeeurr when aubjcets lose contre) of motor hunetion yet
attempt activilies which require signifi¢ant physical skill, eg,
aome try to swim but subsequently drawn. Other fatalities hap-
pen aflor abusers engage in violent. fights or fall asleep in the
middleof a street and are erushed by

a motor vehicle.
Stage If & to 25 my PCP (serum cencentration, 90 ta 300 agfml)

‘The patient presents with coma and does not respond to verbal
communiention; renetions to painful stimuli will oceur, however.
Musee spasms and severe

hyporthermia also may be present.
Stage Ht: Above 26 mg PCP (serum coneentratians, above 300
ngfnih)

Deop
coma is observed with patients showing

no response 16

extremoly painful stimuli, Seizures alse are likely and may de-
velop intostatus epileptica.

Although the data are more difficult to interpret, it ap-
pears thal. a numberof deaths solely and directly are related
Ww excessive blood levels of PCP. Cerebral hypoxia due to
severe spagm of cerebral blood vessela may be a mechanism
of
lethality.
Delayed psychological reactions (delirium, psychosis and/

or
agitation} occurring approximately 1 week after consump-

tion ofhigh doses of PCP have been observed. This may be
due to the high, Hpid-solubility of the drug resulting in an

accumulation in, and slow release from, adipose tissue; the

tyis approximately 18 hr. Onoccasion, patients hospital-
ized for a

psychiatric examination have their blood analysed

 
for PCPlevels. In some of these cases, a result showing an
absence of PCP may be incorrect. ‘Phe methods of analysis
using high-performance liquid chromatography (HPLC)gas chromatography with {lame ionic detection (GC-FID) or
radioimmuneassay (RIA) are accurate only downLolevels of
100 to 200 ng/mL, However, as presented above, serum
PCPconcentrations between 25 and 90 ng/mLare sufficientto induce aberrant behavior, A recent

study employing
a

more Bensitive assay procedure,
a

glaas capillary-gas chra.
matography thermionic specific (nitrogen) detector (GC?.
N) capable of measuring levels as low as 5 pz/ml., reported
thal of 135 patients admitted for paychintric evaluation, 78
had PCPlevois between | and 50 ng/ml. This is a

signifi-cant observation sinee it ean aasist physicians in determin.
ing the correet treatment,

A iwo- to four-fold tolerance develops if PCP in adminis.
tered chronically to laboratory animals, However, experi.
ments performed

to date do not suggest that PCP produces
physical dependence comparable to Lbat which develops to
the opiates

or other CNS depressants.
In normal volunteers, PCP induces a

schizophrenic-likestate. ‘Thus, as is the situation with marijuana, individuals
with psychoses (diagnosed

or
undiagnosed) particularly are

vulnerable lo POP. Schizophrenics experience 4 detoriorn-
tion of their condition, possibly culminating in stuporous or

excitatory catatonia or
paranoia accompanied by auditory

hallucinations.

Rhabdomyolysis (skeletal muscle degeneration), myoglo-
binuria and renal failure have developed after acute, large
doses of PCP, whereas chronic use is associated with both

psychalogical and physical dependence, and alterations in
memory, speech and vision, ‘These latter changes

are sug-
gestive of organic brain damage.

Treatment of Acute Drug Overdosage
A major problem in treating incoherent drug-overdosed

patients, ranging from comatose Lo delirious, is the absence
of dofinitive data regarding the substance(s) responsible for
the intoxication. Upon admission to an emergencycenterit
is imperative that staff members consult. persons on the
scene or the patient’s friends in an attempt Lo abtain as

much information ag
possible about the drug(s), amounts

and modes of administration, circumstances leading
to the

overdosage and perlinent aspects of the patient's medical

history, eg, does the palient have diabetes or
epilepsy? Due,

however, to extensive adulteration of “street” drugs, the
information obtained on

drug identity and quantity
must. be

evaluated with caution. Symptomatic treatment is advis-
able until a definitive diagnosis

can be established. The

following is a limited presentation of options available for

treating adverse reactions to psychoactive substances.
Volatile Hydrocarbons—-The treatmentof acute intoxi-

cation with volatile hydrocarhons
is similarLo that emptoyod

for barbiturate overdosage. If the vapors are inhaled, oxy-
gen (or a 95%Oy and 5% CO» gas mixture) may be adminis-
tored. Whenvolatile hydrocarbons

are swallowed, gastric
lavage rather than an emetic should be used. The injection
of epinephrine

or other aympathomimetic amines shouldbe
avoided due to the possibility of myocardial sensitization
and precipitation of cardiac arrhythmias.

Opioids-—Naloxone remains the drug-of-choice in coun-

tering narcotic analgetic avordosage. ‘This narcotic antago-
nist, which posgeases little or no

agonistic activity, may be

administered 10 the unconscious patientin the absance ofa

definitive diagnosis of narcotic overdosage. Naloxone will
not produce additional CNS-depressanteffeels in the event
that acute poisoning is due to barbiturates or other nonnar-

colic depressants,
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Paychotomimeties~—In
cases of adverse psychological

re-

actions to hallucinogens (“had trips”), patients should be

maintained in a
supportive and nonthreatening environ-

ment. Verbal contact shouldbe established for reality de-

fining and reassurance (“talk-down”) that the episode
even-

tually will terminate. If pharmacological intervention ap-

pears indicated, the use of diazepam (or a related

benzodiazepine derivative} avoids the hazards which may be

encountered with a
phenothiazine

in an
unsuspected

case of

anticholinergic drug intoxication or in an individual with a

history of convulsive disorders. When known anticholiner-

gic agents are taken in excessive quantities, physostigmine,
which antagonizes both central and peripheral atropine-like

effects, ig the drug-of-choice.
Pheneyeclidine—The

treatment of PCE overdosage dif-

fers from that associated with hallucinogens
as intoxicated

patients should net be engaged in an extended “talk-down”

process. isolation, with peiodic observation, is beneficial
as in relieving the symptoms of acute schizophrenic

reac-

tions. Diazepam may control severe agitation. Acidifica-

Lion ofthe urine with ascorbic acid or cranberryjuice (avoid

ammonium chloride or orange juice) accelerates the excre-

lion of PCP and may reduce theincidenceof delayed
reac-

tions.
Cocaine—Adverse reactions to cocaine are usually of

short duration and may terminate before treatmentis inili-

ated, Propranolol may be employed
to attenuate the car-

diovascular disturbances in cases of moderate cocaine over-

dosage. Tiazepam may suppress the CNS excitation, al-

though the possibility of adding to subsequent cocaine-

induced respiratory depression must be considered,

Amphetamines~-Disturbances
of the sympathetic

ner-

vous system observed in amphetamine toxicity should he

treated if they threaten the patient, Acidification of the

urine favoid ammoniumchloride or orange juice)
can ahort-

an the duration of attendant psychoses significantly. In the

presence of acute renal failure accompanying shock ane

rhabdomyolysis assoeiatod with amphetamine intoxication,

substantial fuid replacementis indicated.
+ ¥ Eg *

Pharmacists can participate in the early management of

acute drug poisoning by advising the use of jpecac syrup (nat

the fuidextract) in appropriate
siluations. If the subject

has ingested
a

potentially harmful quantity of drugs andis

conscious, syrup of ipeceae may be employedin the following
oral doses: patient under 1 yr---10 ml.; } to 12 yr-—15 mL;
over 12 yr--30 mL. Subsequently, 250 to 500 mLof liquid
should be given. Vomiting within 30min occurs in approxi-
mately 90% of patients receiving this regimen. [f emesis

does net ensue within 30 min, the recommended dose, with

additional fluids, may be repeated. Syrupof ipecacis less

useful if more than G0 min have elapsed since consumption
of the drug overdose, If the patient does not vomit after two

dosos ofthe ipecac, the dosage shouldbe recovered by gastric

lavage.
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The attention presently being given to multisouree phar-
maceutical products regarding their equivalency places
much emphasis on the formulation of these producta. In
some instances, the Woavailability of a

drug formulation

represents a
quality parameter of onermous

proportion, 1
jn a matter ofrecord that with certain drugs, depending

on

the formulation, the rate at which the drug substance be-
comes available can vary significantly tromvery high to noe

atall, Aaa result, Lhe effectiveness of these formulations
will range dramatically fromthat expected to no effect. Un-

fortunately, moat examples
are leas dramatic and fall some-

where m hoiween. The difference in the bioavailability of
there drug products ia less readily discernible, but nonethe-
laws real, 'Thie has led te a

yteal deal of confusion and
information which, theugh understood hy the acientiat, is
unclear and jumbled to (he practitioner, That information
which ig available aiso has been interpreted differently by
different individuals or groups, depending very often anthe

motivation, viewpoint and aitiude af dhe interpratar.
Droy products indeed do vary in their bionvailability char-

acteristics and this variation, in most inatances, is related

directly to formulation conaiderations, To aptimize the

performance of drug products, it is necessary to have q eorm-

plete understanding of the physical-chemical proporties of

drug substances prior to formulating them into drug prod.
vets, ‘The development of an optiniim formulation ia not an

aaay task, and many factors readily influence formulation

properties, Drug substancog rarely
are administered as

chemical entities, but almost always
are

given in some kind
of formulation. Thoss may vary from a

simple solution toa

very complex drug delivery system. ‘The complexity ugually
ja not intentional, dat rather is determinad by the properties
that are expected fram or hujlt indo the dosage form and hy
the resulting composition Lhat ia required to achieve these

qualities,
The high degree of uniformity, physiological availability

and therapeutic quality expected of madarn medicinal prod-
ucte usually

are the results of considerable effori. and exper
tine on the part of the formulating pharmaciet, ‘hese quali-
(igs are attained by carefiaclection and control of the quali-
ty of the various ingredients employed, appropriate
rnanufachuring according to well-defined processes and,
most importantly, adequate conaideration of (he many vari-
ables thatanay influence the composition, stability and wtili-

ty of the product. In dealing with the formutation af new

products it has become necessary to apply the best research
mothods and tools in order to develop, produce and control
the potent, stable and effective dosage forme which make up
our modorn medical armamentarium.

The pharmaceutical formulator has need for spociatized

aréan of delence in order to acquire scientific information
about the drug substanée which is necessary to develop

an

optimum dosage form, ‘Phe pharmaceutical induatry fa in
an era in which one can no

longer rely
on past axperience bo

formulate. A thorough understanding of the physical and
chemical properties

as well as the pharmacokinetic and hid-

pharmaceution! behavior of each drug aubstance heing de-

veloped ig necoasary. In short, as much information as pos-
sible must be acquired about the drug substance vary carly
in ilg development, ‘This requires

an
interdiaciplinary ap-

proach at the preformulation stage of development, Wig 75-
] schematically indicates that the development. of any drug
product. requirea

a
multidisciplinary approach, involvingba-

aie science, during the prefermulation atage followed by ap»

plied science during the development, atape.
This chapter will discuas (ho phygical-chemical evaluation

that.takes place during the preformulation atage of develop-
ment, In addition, consideration will be given to some spe-
cialived formulation ingredients that may require discration
in Lhair selection,

Preformulation may be deseribed aa a stage of develop-
mont during which the physical pharmacist characterizes
the physical-chemical properties of tho drug substance in

question whicharg considered important in the formulation
of aatablo, effective and safe dosage form, Such parametors
us

oryatal size and shape, pH-solubility profile, pH-stability
profile, polymorphism, partitioning effect, drug permeabili-
ty and diasolution behaviorare evaluated. During this eval-
uation possible interactions with various inert ingredients
intended for use in the final dosage form alge are considerad.
The data obtained from this evaluation ara

integrated with

data obtained from the preliminary pharmacologic and bie-

chemical studiea and provide the formulating pharmacist
with information that permits selectionof the aptinum dos-

age form containing the moat desirable inert ingrediants for
use in ita devalop ment.
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Fig 75-1. The wheels of product development.
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Preformulation work usually ia initiated after 4 compound
has shownsulficient activity to merit further testing in hu-
mans. When this decision in made, the various disciplines
begin to generate data essential for proporly evaluating the

performance of the drug subatonce. A stubility-indicaling
analytical aaeay ia very important. Since this often talos
considerable time, it sometimes ja necemury to rely

on thin-

lnyer chrormatographic procedures to determing if a
drag

molecule is degrading, Accelerated testing procedures
are

used Lo promote breakdown of the compound being tested.

Attempts
are made to isolate and characterize the break-

downproducts in order lo identify the mechanismof break-
down. This information provides

a lead to Che development
pharmacist in his efforts to formulate the product.

During a
preformulation study it ip necessary to maintain

some
depree of flexibility. Problem areas must. bo identified

early. Tor example, selection of a suitable salt form of the

drug may be critical. Toxicity atadies usually
aro achocduled

garly, Consequently, if the salt form under consideration
has some

deficiencies, they should he pointed out so that
alternate salta may be prepared and evaluated prior ta he-

Hinting toxicity alaidies,
When preformulation studies are

initiated, the chemical

usually ig in short aupply; 25 g of chemical is an
ample

supply, but many prelinminary evaluations bave been dune
with lags. ‘Tho initial supply usually originates as oxcoss

from batches prepared by the medicinal chemiaty, They

usually have preliminary data suchas
melting point, solubil-

iy, spectral data and structure of the compound. The di-
rection taken for the evaluation is determinedby the atruc-
ture aud the intended dosage forms to be developyd (eg,

ane

would nat waate time determining the atability of a solution

ofa compound if there was oo inkerest in a
liquid dosage

form). Many
areas must be evaluated critically for each

compound, and it is essential that problem
areas be identi-

fied carly, otherwise delays couldoceurif a
problem surfaced

during the development phase for the compound. Some
consequences of poor preformulation work are

Posailie: uaof insaitigfaetory sult form.
Poor atahility of tha actlye ingredient.
Testing compound of marginal aclivily.
Inertial development coms,
lncressed development Lime,

When preformulation atudies are
completed, (he datu are

compiled and tranaferred to the development. pharmacist,
who, in turn, uses this information Lo plan his development
work on the finished dosage forma.

Physical Propertias

Desgeripiian

Sines the pure drug entity is in short supply at the outset
of moat preliminary evaluations,it is extremely important to

note the general appearance, color and adar af the cam-

pound. ‘These characteristics provide
a haaia for compari-

aon with fuluire lots, During tha praparation of scale-up lote

the chemiat usually refines or alters ¢he original chemical

aynthetic route, This sometimes resulta ina change it samie

of the physical properties. Whonthis takes place, compari-sons can be made with earlier lots and decisions made re-

yarding solvents for recrystallization,
Tate usually wWatrants ame consideration, aapecially if

the drug ig intended for oral use mm pediatric dosage forma.
In such cases consideration should be given to the prepara-
lion of alternate salt forme or possible evaluation of excipi-
enta that mask the undesirable taste.

Microscopie Sxamination

Each lot of drug substance, regardiesa of size, ia examined

microscopically and a
photomicrograph taken. ‘The micro-

acopi¢ examination gives
a grose indication of particle size

and characteristic crystal properties. Those pholomiero-
graphs

are weful in daturmining the consistency of particle
size and ¢rystal habit from hatch to batch, aapacially during
the early poriods of chemical aynthesiv; if a

synthetic atep is

changed, they also give
anindication ofany effect the change

may have on
crystal habit. One mual keep in mind that the

photomicrograph only gives
a

qualitative Indication of parti-
cle size distribution; it always is necessary to do a

particle.
size analysiy for a more accurate plolure of the distribution
of particles in any particular batch of drug substance.

Particle Size

The user of pharmaceutical products in a
finely divided

form are diverse. From knowledge of their particle size,
auch drugs as

gtincofulvin, nitvefurantoin, spironalactone,
procaine penicillin and phenobarbital have been formulated
Ho Ha Lo opLimise activity. Other drugs, formulated in sus-

pengionor emulsion systems, in inhalation aerosols ortn oral

dogaze forms, may contain finely dividad material ag an

casontial component. One of the basie physical properties
common to all theae finely divided subalancea is the particle-
ize distribution,ie, the frequeney of oecurrence of particles
of every size, What ia ofpractical interest usually is not the
characteristics of single particles but rather the mean char
acteristics of a

aro numberof particles. IL must be emnpha-
sized, however, that lmowladge of sing chatactariatics is of no

value unless adequate correlation has heen established with

functional properties of specific interest in the drug formu-
lation. Many investigations demonstrating the significance
of particle size are reportedin the literature. It has been
shown that dissolution rate, absorpiionrate, content unifer-

mity, color, tagte, texture and stability depend to varying
degrees

on
particle aive anddistribution. In preformulation

work it ia important that the significance of
particle size in

relation to formulation be established early. Preliminary
physical observations sometimes can detect subtle differ-
ences m color. If this can he attributed to differences in

particle-size distribution,it ix important
to define thie dis-

tribution and recommend that more attention be given
to

particle size in preparing future batches of drug substance,
This effect aleo ia avident when preparing suspensions of

poorly solulule materials. One may observe batch-to-batch
differences in the color of a

suspension which can be related
to differences in particle eize, Sometimes, when amali parti-
des tend to agglomerate,

a subtle change in calor or texture

may be evident.
Sedimentation and Cocculation rales in suspensions are in

part governed by particle sige. In concentrated daflocculal-
ed suspensions the larger particles exhibit hinderedsettling
and the smaller particlos settle more

rapidly, In [loeeulated

guspensione the partiches
are linked togetherinto flocs which

settle according
to the size of the floc and porosity of the

aggregated
masa. Flocculated suapensiona

are
preferred

aines they have leag tendency lo cake and are more
rapidity

disparsible. Thus, it ja apparent that the ulGimate height,
H,, of sediment aa a

suapension settles depends
on

particle
size, The ratio H,/H,, or the degree of suspendibility

as

affected by particle size, is valuable information for the
formulator in order to prepare a satisfactory dosageform,

The rate af diasolution of small particles ugually is faster
than that of larger

ones
because rate of diesolution depends

on the specific surface area in contact with the liquid medi-
um. This uaually is described by the modified Noyes-Whit-
ney equation for digaglution rate dA fei

GA KSC,
—

C) (1)
dt

where A is the amount of drug in solution, K is the intrinsic
dissolution rate conatant, 4 is the surface aren, C, is the
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concentration of a saturated aolution of the drug and (is the

drug concentration at timo «4. ‘The surface area of an
object,

regardless of shape, varies inversely with its diametar and
confirms the above effect of particle size on dissolution rate.

Solubility alao has been observed ta depend
on

particlesize,

Dittort, ed al! reported data for an
experimental drug, 4-

neeLamidopheny] 2,2,2-(richlaroethy)] carbonate, which
demonstrated that. the dissolution rate and, in turn, bio-

availability were affected by particle size, Although the
ultimate amount of drug ip aohution may not be significant
with respectto the dose administered, the formulator should
be aware of this potential With poorly soluble drugs it is

extremely important to take these factors into account dur-

ing the design of the dosage farm.
I"low properties of drugs

canbe influencedby particle size,
and particle size reduetion to extremely small sizes (leas than
10 jm) may be inadvisable for some

drug substances, Ln-

trapped air adaerbed on the surface of the particles and/or
autface electrical charges sometimes impart undesirable

properties lo the drug. Por example, adsorbed air at the

drug-particle surface may prevent wetting of the drug by
surrounding fluid, and electrically induced agglomeration of
fine particles may dacreaso oxposure of the drug surface to

surrounding dissolution medium. Such effects act as cisso-
lujion rate-limiting steps since they minimize maximum

drug surfoce-liquid contact

Crystal growth is also a function of particle size, Finer

particles tend to dissolve and subsequently recrystalliae and
adhere to larger particles, ‘This phanomenon is referred to
as Ostwald ripening, Protective colloid ayatems can be used
to suppress this nucleation, Preformulaters can generate
information concerning the effectivenas# of different col-
Jods that is extremely important to the formulater when he
is given the task of preparing a suapanaion dosage form,

Particle-size reduction may be doleterious for some drug
substances. Increasing surface area

by milling
or other

methods may lead to rapid degradation of a
compound.

Drug substances alag may undergo polymorphic transforma-
tion during the milling process. The preformulator

muat,

alwaya be coxnivent of Lhese potential problema, and when-
aver the decision is made to reduce particle aiza, he condi
Uons must be controlled and the stability profile evaluated.
If a

problem does arise, it is Lhe responsibility of the prefor-
mulater Lo note if and attempt to resolve it prior to Luring
the drug substance over (o (he formulating pharmactal.

Gastrointestinal absorption of a poorly soluble drug may
be affected by the particle-size distribution. If the digsolu-
lion rate of the drugis less than the diffusion rate to the site
of absorption and the absorption

rate itself, then the particle
size of the drag is of great importance. Smaller particles
should increase dissolution rato and, thus, bring about more

rapid gastrointestinal absorption. One of the firat abserva-
tions of thia phenomenon

was made with sulfadiazine.
Blood level determinations showed that the drug in suapon-
gion contaising particles 1 to 3 jamin size was absorbed more

rapidly and moreefficiently than from a
suspendion contain

ing particles 7 dimes larger. Maximum bland levels were

about 40% higher and ocaurred 2 hours earlier, Tncrcased

bioavailability with particle-size reduction also has been ab-

served with griseofulvin. ‘Phe extent of absorption of an

oral dogs inereaged 2.6 times when the surface orea was

increased approximately sixfold. Micronized griseofulvin
permits

a 60% decrease in dosage to obtain a
satisfactory

dlinical responee,
On the other hand, it was found that with nitrofurantoin

there waa an
optimal average particle size that minimized

side effects wilhout affecting therapeutic response. In fact,
a commercial product containing large particles is available,

For chloramphenical, particle size has virtually
no effect on

total absorption but it significantly alfeots the rata af ap-

pearanceofpeak blood levels of the drug. After administra.
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tion of 6O-um particles,
aa well aa 200-m particles, pank

levels occurred in 1 hour; with 400-4mparticles peak levela

occurred in 2 hours; with 800-4an particles peak levels oc

curred in 3 hours, All four preparations had the same
phys-

jological availability, which implies that the absorption of

chloramphenicol occura uniformly over a
major portion of

the intestinal tract.
Reduction of particle size also may create adverse te-

sponses, Jor example, fine particles of the prodrug irichlo-

roethyl carbonate were more toxic in mice than regular and
coarse

partigdes.” Inercasing the surface area for water-
soluble drugs, and possibly for weakly basic drugs, appears
to be of Httle value. Absorption of weak basoa usually is
rate-limited by stomach omptying time ratherthan by disao-
lutien, Ag previously mentioned, particle size is of impor:
ianca only whon the absorption process is rala-limited by the
dissolution rate in gastrointestinal fluids,

The previous discussion considered Uhe effect ofparticle
give of the drug substance and ils relationship to formala-
tion. ‘The particle size of the inert ingredients merily some

attention. When one is concernad with particle siza, all

ingredients used in preparing the dosage forma should he
evaluated and some recommendationregarding their contral

should be made prior to full-scale development. of a
dosage

form. It is recommended highly that particle size and its
distribution be determined, optimized, monitored and con-

trolled when applicable, particularly during early preformu-
lation atudies when the decision is mado with regard ta
auitahle dosage form. ‘The more common methodsofdeter-

thining particle size of powders used in the pharmaceutical
industry include sieving, microscopy, sedimentation and
stream scanning.

Sieving or
Screaning-—Sieving

or
screening ia probably

one of the oldest methods of sizing particles
andstil] is used

commonly to determine the size disirilution of powders in
the size ranga of 826 mesh (44 am) and greater, These data
serve usually

aga
rough guidotine in evaluating

raw materi-
ale with regard to the need for milling, The basic diaadvan-

tages of acroon
analysia

are the large sample size required
and the tendency for blinding of the screens due ta slate

charge
or mechanical clogging. ‘The advantages include

almplicity, low cost and little ski] requirementof dhe opara-
tor.

Microscopy---Microscopy ja the most universally accept.
ed and direct method of determining particle-siae distribu.
tion of powders in the subsieve ranga, but this method is
tedious and thne-consuming. ‘The preparation of the slide
for counting particles ja important because the sample must.

represent the particly-aize distribution of the bulk sample,
xtveme care must be taken in obtaining

a truly representa-
tive sample from the bulk chemical, The cone and quarter-
ing (achnique usually gives

a satisfactory sample, The sam-

ple should be properly suspended, dispersed and mixed

thoroughly in a
liquid which has a different refractive index

from the particles being counted. A representative sample
ig mounted on a slide having acalibrated grid. Wor counting,
randomfields are aclected on the slide and the particlos

are

sized and counted, Between 600 and 1000 partiches should
be counted to make slalistical treatimont of the data mean-

ingful,
Sodimontation--Sedimentation techniques utillze the

dependence of velocity of fall of particles on their aize. Ap-
plication is made of the Stokes equation (see page 295) which
describes 4 relationship between the rate at which a

particle
settles in a fluid medium to theaive of that particle. Al-

though the equation is based on
apherical-shaped particles,

itis uaed widely to determine the weight-aize distillation of

irregularly shaped particles, Data obtained by this prace-
dure are usually reliable; however, the renuli may not agree
with thoae obtained by other methods because of the limita
tions of the shape facter.
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Fig 75-2. Partléle size disvibution of NBG glass beads (Standard
Reference Material No 1003) expressed In terraa of O = number of

particles;

@

=
welght of particles; @

=
surface araa of partichas,

The Andreasen Pipette Method is used most commonly
for sedimentation sludies. Exact volumes are withdrawnat

prescribedtimes and at a
specified liquid depth. ‘The liquid

ig evaporated and the residue of powder ia weighed. ‘The

data are usedin the Stokes equation and a
weight-aigo distri»

bution is caleulated, Precautions must he observed with

thia method. Proper dispersion, consistent sampling, tem-

perature control of the suspending medium and concentra-
tion should be achieved 1 order to obtain consistent resulta.

Stream Scanning-—Siream acanning ia a
technique in

which a fluid suspension passes through
o

sensing wine

where the individual particles
are

electronically sined,
counted and tabulated. ‘The great advantage of(his tech-

nique ia that data can be generatedin relatively ahort pert-
ods of time with reasonable accuracy. Literally thousande
of particles

can be counted in seconda and used in determin-

ing the size-distribution curve. The data ara in a numberof

particles per class interval and can be exprassed mathemati-

cally
aa the arithmetic mean diameter and graphed accord-

ingly. Pig 75-2 illustrates a plot of typical data obtainedfor
NBS Standard Reference Material No 1003,

The Coulter Counter and the HIAC Counter are used

widely in the field of particle-gize analysis in the pharmaceu-
tical industry. ‘They

can be used to follow eryatal growth in

suspensions very effectively. Figure 75-3 shows the change
in particle size with timefor an aqueous auspension of Farm
Tof an

experimental drug. Tt appears that the growth of the

particles decroanes significantly after @ hours. ‘Tha phato-
micrograph shown in Fig 75-4 depicts the significant in-
crease in particle aize after 6 hours. Further treatment of

the data ag shownin Fig 75-6 enables oneto establish rates of

growth for auspended particles, Simply reading aff tho in

tercepts at the 1%, 2%or 4% oversi#e and plotting this in-
creas¢ in diameter with time enablea one to caleulate the rate

of growth of particles in a
auapenaion. ‘This ia shownin Fig

75-6.

Light Scattering—-Light-scaltering methods are gener-

ally fast, inexpenuive and induce minimal artifacta, In gen.

eral, such methads operate by measuring lightdiffraction
from suspended particles

without forming
an image of the

particles onto a detector, A typical unitis the laser diffrac.
tion particle sizer (Malvern). In it,

a
liquid dispersion of

particles Flows through
a beam of Jager Hight. Light acat-

terad by the particles and the unscattered remainder are

100

%OVERSIZE
INUMBER)

01

 10 2 0

DIAMETER (aan!

Fig 78-3, Ghange In particle alze wilh thing for aaqueous auupan-
elon of Form | of an experimental drug.

incident onto a receiver lena Ua forms a diffraction pattern
of the acattered light. ‘The seatierad light and unscattered

light thenare
gathered

on detectors ao the total light power
is monitored aa it allows the sample volume concentration 10
be determined. Hach particle

seatters light at a favored

acattering angle thatia related to its diameter, ‘The datector

provides an electronic output that makes it possible for a

computer to deduce the volume-size distribution that gives
tise to the observed scattering characteristics, Roaulta may
alao be transformed to the equivalent surface or dumber

distribution, Refer to Chapters 19 and 30.

Partitioning Hffect

If an excess of liquid
or solid is added to a mixture af two

immiscible liquide, iwill distribute itself between the iwo

phages
so that each becomes anturated. If tha substance is

added Lo the immiscible solvents in an amount ingufficient
to saturate the anhutions, it atiwill distribute hatweon the
two layers ina dafinite concentration ratio. Tf Cy and Cy

are

the equilibriumconcentrations of the wuibatanea in Solvant 1

and Solvent 2, the equilibrium expression becomes

C,

Cy

The equilibrium
constant & ia known aa the distribution

ratio or
partition coefficient. Diologically, in order for a

pharmacological response to ceour, i. in necessary Chat the

drug molecule cross a
biological membrane, The mem-

brane, consisting of protein and lipid material, acts as a

mh (2)
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INITIAL SUSPENSION

PREFORMULATION qaan

 FORM |

SUSPENSION AFTER 6 HOURS.

Fig 7&4. Photamicragrapha showing change In crystal alze for a suspension of Form 1 of an exporlmentat drug.

Hpophilic barrier to most drugs. 'Uhe resistance af this bar-

tier to drug transferis related to the lipophilic nature of the
molecule invalved. (See Chapter 45.)

Understanding the partitianing affect and the cissocia-
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Fig 75-8. Change In cumulative count with fime for an aqueous

auspenston af Form | of an experimental dru.

tion constant enables one to estimate the site of absorption
of a new chemical entity. Tf one assumes the stomach to
have a

pHrangeof 1-0 ta 3.0 and the small intestines to have
a

pHranyefrom6 .o4, in most cases acidic crags (pt,3) will
be absorbed more

rapidly in the stomach while mora basic

druga (pK, 8) will be absorbed more
rapidly in the intestinal

tract. ‘There are exceptions, however, Some compounds
have low partition coetficionts and/orare ionived highly

over

the entire physiological pH range, but still show good bic-

availability.

Polymorphism

A polymorph js a solid erystallina phase ofa given
con

poundresulting from the possibility of at least fave different

2h
24
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Fig 75-0. Aate of growth of Form | of experimental drug in aqueous

Buspongion,
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arrangementa af the molecules of Lhe compoundin the solid
atate, ‘The molecule ilaelf may be of different shape in the
two polymorpha, but that is not neceasary and, indeed, cer-
tain changes in shape involve formation of different mole-
cules and, hence, donot constitute polymorphism. Caamet-
ric isomers or tautomers, even

though interconvertible and

reversibly so, cannot be called polymorphs although they
may behave in a

confuam@ly similar manner,
A safe criterion for classification of a systam as

polymor-
phic is the fallowing: two polymorpha will be different in

erystal atruedure but identical in the liquid
or vapor states,

Dynamic isomers will melt at different temperatures, as do

polymorphs, but will give melts of different composition. In

time, each ofthese melts changes to an
equilibrium mixture

of the two idomera with temperature-dependent composl-
tions. Some reported

cases of polymarphiam
are undoubt-

adty dynamic isameriam, since the two hehave quite similar-

ly.
Polymorphismis the abilily of any element or

compound
to eryatallize

as more than one distinctcrystalline species,
eg, carbon as a cubic diamondor hexagongraphile. Dif
ferent polymorphg of a

given compoundare, in general,
as

different in atructure and properties
ag the eryatala of two

different compounds. Solubility, melting point, density,
hardness, crystal shape, oplical and electrical praperties,
vapor preasure, stability, ete all vary with the palymorphic
form. In general, it should be possible to obtain different.

eryatalline forms of a
drug substance exhibiting polymor-

phism and, thus, modify Lhe performance properties for that

compound. Tadoxo requires
a

knowledge of the behaviorof

polymorphs. There are numerous reviews on the subject af

polymorphiam. Jn addition,
numerous indications of the

importance of polymorphism in pharmaceuticals are report-
ed in the literatura. Extonsiva studies of polymorphism
have been conducted on

steroids, barbiturates, antihiaia-
mines and sulfonamides. Preformulation usually meludas

Tigorous aludies Lo determine the presence of polymorpha in
new

druy substances baing prepared for prelunimary investi-

vation in teat animals. Some of the parameters routinaly

investigated
aro the number of polymorphs that exist, rola.

Live degree of atability of the various polymorphs, presence
ofa glassy state, elabilizalion of metastable forma, tempera-
ture alability ranges for each polymorph, solubilities, meth:
od of preparation of each form, effect of micronization or

tableting and interaction with formulation ingredients.
The initial task of the preformulator is to determine

whether or not the drag subatance being evaluated exiats in
more than one

eryatalline form. ‘The following proceduresare
usually

followed to Gauge crystallization of a metastable
form:

1 Mel. completely a still amount ef the compound
ana wide and

observe tho saliditiention belween arosepelara. Tf, after apontarnous
freezing,  tranafermnation occurs

apontaneeualy
or enn he inelieed ly

sounding or sctaiching, tie compound probably oxjste in at jens two

polymorphic forms. Yt ig ossontiad Lo prevaul nucleation of the atable
forin by inducing aupercacting, Superceoling aan be induced by using 4
amall sample size, holding dha melt for approximately 30 aec about 10°
above tha melting pula; carefully selling aside the compound withent

physica cheek bofore obverving if and rapid cooling of the compannd,
9, Hortuanample of the compotind ana tat stage and observe wheth-

ata solic-aotid transformation occurs during heating,
3. Saline asmail amountofthe compound and attempt bo induee

(ranaformation betwenLhe sullimate and lhe otigioal ample by mixite
tho wo inca drop of xaturated selation of oneal them, If the two ate

polymorph, the more able ono wil be mero insoluble and will grow at
the exponac of the more soluble metacinble form. ‘Thia process will
continue ont) the metoatable form ie tranafornied complelely

Lo the
stable form, Tf the namplacare sol polymorpha,

one may dissalva [at
the other will nel grow, Uf the two are identical forma, nothing wil
CUE

4, Maintain an excess of the compound in a anal amownt of solvent.
held noar the malling paiat of the compound, daolate Uhe suspended
aolid, Care should be takon Ge aaintain the Lamperatare during this
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slap, ‘Tort Cha isolated material with an origina) sample using Lie

procedure auttinedin 4, shove,
6. Reeryatalliza Cha compound from solution by shock-enoling, and

observe ns por lien of Ghe precipitated matavial suapenced ina drep of the
mothor liquar, ‘The drop thon raay ba aeedad with ihe original

com-

pound ta clack for sahution-phase Leanaformation, If dhe pracipitate ta a
differant. polymorph, mh asalidion-phang Greamsformation should dake place,

QOnee it has been catablished that polymorphiam oocura,
there are

procedures which enable the preformulater to pre-
pare the various formain larger quantities for farther evalu.
ation and guitability for incorporation into dosage forms.

Onee a
compound has been shown to exiat in mere than

one orystallina form,
a number of techniques

are available to

identify the different polymorphic phases present, Hach of

these techniques could be successful ma identifying the

phase, but a combination of methods provides
a means for

jadation and identification of each crystalline modification,
In order to confirm the presence of more than one

crystalline
form ofa compound,if ig advisable to identify the modifiea-
tiens present by

more than one method, Using anty
ane

method for confirming the presence of polymorpha some-

times may be misloading.
Mioroscopy-—COptical erystalloxgraphy an cisedl in (be identification of

polymarphs. fatal oxikh in isotropic and anisetropie forms. When

inotropie crystals
are examined, dhe velocity of lightia the aame in all

directions, while anikotrapic crystals have lwo or three different tight.
velucitics or refractive indices, ‘Phia method roquirce the scevicgs ab a
trained eryatallograpler,

Bat-Stige Mathade--Tho polarizing microscope, fitted wilha hat or
cold atauce, is vory Usoful for inves Gling palymorphs, An exporiaiced
microseopiat ean tell quickly whothor polymorphs oxias the degree of
siability of the oietaatable forma; transitien temperatures and meting
points; rales of Gransition wader various thermal and physical conditions
and whedier iq pursue polvinurphian

ag a rete to an iinproved daaaga
form,

Reltay Powdor Diffracian- Ceystalling materiala in powder form
give chamnicteriatie X-ray diffraction palterna made yy of peaks in cer-
tain positions and varying intensities, Rach powder puttern of Lig
eryatal baddies is cheraetoriatic for w given polymorph. ‘This method has
tha advantage over other identification Lochniques te (al the saniia
cxamiied an presented. Same care should bo cxoreised in reduetyg cd
maintaining particlo-wia cunurel, A very mall sample sine is necded
and the method ia nondestructive, ‘Thix methed Tax been used hy
several drvestiquters in identifying polymerphe in pharmacoulicals.

Infrarod SpoctrosedpyThis pricedureia oxeful in idontifiertian of
polymorpha. Solid somples nut be used since polymarpha af a com-
pound have identical spectra in gelation, “The technique can be sed for
moth qualitative andl quantituttve identification,

Thornal Mothods--Difforential scaniing cuorinetry and differon-
tind thermal analysis inve been used extensively Lo idontify polwanorplis.
fn both methods, (he beat oss or pain resulting Cromplaysiced

or elomical
tranattions occurring ina sampleis recorded aa fanetinn efterpera bare
as the substance ln hented ala uniform rate. inthaipic changas, both
endothermic and oxothermic, are catined by phase transitions. lor
example, Psion, aublimation, aalic-solid transition aiid water lass gener:
ally produce ondelhormic affects while crystallization produces oxothar-
nie effecta. "Fhormal analyse onables one to caleulate the thormody-
naunie paramedian Cor the xyatoms being evaluated, Heals ef fusion can

he obtained and the rate of comverdion of polyanarpha determined,
Dilatometry---[Hlatometry

measures the change in volumecaused by
tharnial or ehaanioan offerts. Ravin and Higuehit ased dilatorialry Lo
follaw the melting behavior of Lheobeaniaoff by mensuring (he specilic
volume al both capidly and slowly cooled theobrema oi) aca funelion af

incronsing tomporature. "The prestnee of tha metastable form won
shows by a contraction in tho Lamiporatuce range of 20° to 24, Phin is
Thustredod tn My 74-9. Dilatomotry ia extromely aecurate, however, ibik
very tedious and Gime-consuming. This nol ised widely,

 

 

 

Proton magnetic resonance, nuclear magnetic
resonance

and electron microscopy sometimes ate used Lo atudy paly-
morphism,

Polymorpha
can be classified into one of two types: (1)

enantiotrate-—one polymorphic form can be changed re-

vorsibly inta another ane by varying the temperature or

pressure, eg, sulfur and (2) moenatrepie—one palymorphic
form is unstableat all temperatures and pressures, ey, flye-
ery! atoarates. At a

apecified Lemporature and preasure,

only
one

polymorphic form will he thermadynamically
sta.

ble. However, othar malagtable forme may axist under the
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Fig 76-7, Dilntametric curves: thaobrerna ol, slowly and rapidly
coohad,

same conditions, ‘These meLaatable forme will convert Lo

the stable lagtiee structures with time. ‘The first indication

af the significance of a
polymorphic transformation ina

pharmaceutical system
was noted with novobiacin, ‘The

gmorphous form af novobiocin waa found to be well-ab-

sotbed; however, when formulated tito a
suapengion,

a re-

version of the meteuttalte form to the more stable crystallin
form occurred resulting in poor alwarplaan,

After it bas beon determined that a
clrug substance does

éodal in more than one
erystalline form, Lhe conditions under

which each can be produced shoukl be established. Th this

manner, proper crystallizing conditions can he maintained

from baieh ie hateh to ensure a uniform and aceeplable
raw

material, Roaryglallization solvent, rate of crystallization
ang other faelors may cause one

crystal form ta dominate,

uring tha proliminary hivestigation to establish these con.

ditions, it is necessary to moniter the forme prepared. For

example, during the preliminary work with anindole deriva-

tive, differential scanning calorimetry, X-ray analysia and
infrared analyais were used to establish that polymorphs
were presen, and that they could be prepared satisfactorily.
Figs 75-8, 75-9, and 76-10 shaw the respective data for this

conclusion, When polymorphs
are ahowa to be present,

experiments should be designed
to determine whether or nat

the properties differ sufficiantly to alter their pharmacautic
or binlagie behaviar.

Dissolution teats enn be used initially to show differences
in apparant equilibriumaolubiliiies provided a diseriminal-

ing solvent aystemia used. Thy 76-24 illustrates diagalution
data for two

polymorphs of an indole derivative whieh had
similar dissolution dn the medium used; however, whon a

more discriminating dissolution medium was
used, ib was
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Fig 76-8, Ray diflractagrams for Forme 1 #* and Il of SKAP 30097.

possible fo ahow differcnees in their dissolution characteris-
tics. "This is Whustrated in Fig 76-22. Framthe data pre-
sontedfor Uneindole derivative, it waa concluded thal there
would be no

appreciable difference in the availability afthe
wo forms if they were do be adminiatered arally in a solid

dosage form. Subsequent tosting in animale confirmed this.

The Nornat equation relates the rate of concentration in-

crease to the solubility afa dissolving solid andis commonly
writin ag

de ADoy Ae

dio VI

where 4 is the area of the dissolving inlerfaceof he salid, 2

is the diffusion eoctficient of the solute in the solvent, V is

the volumeof the solvent, A ia the thighness of the diffusion

layer and Cand C)
are concentration oftha salute at, aaiura-

tion and al time ¢, respectively. The equation redueus to

di VA

(C.-C) (3)
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Fig #6913, Dissotution curves for Potymerph C of chloramphenicol
palmitate In 0656 tbutyl alcohol and water at 30, 20, 16 and G*, Kay:
30°, O—©) 20°, M-—M: T57, A— A; 6°, Gund,
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Fig 75-11, Dissolution behavior of Forme | and 4 of SKAP 30097 In
artficlal gastric fluld,

for the experimental conditions where C, > C,. Since Disa
property of the solute molecule and the solvent, it is inde-

“eee

pendent of the selid-slute farm. ‘The experimental condi-
tions can be aglectad auch dhat.d, ¥ and #can be maintained
comatantin measuring Lhe dissolution rates of different paly-

— morphic forms, ‘The dissolution rate then is directly pro-

portional to C,, the suluration solubility, and the differences
in the solubilities, can bo related to their free energies.

The solubility anc diasehition behavior of several poly-
morphs of chloramphenicol palmitate have been deters Fig 75-14. Blssalutlon curves for Potymorpha A and & of chleram
mined, Figs 78-13 and 76-14 iNuatrate the data obtained at

—

phenical palmitate In 38% ebulyl alcohel and water at 30 and 98°,
several temperatures, Tt is apparent from the dissolution Key: Polymorph A, 30°, O---O: Polymorph 8, 30°,.A,,.A; Poly
behavior that the maximum values abtained were

good ap- morph A, 38°, @---¢: Polymorph fi, 36° @--@.

ao 4 66h) BG) GO dda !

TIME min DAYS
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Table |—Thermodynarnic Values Calculated tor Polymorphe A,
and € of Chloramphenicol Palmitate’ 
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aoe

57
one vee
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lhe

 1 Caleudiited for tho eenvendon to Polymorph A.

proxinationa ofthe solubility of the various forms, There-

fore, obtaining data al several damperatures would enable
one to caleulaie the thermodynamic quantities involved in

the transition from the metastable to the sbable form. A

plat of the solubility data ag a function of temperature in a

typical van't Hoff fashion i4 shown in Fig 75-15%. The

atraight-line relationship enables one to calculate tha heats

af sokution for the various Forme and also, by extrapolation,
to approximate the transition Lemperatures for tho various

forma. Those values are ahown in ‘Table 1.4
At constant temperature and pressure, the frooeanergy

differences between the polymorpha can be calculated hy

C, Polymorph A
AG,

& RD neers   :,
Polymorph B

This equation relates the solubility, C,, of the polymorphic
forma al o

particular temperature, T, to the froe energy

differences, AG). Table J alge contains the free-anorgy dif-

ferences calculated for the polymorphs, The enthalpy

changes alao can be determined for the various transitions

by subtracting the beat of solution derived for the stable

form from that of the metastable form. Also, at any particu-
lar temperature, T, the entropy for the tranailion of poly-

morpha
can be evaluated by thefollowing relationship

AHag
™

AG,
e

‘The values computed for the transitions also are includedin
‘Table 1. At the transition temporatare, AG, is equalto zero

and Lhe entropy ean be calculated, neglecting tho froe-ener-

gy term in Hig 6.
The thermodynamic relationships diseuased are based on

the assumption that Henry's Law is abeyad. Knowledge of
these thermadynamic relationships enabtoa the proformula-
tor to select more rationally the more

energetic polymorphic
form of the drug being investigated for further pharmacoloy-
ical studies and also to have a preliminary asgeasment ofite

probable stability,
When «

preformulation group inadequately investigates

AS,
=

(@)
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polymorphic drug forma, problems may develop during the

developmentatage. Crystal growth in suapensionaresulting
in poor uniformity, POOr appearance, poor bioavailability,
transformation oceurring during milling

or granulation
re-

sulling in changes in the physical and biological characteris.

ties, Madoquate pharmacological reyponge and poor chemi-
en] stability

are
typical problems thal nay become evident.

Solubility

In dealing with new
drug aubutances, i is extremely im-

portant to know something about their solubility character-

iaties, especially in aqueous systems since they must possess
some Limited aqueous solubility to elicit a therapeutic

re-

sponse, When a drag substance has an aquequs sohability
ions than J mg/ml. in the physiologic pH range (7),

a

potential bioavailability problem may oxist and preformula-
dion studies should be initiated te alleviate the problem,
Rquilibrium solubility of the drug substance should be de-

{arminedin asolvent or solvestt syatem which dees not have
any toxic effeeta an the Lest. animal. his ia done by placing
an excesa of drup ina vial with the solvent. ‘Phe vial is

apitated at constant temperature and the amount of drag
determined periodically by analyais af the supernatant fhaid,

Kquilibrium is not achieved until at leas two successive

samples have the same result. Experience with solubility
determinations would indicale that. equilibrium is usually
attained by agitating overnight (approximately 24 hours).
Solubility determinations can be conducted at several tem-

peratures since the resultant drug producta ultimately will

be subjected
to a wide variation in temperature.

If the solubility of the drug substance is less than the

required concentration necessary fox the recommended

close, stapa must be taken to improve ite solubility. The

approach taken usually will depond
on the chemical nature

of the drug substance and the type of drug product desired,

If the drug substance is acidie or
basic, its solubility

can be

influenced by pH, Through the application of the Law af
Mass Action, the solubility of weakly acidie and basic drug
substances can be predicted

ay na function of pH with a

eensiderable degree of aceuracy, using the following equa-
ions for the weakly acidic and basic drugs.

Weak Acid Weak Base

K,
Se K,

(b+
vont oe

4
"

i)
a

K(13
i (‘)

There are many drug aubatances Jor which pH adjustment.
docs not provide an

appropriate
means for affacting solu-

tion. Very weakly acidic or basic drugs may require
a
pl

that could fall outside the accepted tolerable physiological
range or may cause alabilily problems wilh formulation in-

gqredients, For example,
an

experimental indole had an

equilibriumsolubility at pH 1.2 of approximately 60 mg/ml.
However, when the pH of this system wan increasedta ap-

proximately 2.0, the solubility decrensed to lesa than 4.1

mg/mL, In cases like this one, or with nonelectrolytes, it ig

necessary io use some other means of achioving better solu

bility.
Sosolvent ayatems have bean used quite effectively bo

achiave aolubflity for poorly soluble drug substances under

investigation. Propylene glyeel, glycerin, aorbitel and poly-
ethylene glycols have enjoyed

a wide range of success in this
area. They have been very useful and generally acceptable
for improving solubility, Additional solvents suchas

glyeer-
yl formal, glycofural, ethyl carbonate, ethyl lactate and di-

mothylacetamide have beeneited ina review article hy Spie-

gel and Nosewarthy;! however, it must be emphasived Ghat
with the possible exception of dimethylacetamide all of

theae solvants have not been used in gral products and their
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acceptability may be doubtful. The number of vehicles

readily availalle to improve aclubility is rather limited, yet
the frequency oftheir usein rather high. Solubilizing

a new

drug substance can improve its availability. Por example,
whena (iavinoindole was administeredtn a 0.02% solution it

showed an equivalent response in antiviral activity to a 2.0%

suspension, Information pencrated early in the preformula-
tien atage can result in a refinement of the dosage regimen
and allew for a more accurate estimation of the offeetive

doac.
Cosolvents usually serve a twofold purpose in many phar

maceutical liquid products. ‘They oot only effect solution of
the drug substance bul also improve the solubility offlavar-

ing constituents addad te the product. Ideally, in determin-

ing the appropriateratio of cosolvents to achieve the concen-

tration ome must achiove, it ig recommended to effect solu-
tion at the concentration desived and than place the solution
at $° and allow it to equilibrale. If preeipitation

occurs

under these conditions, it may be necessary to aller the
cosmlyenttatia.

The use of surfactants of various types-—-nonionic, cation-
ie or anionic—-as solubiliving agents for medicinal suah-
glances is wideapread (see Chapter

19 for iustrations of

apecitie uaes), The effect of Triton WR-1889 in solubilizing
severnl steroids is shawn in

Fig 76-167 ‘The effect of an

andonie,
a cationic and a nonionic surfactant on the eelubili-

ty of an
antianginal compound being considered for clinical

trials ia shownin Tig 76-17. From such data joveatigators
may be guided in the selection of solubilizing agenia for use

in preparations to be stadied in humans, but it must ba

emphasized that the accoptability of a
particular solubilia-

ing agent depends alxo on other factors that determineits

suitability for the intended use. For example, surfactants
are known lo interact with some

preservatives and thoreby
decreaye preservative action, far which reason the preformu-
lator should always recommend same type of biological test:
to demonstrate that ihe actividy of the drug substance being
studied is not reduced when iHis solubiliged by

a surfactant,

Complexation phenomena sometimes can ire used to im-

part better solubility characturiaties, However, the degree
af aaseciation and the extent to which solubility can be
increased generally ja net adequate for use in pharmaceuli-
eal products, In addition, many complexing agents have

physiglogical activity. ‘The most. noteworthy example ofthe

}*
Pradnisoiona Bo oAaperen!SeiubiityofSteroid|mgsatt

 Combortiatlen at Triton Wiked Age (wyy

Fig 76-10. Tho eflect of varying concentrations of Trhton WA 1338
in water on the sotublilty of some anl-inflammatary sterelda.”
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Fig 76:17. Effect of surfactant concantvation on the solubility of
SKBF 3913444,

utility of complexation to enhande solubility is the PYP-
iodine complex, Hydrotropy somelimes can be used to en-

hance solubility, High concentrations af urea, salicylates
and xanthines have beon used succossfully

on several occa-

gione, Again, the concept ia available but the increase in

solubility normally observed is not adequate for use in phar-
niaceitical products.

Salt Parmation

Salt-forming agents often are chosen empirically by the

pharmaceutical chemiat primarily
on the basis of dhe cost of

raw
materials,

ease of vecrystalligakion and percentage yielt,
Unfortunately, there is no reliable way of predicting the
influence of a

particular salt. apecies
on Che behavior of the

parent compound in dosage forma, Furtherrere, even

when many saltof Lhe basic compound have been prepared,
there aro no effective screening tachniques which make the
s@lection process of the saltan ensier ash for the pharmacist.
The fundamental considerations which may have some in-

fluence on aalt selection are
physical and chemical stability,

hygrascopicity, flawability and solubility.
The number ofsalt. forms available to the chemistin large.

Table I lists the cations and anions present in FDA-ap-
praved commercially marketed ealis of pharmaccutical
agents." The monoprotic hydrochlorides have heen the
moat froquent choice of the available anionic salt-forming
radicals, while sodium bas been the mos predominant

cat-
ion. During preformuation evaluation it is extremely im.

portant to establish thal. the particularaalt form in question
will have properties that will result ina minimum of prob-
lems during the development af the dosage forms. Since

toxicity studies usually
are intiintod soon after a

compound
has bean dasignated for furvhor studies in man, 1 is impor-
tant that the salt, form selected haa haon piven

a oritical
evaluation to determine whether or not ita properties

are

suitable,
Since physical and chemical stability

are vital to any phar-
maceutical product, it is imperative that the proformulator
evaluate both parameters. A ayslematie determination af
the thermal stability, solution stability (at-aeveral pli's} and
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light-senaitivity of (he drug substance provides ossential ine

put toward the selection of the most suitable derivative,

Studies usualy are initiated early to identify probleme,
Samples of the salts in question usually

are
placed under

exagvoraled conditions of heal and light in the presence and
ahsence of moinbure and subsequently analyzed to deter-
mine the amountof breakdown. In many instances etabil-

idy-indicating analylecal mathoada may not he availahide, Tn

these canes It ig necessary to resort to Lhin-layor chromatog-

raphy
to establish a

quutitative assessment of stability, At

(ho anime
Lime, samples

are
placed wador highshumidity

con-

ditiona and weighed periodically
to delormine the deprae of

hyproscopicity of the compounds, Compounds that have a

tendency to adsorb ar absorh rmigiature may present faw-

ability problems during encapsulation.
Solubility characteristics also are evaluated, When a par-

tioular salt form has very good solubility (greater than 10%)
it sometimes is difficult lo prepare a suitable granulation
using an aqueous granulating fluid, espocially for high doses.
Granutations prepatad by these methods will not dry antis-

factorily or the granulation will not flew uniformly from the

hopper, resulting in a large weight variavion during the cam-

pression stage. A ertlical evaluationofLhis type with differ-
antsall forms has hoen proven quite effective m enabling the

preformutetor
ta make the selection of dhe salt form of

choice for further develapniant.

 

 PREFORMULATION Wai

Compreselbility
and Compactibility

‘Yoblete remain a
preferred dosage form, and information

obtained during preformulation studies on Lhe ability of

powdered drugs
(a be compressed and compacted

can he a

valuable aid to formulators. Comprensibitity and compacti-
bility ralade directly to tablating performance. Compress

ibitity
can be defingel as the ability

of a
powder ta dearense in

volume under pressure, while campactibility
can be defined

as the ability of a
powder

to be compressed into a tablet ofa
certain alratyth

or hardness, Hven Lhough powdered drugs
usually

are formulated with excipients to medify compres-
aion and compaction properties,

the properties of the powe
dered drug alone may be the primary determinant of its

ability to be manufactured inte a tablet. Significant dilfer-
ances In compression and campachon behaviar often can be

observed in different fols of the same drug. For example,

changes in erystallizavien
or

milling proeaduros may produce
differences in behavior.

Sompresaion and compaction most ofan are evaluated by

measuring the Lansile sirength and hardness of campacts.
Tensile strength commenly is measured by diametral com-

pression of round tablets, where the analysis of sirenygth
accounts for the dimensionsof the tablet.’ ‘Transverse com-

pression of square compacts belween platens narrower Laan
the compactis reported Lo provide more roproducthle results
ona wider variety of powdars,

Hardness can be delined as the resinianed of a solid to local

permanent deformation, Deformation hardness toate uau-

ally
are measured by slakic impression

ar
dynamic methods,

he siatie method invelves (he farmaiian af a permanent.
indentation an a solid surface by

a
gradual and regularly

incrensing stress load, Hardness is determined by the load
and size of the indentation and is expressed

ay force per unit
area. In dynamic tests, Lhe solid surfaee ia exposed to an

abrupt impact auch asa
awinging pendulum

or an indenter
allowed to fall under pravity ante the surface, Marduens
then is determined from the rebound height of the pendu-
tum or the volume of the resulting indentation,

Hieatand has daed adaptations of n
compression teskanda

hardness test to obtain mensurements Ubat are uaed to for

mutate three dimensicnleas parameters or radiant’ Phe
indices are used bo characterize the relative fableting por-
formance of individual components ar mixtures. ‘The
Strain Index isthe ratio of dynamicindentation hardiness to

reduced Young's modulus, ‘The Sonding /ndex ja the ratio
of tenaile strength

to indentation hardness. ‘The Aritte
Fracture Index ta obtained bry comparing the tensile

strengths of square compacts willl and without a hale at

their conter, "Phe indices themselves do nol measure i4rin-
gic properties of a chemical compound, bul rather the trails

that influence the tableting performance of a
specific lot of

chemical, Jt is necessney to lnow the magnitude af all Chroe
indices to predict the variety of (ahleding properties thal.
may be incurred. Such information can act as a

guide in

gelecting excipients lo avercome
problem properties of a

drug ingredient,

 

Chemical Properties

Nhe evaluation of the physical and chemical stability of a

new
drug substance is an

important
Conedion of dhe prefor.

mulation group. ‘The initial wark should be designed to

idantify those factors that may resull in an alteration of the

drug substance under aludy, The physient pharmaciatini-

tially
can

anticipate the possible type of breakdown that a

compoundwill be subjected to by examinationof the chami-
cal alvueture of the compound. For example, eaters nid

amides are sensitive to hydrolytic degradation while acri-
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danos and catecholamines are sensitive (o oxidative dogra-
dation, With this preliminary knowledge

one may more

effactivaly design studies lo identify the problems carly. At

this point the primary
concernis nol the pathway or mecha.

nismofdegradation. A stability-indicating mathod of anal-

ysia ueually is not available early in the preformulation
phase, ‘Techniques such ag thin-layer chromatography, dif-
fuse reflectance and thermal analysis

enn be used ta provide
dala to assess

preliminary stability, Sometimes, theprelim:
inary evaluation ia coraplicated by the presence of impuri-
ties. [tia essential Ghat the drug understudy be pure before

any stability tests are undertaken, The prasanes of impuri-
ties can lead Lo arroncous conclusions in the preformulation
evalualion.

Drug Substance Stability——t te extremely important to

determine the stability of the bulk chemical as
arly

a

posuible, One hardly would expectto prepnrestable dosage
forma with a charical substance that was not stable in the

pure state, Samples of the chemical are
subjocied usually to

various conditions of light, heat and moisture in the pres-
ence and absence of oxygen, ‘The chamienl is placed in
scaled vials with and without moilure and stored at various

elavated temperatures which may vary to some
degree from

laboratory to laboratory, Light-sensitivity is measured by
exposing the aurface of the compound to fight. Suntamps
are sometimes aned to exagverate light conditions, Hygro-
scopicily in evaluated by placing the chemical in open petri
dishes at ralative humidities from 30 to 100%, The samples
are monitored regularly for physical changes, moisture pick-
wp and chemical degradation.

Most drug substances are either stable atall conditions,
atable under special conditions of handling, unstable with

apecial handling
or completely unstable. Whon drug sub-

atances art found to have some stability probleme, it may be

important
to define the pathway of degradation

andinitiate

studies to atabilize the compound with appropriate addi-
tives.

At this point, it may be advisable to consider soma ofthe
more

prominent roactions accounting for instability of new

drug substances. Obviously,
some compounds will not un-

dergo any appreciable decomposition if kept dry and away
fromair ina sealed container, 1, must always be assumed
that the new

drug substance is in some kind of formulation
environment that may lead to instability problems.

Hydrolytic Degradation...Hydrolysis ia probably the

degradative process encountered mout frequently in the for-
mutation of new

drugs, Tt is aafe io assume that most new

druga will be exposed to water al somestage during procass-

ing
or

during storage: henes, hydrolysis may oceur woless the
conditions are

optimum. Hydrolysis
occurs with oalars, am

ides, salts of weak acids and atrong ages and thioesters,
among others. A fow drug compounds that undergo hydro-

lytic degradation
are

procaine, penicillin, aspirin and chlo-

rothiagide.
From a kinetic standpoint, hydrolysia reactions are aac

ond-order reactions because the rate ia proportional to the

concentration of we renclunts, However, in aqueaua salu.

tions, since wateris Upually presentin excess andat relative:

ly conmatant concentration, the reactions are treated axperi-
mentally

as monomolecular or firat-arder reactions, ‘Phis

simplification permits enlculations althe extent of decam-

position under precise experimental conditions by less-cor-

plicated means, Extrapolation of the exaggerated rates to
room temperature makes it posdible to establiah more expe-

ditiously shelf-life stability of potential
new

drug products.
Thorate of hydrolysia

can be affectert by temperature and

by hydrogen
or

hydrotyl ion concentration when the hydro-
lytic process is dependent

on
pid, Fig 75-18 shows the paeuw

do-first-order behavior as a function of pH for carbuteral in

aqueous solution at constant ionic stranghh at 86°. ‘Phe
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Fig 75-78. Effect of pH on carbuteral degradation at 85° (4
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Fig 76-19. Typical Arrhentus-typa plot depleting tha tenperature
depondoney of carhulerel hydretyela al pH 4.0 and 70.0. 
effect. of temperature is Dlustrated in Fig ‘76-19 far carbu-
terol at pH 4.0 and 1.0 respectively,” For solids, the
amount) of moisture present ja minimal. Whon considering
a

drug substance that underqaes hydrolytic degradation,
atudies are

designed ta establish the conditions of pl and
buffer concentration where minimumdecoraposition aesurs.

‘There sometimes ig a wide range of pH adjustment that a

drug substance can tolerate, For example, idoxuridine was

shawn to have maximuin stability
aver a

prt range from 2.0
106.0, Hig 75-20 shows the pl-stability profile.””

Another

druy substance, carbuterel, hydrolyzed by
an ingramolecular

process ahawed maxiniuin stability
over a wide pH range,

Evon though these compounds exhibited a wide range of pH
for optimum stability in aqueous solution, they could not he

formulated and provide products with satisfactory shelf
lives widhoul special cosolvent aysteme and/or special slor-

age conditions. Cefazolin was shown to have a narrow
pi

range for maximum stability aa indicated in Pig 75-21,"

Buffering aqueous solutions to provide
a

pH for optimum
stability canlead toatability probleme. Stability sometimes
is affected by buffer concentration; for example, carbulorol

atubility
was shown to be affected by phosphate buffer con-

contration,
Another manner in which the physical pharmacist. can

overcome an instabilily due to hydrolysis ia fo tacommend
the preparation of an insoluble salt form or lo prepare a solid
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Fig 75-20. Plot showing pit-rate profile for hydrolysis of idoxuridine
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Fig 76-21. pH-Rate profi of cofazalln degradation in: aquoque
solution at GO* (4

*
0.6). Sotld line: thaoretical profile; olreiaa:

experimental profile; squares: rates uncorrectedtor buffar aftact.

dosage form. Insoluble chlorothiagidé ia atable in neutral
aqueous suspensions, but aclutiona of the sodium salt al

relatively high pH decompose rapidly, Frequently, the re-

placement of water by
some othor aolvent, such as alechol ar

the polyhydroxy solvents, reduces the hydrolytic rate of

degradation for some ayatems, Acatylsalicylic acid auapen-
sions camtaining high concentrations of sorbitol improved
stability, Ampicillin alao was shown ta be more stable when
the concentration of alechol was increased. The formation
of molecular complexes with aromatic estera greatly reduces
the hydrolytic rate of degradation.

Ii also haa bean shown that alabilily of some
compounds

may vary depending
on whether er not dhey exist in the

micellar or nonmicellarstate, lor example, a differance in
the chemical atability of penicillin exiata in dhe micellar alate
from that in the monomeric state.

Oxidation---Onidative degradationis as
important

as
hy-

drolysis ia dhe preliminary stability evaluation of newedrug
substances. Studies should be initiated to cxtablish (he

PREFORMULATION 1447

oxidative route, then steps should be taken to determina
what additives can minimize the degradation. Oxidative

dovradation ig common with many drag compounds. Ascar-
hic acid, epinephrine, vitamin A, chlorpromazing, isoproter-
enol, morphine, redoreinol and unantaraged fata and oils are

subject to oxidative degradation, ‘The oxidation reaction

depends
on sevaral factors, including temperature, oxygen

cancentration in the Hquid, impurities present and the con-

centralion of the oxidizable component. ‘Tho temperatura
effect in sohitions is usually minimal: however, in the dry
gtete itis more

pronounced since other factors such ag mais-
ire dictaie ita stability behavior.

Initially, it is important te establish that oxidation is tak-

ng place. Solutions of the drag substance in question
are

exposad
Lo various exaggerated conditions oflight and oxy-

gen danaion in amber and flint-glass containers. Samples
are

analyzed for degradation, When it has been established
that ihe oxidative route is Lhe principal pathway for depra-
dation, appropriate additives are used ta determing what
effect they might have on the stability. Sometimes pl is

critical, since a great: number of oxidation-reduction pie-
ceases depend

on the concentration af hydrogen
or

hydrexyl
wna, Light usually aceelerates degradation, thus the alor-

age of producta in dark containers dea much to preserve

atability. Photochemical changes many Limes invelve the
formation of other reactive compounds

or free radicals
which function to propagate the decomposition, once slart-
ad. Auto-oxidation may occur in the absence oflight when

susceptible materials, such ae fala and ails,
are stored in the

presence ofair, The auto-oxidation af phenolic compounds
ia of special significance since compounds auch as

epimaph-
ring and

isoprotoronol degrade in thie manner, Meayy metal

iona, ag, cupric and ferric, accwlerate the oxidation af axear-

bic acid and the phenothiagines,  requonidy, only trace

quantities of these fons, occurring as impurities, may be
sufficient ta cauge an increased rate of decomposition. This
can hea consistent problem singe many ofthe se-called inert

ingredienta may have heavy metal contaminants.
The oxygen concentration in goludion is a factor in many

cases and often depends upon the temperature of storage or

the valvent employed. Oxygen is more soluble in water at
Jower lemperatures #0 Ghat oxygen-dependent reactions can
ROM |tMes preceaad

more
rapidly at the lower teraperatures,

Ascorbie seid ia more stable in 80% propylene glycol
or in

Syrup USP than in water, presumably because of the lower
oxygen concentration in Uhese vehicles, Oxidative dorada-
tion is. an oxtromely complox process since the overall rate is

depandent upon several tnctora, Preparations enaitive he

oxidation are sometimes stabilized by effactively removing
the oxygen and by the addition of suitable additives, Nitro-
gan flushing has been used successfully for this purpose. A

wide variety of reducing agents and campounds Lo sequester
metals and inhibit, chain reactionk has been employed for

stabilization, but relatively few are
accaplalile for parenteral

products, Often,it ia necessary to combine ingredients and

adjust pH to maximize stability. Detailed kinetic atudien
have been reported for the oxidative decomposition of pred-
niaclone.

‘The physical pharmacist has a difficult task with oxida-
Live degradation. Initially, experiments must be designed
that will oncampass many varlables, Preparing saraplos at

severs] concentrations containing antioxidanta pun suqued-

tering agents atiseveral pH levels and placing themin flint or

amber containers with and without aitrazon is a common

procedure. ‘Tha subsequent evaluation of those limited data
is critical, Light-sensitivity alidios with several formulae
tiong of prochlorpernzine resulted in the selection ofa stable
formula. In a

stady with idoxuridine it was shown that

placing the aqueous solution in an amber container was
sufficient to protect the product framoxidative degradation,
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Drug Substance-Tixcipiont Intoraction«-Drag sult

stance-excipiont studies are
dexigned to determinealist of

excipionta that can be uned routinely in the final dosage
forms. Lactose, sucrose, calcium sulfate, dicnleium phos-

phate, atarch and magnesium stearate are some of Lhe saub-
stances routinely estedin combinalions. Some basic olaer-
vations with the dug aubydance and/or its salt form aome-

times can dietade what oxcipionts
can be used. Por example,

one would nob consider using sucrose or lactose if the drug
aubatance being considered ia a

primary amine. This gy8-
tem haa the potential for interaction to forma cotored com-

pound readily detected by
a color change.

Various means have been used for detecting potential
interactions and incompatibilities. Diffuse reflectance

techniques have haan used to detectinteractions, "This has

been dane by camparitg the spectra obtained initially with

thoae obtained after storage at exaggerated conditions. A

shift in absorption has been interpreted
ay an interaction,

Thin-layer chromatography alao has heen used, When ex-

cipients are presentitin usally advisable to set a mixture of

the excipients at the same conditions as the exciplent-drug
raixtures. ‘This will give

a comparison of the chromato-

grame of hoth systema. Lf any new degradation products
are

present, the source may becotermined more
eusily.

Mixtures containingat leaat two levels of drug concentra.

ion with excipients are sealed in vials containing 5%water.

"hose viale are shored under exaggerated conditions af light
apd heat far various thne periods. ‘The resultant samples
are observed physically and analyzed by

an appropriate
technique lo get

a
qualitative delermination. At this point.

in the stability evalaation, which js a
preliminary screening

process, if if Hot necessary Lo know exactly how much has

deyraded, {tis an all-or-noneeffect. The search is for the

excipients that have no effect on the stability of the active

ingredient.
Whan solution interactions are

boing investigated and na

incompatibilitica
are evident, it is wise to recommendan in

nive experiment to evaluate availability. On occasion, inter-

action may occur in solution that is not detectable with
routine procedures, For example, clindamycin

was foundto

interact with cyclamates, which interfere with the absorp:
tion of the drug.

Other Changes—Optically active substances may lose
their optical activity; og, through racemization. EHthe entio-

morphic compounds possess different degrees of physiologic
action, such changes may result in reduced therapeutic of-
feels, Jipinephrine has been shown to undergo racomization

under various acidic and basic condilions, Although the

potential for this to become evident during
a preformulation

evaluation is rare, one should always he aware ofthis possi-
bility. Polymerization is also a remota possibility. Darken-

ing of glucose solutionis attributed to polymerization of the

breakdown product, $-(hydraxyimoethy) furfural,  Isomer-

ization, which js the praceda involving the change of one

structure inte another haying the same empirical formula
hut with different propartios in one or more respects, also
can occurs again, the occurrence is rare. Deamination and

decarboxylation
aan occur sometimes. ‘This type of change

would be detected easily sineo the resultant degradation
products would huive completely different properties,

Permeability

A preformulation evaluation should include studies ta as-

gage the passage of drug molecules across
biological

mem-

branos. These membranes ael as
lipid barriers to most

drugs and permit the absorption of lipid-aoluble substances

by passive diffusion. Lipid-insoluble substances can crosa

the barrier only with considerable difficulty, The pll-parts-

tien Gheory explaina the interrelatienship of the dissociation

constant, lipid solubility, pH at the abserption site and the

absorption characteristics of druye actosa membranes, The

theory has evolved follwing
a sariea of inveatigations in

laboratery animals and man andis the basia of much of the
current understanding of absorption of druge.

Dota obtained from taaie physteal-chemical studies de-
seribed earlier may give the preformulation seiantial an indi-
cation of posaibla absorption difficulties, Mxperimental

fechniquesa
are available thal can be used ta give

a more

accurale assessment of absorption problems, An tn. vitro

ayatom (hat, has been used extensively consists of an aqueous/
organic solvent/aqueous system which has the advantage of

being simple, allows for accurate pH control, membrane

(hicknoass and other variables, bt can be described mathe-

matically in precise torma, However, tha interpretation and

correlation of data are limited when applied to biologic sys-
{aiyia.

Anotherin pitro procedure, the everted aac
technique,isa

xituple ancl reprocucible method for detarmining the ab-

sorption characteristics of drugs. Tsolated s¢gmonts of rat

small intestines are everted and filled with a aolution of the

drug being evaluated, and the pausage of drug through the

membrane ts determined, This technique has been used to
measure the permeabiltly of a number of drug substances,

'*

Tt also can evaluate both passive and active transport of

drugs. The fact thal the preparation has been removed
from ihe animal and fs normal blood supply is a diatinet

disadvantage,
The in situ technique developed by Daluisio, et af,'for

the study of membrane permeability appears ta overcorie

the disadvantages of the evarted ane
technique. Since the

intestine is not. removed from its blood supply, the results
would be expected do ba similar te thage obtained in intact
animals, A disadvantage of the technique ia that tha pracea-
dure does nol, account for the loss offluid from the solution

by absarption in he intestine, Nonalbsorbable markers,
guch a&

phanol red,
can be addedto the drug solution to solve

this problem,
‘The techniques described can

give Uhe preformulation sci

antist an indication of possible absorption probleme
ar aug-

woat that litule or no
difficulty will be observed in the passage

of a particular drag product through the biological
mem-

branes. This information, along with eventual studies in
man, server io establish possible to uiteo/in vivo correlation
for digsolution and bioavailability, These data are

impor-
tant. in establishing quality-control specifications for the

products which will ensure consistent bialogical perform-
ance fram subsequentlots,

Proteins and Peptides

Prateing and peptides produced by the commercializalion
of bietechnology ave

presenting proformulation scientista
with new

challenges. In genoral, protein and peptide drugs
are more

expensive Lo produce,
more potent and more diffi.

cult to analyze than nonprotein and nonpeptide drugs.
They frequently

are formulated aa
parentorals inatead of

oral desaye forma because they
are unable to be absorbed

from the GI tract, unstable in GI fhaids or
subject

to rapid
firat-pase metaboliom. Degradation of proteins and pep-
tides occurs notonly by covalent bond reaction but also by
denaturation. ‘The prediction of sholl-lifo by the Arrhenius

equation is usually not applicable.
Dozradation by reaction of the covalent bond can bechar-

acterized by the following major reactions: hydrolysis,
tranapeptlidation, racemization, oxidation, diketopiperazina
formation, disulfide eaxchange and photadecomposition.
Hydrolysis can occur at the peplide linkage (It-NH-CO-R),
but it ia more stable than the exter linkage (R-O-CO-R)
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unless cleavage ix assisted by
a

neighboring group. Teneo,

peplides stich ag
oxytocin and captopril

are alalde encugh
for liquid parenteral formulations. ‘Transpeptidation

oc
curs when amino acid rosidues cyelize back onta the peptide
chain and the eyelic intermediate undergoes hydrolysis.
Racemization can oceur in acidie ov alkaline medium,

andif

proline
or

glycine ggeur in the N-terminal position, dikketapi:
pexozine formationis facilitated. Cysteine, methionine and

tryptophan
are

guacoplible
to oxidation, and sines disulfide

exchange is concentration-dependent, oligomers are formed

froquently
ag a result of the creation of disulfide bands

between peptide chaing, Photodecomposition af irypto-

phan residues may lead to discoloration and pholaprodtcts
of incrensed molecular weiyht.

Duwradation via denaturation occurs when dhe gonfoarmn-

tional structureof a
proteln of peptide ix allaved, Potential

factors that, can denature a molecule include fanic strength,
surface-aciive agents or

processing cundivions that subject
the molecule lo shear or

adsorption, Identification of thd

preferred conformation, and mechnnisns by which it can be

altered, ia cridiea) in formulating he molecule as a atable

drug. Hydrogen bonds act to stabilive conformational
structure apd tha presence of water promotes bydragen

bonding. Hence, agents Unat disrupt the water-proteiy ine
teraction such as salts and molecules with ionic side chains
can promote comformational metability,

Several methods can be used to study denaturation af

proteing, ‘These include thermal analysis, determination of
critical micelle concentration, detemmination of cloud-point,
light sealtering and fluorescence apeclromelry. ‘Thermal

analysia with a scanning microcalorimetaeris used Lo mensure

energies of transition in solution and is useful for determine

ing theeffect of glabilizing excipients
an

proteins in solution.
Mensurementof the erilien] micelle cancentantion alsa cnn

be used ag a tool to atudy the ability of an excipient to

stabilize or
disrupt the hydrophobic interactions which pro-

mote micellerization. CGloud-point measurements (the tom-

perature, when cooled, at which a solutien becomes cloudy)
also have been suytesied

ng a tool toa study the effects of
solvents or

excipianiis
on denaturation, Thuaresgence spoc-

trometry can be aed to measure thermal denaturation by
using

a fluorescent probe whose fluorescence increases whon
a

protein is danatured.
,

Proteins and peptides
can be stabilized in inany ways,

usually employing empirical, rather than theoretical, proot-
dures. For parenteral formulations, excipients are vdded to

enhance stability, Serum albumin, itgelf a relatively stable

protein, is used commonly
as a stabilizer for peptides md

proteing, it may inhibit aurface adsorption and act as a

eryoprotectant during lyaphilization, Amino acids, such as

ghitamic
or

aspartic acid, may chelate metals auch as
vine,

which may cause
ageregation, bowever, metal ions, such as

caleium,
are cugential to thestability of certain amylases and

proteases, Phospholipids and fatly acids also are
patential

atabilizers. Elven though surfactants have a
high denaturityy

effect, they alao may mMhibit the effects of other denaturants.

Proteing,
as

opposed
ta nonprotein druga, may find a di-

luda aqueous medium unfavorable, ‘Therefore,
one ahoule

altempt to create an environment similar to the natural
habitat ofthe apecific protein, ‘This environment would be

rieh in proteins and carbohydrates, law bs oxygen and have a

high degree of immobilized water. However,
ag methadulo-

gies for studying denaturation aml degradation become
more defined, the number of excipients needed to stabilize a

fommulation can be limited selectively.

 

 

 
 

Formulation Ingredients

Although preliminary screening of commonly usect excl pi-
ents with new-drug subslancey has become routinein prala-
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mulation stadlies, Chere are oeenaiangs whan problems arise
beennee of the interachion with addilives such as preserve:
tives, slalilivers, dyes ahd, possibly, favers. A ciscusiion af
geome probleme that have risen js in arder ta make formula
Lore aware that they should be concerted alagut the potential
for intevaction whenever another ingredient is added to a

formulation.
Prakorviilives-jaach Gime n

liquid
ar semisolid pharma-

ceulion dosage form js prepared,
it ia necessary to includea

preservaldva in the formulation. Such preservatives as soci-
wor benzoate, sorbie acid and the methyl and propyl esters af

p-hydrexybensoie acid (parabens) have been used in there

ayatems for many yenra, ‘here have been reports hat the

parabens bave been inactivated when used in the presence of
various surface-active agents and vepetahle gums. "This Joss
of activity might be die to the formation of complexes be-
tween the proservative and the surfactant. A dialysis tech-

nique has been used la demonatrate an intersection between

polysorbate 80 and the parabens. ‘Chis observation be-
comes critienl if the level of preservative added is borderline
with ragpect to Che preservalive-aclivity threstiald, ‘The
tlestred preservative effect may nol be achieved unless an
excess of the preservative is added Lo componsate for that
which ia camplexed, Tl also bas been shown Uhat molecular

complexes farm when the parabens
are mixed with patyetdh-

ylene glycol, methyleellulose, polyvinylpyrtolidone
ar

gela-
tin, The degree of binding

was lexs (han that abserved with

polysorbate
80. Sorbie acid alag iMeracts wilh polysorbates

hak dows nok internet with polyethylene plycola. ‘Phe qua-

ternary ammoniacompounds alas are hound ly polysor-
hate 80 ta redaeo their preservative activity. Bonayl aleahol
weo was shown Lo be adsorbed dry cerlain types of mhber

gtoppera, Subsequent work has shown (hat butyl rubber

does net inferset with benzyl) aleohel.

Antloxidanis--luring the prefarmulation evaluation of

compoutds that are sensitive to oxidation often it is com-

monplaceto teat several levels of antioxidant concentrations
added (o aqueous ayaterms in order Lo delormingtherelative
affectivences of the antioxidants, Sodium hbisulfita and

ascorbic aad are two aniaxidamia Ghat are used widely in

piarmacention! ayatoma, Sodium bisulfite yields
a colorless

water-soluble salt when it ig oxiklived. It will add to double

hands, react, with aldehydea and certain ketones andl con

tributes in bisulfite cleavage reactions. Many of the reac

tiona with bisulfite are irreversible, and the resulting
sulfonic acids fracuenty

are
bielggigally inactive. Epineph-

ting haa bean shown to interach with bisulfite to form a

bisulfite addition product. Other syinpathomimedic drugs,
piingipally the urifes or

perashydroxybonay! alcohol derive

atives, also react with bisulfite in a similar manner, The

mete-hydroxy aleobol does not react. Sometimes these in-
Leractions are reversible asin the ease with the adrenovurth:
costeroid molecules.

Ascorbic acid,
on the other hand, is lean reactive. Hawev-

ev, when mixed with compounds having a
primary maine

nucle, there is the tandency Cor interaction to farma
high-

ly colored Schiff base. One must be aware ofthis possibility
whensalegling

a suitable antioxidant,

Buspending Ageia Qoaisianally,
it will ae necessary ba

consider the usa of a
suapending agent Lo prepare sone

preliminary suapension prepara bians for stability evaluation

prior to starting toxicity testing, ‘The physical pharmacist
ahould be aware of the potontial for these additives to react

wilh the drug substance being evaluated. Anionic water-

agluble compounds, auch as sodium carhoxymebhyleeliulose,
niginic acid, carrageenin and other hydrocotleids, although

renerally considered inort, frequently interact with drag
compounds in salutien. Carboxymethyleelulose sad carta.

veenin form complexes,
or

possibly salts, with many medici-
nal agenta including procaine, chlorpramasine, benadryl,
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quining, chlorpheniraming, neamyein and kanamyei. in
game inglLances the formation of the complex impurted bet-
er stability to the system. Whenthis problemis stspected,
itis irporlant ta conduct appropriatetesty Co insure that an

intaraction docs not take place in the system being evaluat.
ad.

Dyes-—Althaugh prelormulation
tests usually

are con

ducked long before any consideration of coloring Ute inLend-

ed downge forms, Lhey should not be overlooked. Dyes
are

chemical in nature and contain ronctive sites capable of

causing incompatibilities, Several studies have demon-
atrated that certified dyes da react with drug substances.

Suara, such aa dextrose, laclose and aucrose, were found 40

increase the rate of fading of FD&C Blue #2. Insoluble

complexes aleo were formed when quaternary ammonivin

compounds
were formulated with FD&C Blue #1.

 

Summary

The praformulation evaluation of new-drug substances
has become an

integral part of the development process. A

thorough understanding of the physical chemical propertien
of the new-druy substance under study provides the devel-

opment pharmacial with data that are essentialin designing
stable and efficacious dosage forms, Many of the probleme
discussed and the solutions offered in this chapter resulted
from applicalian of scientific (raining af present-day phar-
maceutical scientista, ‘Theatr diverse skills, creative apti-
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tudes aud initiative provide the pharmaceutical industry
with (he essential ingredients

to develop drug producta that

help maintain the health-care process at its highestlevel of

excellence,
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Bioavailability and Bicequivalency

Testing   

Anthony & DiSanto, PhD
Vice President, Drug Bellvery Research and Develoament
The Upjohn Company
Kalamazoo, Ml 49004

Pharmacyis
a

profession that requires the use of anumber

of scientific disciplines
as well as the individualprofessional

experience of its practitioners. Compounding of medica-

tions has become a smali part of the pharmacist’s practice,
now

replacedlargely by his major rote and responsibility for

safeguarding drug-product quality through proper selection
of multisource drug products. One need not become em-

broiled in the controversy of brand-name vs
generic prod-

ucts, for this is not the issue. The problemis one of dis-
criminate selection of a

drug product available from ditfer-
ent manufacturers-—often of substitution of one

product for

another, whetherit involves a
brand-to-peneric, generic-to-

brand or
generic-to-generic change.

For the pharmacist to accept such responsibility, he must

he reasonably knowledgeable in biopharmaceutics, with par-
ticular emphasis

on
drug bioavailability and bioequivalence.

Variable clinical response to the same dosage form of a
drug

product supplied by two or more drug manufacturers is well-

recognized. In this chapter only bioavailability problems
will be discussed. Chemical equivalence, lot-to-lot unifor-

mity of physicochemical characteristics and stability equiv-
alence are but a few of the other factors that are

important,
as

they too canaffect a
patient's ultimateclinical responseta

a
drug.
One must. not be Jed to a

feeling of overconfidence in the

simplicity of product selection solely because the FDA pro-

mulgated bioavailability regulations. Kven for the limited
numberof multisource drug products that require sometype
of bioequivalence tesling, it should be recognized that the

testing is only
on one lot of the product, Similarly, where

only in vitre assessmentis required, data providedare limit-

ed to one to three lots. There is a
misconception that once a

product is marketed that the FDA continues to lest eachJot.

This is not the case as very few drug products
are followed up

at the DA laboratories. The question of continued assur-

ance of bioequivalence and chemical equivalence must,

therefore, be posed by the pharmacist. This is where the

challenge lies, and the pharmacist has to call on both his
technical training and experience

to make appropriate drug-

product selection decisions,

Bioavavlability

In any discussion of bioavailability and bicequivalency
testing,it is perhaps bestto start with the basic concepts and
factors that can affect the bioavailability of a

drug and con-

sider how these can affect. bioequivalency and the clinical
outcomeof drug treatment. At the outset, the terms used in
this chapter require careful definition since,

as in any area,
some terms have been used in many different contexts by
different authors.

Bioavailability is an absolute term that indicates men-

surement of both the true rate and total amount (extent) of

drug that reaches the general circulation from an adminis-
tered dosage form.

 aa

eeneaeemenaneninel

Equivalence is more a relative term that compares one

drug product with another or with a set. of establishedstan-
dards. Equivalence may be defined in several ways:

i, Chemical equivalence indicates thal two ar more dosage forms
contain the labeled quantities (plus or minus specified range Hrnits) of
the drag,

2 Clinical equivalence
occurs when the same drug romfavo or mare

dosage forms gives identical in vive effects as measured by a pharmaco-
logical response or by control of a symptomor disease.

3, Therapeutic equivalence implies Ukat. one struchurally different
chemical ean yield the same clinical result as another chemical.

4. Bloequivalence indicates that a drugin two or moresimilar dosage
forms reaches the general circulation at. the aame relative rate and the
same relative extent,ie, that the plasma {bloodor serum) level profiles of
the drug obtainedusing the two dosage forms are, within reason,“super-
imposable.”

Dosage Forms—Inthe dose titration of any patient the

objective is, in conceptual terms, to attain and maintain a

blood level which exceeds the minimumeffective level re-

quiredfor response, but. which does not exceed the minimam

toxic (side-effect) level, This is shown graphicallyin Fig 76-

1. There ave three major absorptionfactors which can affect

the general shape of this blood-level curve and thus drug
response.

1. ‘The dose ofthe drug administered,ie, the bigodlevels will rise and
fall in proportionte the dose administered, .

% ‘Phe same as the firat but brought about by a different process,1s
the amount. of drug absorbed from a

given dosage form. ‘Theeffect. of

having only one-half of the drug absorbed[rom a dosage formis equiva-
Jent to lowering the dose (ip 76-2).

8. ‘The rate of absorption of the drug. if absorption fromthe dosage
formis more rapid thanthe rate of absorption whichgave the profile in

Vig 76-1, loxic (side-effect) levels can be exceeded. If absorption from
the dosage formis sufficiently slow, minimun effective levels may never

be attained (ig 76-3).
A combinationofthese last. lave faclorsis also possible (Fig 76-4) and is

probably the most likely result. in real life.

In any of these instances, the time course and extent of

clinical response to the drug has been altered.

Mingmurm toxic level

.Minimum
effective ieveloe,

Plasmaconcentration
 
 

Time

Fig 76-1. Typical plasma-level curve of a drug with effective and

toxic {side-effect} levels defined,
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Fig 76-2. Effect of the extent of drug absorption from a dosage form
on drug-piasma levels and efficacy. The extent of absorption from

Dosage Form & is 50% of that from Dosage Form A,

Minimum toxic ievel

Plasmaconcentration i
=

3Cca 2o2= oC a =a

 Time

Fig76-3. Effectof the rate of drug absorption from a dosage form on

the plasma-level profila and efficacy. The rates of absorption from

Dosage Forms @and C are
Yoand 40 times those from Dosage Farm

A.

  
aé3
c
e

5a

g2

Faa
Tey t ———F at es

2 4 6
Time (arbitrary units)

Fig 76-4. Computer simulation of the plasma-ievel curves for two
dosage forms of the same drug assuming that the rate and extent of

drug absorption for Dosage Form A were 50% and 50%, respective-
ly, of those for Dosage Form &.

Both factors, extent and rate of drug absorption, can be
affected by the dosage form in which the drug is contained.
The effect may be intentional, as in sustained-release medi-

cation, or unintentional, as
brought about by

a
change in the

composition and/or method of manufacture of the dosage
form.

It is important to rememberthat in most dosage forms the

only ingredient regulated by law is the active drug. The
choice of the other materials (adjuvants) used to prepare a

satisfactory dosage form is up to the individual manufactur-
er. It is through these changes, in composition and manu-

facturing technique, that unintended changes in bioavail-

TrearproqatienDisntegratien— te
Saulid dosage form Granules Smail particles

wf a
eu dre

ul
Disgalation Dissolution Diasohition

f
ileug

Drug in salution

|

Drug pbsorplion

Drug in blood

Fig 76-5. Sequence of events involved In the dissolution and ab-

sorption of a drug from a solid oral dosage form.

ability and bicequivalency may occur. A description of the
formulation of dosage forms and the factors which must be
considered by the formulating pharmacist is given in Chap-
ter 75.

Dissolution Rate—For a
drug to be absorbed, it must

first go into solution. In Fig 76-5, the steps in the dissolu-
tion and absorption of a tablet or

capsule dosage form are

outlined. Similar profiles could be developed for any solid
or semisolid dosage form, ie, cral suspensions, parenteral
suspensions

or
suppositories, The theory and mechanics of

drug-diasolution rate are described in detail in Chapter31.
Suffice it to say that the physical characteristics of the drug
and the composition of the tablet (dosage form} can have an

effect on the rates of disintegration, deaggregation and dis-
solution of the drug. As such, these

can affect the rate of

absorption and resultant blood levels of the drug.
Properties of the Drug—Thephysical characteristics of

the drug which can alter bioavailability
are discussed in

Chapters 35 and 75 and consist. of: the polymorphiccrystal
form, choice of the salt form, particle size, use of the hydrat-
ed or

anhydrous form, wettability and solubility of the drug.

Chapter 75 also discusses several other properties which can

affect drug-product quality adversely. Many of these fac-
tors should be discovered during the chemicaltesting of the

drug product priorto the sale of the dosage form and should

not, therefore, affect, unknowingly, the bioavailability of the

drug product.
Properties of the Dosage Form—The various compo-

nents of the solid or semisolid dosage form, other than the

active ingredient,
are discussed in Chapter 89, Only

an

overview, for tablet dosage forms, will he given here. In

addition to the active ingredient,
a tablet product usually

will contain:
Binders are used to provide

a free-flowing powder from the mix of
tablet ingredients

so that the material will flow whenused on a tablet
machine. The binder also provides

a cohesiveness to the
tablet. Toolittle binder will give flow problems and tablets which do not maintain

their integrity; {00 mueh may affect adversely the release (dissolution
tate) of the drug from the tablet.

Fibers are used to give the powder bulk so that an acceptable-size
tablet is produced. Most commercialtablets weigh from 100 to 506 mg
so it is obvious that for many potent drugs thefiller comprises

a large
portionof the tablet. ‘The binding of drug lo the filler may occur and
affect bioavailability.

Disintogrants are used to cause the tablets to disiniegrate when

exposed to an agueous environment. Too much will produce tablets
which may disintegrate is the bottle due to atmospheric moisture; tao

little may be insufficient for disintegration to occur and may thus alter
the rate and extentof release of the drug from the dosage form.

Lubricants are used to enhance the flow of the powder to the tablet
machine and to preventsticking of the tablet in the die of the tablet.
machineafter the tablet is compressed. Lubricants are usually hydro-
phobic materials such as stearic acid, inagnesiun

or caicium stearate.
‘Too Hétle lubricant will not permit satisfactory tablets to be made; too

much may produce
a tablet with a water-impervious hydrophabie

coat,
which ean inhibit the disintegration of the tablet and dissolution of the
drug.

.

The integrity of the manufactureris nol a true physical ingredient
of the tablet, but it can have aneffect on the clinical performance of the

dosage form. Many of the problems whicharise here are related to, and
detectable hy, the physical and chemical quality controls the

manufac:turer applies to his product (see Chapter 82). For
example, with tow:

dose potent drags the determination thatoll the active ingredient
is

present, on the average, in the dosage form must be complemented by
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the determination that ¢ach tablet contains the specified dose. It is

quite possible with potent drugs that. the assay of combined tablets (1.0 te
20) may be within compendialimits while the drug contents ofindivid-
ual tablets may far exceed these limits in both pesitive and negative
directions. Suehvariations in dose, and thus bioavailability, are detect-
able and controllable by a chemical assay of the tablets. However, these
assays and other determinations may not always be done by manufackar-
ers With low integrity. ‘Chis defect may be owt of ignorance of the law or
intentional disregard for it. The existence of laws and federal reguia-
tions does not. mean that everyone, al any given point in time, is comply-
ing wilh such lows and regulations.

Bicequivalency Festing

The awareness of the potential for clinical differences
between otherwise chemically equivalent drug products has
been brought about by

a
multiplicity of factors which in-

clude, among others, better methods for clinical efficacy
evaluation, development of techniques

to measure micro-

gram or nanogram quantities of drugs in biological fluids,
improvements in the technology of dosage-form formulation
and physical testing,

awareness of a
significant number of

reported clinical inequivalencies in the literature, increased
casts of classical clinical evaluation, the objective, quantita-
tive nature of bioavailability tests and the increase in the
numberof chemically equivalent products

on the market

due to patent expirations
on the wonder drugs of the 1950s

and 1960s.
‘The increase in the numberof similar products from mul-

tiple
sources

frequently has placed people involved in the

delivery of health care in the position of having to select one

from among several apparently equivalent products. As
with any decision, the more

pertinent the data available, the
more comfortable one is in arriving at the final decision.
The need to make these choices, in light of the potential for
in vive inequivalency among products, has increased the
demand for quantitative data en the clinical equivalence of
similar drug products. Bioequivalency testing represents
one alternative solution to clinical testing for efficacy.

Requirements for bicequivaleney data on
drug products

should not be applied indiscriminately. For example, with

single-supplier drugs, for which clinical efficacy has been

established, bioequivalency testing is moot. However, bio-

availability data on three lots would be an excellent measure

of reproduceable bioavailahility. ‘This assures the quality
of

the innovator and should serve as a
guide for permissable

variability in the multiscore product. In this context. the
raison d’etrefor bioequivalencytesting should notbe forgot-
ten, ie, it has been developed to substitute for the clinical
evaluation of drug products. Bioequivalency data cannot be

required if bioanalytical methodology is not available.

However, in a number of cases
pharmacodynamic data may

provide
a more

sensitive, objective evaluation of a
product’s

clinical equivalency than will clinical testing.
Phannacokinetic evaluation of bioavailability data is not

necessary to show bioequivalence of two drug products.
Pharmacokinetics has its major utility in the prediction

or

projection of dosage regimens and/or in providing
a better

understanding of observed drug reactions or interactions
whichresult from the accumulation of drug in some

specific
site, tissue or

“compartment” of the body. The basis of all
statements that two drug products

are
bioequivalent

must
be that the responses observed (blood,

serum or plasma
level, urinary excretion or

pharmacologic response) for one

drug product essentially
are

superimposable
on the respons-

es observed for the second drug product.
The phrase “essentially

are
superimposable”

must be con-

sistent with the clinical realities of the situation, The easy,
but relatively rare, decisions in the evaluation of the bio-

equivalence of two drug products
are those where the two

products
are

exactly superimposable (definitely bioequiva-
lent} and those where the two products differ in their bio-
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equivalency parameters by 50% or more
(definitely bio-

inequivalent), The demonstration of absolute differences
of 10%or less in the bioavailability of two

dosage formsis an

assignment which frequently is not possible with today’s
analytical tools and clinical facilities, In the area of 10 to
20% or even 30% differences between two

dosage forms in

bioequivalency parameters, clinical judgment must be ap-

plied to evaluate the significance of these differences. ‘The
effect of a

possible 10 to 30%change in dose onthe patient's
response must be considered carefully before one decides
that an apparent or

possible 20% difference in bioavailabil-

ity is acceptable
or

unaceeptable. It should be noted that
the usual bioavailability difference allowed by the FDA is
+20%. There is no absolute reason

why this value was

picked.
Even with dosage forms whose bioavailabilities have been

established (within 10 to 20%), there is a
potential for unde-

sirable, unexpected clinical response when changing the
medication for a well-stabilized patient from one

drug sup-
plier to another,

It is important to realize that a 10 to 20% bioavailability
difference observed in normal, healthy volunteers cannotbe
any less in a

patient where factors affecting drug absorption
already may be compromised. ‘These relatively small bio-

availability differences observed in healthy volunteers could
be doubled or

tripled depending
on the disease, the state of

the disease, the age of the patient, whether the patientis

bedridden, has achlorhydria, has hypermotility
or

hypomo-
bility, ete. Variables associated with the patient in generalare unreconciable andtheir individual cumulative effect on

bioavailability is unknown. When one
compounds this pa-

tient variability with a
drug product that is less than opti-

mally absorbed, the outcome cannot be predicted. The pa-
tient for whom the drugis prescribedis the critical factor not
to be overlooked in product selection.

Evaluation of Bioequivalency Data

The following sections will highlighi.someofthe tests that.
should be considered when evaluating the data from bio-

equivalency studies. The topics discussed will be directed

specifically toward bload- or
plasma-leve] evaluations.

With minor modifications, the approaches outlined can be

used for urinary excretion measurements or for suitable,

quantitative pharmacological response measurements.

General Study Design—Bioavailability studies usually
are conducted in normal, healthy adults under standardized
conditions. Usually, single doses of the test and reference

product will be evaluated. However, in selected cases, mul-

tiple-dose regimens must be used, eg, acid-labile drugs. ‘The

goal of the studies is to evaluate the performance of the

dosage forms under standardized conditions. The assump-
tion that any change in conditions or

subject health will
affect both dosage formsin a similar fashionis not valid and

separate tests should be performed.
The protocol should define the acceptable age and weight

range for the subjects
to be used. It should define the

clinical parameters which will be used to characterize 4 nor-

mal, healthy adult; eg, physical examination observations,
clinical chemistry and hematological evaluations. The sub-

jects should have been drug-free for at least 2 weeks priorte

testing to eliminate possible drug-induced influences on liv-
er enzyme systems. Normally, the subjects will fast over-

night prior
to dosing and will not eat until a standard mealis

provided 2 to 4 hr posidosing. The dosage forms should be

given to subjects in a randomized manner, using
a suitable

crossover design,
so that possible daily variations are distrib-

uted equally betweenall dosage forins tested. The protocol
should define sampie-collection times and techniques Lo col-
lect the biological fluid. The methodof storage of the sam-

ples also should be defined.
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Bioavailability Assesament and Data Evaluation—

Several parameters
are used to provide

a
general evaluation

of the overall rate and extent of absorption of a
drug. An

analysis of ali characteristics is required before one can im-

plicate any one factor or parameter
as

indicating bioequiva-
lence or a lack of bioequivalence.

The blood (or serum or
plasma} concentration-time curve

is the focal point of bioavailability assessment and is ob-
tained whenserial blood samples taken after drug adminis-
tration are

analyzed for drug concentration. The concen-

trations are
plotted

on
graph paper on the ordinate (or y)

axis and the times after drug administration that the sam-

ples
were obtained on the abscissa (or x} axis.

A drug product is administeredorally at Lime zero, and the
blood drug concentrationot this time clearly should bezero.

As the product passes through the gastrointestinal system

(stomach, intestine} it must go through the sequence of
events depicted in Fig 76-5. As the drug is absorbed, in-

creasing concentrations of the drug
are observed in succes-

sive samples until the maximum concentration is achieved.
This point of maximum concentration is called the peak of
the concentration-time curve. Ifa simple one-compartment
model describes the pharmacokinetics of the drug tested, the

peak concentration represents approximately the point in

time when absorption and elimination of the drug have

equalized.
‘The section of the curve to the left of the peak represents

the absorption phase (usually absorption and distribution),
during whichthe rate of absorption exceedsthe rate of elimi-
nation. The section of the curve to the right of the peakis
called the elimination phase, during whichthe rate of eliri-
nation exceeds the rate of absorption. It should be under-
stood that elimination begins

as soon as the drug appears in

the blood stream and continues until all of the drug has been
eliminated. Eliminationis classically the log-linear portion
of the curve.

Absorption continues too for some
period of

time into the elimination phase.
One must recognize Uat elimination of the drug includes

all processes of elimination, urinary excretion as well as

metabolism,of the drug by various tissues and organs. ‘The

“efficiency” of metabolism and urinary excretion will deter-
mine the shape of the cHmination phase of the curve.

Bioavailability studies are
performed in healthy, adult

volunteers underrigid conditions of fasting and activity be-
cause the objectiveis

to obtain quantitative information on
the influence of pharmaceutical formulation variables on the

drug-product’s absorption. Drug blood-levei profiles,
therefore, allow quantificationof the rate and extent of drug
absorption and are critical in establishing the effictency of
the drug product in delivering the drug to the systemic
cireulation.

Arguments that bioavailability testing should be done in a

40.0

th
E~ a

Fig 76-6. Average cumulative amounts of
£nitrofurantoin excreted from three lots of two = 200

commercially available products after a single §oral dose of 100 mg of nitrofurantoin. %
&

=
19.0

30.0

/

odoe

“disease-state population”
are not tenable if the object of

the study is to assess drug formulations. If,
on the other

hand, the purpose is to determinethe effect of “disease” on

the efficiency of absorption from the drug product(s}, then
one must use the disease-state population, The reasoning is
obvious. In order to assure that any differences observed in

the drug blood-level profiles
are attributable to formulation

factors,
one must hold all other variables constant,ie, food,

activity, state of disease, etc.
One need not be limited to drug blood-levelprofiles, but in

a sinilar manner many obtain cumulative urinary drug
amount-timeprofiles. Drug concentration is determined in

the urine at specified time intervals and the amount excret-

ed per interval determined by multiplying the concentration

by the volume of urine obtained in that interval. The
amountsper interval then are cumulated and ultimately the

maximum amount excreted in the urine is obtained. This
value is analogous to the area under the blood concentration-
time curve. A typical cumulative urinary drug amount-time

profile for several nitrofurantoin products is presented in

Fig 76-6.
Tn assessing the bioequivalency of drug products

one must

quantitate the rate and extent of absorption. The factors of

the rate and extent of absorption
can be determined by

evaluating three parametersof a blood level concentration-
time profile. Three parameters describing

a blood level
curve are considered important in evaluating the bioequiva-
lency of two or more formulations of the same

drug; these are

the peak height concentration, the time of the peak
concen-

tration and the area under the blood (serum or plasma)
concentration-fime curve.

Peak Height Concentration—The height of the peak of

the blood level-time curve obviously represents the highest
drug concentration achieved after oral administration. Itis

reported
as an amount per volume measurement, eg, micro-

grams/mL
or units/mL or

grams/100 mL, ete, The impor-
tance of this parameteris illustrated in Fig 76-7 where the
blood .concentration-time

curves of two different formula-
tions of a

drug
are

represented. A line has been drawn
across the curve at 4

wg/mL. Suppose the drugis
an

analge-
sic and 4 yg/ml, ia the minimum effective concentration

(MEC) of the drug in blood. If, then, the blood concentra-

dion curves in Fig 76-7 represent the blood levels cbtained
after administration of equal doses of two formulations of
the drug and it is known that analgesia would not be pro-
duced unless the minimum effective concentration was

achieved or exceeded, it becomes clear that Formulation A

should producepainrelief while Formulation B,
even though

jt seemed well-absorbed, would not produce the desired

pharmacological
effect and would be ineffective in produc-

ing analgesia.
On the other hand, if the two curves represent blood con-
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Fig 76-7, Blood concentration-time curves obtained for two differ-
eni formutations of the same drug demonstrating relationship of the

protites to the minimumeffective concentration (MEC).

AverageBloodConcentration
{ue/mi}

centrations following equal doses of two different formula-

tions of the same cardiac glycoside, and 4
ug/mL

nowrepre-
sents the minimum toxic concentration (MTC) and 2 ng/mL
represents the MEC (Wig 76-8), Formulation A, although
effective, may alao be toxic, while Formulation B produces
concentrations well above the MEC but never achieves toxic
levels,

Time of Peak Concentration—VThe second parameter of

importance is the measurement of the length of time neces-

sary to achieve the maximum concentration after drug ad-
ministration. ‘This time is called the time of peak blood

concentration. In Fig 76-7, for Formulation A the time
necessary to achieve peak blood concentration is 1 hy; for
Formulation 3 itis 4hr. ‘his parameteris related closelyto

the rate of absorption of the drug from a formulation and

may be used as a
simple

measureof rate of absorption.
Toillustrate its importance, suppose the two curves in Fig

76-8 now represent two formulationsof an
analgesic and that

in this case the minimunneffective concentrationis 2 «g/mL.
Formulation A will achieve the MEC in 30 min; formulation
B does not achieve that concentration until 2 hr. Obviously,
Formulation A would then produce analgesia much more

rapidly than Formulation # and would probably be prefera-
ble as an

analgesic agent. On the other hand, if one were

more interested in the duration of the analgesic effect than
on the time of onset, Formulation B would present

more

sustainedactivity, maintaining
serum concentrations above

the MEC for a
longer time (8 hr) than Formulation A (5)

hr).
Area Under the Concentration-Time Curve-—The third,

and sometimes the most important parameter for evalua-
tion, is the area underthe serum, blood or

plasma concentra-
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Fig
76-8. Blood concentration-time curves obtained for iwo differ-

ent formulations of same the drug demonstrating relationship of the

profiles to the minimum toxtc concentration (MTC) and the minimum
offective concentration (MEC}.
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tion-time curve (AUC). This area is reported in amount/vo-
lume * time (eg, ug/mL

X hours or
grama/i00 mJ. x hours,

etc) and can be considered representative of the amountof

drug absorbed following administration of a
single dose of

the drug.
Returning to Fig 76-8, the curves, although much different

in shape, have approximately the same areas (A
=

34.4

ue/mL
x hours; B= 34.2 «g/mL

X hours} and both formula-
tions can be considered to deliver the same amountof drug
to the systemic circulation. ‘Thus, one can see that AUC
does not represent the anly criterion on which bioequiva-
lency

can be judged. All the results,
ag a

composite, must be
used in

reaching
a decision as to biocquivalency;

no one

parameter
serves this purpose.

Statistical Sense and Nonsense-—Whienstatistical eval-
uations are employed in bioequivalency testing

one must be
careful not to assume, from a statementthat “no statistically
significant differences were

detected,” that twe drug prod-
ucts are, therefore, bioequivalent. The basis of most tests

forstatistically significant differences is that the two prod-
ucts are assumed to be the same until proven otherwise.

Therefore, if the data presented
are

highly variable Garge
standard deviation, ie, wide range of vaiues), it would be

possible
to show that there was no

statistically significant.
difference between an AUC of 100 units (%) versus an AUC
of 40 units (%). In this case the statistical test does not
indicate that the AUCs are

truly similar; it simply
means

that the data were too variable from patient to patient for
the statistics to be able to detect a 60-unit (%) difference in
areas, even if it existed.

There are two types of crrors associated with any statisti-
cal test. These are:

1, Alpha (e} Errar---This is Lhe error with which most people are
faaniliar and is the error associated with the statement, “The data have
been analyzedstatistically.”

« erreris Ure probability (delined bythe p
value) by saying the tivo treatments are different when in fact they are
the same. It should be noted Unat while highly significant p values
reduce the alpha error, Lhey provide noindication of the possibility that
the twotreatments being called Lhe same whenin fact theyaredifferent.

3. Bela (8) Error-—'This is Use crvor associated with the possibility
of calling two treatments the same when in fact they

are different. As
the maximiun percent difference between means which can he detected
with an « error of p -& 0.05 is reduced, the # erroralso is reduced. This
increase in statistical sensitivity (reduced

«and # error) is obtained by
reducing the variability of the data. Variability usuaity is

reduced by
inerenging the number of data points (subjects) in a bioavailability
study. Itis implicit that the analytical methodologyis specific, sensilive
and precise.

The objective of statistical testing for bioavailability eval-
uation should be to minimize both the a and @ error. Since
both errors are related mathematically to the variability of
the data collected, the solution is relatively simple. Suffi-
cient data should be gathered

so that the general statistical
test (aerror test} would detect,if it existed,

a
predetermined

percent difference (20% for example) between the two dos-
age forms. If, for example, the twotreatinents are found

statistically net to be (p < 0.05) different significantly, the
results indiente that there is only 1 chance in 20 that the
treatinents are claimedto be different whenin fact they

are

the same.
If there were 19 suhjects in the above example and a 20%

difference would have been significantly different statisti-

cally, there would be a
6

error of 4 chances in 20 that a 25%
difference between means was not detected. That is, that
treatments whichdiffered by

more than 25%were claimed to
be the same whenin fact they

were different. ‘The level of
statistical sensitivity which one feels is adequate (20%as a

rule of thumb) must be reevaluated for each drug product
tested based on the clinical performance ofthe drag,

Statistical analysis also can go to the other extreme, For

example, tests might show that an AUC of 100 units (100%)
waa

statistically significantly different from an AUC of 90
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units (90%). If the clinical impression of the drug being
evaluated was that a 20% difference in dose (plasma levels)
would notbe clinically significant, in this example it must be
concluded that the statistical test is too sensitive and the
difference observed,

even if real, ia not significant clinically.
Therefore, the drug products

are
bioequivalent in spite of

the statistical findings.
Statistics should be used, in bioavailability testing,

as a

tool to determineif sufficient subjects have been included to
minimize the effect of patient-to-patient variability in the
data analysis, The results of statistical testing should not

be used as the decision but to help make the decision. One
must apply

somestatistical sense in orderto avoid statistical
nonsense.

A Common Pitfall: Cross-Study Comparisons—Per-
haps the single most-commonerror made in interpreting
bioavailability datais that of eross-study comparison, This
occurs when the blood concentration-time curve of a

drag
product in one

study is compared with the blood concentra-

tion-time curve of that drug product in another study.
There are three reasons

why such cross-study comparisons
are

dangerous and cun jead to false conclusions. 'The follow-

ing examples used to illustrate the three points
are taken

from actual bioavailability data.

Different Subject Population—TIn Fig 76-9, a researchlot
of potassium phenoxymethy! penicillin

was
compared with

the appropriate reference standard for that product. The
research-lot drug

was found to be bivequivalent, with aver-

age peak-serum concentrations differing by 8% and the area

differing by only 9%. n another study conducted with a

full-manufacture lot of the tost product, the samelot of the
reference standard potassium phenoxymethy] penicillin

was

used. The results of this study
are shown in lig 76-10,

Again, the two products
were found to be hioequivalent

as

the peak and area
parameters differed by jess than 5%. In

these two studies, identical test conditions were used and the
same

analytical procedure and laboratory
was

employed.
However, if one compares the serum levels for the reference
standard lot found in Fig 76-9, with the levels for the same

lot of tablets jn the study in Fig 76-10,sizable differences in
blood levels are found as shown in Fig 76-11.

‘The average peak
serum levels for this lot of tablets were

found to he 85 units/ml. and 12.5 units/ml. in the two

respective studies,
a difference of approximately 31%. Like-

wise, the average AUC was found to differ by approximately
21%. Such differences are the sole result of crogs-study

3.0

2 One 600 mg Tablet Phanoxymoathy! Penicillin

a
Lot #16,674-1

6 Ono 600 mg Tablet Recognized Standard

f
Lot #4VN13B
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Fig #6-9. Average serum concentration of phenoxymethy! peniciltin
following oral administration of 500 mg given as one tablet of Recog-
nized Standard {A), or of Test Product, Research Lot (0).
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Fig 76-10. Average serum concentration of phenoxymethyl penicil-
lin following oral administration of 500 mg given as one tablet of

Recognized Standard (A}, or of Test Product, Full Mfg Lot (8).
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Fig 76-11. Average serum concentration of phenoxymethy? penicil-
iin following a single oral 500-mg dese of Recognized Standard, in
iwo different subject populations.

comparisons and are not due to differences in actual bio-

availability.
The same lot of reference standard tablets was used in

both studies. Hence, the difference must be due to the

experimental variables which occur normally from study to

study. The major difference between the two studies was

the subject population involved. In the first study, healthy,
adult, male, prison volunteers were used, whereas in the
second study, there were 17 females and 7 males in a

hospital
clinic, also described as normal, healthy volunteers. An

appreciable difference in sex distribution was obvious when

comparing these studies. Adjustments for body weight and
surface area alone did not correct. for the apparent discrep-
ancies in peak concentration or blood level AUC. It is diffi-
cult to determine the exact factors which caused the ob-
served differences. ‘This example should serve as a note of
caution in comparing absolute bioavailability values of peak
concentration and area underthe curve from different stud-
ies.

Different Study Conditions-—-Parameters such as the
food or fluid intake of the subject before, during and after

drug administration can have dramatic effects on the ab-

sorption of certain drugs. Fig 76-12 shows the results of a

three-way
crossover test where the subjects

were fasted 12 br

overnight and 2 hr afler drug administration of an uncoated
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Fig 76-12. Average sorum
erythromycin concentration adminis-

tered in $00-mg doses as three different tablet dosage forms. The
results were cbtained from 21 healthy adult subjects following an

overnight fast of 12 hr before and 2 hrafter drug administration.
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Fig 76-13. Average serum erythromycin concentration adminis«
terad in 500-mg doses as three different tablet dosage forms, The
resuils were obtained from 12 healthy adult subjects with only a 2-hr
fast before drug administration.

tablet,
a film-coated tablet or an enterie-coated tablet of

erythromycin.
The results of this study suggest that the unprotected

tablet is superior to both the film-coated and enteric-coated
tablets in terms of blood-level performance. These resulis
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Fig 76-15. Average plasma prednisolone levels following 60 mg of

prednisone administered to 24 normal adults as a single oral dose of
twelve 5-mgq prednisone tablets from two different manufacturers.
Plasma levois were determined by a competitive protein-binding
assay.

also suggest that neitherfilm-coating
nor enteric-coating is

necessary for optimal bload-level performance. Figure 76-
13 shows results with dhe same tablets when the study condi-
tions were

changed to only a 2-hr preadministration fast
with a 2-hy postadministration fast. In this case, the blood
levels of the unceated tablet were depressed markedly while
the film-coated and enteric-coated tablets showedrelatively
lilule difference in bloodlevels.

From this second study, it might be concluded that film-

coating appears to impart the same degree ofacid stability
as

an enteric coating. ‘This might be acceptable if only
one

dose of the antibiotic was
required. However, Fig 76-14

shows the results of a
multiple-dose study in which the

enteric-coated tablet andthe film-coated tablet were admin-
isLered 4 dimes a

day, immediately after meals. The results
show thatthefilm coating does not impart the degree of acid

stability
as does the enteric coating when the tablets are

administered immediately after food in a
typical clinical

situation.

Different Assay Methodology—Depending
on the drug

under study, there may be more than one assay method
available. For example, some steroids can be assayed by

a

radioimmunoassay, competitive protein-binding, gas-liquid

-
Entoric Coated Lot #082-FM

Film Coated Lot #70-716-AF
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Fig 76-14. Average serum erythromycin concentration-time profiles administeredin two different tablet dosage forms. The results were
obtained from 24 healthy adult subjects folowing administration of 250 mg 4 times a day, with meais and at bedtime.
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Fig 76-16. Average plasma prednisolone ieveis following 60 mg of

prednisone administered to 24 normai adults as a single oral dose of
12 5-mg prednisone tablets from two different manufacturers. Plas-
ma levels were determined by a radioimmunoassay procedure.

chromatographor, indirectly, by
a

17-hydroxycorticosteroid
assay.

Figures 76-15 and 76-16 show the results of a
comparison

of prednisone tablets using
a

competitive protein-binding
method and a

radioiinmunoassay, respectively. The seruin

concentration-time curves
resulting from each method lead

to the same
conclusion, that the products

are
bioequivalent.

However, Fig 76-17 shows a
comparison of the absolute val-

ues obtained by the two assay methods with the same
prod-

uct.

Obviously, the wrong conclusion would have been reached
if one

product had been assayed by
one method and the

other product by the other method and the results had been

compared. Even in cases where only
one assay method is

employed, there are numerous modifications with respect to

technique
among

laboratories which could make direct com-

parisons hazardous.
The backbone of any bioavailability study involving plas-

ma (or urine) levels of drug, in addition to good study design
and subject controls, is the analytical methodology used to
determine the levels of a

drug. In most cases one
probably

can assume that the precision and reliability of the method

employed in a
given study have beenestablished to a suffi-

cient degree to make the resulta of the study internally
consistent. As demonstrated, major problems arise when,
without careful evaluation of the analytical methodology
employed,

one
attempts to compare the data of studies from

00.0

4
bog Ywelve § my Pradnuisone Tablot Ma t

~ Radboinmunoossaya
E 4, Twelve 5 mg Prodnigone Tablat No. 1
g

\
Competinve Protein Binding Assay
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2a

 Time thourst

Fig 76-17. Average plasma prednisolone profites administered as a

single 60-mg dose to 24 normal adults. Plasma levels were deter-
mined by both a competitive protein binding assay and a radioimmu-

noassay.

different laboratories. Even with similar analytical meth-

odology performed by the same
laboratory, it would be un-

reasonable to expect agreement, using the same
dosage form,

of closer than 20 to 25% for plasma levels, AUCs, etc, froin
one

study to the next.
Under the best conditions, cross-study comparisons

are

relatively insensitive, and at worst they
can be misleading.

Cross-study comparisons certainly cannot be used to make
decisions or estimations of differences in drug products with
the generally acceptable sensitivity of difference detection
of 20% or less.

Withinsufficient data on the correlation of plasma levels
with clinical response,itis difficult to decideif it is the peak
plasma level or the total body load of a

drug that is impor-
tant. Changes in the rate of absorption require changes in
the dose given (body load) for maintenance of similar peak
plasma levels, Decisions as to which is more

important,
body load or peaklevel, are made with difficulty and tend to
reduce the objective quantitation sought in bioavailahility
testing.
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Tonicity, Osmoticity, Osmololity and

OsmolarityPEPIL

Frederick P Segel, Pho
Protesser of Phiaceciae yiles
College of Pliacnucy, Uribeersily 3? (Neos
Chicago.Il. 40612

it gonerally is aceepted that. oamotic offecks have a
majar

lace in the maintenance of homooatigis (the state of eapui-
libriumin the living body with respect to various Punetions
andta the chemical composition of the fluids and Lisnues, o7,

temperature, heart rate, blood pressure, water content or

blood sugar), ‘To a great extent theseoffedcts occur within or

between cella and tissues where Ghey cine be measured,
Oneofthe moat troublesome problems inclinical medicineis
the maintenance of adequate hodty fluids and proper balance
between extracellular and intracellular fluid volumesin seri

oualy ib patiotia. Th should be kept in mind, howevar, that
fluid and glectrolyte abnoarmalitica are not diseases, ut ate

the manifasiniions ofdisease.
The physiological mechanisms which contrel water intake

and
output appearto raspond primarily to seruin gamoticly.

Renal regulation of outputis influenced by variation in rate
of releage of pituitary antidiuretic hormone (ADH) and oth-
er factors in response io changes in gerum

oamoticity, Oa.
motic changes also serve as a stimulus to moderate thirst,
This niechoniam is suffielently sensitive to Limit variations
in gamnolieity fa the ermal individual to fess than about 1%,

Body fluid continually oscillates within Unis narrow range.
An increase of plasma osmaticity of 1%will stimulate ADH

releade, reauli in reduction of uring flow and, at the same

tine, stimulate thiret that reaulis or inereased watar intala,
Both the increased renal reabserpiion of water Gvithou.
solute) slimulaied by civeulating ADH and the increased
water intale: Lend to lower serun

osmaticity,
"Phe transfor of water through the call membrane occurs ao

mapidly that any lack of osmotic equilibrium betweenthe two
fluid compartments in any given Gidsue usuatly is correcLod
within a few seconds and, al moat, within a minute or so,

However, this rapld transfer of water does not mean that

complete equilibration
occurs bolween the extracellular and

intracellular compartinents throughout the entire body
within this satne short period of time. The reason is that.
fluid usually enters the body Ghrough the gut and then must
be tranaportad by the circulatory systemto all tissues before

complete equilibration
cat occur, In the normal persan it

miay require 80 to GO min te achieve reasonably good equill-
bration throughout. the body after

drinking water. Osmott-

city is the property that largely determines the physiologic
acceptahility of a

variety of solutions used for therapautic
and nutritional purpoves,

Pharmaceutienl and Ghorapeutic consideration of aamotic
effects has been, lo a great extent, directed toward the side
affects of ophthalmic and parenteral medicinals due to ab-
normal oymolicity, and to either formulating to avoid the
side effects or

finding methods of administration to mini-
mise them, More recently this consideration has been ex-

tended 40 total (central) parenteral nutrition, io atiteral hy-

peralumentation (“tube” feeding) and to concentrated fluid
infant formulas! Algo, in recent sears, the importance of

osmometry of serum and urine in the diagnosla of many

pathological conditions has bean recognized.

There are a number of examples of the direct therapeutic
effect of osmotic action, such ag Ghe intravenous use of man-

nitel as a diuretic whichia filtered at Che glomeruli and thus

increases the osmotic pressure of tubular uring. Water
must then be reabsorbed against

o
higher oamotic gradient

than otberwise, ao
reabsorption is slower and diuresis iy

observed. The same fundamental principle apmiics
to the

intravenous administration of 30%urea used Lo affeet intra
cranial pressure ithe control af cerebral edema. Peritone-
a dialysis Muidte tend bo be somewhat byperoamotic

to with-
draw water and nitrogoneus metabolites. ‘Two to five per-
cent sodiuin chloride solutions or

dispersions in an

olaaymnons base (Mura, Bausch & Lomb) and a 40% glucose
ointmentare used topically for corneal edema, Ophthalgan
(Ayerst) ta ophthalmic ghycerin eraployed far its osmnatic
affect. to clear edematous cores to facilitate an

ophthalmo-
scopic

or
goniogcopic exantination. Glyearin aalutions in &0

to 75% concentrations iGlyrol (7 Lab), Gsmoglyn (Aleon)]
and ijsosorbide solution [Ismotic (Alcon)]

are ora) osmotic

agents for reducing intragcular pressure, The oamotic prin-
ciple alao applies to plasma extenders such aa

polyvinylpyr-
rotidone and to saline laxatives such as

magnesiumsulfate,

maynosium citrate solution, magnesium hydroxide (via gas-
trie neutealization), sodium sulfate, sodiiun phosphate and
aodium biphoaphate oral sohulion and onema (Flect),

Aninteresting oatnotie laxative which is a
nonelectrolyte

is a lactulose solution. Lactulose ian nonabsorbable dana.
charide which ja colon-specific, wherein colonic bacteria de-

grade
some af the disaccharide to Inctic and other simplo

organic neida. ‘These, tafoto, load to an ownotic affect and

taxation, An extension of this therapy is Hustrated by Ce-

pholie (Merrel-Dow) solution, whieh waes the acidification

af the colon via lactulose degradation to serve an a rap for
ammonia migrating fram the blagd to tha celon, ‘The Gan-

version of ammonia of blood to the ammonium ion in the
colon ultimately ia coupled with the osmotic effeet and laxa-
tion, thus expelling undesirable lovels of bleod ammonin,
‘This product ia employed

to prevent and treat frontal ays-
demic encephalopathy,

Oamotic laxation is known with the oral or rectal use of

glycerin and sorbitol. Fypsom galt has been used in baths

and compresses to reduce edema asgaciated wilh sprains. A

rolatively
new

approach is Whe indirect application af the

oamotic effect In therapy via osmotic pump drug dotivery

ayatenta,”
If azolution is placed in contact with a membrane that is

permeable to molecules of the solvent, but not to molecules
of the aohite, the movement of salvent through the mem-

brane is called oxmosis. Such a membraneia often called

semipermeable, Ag the several types of moambranes of the

body vary in their permeabilily, it is well to note that they
are

selectively permeable. Moat normal living-cell
mem:

branes maintain various solute concentration gradionta, A

selectively permeable memlrane may be defined aither as
one that does not permi, free, unhamipercd diffaaian ofall
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the solutes present,
or as one thad maintains at least one

solute concentration gradient
acroas itself, OQrmosis, Gen,

ja Lhe diffusion of water through
a mambrane that maintain

at lenst one solule concentration gradient
across itself.

Assumeu Solution A on one aide of the membrane, and a

Solution af the same solute but ofa higher concentration
on the otherside; the solvent will Land to page into the more

concentrated solution und equilibriam hag been extab-
lished, ‘The presaure required to prevent this movement, is

the oamotic proasure. tis definedas the excess preskurg, a

pressure greater than that above the pure solvent, which
rust be applied to Solution B to prevent passage ofsolvent

through
a

perfect semipermeable membrane from A to 73,

The concentration of a solution with respect to effect. on

oamotic pressure is related to the number of particles
(unionized molecules, ina, macromolecules, aggregates) of

aohite(a) in solution and thus is alfected by the degree of

ionization or
axeregation of (he solute. See Chapter 16 for

review of colligative properties of solutions.

Bodyfluids, including blood and lacrimalfluid, normally
have an ontnotiie pressure which offen ia described as corre-

apondinyr ta that af a 0.8%solution of sodiumchloride, The

body algo aliempts to keep the owmolic pressure af the con-

tents of the wasblroitestinal
Gract ab about this level, Irut

there dhe norial range ig much wider than that of most bady
fluids. ‘The 0.0% sodium chloride avlition is anid to be
lsaosmotie with physiological fhuids, ‘Phe term lsateric,
meaning equal fame, is in medical usaye commonly used

interchangeably with isoosmotic. Mowever, derma such as

isotonic and tonicity should be used aly with reference to a

physiologic fd. laacamatie actually is a
physical

tenn

which compures the ovmotie pressure (or another colligative

property, such as freaving-point depression) of two liquids,
neither of which may be a physiological fluid, or which may

be a physiological (uid only under certain circumstances.
For axample,

a solution of borie acid that is igoosmatic with

both blood and Jacrimal fluid is isotonic only with the lacri-

mal fluid. This solulion cavaas hemelysia of red blood cells

becayse molecules of borie acid pass freely through the

erythroayée membrane regardless of concentration. ‘Phus,
inotonicity Infers a rense of physlologie compatibility where

janoamoticity need not, Ag another example,
a “chemically

defined olemental diet" av enteral nutritional fad can be
isooamotie with the contents of the gastrointestinal wae,
but would not be considered a

physiological fluid,
or suitable

for poronteral
uae,

A solution is isotanic with a
diving cell if there is ng net.

gain or loas of water by the cell, or other change in the cell
when it ig in contact with that solution. Physiologic sehi-
tions with an osmotic pressure lower than that of body fu-

ida, or of 0.9% aadium chloride solution,
are referred to

commonly as being hypotonic. Physiologie] solutions hav-

ing
2

greater osmotic pressure are termed Aypertante,
Such qualitative tarms are of limiled valuc, and it has

become necessary to state oamotic proparties in quantitative
terms. Todo ao, a term must be used that will repreacntall
the particles which may be present in a

given ayatem. The
term uaod ig osmiol. An oamol is defined as Ue weight, in

grams, of a solute, existing in a solution as molecules (and/or
iona, macromolecules, aygreyates, etc), which is osmotically
equivalent toa mole of an

ideally behaving nonalectralyte.
Thos, Che samel-eweight of a

nonclectrolyte, in a dilute sohw-

tion, generally is equal to ila gram-molecular-walght.
A

milliogmol, abbreviated mOum, is the weight staled in milli-

grams.
If one

extrapolates this concopt of relating an gama) and a

mole al a noneloctrolyte
us haing equivalent, hon ane also

may define an ono!in the following ways. tis the amount

of solute which will provide aie Avogadro's number (6.02 %

10) of particles in aolutian and i. is the amount of salute

which,
on disnglulion in | ke of water, will rewult in an

oxsmolic presaure ineraase af 22.4 atmospheres. ‘This is de

rived from the gas equation, PY
=

niT, assuming ideal
candilions and alandard temperature of O°. his ip equiva.
lent te an inerense of 17,000 torr or 19,300 fare at 87", One

mQamel ia one-thousandth of an osmal. For axample, 1.
mole of anhydrous dextrose fa equal ta 180g. One Osmal of
thin nonalectrolyte is algo 180g. Qne mQamal would De 140

me, Thus 180mg of this aolute dissolved in] ky of waterwill

produce
am increase in osmotic presaure of 19.3 Lorr at body

temperature.
For a aghition of an

electrolyte such as sodiumchloride,
one molecule of sodium chloride represents one sodium and
one chloride ion. Honee,

one mole wil) represent 2 oamola of
sodium chloride theoretically, Accordingly, ] oxmol NaCl

&

58.5 g/f
or 29.25 ¢. ‘Phis quantity represents the sumLotal of

6.03 % 20" jona an the total number of parlictes, Idea!
golutiona infer very dilute solutions or infinile dilution.

However,
a8 the concentruidon is Increased, other factors

enter, With atrong electrolytos, interionic ablractian aauses
a deercase in their effect on

calligative properties, In addi-

tian, and in opposition, far ad) agluies, including nonelectrg-

lytes, solvation and possibly ofher factors operate to intensi-

fy their colligative effect. ‘Therefore, it is very difficult and
often impossible

to predict accurately the oamoticity of a

sohition. Ttmay be possible to do so fora dilute solution ofa

single, pure and well-characterized solute, but net for most

parenteral and enteral medicinal and/or nutritional fluids;

experimental determination likely is required.

Osmolality and Osmolarity

It is necessary to use several additional terms to define

expressions of concentration in reflecting the osmoticity of
solutions, ‘The terme include osmelality, tha expression of
oamolal concentration and osmotarity, the expression of os-

novkar concentration.
Osmolality-—A solution has an ommelal concentration of

one whenit contains 7 asmeol of soluie/tg of water, A aolu-
tion has an osmolality of a when it contains mo

asmols/ke of
water, Ourolal solutions, like their counterpart molal solu-

tions, reflect a welght to weight relationship between the
sokute and the solvent. All solutions with the same molal
concentrations, irrespective of solute, contain (he aame mole
fraction (fu) of salute. In water

fn
es

ceeneandOlep Bolte
motes solute 4- maloa solvent

thua, for a ene mola solution

fn
e
 

 
ee

molas water perkg 66.5

Since an oamol of any nonelectrolyte is equivalent to 1 male

of that compound, then a | osmolal solution is synonymous
toa 1] molal solution for a

typical nonelectroly le.

With a
typical electrolyte like sodiumchloride, 1 oamolis

approximately 0.5 mole of sodiqimchloride, ‘Tia, follows
that a1 osmolal solution of sodium chloride esuentially is

equivalant
toa 0.5 molal solution, Recall that a 1. osmolal

xolution of dextrose or sadium chloride each will contain the
aame particle concentration. In the dextrose solution thare

will ha 6.02 % 102° molecules/ky of water and in the sodium
chloride solution one will have 6.02 * 10"! total iona/kg of

watar, one-half of which are Na"ions and the other half Cl"
ions, ‘The mole fraction, in Lerma of total particles, will be

the sane and, hence, (he aame oamotic pressure,
Aa in mola) svhutions, osmolal solutions usually

are om

ployed where quantitative procidion is required,
na in the

 
I mole solute

+

¢
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andaaurenient of physical and chemical proparties of salu

lions (ie, colligative properties). ‘The advantage af the w/a

relationship is that Ghe conedetration of thie system is nob
influenced hy temperature

Chanelariiy-—-The ralalionship observed between molal-

ity and osmolality is shared similarly between mealarity and

agmalariiy, A doliion has an odmelar cancentralion of J
wher tocontains loan! of solute/i. ofselution, Likewise, a

soludion has an
owmokirily af a wheni. contains 1 ganials/ls

af solution, QGamelar sotutions, unite aanalat solution,
reflect a

weight in volume relalienship lelween the sohute
and final solutian, A one molar and [ oamolar solution

would be synonymous for ponetectralytes, Jor sadiuim elle
ride a] osmolar solugian would contain 1 oamol of sodium
chloride per iter which approximates

a .o malar sedition,
"The advantage af employing osmolar concentrations over

oamolal concentrations is the ability to relate a
specie

num-

her of osmols ar milliowmols to a volun, such as a liter or

mL. Thus, the oimelar concept ia simpler and mare
practi

cal ‘The osmolal concept does not allow for thin conve-

nience beequar ofthe cei reladionship. Abso, acd itaanad daha

guch as the donsity usually
are sot available. Volumes of

soluvian, rather than weights of salution, are mare
practical

in Lhe dolivory of liquid dosage forms.

Many health profeasionals de not havea cloar understand:

ing of the difference bolwean osmulnlity and osmolarity, in

fact, the terms have bean aged interchangeably. This is duc

partly lo (he ciretomaiaaice thal, until recently, most of tho

syatans invelved were
body fluids, in which the difference

between the numerical values of the two concentration ox-

pressions is small and similar id rnagnitude, do the errer

invelved in their determination. ‘Phe problem partly may
conter around the interpretation by

some to view one kila-

gram of waterin the osmolal concept as
being equivalent

to |

Land, more
importantly, the interpretation Lhat to make up

to volume of 11,
a9 in osmalarily, is essentially tle sume va

the weight of solute plus | liter (a distortion of the osmoial

concept), The primary difference residos in the evror intra
duced which revolves around the volurse af water oceupied
by the solute. Ad osmolarsolutian of a solute alwnys will be
mare concentrated than al oumolul solution, With dilute

solutions the difference may be nceoptahly amu, Nine

grams of sodiumchlorica/l. of squads solution is appraxi-
mately equivalent

to 9 4 in 996.8 md of water, ‘This repre-
sents an error of under /%, when comparingthe agmaticity af
(8% ca/u satution to a solution of Gy plus |

ke
of water,

Using dextrose ina parallel comparison, exrara range from

appradmately 3.5%t onmoticity with G0 ¢ dextrose/L var-
she O0q¢ plus Ll ky of water toa difference of about 26% in

oamadticily with 250 ¢ doxtrose/L. versus 250 po phus 1 key of
water, ‘The confusion appears to be without cause for con-
tenn ab Lis tine. Tlowever, one showed be alerted da the

sizeable orrors which may aecur with concentrated solutiona
or fluids, suede Ghose enmployed ti total paruiteral muted

tion, enteral hyperalimentavion and oral nutritional fluids
for infania,

Reference has been meade Lo the terms bypertonic and

hypotonia. Analogous Lermsure
hyperosmotic and hypoos-

mote, ‘Phe slenifoance af hyperand Aype-osmaldeny for

nredicinal and nutritional fluids will be discussed lutar, ‘The
valugs which correspond

to Woge termia for aaruin muty be
visualized approximataly fram Ghe following example, Ae-

suming Hormal sein Gaimolality
to be 286 aeCamol/he,

aa
gerosmolality iercases dua to walor defiert, the follow-

ing signs and aymptonis usually
are found Ga accumulate

progressively
al approximately these valuas: 28d to

Ag p.othireh Gf the patient ts alert and communicative); 299
to BLS -adlry

mucous membranes; O16 to 320. wenleess,

doughy sldn; above 340. -disurianintion, postural bypoton-
sion,

severe woolness, fainting, CNS changes, alapor and
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comm. As serum osmolality decranses due to water excess

the following inay acer: 276 lo 261—-hendache; 202 ta

eedrowsinoss, webknessa; 260 to 283---disermentation,
eromps: below Bee -selsures, atupor and coma,

As indicated previously, Ghe mechanisnis ofthe body
ae

ively comliat such nuijor changes by Hindting the variation
in onmolality for nermal indiwiduals to Jess than about 1%

(approximately tn dhe range 284 to 288 mOsmal/ky, based an

Lhe above assumption),
he value givon for nana serum

osmolality above was

described as an
msstumption becuse of Lhe variety of values

found in the literature. Serum osmolality often ia slated

loosely to be about 800 mQemoi/L, Apart fron that, and
more

specifically, iwo referonecs stale ile 280 to 295 mOe-

mol/L; athor references give itas 27h lo 800 mOsmol/L, 240

mOsmel/L, 306 mOsmal/], and 275 ta 295 mCamoel/ltg.
'Vhara ix aahrong tondonay to call it asmcdatity but bo abate it
as eCamal/L (nat as

mOsmoal/ke). In the light af these

varying, Values,
one muly ask about the reproduc lityof the

exporimental measurements, It has heen stated Ghat most
osmometers are accurate do & mQsmal/l. With that type of

reproducibility, the above virtiations parlaps any be expocl-
ed, The difference between a filer and kilogram probably is

insignifieant for serum and urine, Mis difficult to measure

llograms of water na solution, and easy to expres body
fluid quantitied in liters. Perhaps

no harm has been dene to

date by this practice for bady Chie. However, lagse ter-

minglogy here may lead Go louse Lermiinalogy when dealing
with the rather concentrated fluids used al Lines in paren-
teral and enteral nudvition,

Reference has beow made to confusion in the use of the
terms oxmolality and osmolarity,

a distinetion af spacial
importance for nutritional fluids, Awarenvas af

high
eon.

centrations of nfant-farmuly should jive warning
as to pos.

sible righs, Wovortunutely, dhe osmotielly af infant formu

lag, tube feedings and tadal parenteral nutrition soluuons
has not been deseribed adequately either in texthooks or in

the literajure,! and the labeds of many commercial outritdon-
al Quids do net, in any way, state their onmoalicily, Chly
recently have enteral (luids been charagtarized in terma of

wamoticity, Some pradvet lines noware
accenting isoosmo-

tic enteral pulrtiiona supplenenta, Often, when the berm

osmolarity ig used,
one ennnot diseern whether this simply is

incarrect Lemininology,
or if ogmoelarity aciually haw been

calculated from osmolality.
Another current practica which cat oqo contusion, is the

use of the Lerma orm! and/or piysiadogical for isotonic
sodium chloride solution (0.9%). ‘The solutien surely is
iaoogmolic, Plowever, as to boing physiological, the coneen-

tration of ions are each of 164 mEq/L while sarurn contains
about 140 mBof sodium and about 103 altq of chloride.

The range of mQsmol values found for serum raises the

question
aa to what really ig meant by the terms hypotonic

and hypertonic for medicinal and nutrilienal fluids. One
can find the statement, that fluids with an

oamolality of 60

mOsmal or more above normal are
hypertonic ancl, if 40

mQamoel or more below normal, are
hypotonic. One asa can

find the statement that peripheral infusions should not have
an

oumolarity exceeding 700 (o 800 mQamol/L.7 oxamples
of ogmo! concentrations of solutions used in peripheral infu-
gions are: T6W.—262 mQsniol/s DIOW..§08 mOsmol/Ls
Lactated Ringer's 6% Dextrose325 mOsmel/i. When a

fluid is hypertonic, undesirable effects often can be de-

avenaed by using relatively slow rates of infusion, and/or
relatively ghart perieds of infusion, TH5W-—4.25% Amino
Acids ia a

representative exampleofa highly osmotic hypar-
alimentation solution. has been slated that when osmalal

loading ja needed, a maximum sale tolerance for a
normally

hydrated subject would be an
approximate increase of 2h

mQsmal/ky
of water aver 4 he,"
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Computation
of Osmolarity

Several methods are used to obtain sumeriaal valuon of

osmolavity. ‘he oamelar concentration, sometunes referred
to aa the “theoretical onmolarity”, ig calewated fram tho

wt/vol concentration using
oneof the following equations:

For a nonelectralyte
a

Beeye yquG
==

nOamol/l, (1)
mol wh

 

For a strong electrolyte

aff
mol wl

number of iors * 1000
=

mOQsinal/L (2)
formad

For individual ions, if desired

got ion/l.
. * 1000

=
mOsmol (of iani/l 3)iome wt

These are
simple calenkitions, however, they amit consicer-

ation of factors such ag solvation and indertonic forces. By
this method of caleulation 6.9%sodium chloride bas an os-

molar concentration of 8308 nOsmol/].
Two other methods compute osmolarity from values of

osmolality. ‘The determination of oamolality will be dis-
cussed later. One method has a

strong theoretical basis of

physical-chemical principles using values of the partial
molal volumes} of the salutefa). A 0.9%sodium ehloride

solution, found experimentally
to have an

oamolality of 286

mOamol/ke,
was calculated to have an osmolarity af 280

mOsmol/L, rather different fromthe valua of 808 mOsmot/L,
ealoulated as above. ‘The method, using partial molal val-
umes, is relnUvely rigorous, but many systems nppear to be
ton camplex and/or loo poorly defined to he dealt with by
tis method,

Theother methodis based on the following relatianship!
uclual asmolurity

«=
measured ommolnlity

*
(density

—
¢

sohule/ml.). ‘This expression
can be written

mOamal/l solution
=

mOsmel/1000 ¢ water
* ¢ water/mLsolution

The experimental value for the osmolality of9% sadium
chloride sohilion was 292.7 mQanol/ky; the value computed
for camolartty

was 201-4 mQsmal/L. ‘Thia method does not
have as firm a theoretical basis as dhe preceding mathed but
it has the advantage that it uses easily obtained values of

density of the solution and of ifa salute content, Apparent.
ly, it can be used with all systems. lor example, the asma-

lality of a nutritional product was detarmined by Lhe frous

ing point deprossion method to be 625 mOsmol/ky;? its as-

molarity was ealeulaled as G25 * 0.899
=

894 mQumoel/L.
The USP raquires that labels of pharmacopeial solutions

which provide intrnvendus replenishment of Muid, nutri

ani(a),
or

alactrolyio(s),
as well as of the aunotic diuretic

Mannitol Injection, state the osmolar concentration, in mil-

Liggmels/i, oxcapt that where the contents are less than 100

mi,
or where the label alates che articke ia net for direct

injection butia to he diluiad before use, the label alternative:

ly may stale (he total osmolay concentration in milliosmols/
mL. This is a reasonable request from several atandpoints,
and intraveneus fluids are

being labeled in accordance with
this stipulation,

aa shown in the next section,
An example of dha use of the first method deseribed above id the

comnpluitien of the approximate ostiolar coneenlraGan CLhcarelienl
oaroolaciiy’) af a Lawlated Ringer's 8% Dextrose Solution (Abbatt),
which ia labeled io contain, per bi, dextrose fhydrous) 60 yy souiuen
chloride Gp, potnustuim ehioride SOO my, calcio ehlonde 200 my and
sodlaeknde dt) pp Aliauated ia

that the lodal osiilar concontration
of the solution is approximately G24 mOdmel por Ly in part contrilatiod
by Qin Be of Nat 18omky of OP dinaOY, dagy af Ca?! pan 3B

nidtig of Lackata ign,

 

The derivation af the oamolar concentrations from Che wld acanipa-
giddar of dhe aoliion may be verifiod by enlenlations using fq J above for
the nondectralyte dextrose, and Bq 2 far Che eleetralyles.

Haxtrage
é
BOyn 1000

© 262.5 mQamel/L,

 

198.17
Sodium Chlaride

: ' . +
Bh! F 100.. 208.03 mOsmeal/l (102.06

mOxmol Na
}

bed (102.66 mOamal C1")

Polossiuat Chloride

(41.02 nQaimel HY1Q00 8.04 Ovo
{

;
;

(02 mQumo) C1’) 
CalciteChloride

(L8 mQamel ta)
(3.6 mQemnel 1)

Ott HX
ax 1000 S4 oiOnarvel/L.

1104

Sealiura Loretattt
 
 (27.06 mOQumel Ny!

(27.60 yy Ohgenal Itantee)
BALK OO

113,06

= bd
mowmele{

The Gatal ogmelar concentration of Ube five solutes in the solution is
626.4, in good ayrrenmion. with the tabeled total osmekuconcenteation of

approximately 624 mOsnal/L.
The mOQamel of aadium in | Loof Che sotution is Whe simof the mOumol

of the ion from sedkam chloride and sodium Inetate, io, FOZ00 + 27,66
L800K nQamel Chiovide iona come frum the sodiumchloride, potagsl-umehioridy and cagiuin ehleride, the total osmolar concentration lieing
W266 + 4.084 4.6 © Lad mGemel, The ohne) values of potassium,
ouletum nid lielate ave calculated to be 4.08, 1.8 and 27,66, rosportively,
hus, with the posaible oxcaplion of calcium, (hare is close agreement
with the taacled wniiy content of each af Giese ions,

The osmolarity of a mixture of complex composition, such
as an enteral hyperalimentation fluid, probably cannot be

calculated with any acceptable degree of certainty and,
therefore, the oxmalality af such preparations probably
should he determined experimentally.

The approximate oanolarity of mixtures of two solultons
can be computed fram the following relaionship Ghe meth-
od ja hnown as

alligation mececl)
cam, * V,, 4 oem xv,

Final
Viva Veto

whore

¥,
”

volume of component a@

¥,
=

volume of component &

Via* volume of final solution
onm,

&
osmolarity of componant

d

oatny
=

osmolarity of companent b
OaMgyy

&
osTadlarity of final solution

For example, to calentate the oamelarity of a migtaee of
600

md. of a

goto of osmolatity $80 aid 400 mL of a nolution ef osmalari(y202:

 
KOGMaval

&

m 425 mOsmol/L + 126 mOamol/1.
= G61] mOumel/t

This example illiateates the ease of calculating the oame-

ticity, by use of osmolarity, when solutions ara mixed. Such
a calculation would be much lesa valid if osmolality values
wore used, Fram the previous example one can see how to
calculate the approximate effect if an additional solute is

added.

Undesirable Effects of Abnormal Osmoticlty

Ophthalmic Medication-—1t generally has been accept-
ed that ophthalmic preparations intended for installation
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inte the cul-de-sac of the eye should, if possible, be approxi:
mately isotonic be avoid irrilalien (see Chapter 86). Tt alea
hag been atated that the abnornial tonicity of contaad lens

solulians can cause the lens to adhere Lo the eye and/or eause

burning or dryness and photophalia,
Pareniorsal Medicalion—-Oamoticity is of great impor-

tance in parenteral injections, it# elfects dapending
on the

degree of deviation fram (onicily, the concentration, the
Jocation of the injection, the volumeinjected, the speed of
the injection, Whe rapidity of dilution and diffusion, ate.
When formulating paranterals, solutions otherwine hypo-
ionic usually have (heir tonicity adjusted by the addition of
dextrose or sodium chloride. Hypertonic parenteral drag
solutions cannot be adjusted. Hypovonic and hypertonic
solutions usually

are administered slowly in small volumes,
or into a

large vein such as the subclavian, where dilution
and distribution aseur

rapidly. Solutions that differ from

the serum in tordcily generally
are stated to cause tlsnue

irritation, pain
on injeation and electrolyte shifis, the effect

depending
on the degree of deviation from tonicity.

Itxeexsive infysion of fapotonie fluids may cause
awelling

of red load calla, homelysig and water invasionafthe body's
calls in general, When this is beyond the body's talerance
for water, water Intotication results, with convulsions and

adema, such ag pulmonary edema,
Iixeeasive infusion of ivotanic fluids can cause an increase

in extracellular (uid volume, which ean resull in circulatory
overload,

Excessive infusion of hyyertonic fluids leads lo a wide

variety of coraplicaligna. For cxample, Che sequence of
events when the body is presented with a

large intravenatis
load of hypertoni« fluid, rich in dextrose, ia as fullowa: hy-

perglycemia, glycosuria and intracellular dehydration,
os-

motic diuresis, loss of water and electrolytes, dehydration
and coma.

One cause of osmotic diuresis ia Lhe infusion of dextroseat

arate faster than the ability of the patient 16 metabolize it

(as greater than perhaps 400 to 600 my/leg/hr for an adult an

total parenteral nutrition). A heavy load of nonmetaboliza-

ble dextrose increages the oymoticily of blood and acts aga

diuretic; the increaaed solute load requires
more fluid for

excretion, 10 te 20 ml]. of water being required to excrete
each gram of dextrose. Solutions, such as those for total

parenteral nutritien, should be ackninistered by means ofa
metered consiunt-infusion apparatus over a

lengthy period
(usually more than 24 hr) to aveid sudden hyperosmotic
dextrose leads, Such solutions may cause oamotic diuresia;
if this occurs, water balance is likely ta become nagative
because of the increased urinary volume, and electrolyte
depletion may oceur becauee of exeretion of sadium and

polageium secondary to the osmotic diuresis. If such diure-
sia fe marked, body woirhtfalls abruptly and signs of dehy-
drajion appear. Urine should be montlored for signs of

osmotic dinreais, such as glycosuria and increased uring val-
ine,

If the intravenous injection
rate of hypertonic solution is

too rapid, there may be catastrophic effects an the circula-

tory and respiratory systems, Tlood prossure may fall to

dangerouslevels, carding irregularities
or arrest may eneue,

respiration may become shallow and irregular and there may
be heart failure and pulmonary edema, Probably the pra-

cipitating factor in a bolus of concentrated solute suddeniy
reaching the myocardium and the chemoreceptors in the
aortic arch and carotid sinus,"

Abrupt changes in serum oxamoticity
cnn lead to cerebral

hemorrhage, Tt has been shown experimentally that rapid
infusions of therapeutic doses of hypertonic saline with os-

motic loads produce
a sudden rise in cerebrospinal fluid

(CSP) pressure and venous pressura (VI?) followad by
ao

precipitous fall in CSP pressure. ‘This particularly may be

TONICITY, OSMOTICITY, OSMOLALITY AND OSMOLARITY 1485

conducive to intracranial hemorrhage,
ag the rapid infusion

produces ii thereage in plagma volurme and venous pressure
at the aame time the CSE presaura ia falling, During the

CSI pressure rise, Lheisa drop in homoglobin and hemat-

verit, reflecting
a marked inerease in blood valume.

Hyperosmotic medications, such as aodium bicarbonate

(oamolarity of 1563 at i iniiq/mL), which are administered

intravenoushy, should be diluted prior to use and should be

injected wlowly to allaw dilution by the circulating bload.

Rapid “push” injections may cause a
significant increase in

blood qamoticity.!
Aa to other possibilities, there may he crenation of rad

bload cella and peneral cellular dehydration. Hypartanie
dextroao or

salina, ote, infused through
a

pertphoral vein
with small blood volume may traumative the vein and cause

thrombophlebitis, Infiltratien can cause (rauing and necro-

xis of tissues. Safely, therefore, demands thatall intrave-
nous

injections, especially highly oamotic solutions, he por
formed slowly, usually being given preferably

over a
period

not legs than that requiredfor a
complete citewlation of the

bload, eg, 7 min. ‘The exact dangoy point varias with the
atate of the patient, the concentration of the solution, the
nature of the solute and the rate of administration.

Hyperosmotic solutions alag should nat be discontinued

suddenly. In dogs, marked incroase in levels of intancranial
pressure occur when hyperglycemia praduced ty dextrase

infusions is reversed suddenly by stopping the infuaion and

administering saline, TH. alga has bean shown thas the CSI
prossure in humans rises during Wealmentof diabetic ketoa-
cidosis in association with a fallin the plasing esneentration
of dextrose and a fallin plasma oamotlality. ‘Uhese observa.
tiona may be explained by the different rates of deeline in
dextrose content of the brain and of plasma. The concen:

tration of dextrose in the brain may fall more
stowly than in

the plasma, cauding
a shift of fluid from the extracellular

ftuidl apneto the intracellular compartment of the CNS,

resuliing tn inereased intracranial pressure,

Osmometry and the Clinical Laboratory

Osmometry ie a fairly recent innevalton in the elinjaal

laboratory;
an artiele im 197] had the tide: “Osmometry: A

New Bedside Labaratary Aid for the Managementof Surgi-
eal Patients.” Serum and urine osmometry may aastat in

the diagnosix of certain fluid and oleetralyte problems.
However, oxmametry values haye litle meaning unless the

clinical situation iq mown. Oamometry is used in renal

dialysis
as a chock on the electralyle composition of the

fluid, In (ho elinical laboratery,
as stated above, the term

‘oumolality" ig used generally, but usually is reported
as

mQsmol/l., Jt may seam untieecasary lo mention that on-

molality depends not anly on tho number of solute particles,
but algo on the quantity of water in which they are dissolved.

Jlowever, it may help one to understand the alalement What.

the normal range of uring oamolodity is 60 te 1400 mO«-

mol/L, and for a random apecimenis 600 to 800 mOsmol/L.

Serum Osmoticity

Sodiumis by far the principal solute involved in serum

oamotiaty, ‘Thorefore, abnormal serum osmolicily is most

likely lo he associated with conditions that cause ahnormal
sodium concentration and/or abnormal water volume.

Thus, hyperosmotic serumis likely to be caused by
an

inercase in serum sodium and/or logs af water. Tt may be

associated with diabetes insipidus, hypercalcemia,
diuresis

during
severe

hyperglycemia
or with early recovery from

renal shuldewn, Alcohol ingestion is said to be the most.

contman enuse of Lhe hyperosmotic
atale and of coexisting

coma and the hyperosmotic
state, An oxample of hyperas-

MYLANINST. EXHIBIT 1013 PAGE 308

i!
fl 



MYLAN INST. EXHIBIT 1013 PAGE 309 

1486 CHAPTER #2

moticily is a comatose diabetic with a serum osmoticity of
865 mQsmaol/L.

In a somewhat analogeus fashion, bypoosmotic
serum is

likely Lo be dite to decrease in seram sodiumand/or excessal!
water, Ti may he associated with the postoperative

atate

(eapecially with excessive water replacement thorapy),
treatment with diuretic drugs and low-salt, diet (as with

patients with heart faihire, cirrhosis, ete), adrenal diacase

(eg, Addison's dinense, adrenogenital syndrome)
or SIADH

(syndrama of inappraprinte ADL secretion). ‘There ore

many ¢liseases which cause ADHto he released inapprapri-
ately (ie, in spite of the fuel thal serum

osamoticity and
volume may have boen normal initially). ‘Theseinclude oat.

cell carcinomaof the hing, bronchagenic carcinoma, conges-
tive heart failore, inflammatory pulmonary lesions, por-

phyria,
severe hypothyroidism

or ecrobral disease (such as

tumor, trauama, infection, vascular abnormalities, ete), 1
alao may be found with some

patients with axcossive diuretic
use, Serum and urine osmoticiy

are measured when
SIADLis suspected. In SIADHthere ta hypooumoticity of
the blood in association with a relative hyperogmoticity of
uring. ‘The usual cause is a malfunction af tho normal ov

motic response af oamoreceptors, an excess of exogenous

vasopressin,
of a

production of a
vasapressin-like hormone

that is net under the regular control of serum osmaticity.
The diagnosis ig made by simultaneous measurement of
urine and serum ommalalily, The serum

osmolality will be
lowor than normal and much lower than the urine ogmeolati-

ty, indicating inappropriate secretion of a concentrated
uring in the presence of a diluie serum,

Cardiac, renal and hepatic discase characteriatically
re-

duce the sodium/oamolality ratio, this being partially atéril-
uted ta the effects of increased blood agar, urea or unknown
metabalie products. Patients in shock may develap diapro-

portionately elevated measured oamolalily comparedto unl.
culated osmolality, which pointe toward the presence ofcir-

culating metabolic products,
There are several approximate methods for estimating

gerum
oamolality from clinical Jaboratery values for sodium

ion, ete, ‘They may beof considerable valuein an emergency
situation,

1. Serum oamolality may be estimated from the formula

_hlood sugar | BUN
TH 2.8

(Na in mEq/L, blood sugar and HUN in my/100 mL)

mQsemal
&

(LBG X socium) 4 +4 

@ A quick approximation js

BS| Bb
20) e

3. ‘The osmolality ia usually, bud nod alwys, very close Lo
two Limes the sodium reacting plus

1

mOsmol
=

2 Na +
 

Urine Osmotictiy

The two main functions of the kidney are
womerularfil-

tration and tubular reabsorption. Clinically, tubular fune-
tion is measured best by tests that determing the ability of
the tubules to concentrate and dilute the urine. ‘Tosta of

urinary dilution are not as sensitive in the detection of dia-
case, as are Losta of urinary concentration, Ag concentration
of urine occurs in the renal medulla Gnterstitial fluids, loops
of Henle, capillaries of the medulla and cotlecting tubules),
the digeage procesaes thal disturb the function ar structure
of the medulla produce early impairmentaf the concentrat-

ing powerofthe kidney. Buch disoases include acute tubu-
lar necrosia, obstructive uropathy, pyelonephriti«, papillary
necrosis, medullary cyata, hypolnlemic and hypercaleemic
nephropathy and sickle-cell disease.

Meaauremant of uring oamolality is an accurate teat for
the diluting and coneentanting ability of the lidneys, In the
absence of AYH, the daily urinary outgutis likely do be 6 to 8

lL, or more. ‘The normal urine osmolality depends
on the

clinical satling; normally, wilh maximum AIH stimulation,
ican be ws much os 1200 mOamol/g, and with maxhnwum
ADTsirppresdion

ag little as 50 mOamol/kyg. Simultaneous
determination of serum and urine osmolality often is valu-
able in agsadaing the distal tubular response bo circulating
ADH, Jor example, if the patient's

serumis bhyperosmolal,or in the upper limita of normal ranges, and the patient’s
urine osmolality measured at the sametime is much lower,

a

decreased reaponsivonoss of Lhe distal tubules to circulating
ADHis suggested,

Measurement of urine osmolality during water restriction
ig an accurate, sensitive test of decreased renal function.
For example, under the conditions ofone Lest, normal osmo-

jality would be greater than 800) mOsmol/ke. With severe

impairment the value would be less than 400 mOsmal/keg,
Knowledge af urine osmolality may poind

toa problem even

though other teats are normal (eg, the Mshberg concentra-

tion test, BUEN, PSP excretion, crealining clearance or IV

pyelogram), Knowledge ofits value may be useful ospocial-
ly in diabetes mallitus, casential hypertension and silent

pyelonephritis, ‘Phe urine/serumosmolality ratio should he
caleulated and should be equal to or greater than 3.

Osmoticity and Enteral Hyperalimentation

Some aspects of nutrition are discussed briefly here he-
cause of the potential major side effects due to abnormal

asmoligity of nutritional fluids, and because there exists

increasing dialogue
on nutritian among pharmacists, deti-

(ians, nurses and physicians, An example ja the professional
onpitizalion, ASPEN (The American Sociely for Parenteral
and literal Nutrition), with membership apan to all of the
above health practitioners. It is desirable, therefore, that

pharmacists be able to discuss theae matters with these
other health professionals in terms of nutrition as well as

medicine,

Oamoticity haa been of special importancein the intrave-
nous infusion of large velumes of highly concentrated nutri-
tional solutions, Their hyporosmoticity has been a major
factor in the requirement that they be injected centrally into
4

largo volume of rapidiy moving blood, instead of using
peripheral infusion, Wee of such solutions and knowledge of

their value seems to have Jed,
more

recently, to the use of
rathor similar formulations administered, not parenterally,
but, hy instillation into sone part of the gastrointestinal
irae), usually, but not mecessarily, by guvage. OF course,

gavage fooding is notnew. “Chis method has given excellant
Lolal nudrition, fara period of time, lo many patients, Lt has
furnished an

drapertant part of heir nutrition to others, 1

obviously avoids some ofthe probleme associatod withinjec-
tions, Many ofLhe reports on this topic refer Lo the use ofa

“Chemically Defined Elemental Diet.” ‘These are
special

nutritionally complete formulations that contain protein in

ad-called “elemental” or “predigested” form (protein hydra-
lysates

or
synthetic amino acids), and carbahydrate and fat

in simple, easily digestible forms. ‘Thesedicts are necessar-

ily relatively high in osmoticity becausetheir amaller male.
ewes result in more

particles per gram than in normal foods.
An example isa fluid consisting of! L-aimingacids, daxtrase

oligosaccharides, vitamina (including fat-soluble vilamina),
fat ax a

highly purified safflower oi] or soybean oil, electro

lytes, trace minerala and water. As it contains fat, that

component ig not in solution and therefore should have no

direct effect on oxmoticity, However, the potential for in-
teractions can cause some significant changes in total parti-
ele concentration and indirectly affectthe osmoticity.4
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Althougheasily digested, dextrose contributes more
parti

cles than moat other carbohydrate sourees, such ag starch,
and js mare Iikely te cause opotie diarrhea, especially with

bolus feeding. Osmoticity ia improved (decreased) in the

above formula by replacing dextrose with dextroseoligosac
charides (carbohydrates Chat yield on hydrolysis 2 ta 10

monosaccharides), Jlavoring alec Increases the osmoticity
of a

produet, different flavors causing varying Increased.
“ommoercial diets of this type ore

packaged
ax fluids on as

powders for recomatitution. Reconstitution is usually with
water. ‘The labels of some

preparations state the camolality
or osmolarity of the fluid obtained at standard dilution.

However, the labels of many products do not state either

their osmolality
or

oamolarity (or their osmoticity in any

way), Often, when the term osmolarity ix used,
one cannot

diacorn whether this is aimply incorrect terminology, or

whether the osmolarity actually has been eslculated from
the osmolality. With concentrated infant formulas or tube

feedings, the osmolarity may be onky 80%of the osmolality,
The osmotieity (oamolality, ole) of infant formulas, tube

feedings and total parenteral nutrition solutions are nat

deseribed adequately eitherin textbooksarin theliterature,
There are other areas of concern, A wide variation in

oamolality
was found whon powdered samples from differ-

ant conlainers were reconstituted in the same manner, ‘This
difference wna found both within and amongdifferant lala of
the same product. y addition, reconstitution of some pow-
dered ontleral formulas weing the accops supplied by tha

manufacturer gave formulas that had almosttwice Lhe asmo-

lality of the same
product whenreconatituied accurately by

weight.
This farm of nutrition has been called, somewhatinaccu-

rately, “Jenteral Gyperalimentation.”! It should bedistin-

guishedfrom(a) “Central Parenteral Nutrition” (whichalso

has been called “Wyperalimentation,” “Total Parenteral

Nutrition” CEPN} and “Parenteral Hyperalimentation’),
and from (hb) the more recently reported “Periphoral Hyper-
alimentation."” "Che terminology is in a state of flux dug ta

the recent rapid progress in the forms of matabolic support.
‘Tha enteric route for hyperalimentation frequentiy is

averloaked in many diseages or pusttraama staten, if the

pationt. is not readily responsive (o traditional eral feedtinigs.
Poor appetite, chronic nausea, general apathy and a degrade
of sonmolence or sedation are common concomitants ofsert-
ous disease, ‘This frequently prevents adequate oral ali-

mentation and results in progrousive energy and nutrient.

doficits, Often, supplementary feedings of a
highly nutri-

tious formula are taken poorly
or refused entirely. Howev

or, the digestive and absorptive capabilities of the gastroin-
testinal (rast are

frequently intact and, when challenged
with appropriate nutrient fluids,

can be asad offectively,

By using
an intact GI tract for proper alimentation, the

major prablomaofsepsis and metabelic derangement which

relate to intravenaus hyperalimentation largely
are obviat-

ad, and adequate nutritional supportis simplified greatly.
Hecause of this increased safely and ease ofadministration,
the enteric route for hyperalimentation should be used

whenever possible.’
Wheningested in large amounts or concentrated Muide,

the oamotic characterisiies of certain faads can cade an

upset in the normal water balance within the bady. Fora

given weight of solute the osmolality of the solution is in-

versely proportional to the size of the particles, Nutritional

compononta
can be Heted in an approximate order ofde-

creasing osmotic effect per gram, n!®

L. Wieetrolytos such aa sadiom ehlaride
2, Relatively amail organie molecules such as dextrose (ghacase) wad

arma(cic
3. Dextrose eliganiccharilos4, Btaveeher
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6. Proteins
G. Fata (ae fats are not water-saluble (hey have ne oamotic effect)

Thus, in fooda, high proportions of electrolytes, amino
acids and

simple sugars have the greatest offeet on osmolali-

ty, and asa result, an tolerance. ‘The approximate asmoleli-

ty ofa few common foods and haverages is

mCunral/leye
Whole mitk who

"Pontacojuice
SUG

Orange juice Aah
Lae eream 11Ag

When nutrition of high osmoticity ia ingested, large
amounts of water will transfer to Lhe stomach andintestines
from the Quit surreanding those organs man attempt to

lower the oamoticity. ‘The higher the oamoticity, the larger
the amount of water required;

a
large amountaf waterin the

GI tract can cause diatention, aramps, nausea, varniting,

hypermotility and shock. ‘he food may move through the
tract too rapidly for the water to be reabsorbed, and result in

diarrhea; severa diavrhen oan cause dehydration, ‘The hy-
perosmatic anteral effects have been observed by the admin-
jgtralien of undiluted hypertonic oral mediention;!! 'Pable
from this work Hata average aamalality values of same com-

mercially available drug solutions and suspensions, Thus,
there is some analogy to the effect of hyperosmotic intrave-
nous infusions.

Hyperosmotic feadings may result in mucosal damage in
the Gl tract. Rate given hyperosmatic feeding showed tran-

sient, decrease in disaccharidase activity, and an increase in

alkaline phosphatase activity, They alao showed morpho-

logie alterations in the microvilli of the small intestings.
After a

period of severe gastroonteritis, the bowel may be

unugually ausceptible to highly osmotic formulas, and their
use may incraasé the frequency of diarrhea. Infant forniu.

las that are
hyperosmotic may affect preterm infants ad-

veracly during the early neonatal period, and Lhay may pra-
duce or

predispose
neonates te necrotiaing enterocel tits

when delivered to the jojunum through
a

nasognstric lube.
The body aliempts to keep the osmoticity of the contants

of the etomach and intestines at approximately Whe same

level ay that of the fluid surrounding them. Asa fluid of

lower camolicity requires the transfer of less water Lo dilute

i, jb should be tolerated better than one of higher osmoti-

city. Aa io tolerance, there i6 a great variatign from one

individual to another in aensitivity to the osmotichy of

foods. The majority of pationta receiving nutritional for-

mulag, either orally or
by tube,

are able to tolerate feedings
with a wide range of osmoticities if administered slowly and
if adequate additional fluids are

given, Howover, certain

patients
are mere

likely
to develop symptoms ofintolerance

when receiving fluids of high osmeticity, hese include
debilitated patients, patients with GH disorders, pre- and

postoperative patients, gastrostomy- und jejunosiamy-Led
patients and palionia whose GT tracta have not been chal-

lenged for an extended period af time. ‘Thus, osmeticity
should atwaya be considered in the actection of the formula

for each individual pationt, With all products, additional
Muid intake may be indicated for individuals with cerbain

clinien) conditions, Frequent feedings ofsmall volume or a

continualinstillation (pumped) may be of benefitinitially in

establishing tolerance to a formula. For other than IOOH-

motic formulas, feedings of reduced concentration (oumlal-
ity less than 400 mOsmol/kg} also may be helpful initially if

tolerance problemy arise in sensitive individuals, Concon-
tration and size of feeding thes can be increased gradually

to

normal aw toleranceis extablighed.,
A common disturbance of intake encountwred in elderly

individuals relates to excess solid intake rather than to re-

duced water intake. Jer example,
an

elderly vielim of a 
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corebral vascular accident who ts being fed by nasagnatric
tube may be given

a formula whose solute load requires
a

greatly incrensed water intake, Thus, tube feeding contain-

ing 120 ¢ ofprotein and 10 g¢ of salt will result. in the exeretion

af more than 1000 mOsmal af solute, This requires the

ghlipatery exeretion of a valume of urine between 1200 and
1500 mL whenthe kidneys

are capable of normal concentra:

tion ability. As elderly individuals ofian have significant
in

palrment in renal function, water loss as uring may exceed
2000 to 2600 mi, per day, Such an individual would require
3 tod 1. of water per day simply to meet the increased
demandcreated hy thia high solute intake. Trailure of the

physician to provide such a
patient with the increased water

intake neoded will result. in a progressive water deficit which

rapidly may become critical, 'Phe impartance of knowing
the complete composition of the tubo foeding formulas used
for

ingapncitated patients cannot be overemphasized.

Osmolality Determination

The need for experimental determination af oasmotality
has been established, In regard

to this there are four prope
arties of solutions that depend only

on the number af “parti-
oles" in the solution, ‘They are oamotic pressure clovation,
boiling point elevation, vapor pressure depression and free

ing point depression. ‘These are called colligative properties
and af one of them is known, the others can be calculated
fromita valuc. Osmotic pressure elevationia the mout diffi-
oult do measure

dativfactorily. ‘The boiling-point elevation

may be determined but the values are rather sensitive to

changes in barometric pressure, Also, for an aqueous soly-
tion the molal boiling-point elevation is considerably less
than the freeving-point depression, ‘Thus, tis less accurate
than the freecing-pomd method. Determinations of vapor-
pressure lowering have heen considered to be impractical
because of the dlaborate apparatus required. However Zenk
and Eusxtable used a vapor pressure osmometer and state

that it hos much to recommend ifor moat of the syatems
under consideration here? A yvapor-pressure osmometer
with a

precision of <2 mQsmol/Iy is reported hy Dickerson,
akak@) ‘The method usually used is that of froeaingpoint

dapression, which can be delerminad quide readily with a

fair degree of accuracy (see Areezing-Poind Depression,

Chapter 16). _[ishould be noted Liat. the data in Appendix A
can be converted readily to vapor pressare lowering if de-

aired,
Semiautomatic, high sensitivity osmamaters which mea.

aure
freexing point depression provide digital readouts or

computer printouts of the results expressed in milliosmoal
tite,

The results of investigations by lund e¢ al!? indieate that
the freezing paint of normal, healthy human blood is -0.52"
and net —0.56°, as previously assumed (ace Reliability of
Data, page 1489). Inawnuch as water is the medium in
which the various conatituents of blood are either suapendador dissolved in this method, it is assumed that any aqecats
solution freering al -0.02° is tsotontc with blood, Naw itia
rare that a

simple aqueaue solution of the thorapautic agent
to be injected parenterally bas a

freosing point of —0.42°,
and toa obtain this freesing pointib ip necassary aithar to add
some olher therapeutically inactive solute if die salution is

hypolonie Creeaing point above —0,42°)
or to dilute the

soluiion if it ig hypertonic Ureesing point bulow «(.52"),
The uaval practice is to add cither sodium chlovide or dex-
troge 40 adjust hypotonic parentoral solutions to isotonicily.
Certain solutes, including ammonium chloride, boric acid,
urea, glycerin and propylene glycol,

cause
hemolysis

even

when they
are present ix a cancantration thatin iaooamotic

and auch solutions obviously are notisotonic. See Appendix
A.

ly aainilar manner solutions intended for ophthalmic
use

may be adjusted
to have a

freezing point identical to thatof
lnerimnl fluid, namely, -0.62° (aee Refiatitity of Data, page
1489). Ophthalmic aglutiona with higher fraqsing points
naunily

are made isotonic by the addition of bette acid ar

sodium chloride,
In Jaborataries where the necessary equipment is avail-

able, the method usually followed for adjusting hypotonic
solutions ia bo determine the freezing-point depression pro-
duced by the ingredients of 4 given prescription

or formula,
and then to add a

quantity of a auitable inert sotute caloulat-
ad to lower the freexing point to -0.52°, whether the solution
is for parenteral injection or ophthabnie application, A
final dotermination of the freeving-paint depression may be
made ta verify the accuracy of the calewlatim. If the solu-
Lion is hypertonic, it must he dilutedif an isotonic solutionis
to be prepared, but it must be remembered that some salu-
tions cannot be difiied without impairing their Wherapeutic
activity, For example, solutions to be used for (reating
varicose velag require

a
high eencenivation of tha active

ingrediont (salute) to make the solution effeetive. Dilution
Lo isotonic concentration is nob indicated in auch cases.

Freazing-Point Calculations

Ag explainedin the precoding section, freezing-point data
often may be employed in solving problems of isotonicity
adjuaument. Obviously, the utility of such data is limited Lo
those solutions where the salute does not penetrate the
mensbrane of the tigsue, eg, rod blood cells, with which itis in
contact. In such cases, Appendix A, giving the freesing-
point depression of solutions of different concentrations af
various substances, provides information ossential for solve

ing the problem.
For most substances lated tn the table the concentration

of an isotonic aclation, i¢, one that has a freezing point of

—0.52" ia given, If this ia not listed in the table, i may be

determined with suffigient accuracy by simple proportion
using,

ad the basis for enloulation, that figura which mast

neatly produces
an jagteni: solution, Actually the depres-

sion of the freesing point ofa solution af an
electrolyte is not

absolutely proportional to the concentration but varies ac-

cording to dilation; for example,
a solution containing 1 g¢ of

procaine hydrochloride in 100 mi. has a
freesing-polnt de-

pression of 0.12°, whereas a solution containing 2 af the
dameaalt in 100 mL has a

freesing-poind depressian of (34°,
noe 86" (3% 012°), Since the adjustment to isalonicity
neod not be absolutely exact, approximations may be made,
Whonit is recalled that for many years an 0.95% aglution of
sodium chloride, rather than the presently employed 0.90%

concentration, was
accepted widely and proved to be emi-

nently satisfactory as (he isetonic equivalant of blood serum,
itis apparent that minor davintions are nat af great cancern,

Also, formerly a 1.4%solu(ion of aodium chloride was consid-
ered to be igolonie with lacrirnal fluid and found to be rela:

tively tolerable when applied to the aya. Nevertheless, ad-

justments
to isotonicity should he as exact as practicable,

Ag aspecific Hustration of the manner in which the data
in the table may be used, suppose i. is required to caleulate
the quantity of sodium chlaride needed ta make 100 mLofa
1% solution of calcium disodium edetate isooamotie with

blood serum. Reference to the table indicates that the 1%

solution provides for (.12° of the necessary 0.52° of freering-

point depression required of an isnosmetic solution, thus

leaving 0.40° ta be supplied by the sodium chloride. Again,
referring to the table, (.42° ja found to be the freazing-paint
dopreasion of a 0.9% solution of sodium chloride and by
siraple proportion it is calculated What. a 0.69% salation will
have a

freezing-point depression of 40% Assuming addi-
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tivity of the freaxing: point depressions,
a solution of0.69 yg af

sodium ehleride and 1g of calcium disodium edetate in

sulficient. water to male 100 mi will be isoosmotic with

blood serum.

Likewise, to render a 1% solution of borie acid isotonte
with lacrimal fluid hy the addition af gadiura chloride, ane

would proceed with the calculation ag follows

  
Frowxing- point depression of laerimal fluid... ee eee O62"
Freasing-poiat dapreasien of 14% borit acid solution,

6.2... LU
Freezty- pail depression to be suppliod by sodium

Ghlaridt 0.00cee tet eee eee teat Ou?

Freesing- polit depression of1 0.0%solutionof sadinn
cliloridle

cee eee c eee ee ee eee 0.2"
Theretora,

QSL
= Othe

OG2x
oo

aU?
x (hé%sodium chloride to be incarparaled with ihorig acid to

produce a solution whieh will be iagtonig withlacyinad (uid,

Similarly, should a solution conlain mare than ane
ingre-

dignt, the sumof the reapective freesing poinks of each ingre-
dient. would be determinedand the difference between Uhis
sum and the required freeing point would represent. the

freezing point 16 be supplied by the added substance.
"The preceding caleulation can be expresaad inthe foriof

an
equation,

as follows

 
where

x g of adjuating solute required for ench 100 ml. of
solution,

0.52
=

Freezing point depression of blood serum or lace
rimatkfluid (in degrees),

a=
Freezing point depression af given ingredients in

100 ml of solution,
b

=
Freesing point depression of ¢of adjusting sub-

stance per 100 mL.

e=qg of adjusting sohtte per 100 mi, praducing
a

freezing paint depression af @.

L-Values-Jn dilute solutions, the expression for frees

ing-point depression may be written as

AT,
=

Le

in which
AY is the freozing-point depression in °C, 1. is a

constant and «ix Uke molar concentration of the drug. ‘The

teri, Liants defined as the specific value of Lata concentra.
tien af drug whichis isotonic with blood or tacrimal fluid.

For a mors complete discussion of the use of L valuos, the

reader is raferred to HPS-14, page 1560,
Effect of Solvents---Besides watar, certain other solvents

frequently
are

employed in nose
dropa,

ear draps and other

preparations to be used in various paris of the body. Liq-
tida such aa

glycerin, propylene glycel ar aleghal may com-

pose part of the solvent. In solving isotonicity nikjustinent
problems for such solutions i should be kept in mind that
while these solvent components contribute to the frees

point depression they may or may pot have an effeat an ‘the
“tone”af the tissue to which Liey

are
applied, je,

an ioayre-
tic solution may nat be isetonte. Tis apparent that, in such
cages, the utility of the methods described above or, for that
matter, of any othar methodof evaluating “tonicity”is ques-
tionable.

Reliability of Data—-While the freezing point of blaod

formerly
was assumed to be (46°, lator inveatigatlors!*

reported that ag a consequence of ice being disengaged im

freozing-point determinations,
a8

ordinarily performed, Lhe
obgerved freeing point af blood ia tou low and the correct

freeving point is-~0.62", The sameinvestigators found the

 

1489

freexing point of a 0.8%solution of sodium chloride ta be

correspondingly low; the correct freezing point in Unis caso is
algo °-0.52", Presumably, all solutiang commonly consid:
erect to be iaotonie with bload will freese, when a correction
for disengaged ice is applied,

at --0.52% Tt ig apparent,
therefore, What thare is ne need to

change the isotonic can-

centeation, Uf the reference Lamporature for both blood and
the solution under consiteration is always the same, and

provided that the meshod of determining the freozing point
is the game.

Also, thore appanars io be no
objection to using

freezing-point data for gelutdons of other than isotemie con-

centration, if the methodof determining the freesing pointla
the same in all cages, since any differences obtained when
another method is used (such as that of Land ef all), proba.
bly will be proportional to concentration,

In a discussion of the significance of freezing point data it
ia to be noted that there are some discrepancies in (he litera.
ture concerning (reeging points of solutions, An exact dee
termination of freeying point in aclually

a difficult, experi.
ment; one which ents for the control of several variablos
which commonly are neglected, sich aa the disangagoment
of ice, [iis not possible, at hia dime, to select unaquivocal
freeving point data for toto” (ha solutions listed in Appen-
dix A at the end of this chapter. The comprehensive and

valuable data of Lund, et af” referred to above, actually
raprasernt, in most inatances, meausements of vapor prese
sure which have been cadeudadéed Lo corresponding freesing

poind depressions, Tt would seem to be desirable to have

confirmatory evidence based on actual measurements of

fresuing point, determined more accurately than generally
hag beenthe cage, before revisions of exising data are made,
In the case of boric acid, which ontars inte the composition of
many collyria, there is the further variable that a sterilized
sghuiion freeses ata higher Lomperature than a

freshly pre-

pared, unaterilized solulon of the same
slrenglt. Spaecifi-

cally,
a freshly propared solution containing 2.85%of boric

acid was foundtofreezeat the same temperature (—-0.82") as
a 41% solution which had heen sterilized under pressure.

arlier in this section it was slated Ghat at one time lacri-

ma! fluid was considered to have the same osmotic pressure
as 4 1.4% solution of sodium chloride, the frocaing point of
which waa found to be, by (he usual method of determina-

tion, “0.40, ‘The experiments af Krogh, et al! have indi-
cated that lacrimal fluid has the same osmotic pressure ag

blood and, that instead of assaiming Ghat the freezing point,
of solutions inolonie with lacrimal flaid is —0,80°, if should
he the same ae that of blood, nuaiely, -0.62°, Accordingly,
the procedure for adjusting salulians bo

isotonicity withlac
rimal fluid is qualitatively and quantitatively the same as

the procedure for blood,

Tonicky Testing by Observing Erythrocyte Changes

Observation of the behavior of humanerythrocytes when

suspented in a solution ia the ullimate and directprocedure
for determining whether the solution ja isolonig, hypotonic
or

hypertonig. Uf hemolysis
or marked ¢hango in the ap-

pearance of the erythrocytes occurs, the solution is not iso-

tonic with the cells, Tf the cols retain their normal charac-

teriaties, the solution is isotonic.

Hemolysis may occur when the oamotic pressure of the
fluid in the erythrocytes is greater than tbat of the solution
in which the cells are

suapended, but the specific chemical

reactivity of the salute in the solution often ia far more

important in
producing hemolysis than is the osmotic effect.

There is no cortain evidence that. any single mochanism of
notion causes

hemolysis, ‘The process appears ta involve
auch factors as pH, lipid satubility, molecular and ionic sizes
of solute particles and possibly inhibition af choliigstorase  MYLANINST. EXHIBIT 1013 PAGE 312
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in cell membranes and denaturing action on plagma
mem-

brane protein,
Some favestigatara Laat ihe tonicity ofinjectable solutions

by observing variations of red-blood-cell volume praduced
by these solutions, ‘This method appears to be more sensi-
tive to amall differences in tonicity than those based on

observation of a hemolytic effect. Much useful information

concerning the effect of various solutes on
erythrocytes has

been obtained by this procedure and a aimmary of many of
these data is givon in RPS-14, page 1562,

Cher Mathods of
Adjusting Tonicity

Several mathods for adjuating tonicity, other than those

already described, are used.
Sodium Chloride Equivalent Mothods--A sodium

chloride equivalent is defined aa the weight of sodium chio-
ride which will produce the same oymatic effect aa] g¢ of the

drug prepared
as an isotonic solution. Appendix

A lists the
sodium chloride equivalents for many drugs. Some of the

oquivalents vary with the concentration of the drug (in
cer.

tain casés because of changes of interionic attraction at dif-
ferent concentrations) but, in every case, the equivalent is

for lwofdrug. Asan exampleofthe use of these data, if the
sodium chloride equivalent of borie acid is 0.5 at 1% concen-

tration, this is interpreted to mean that 1 ¢ of boric acid in

aclution will produce the sume
freesing-point depressian

as

0.6 ¢ of sodium chloride, of that a 1% barie acid solution is

equivalent in ita colligative properties
ton 0.5% sohition of

godinm chloride. From Appendix A it ja found Chat for a

1.9% barie acid solution (ie, at isotonicity) the sodium chlo-

ride equivalentis 0.47, corresponding to 40.0%aodiumchla-

ride solution (1.9 x 0.47),
Examples illustrating

use of the sodium chloride equiva.
lent method to adjust collyria to iaatonicity follow. he
game type ofcalewlation may be usedfor other solutions that
are to be made jsatonic.

Maple

Homatropine Mycleudomidt
ccccceee 1%

to mmake collyr isolate ceceeects wank

0.6 of homateapine hydrebramidyin cequircd 1 yar lof the drug
iv oquivalont in oumotic elfect ty O17 gar O12of sodium chloride,

O17 * 0.6
#

0.108 pe (sadism elslorida)

Oo. of an isotonic sodiuva chloride
solution contains

0.8 @ homatropitne hydrobroamide be
equivalent to

HA pe aocium chloride

O08¢ eodium chloride
0.488 yc sodium chloride

‘Shorefare, 0.488 y of aocium chloride niust bo addod fo male G0 and of
a 1% homatropine hydrobromicde sohalion faotonia with tear fluid, ‘Phe
game caldulationa may be made axing parcontage calculations. 1% of

homatropine hydrobramide correaponda lo 0.17% aediam chloride in
collipative proportics,

‘Thus, 0.0%
=

O17= 0.7996 must be addid, 0.78% of GO ml.Ohh
of sndiuin ehioride ¢o be added.

ifherie acid is to be used as the adjusting substance the calculations
hve to he carried onestep further, "There iano“berie acid equivalent,”
but the sodiumchloride equivalent of bovic acid at 1% concentrationia

GA, meaning that 1p of boric acid (or 1%) cotexponds in colligative
properties to 0.6 qsadiumchloride (or 9.59). Using tho result. obtained
above, whieh wan 0.498 4 of kodiumchloride Gy be added, it now follows
idhat the sodium chloride equivalent of bovie acid must he divided into
the amount of mudium chloride or

oxproseed aan equation:

1 je borie acid: 1.5 9 podium chloride
@ a gt 0488 g

x= O86 phate add to be added

Tor a
prescription containing

mare (has one active drug, tho calcula
{ions for andiun chloride ace carried out acparately, the obtained quanti-
tics ara added, and thon the total ik deducted fromthe O90 wingsnt.

Pixamplo 2
Wylrphyring Hydrachloride

co.cceee 0.0%
Wine Sullaocceee tec teneenae 0.355%
Storilo Weiter qs, Loma coc c eee ete tees a0 ml

MOP. Callyt isotonie 8A
Sadichloside aquivaletc. of apinephelne ACH is 0.29
Sodiun ehloride oquivalent. of zinc auifate is 1

160 mg epinephrine hydrochlaride

=

~43.6 mg aodiuimchloride
SO nie ding wd fade relBng sodiiar hlovicle
Total ingredients

are
equivalent to 59 my sodium chloride

0.9%of 40 mL 270 iy aadivin chiovice
mei213 wig

_
lang

of
sodium chloride meet

be addedto myhethie sohaGeninolon

id with Laur
Auid,

Since hoeig aciel is (he adjusting substance of chuice
for tho aatution 426 mg should be used (0.6 divided inte 213 mg).

Isotonic Solution V-Values—-These are the volumes of
sterile water bo be added to a

specified weightof deug (often
0.3 ¢ but sometimes 1g) to prepare an isotonic solution,

Appondix 2 gives such values for seme
commonly used

drugs. ‘he reason far providing data for 0,9 g drugis for the

convenicnes of preparing 80 mi. (1 £1 ov) of solution, as is

preserthed often. If vatuea for 100 mi. offinal solution are

desired, the data in Appendix  shoutd be multiplied by
100/280. ‘ho basic principle underlying the use of these

values 14 (a prepare an jagtenie solution of the prescribed
drug in aterile water and then dilute this solution ta the

required final volume with a suitable isotonic vehicle. For

example, if 0.3 4 of a
drug is specified to he used (aa in

preparing 30 ml. of 1% sotution of the drug), it is first dis-
aalved in the volume of sterile walter stated in Appendix 3
and then diluted to 30 mL with a suitable isotonic vehicle.
Iselonic solution values can be used, of course, for caloulat-

ing tonicity-adjusting data for concentrations ofdrugs other
than 1% and for volumes other than 30 mi. Thow this is
done is illustrated in the following examples,

Baxasnpyle J

A preseriplian cals for

Abropine BUITALG eeeee cates Oa ge
Btorile waar qi

oc... cceteeee GO mh

M
Ft Collyr isotonic and laaffored SA

Sig: Por Office Une.

‘Phi order iy for a 0.5%sotution of atropine sulfate. Aceording to

Appendix 2, 0.0 cof atropine sulfate dissolved in dadiat, ofsterile water
will produce a f% igotonic aghalian when dituted to 30 mL with an
idotonie vehicle, Por Samof 0.5%solutions, hall the quantitica of

atropine sulfate and alerile water would he sed, but for 60 md.of 0.5%
solution the sume quantities ax for 30 mL of 1% solution are required,

Therefore, to fil this presemiptian order, Ob yo of atropine sulfate
should lo digugived i4.3 mL of alerile proervedwater and diluted wilt
luolonic preserved Spérengan's pH 6.8 phoaphate buffer ba G0 aL,

hom oe #

For more than ong active ingrediont igelation the quantity of water
to be ased ik calculated soparutely for each ingrediont, ‘The valuca thus
obtained are added, the (otal amewnt of sturila water Lhen ia used bo
disaolve the active dagradionts and finally sufficiont isptenic, bufferad

preaorved solution(diiuting solution) is user Lo make tho required vol-
ved,

Txample 2

A prescription dally fer

Ipinaphrine hydrochloride
cic... eee eee ees O.6%

Bite BUNA vee cee ete ee tener ted
ONStarile water qato maka vicc.c..e eee ee eeea MTL

M Ft Collyr isotonic

in this axamplo the active ingredienty are xiven in percentage, ‘The
dead vehicla is 1.9% berie acid solution, Haferonee ta tha lable for
isolonie volulion values ahows the following.

Ryinephrine hydrochloride 0.3 9 98) will make 97 mL of an inelonic
kolilion when disaalved in elorile proserved

wator, Zine autfate 0.3yc will
male 6 ml, ofaus inetonic wultdage with sterile water.

Therefore, tha quantitios cnlled for in hia preacriplion will snake 4.85
mike and Li ml, of eotunie aolutions, reapuctively, Dinkalve tho sults in
wifficient sterile prosarved waar te make G.d5 be ancl ade sufficient
1.0% preserved borte acid solution to make 30 mi. ‘The rowdGng sol
tian ja isolanie,
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Binge it is pracGeally Dnpoymible to tecasure dhe roquirtnd volumes
acceuately, iti fenibde, 0 Uhie tated, bo uke 6.35 mL afstorie waler ae
Che Lolul solvent for Uhese wo drags. Gradureid pipeds, previously
sloriixed, are peesory Toy this work.
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Appand|y A--Sodlum Cilorde Equivalénts, Freezing-Polat Dapressions and Homolytic Effects of Cortain Medicinate fn

   
Ob a

E ie Q

Actiboule 1.00 OAKS OCH

methylglucamine
Acotriaonte aentiuin O40 O027 G10 G.08n (10 0.208

Acetyleysteing 0.20 1.055 0.20 G.118 dO (.a27
Adrenaline HC4

Alphaprodine C1 0.19 0.05% 0.19 (105 0.18 0.212
Aduin (potassium) O18
Amantadiny FH] Gb OOK Oat GRO 0.87 abd
Aminoacetic acid Ode UT Od) 0286 thd) Td

Aminoehippuric acid O12 0.085 O00 O07

Aminoplyiing 0).
Anmaninmn carbonate O70 Ose 70 0.406
Ammoniumchloride 143
Aunmaniumnlachate Ode O08 0.8 GBR 0.88 0.870
Annionitira midaate 0.69 0.200 U.G9 O00
Ammonium phosphite, O58 4.765 0.60 0.15

dioanie
Ammonium sulfate O55 1.188 0.66 0.016
Amoharhitad sadiuaa Oh 0,2

d-Ainphotamine FC]

Amphetamine Od 0.20

phosphate
Amphetamine sullate ee 1

Ampratraping
phosphate

Amyleaine Cl O22
Anileriding ACI 0.00 0.082 0.0% 0.104 O19 O2r2
Antaxoling phosphate
Antinony putacalun 0.418

tartrate
Antipyring O77 O1G

Apomorphing HOI (aa 080
Arginine plutamate O27 GO4B 007 0.097 O17 0196
Ancorbic ueid ROW
Atropine mathylbramide 0,44

Atropine metylnitente
Atropine aulfate Q33 0.075
Dacilracin 0.05 0.03
Barbltal sedi Ode Otte
Bensatkonium chloride O46

Benslropine mcnylil GAG O078 Al TO G70
O17 008°
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Aqueous Sotution
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E np E Dp % L 0 tH pul

0.08 0,08 VAi2 0.07 O td

O10 OGG OfO OBR 84 O00 0% G9!
O20 056] 45R 0.20 (4a 100% 2.0)

Aad G8 4h
O18 OHS 4.05 O18 0,82 100 aal
O45 ih dh O44 gar s4

245 O41 (82 9 i
20 Odd O82 0* Ge

a OT 0.8 7 wi
1J2 (82 ot 4.0
Ga O82 a8 6.9
GAD 0.82 81 f3
Of 0.68 0 2G

108 (0d 0.58 0 fad
0.26 a6 0.25 0,62 0 a3

2.84 8 RL?
O29 CA? TAF 026 052 0 4.6

O21 O.AaG $e O81 8a a fo
5.80

'
0 d2

0.18 ANS 18 300 6.0
O18 O896 O78 0609 3.40 O18 0.62 ia 2.6

6.05 AQ 4.0
G1 O10

Glad G24 O44 Od) Ga 0.18 0.62 100 6.1

O17 0402 097 O48? 0.97 0.17 0.62 9 GH
#08 O62! Oger we

0.13 O18 Voy OAs
O.f2 0 fa

OF) G1 G1 thd Bb O10 0.62 0 BA)
0.04 OF<£OF 00d O48
0.29 OH) dg O2b O88 0 HH
a4 Og
0.92 0808 G00 Oe
0.16  
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Appendix A—Contlnued   

 
 

Oo% 1h 2% a G% lsoostioile concantratlon®
E 0 E Q E b E a f b % £ nD H pH

Bethanechal chlaride 0.60 (140 0,20 08285 (02 0.468 0.50 0.672 3.08 0.30 0 a0

Bismuth potisriue 9.09 0.06 0.08
tartrate

Tdismuth sodium tartrate 0,18 0,42 0.11 BAL OL 0 G1

Boric acid 1.50 0.288 1a O47 O62 100 4.8

Brom phoniramine 010 0.026 0.09 (050 0.08 0.084
~

maleate
Bupivacaine HO} Ot? O48 O17 G96 O17 O198 O47 O80 G17 O4bd Bae O17 0.62 Ba 68

Butobarbitel eadian O27 (078 OR? 0.166 O27 Odd O87 0470 $830 027 O62 0 6.4

Rutacaine sulfate 20 a12 0.74 028 G10 O28
Caffeine and sedium eG 15 O23 0.40 M92 O78 O63 0 70

benzoate
Caffeine and sodium O12 12 O47 O8295 (16 O46 5.77 O16 O62 0 6.8

salicylate
Calcium aniaeaalicylate

4,80 0 6.0

Caleiumchloride Obl O28" 170 063 0.62 0 AG

Calcium chloride O35 0.20 2.5 O80 G2 0 47

(81,0)
Galen chloride, 0.68 0.38 lit O69 OF2 0 5.0

anhydraus
Calehim diwadium 0.21. 6061 0217 720 (21 O44 0.20 G.057 40 O80 to2 0 6.1

adledale
Caleium gluconate 0.16 0.051" O14 Odd

Cakehumlactute 0.29 O19 G12 G6 8 O70 O42 0 G7

Caletum lactobtonate (08 O08 0.08 0,048 0.08 O08R O07 126 0.07 197
Calciumfevulinate 0.27 0.16 O25 O43 3.58 i] Va

Calcium pantothenate
6.60 G TA

Caraphor 0.124

Capreomycin sulfate O04 0.01) 0.04 0.020 G04 O04 O04 0.063 0.04 0,106

Carbachol 0.208 wHe 0 5

7arbenicillin sodium O20 O08 0.20 0.028 0.20 0.206 0.20 OG 4dg O20 O62 0 6.0

Carhoxymethyloelta O08 @oo7T tod O01?
‘lowa aodiuin

Caephaloridine 0.09 0,028 0.07 O44) (06 Od 0.06 (OR G06 Oth

Chloranine-P 430 low WL

Chloramphenicol 0.064

Chiarampheni¢el O14 O088 O44 CAOYH O14 Q.1Rd O15 0.2890 0.73 W882 BB Od 0.62 pare 6.1

aodiuin wuccingdle tial

OChlordiavepoxide HC O24 0.068 G22 O12h O19 0290 O70 WHlh G17 O87 6.50 O16 O62 6b Bw

Chlorabutanal O24 O14

thydrated)
Chluroprocaine HCL O20 0.054 G20 O08 G18 Oat

Chloraquine phosphate O44 O40 O14 0.082 04 0462 O14 Gade O18 0.970 716 O15) 082 0 43

Chloroquine sulfate O10 028 0.09 0,050 0.08 1.090 0.0% Ga Gor 0.196

Chlorphoniramine O27 0.048 O16 0.080 O14 0.966 019 220 0.08 0.266
mnlente

Chlortetracyeline HCL 0.10 G0R0 G0 O06! 0.10 0.127

Chlortotracyeline auifate O13 G08 Q.10

0

O17
Citric acid O18 0.10 O47 O896 G16 O46 552 O76 O82 160" 18

Glindamyein phosphate 0.08 6.022 6.08 0.046 4.08 0.008 O08 Oldd O08 G2de 179 O.Gh Ute Sat 6.4

Cocaine FCA O16 O.080" O15 O86 G14 O40 GAS Old O52 47 44d

Jodoine phoaphate
Mla Oo f.12 0.28 0.19 O88 728 O12 Ob2 0 4A

“olkitinnathate sodium O15 0045 075 O086 015 O8F170 O16 O85 O14 O4dt) 67Gb O13 OB a 7.6

Gupric sulfate 0.78  0.400° 0.15 O14 645 018 trace*

Cyclizine HOI 0,20 0.060

Cyclophosphamide 1.10 0d) 0.10 0.061 0.10 0,125

yinrabine O11 0.084 O12 086 O41 O154 G11 198 O40) GaI7 Seb Odd O82 oO AO

Deferoxamine mesylate 0,09 0.023 G09 0.047 0.00 0.004 0,08 0042 0.08 02a]

Damecarium hromide ld 6,038 G12 (069 0.10 0.208 GOB Da WOT O1oe

Dexamethasone acdium

=

0.18 0.050 G17 0.095 O16 0180 O18 0.260 0.14 0410 675 008 ook 0 Ao

phosphate
Dextroamphotamina O54 0.007 O44 ISG Gnd Q.a92 064 0.84 O42

WH
Doxtroumphetamine O25 (14 O28 Quid B62 OG 0.62 0 4?

phosphate
Daxtronmphelunine (had 0.069 O28 O08 0.22 0800 Gee OTR) 4.16 (2d (b2 0 6.9

sulfate
Douxtrose 0.16 d0g1° O16 0.28 O1G 0.46 fi). 0.10 0.62 g 5.9

Dextrose (anbliydrous} O18 01 O14 04) $05 O18 O62 0 6.0

Diatrizoate sodium O10 0.025 09 0.04 0.08 U.0B 0,09 0.149 0.00 O2da L5G 0.08 0.58 0 79

Dibucaine HCl 0,074"
Dieloxaeillin sodium O10 O80 0.10 0.06) O90 0.122 000 0.082

CL at)
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Diethanolunine
Dibydroesraptors yen

aulfite

Dimothpyrindeue
maloate

Vimothyl sulfoxide
Diperodon AC

Diphenlydraming THCt

Diphenidel HC)

DoxApram HCl
Doxyeyeline hyelate
yphyltine
Kchothiophate iodide
iidodate disacthin
Melotte trisodium

monebydrnata
Emeting T1C]

Bphedring Ht

Bphedrine auifate

Npinephrinehitartrate

Hpinephrine
hydrachlovide

Teygonoving makente

Brythromycin
laclolianate

Kthy! aleahal
i4hylenediamine
Tithylmorphing HO)
Tucitroping HCL
Perric ammonium

citrate (graen)
Floxuridine
Flogreacein soci

Fluphenagine 23404
d-Traclout
Purtrethaninm iodide
Galattora
Tentamicii, sulfate

p-Ghictirenic acid

Glycerin
Glyeopyrralade
Sold sadinm thiomaiate
Wetacillin potassiuin
Haxafluoreniwun

bromide
Hexamethoniam

tartrate
Hexamethylene sodium

nea taunininalieyhile
Hoxobarlital sodidin

Wexyleaine HCl
Llistaming 24C4
Histamine phosphate
Histidine MC!
Holocning HOI

Vormalraping
hydrobromide

Homatropine
mothylbromide

4.Homosulanilamide
LEC

Hyalarvanicise
Hydramorphono HC)

Hydroaywmphetaming
Hr

8-Fydroxyquinaline
sulfate

LWydroxveatilbamidine
iseLhdonate

Hyoneyaming
hydrohbranide

Imipramine HO1

 

 

018

Oda
16

0.16
O12
ade
0,10
O.16
24
Out

C.08

Ol

1d

{4d

0.0K

O16
6.10
O17
Od

O96

1.18

(),44)

0.01

0,20

0.80

0.088

0.030

(128
Oth

C.045
0.086
dh
0.08
0.045
0.0%
0,079

0.0ac

QabTd

0,04]

0.070

OHA

0,042
0.002
OB
0,000

1.046

0,00

O404

0.004

0,06)

0.068

Odd
(1.06

2

Ode
Mid

0.6
OR
Ode
(10
0.16
0,23
OU)

0.40
O00
0.18
0,29

Quy?

0.76

Ws
O31
la

Oa

0.06

0.18
O10
Qt?
O01

O16

O18

OG

4.20
Qt

G18

On.

O.1G

0,20

 
1%

1

OAT
O.08

(070

Oath
0.079
OGL
0.08
0.070
0.072
0.052
0.080
0.132
0,158

6.068"
0.165"
O08
0.104
16%

C1.)
0.040

O.nb0e
O.088°
Ou"

0.076
OBIS
O.08e

0.184

0.090

O.80n
0.084
.061
0.095
0.068

0.089

0.099

O.18"

0. bad
QO. 248"

0.12
O.GHTE

Q.1t

O07

OTe!

o.oo

0 1
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Appendix 4——Continacd

ae
 

(FE

Ut]

Oe
09

0,16
O2
O12
0.09
O16
Oe
OH

aT

O13

12

(ee

01.400

0.45
0.10
Qt

O36

ONT

0.40

oat

O12

0,18

0.120

0.480
0.141

0,180
0.440
().34
{).104
O.V7o
0.248
316

O.078

Q1A7

O80)

0.060

0.166
0.171
0, 1.00)

(1.18)

G70

466

G01

LUT

0.148

MYLANINST. EXHIBIT 1013 PAGE 316

a%

 
 

12
1]
0,09

el
O27

0.28
0,20
0.16
11.26

0.07

OWL

ale
27
1.0%

(2t

OK

O14
G08
Od?

O4G

Qa

1.16

O04

0.04

0.10

1

a0

(nat lt}
0.186
(W166

0.460
(are

O17

0.36
O28

O15

0.40

O13
0.47
f.lio

O60

ce

a.2d2
0.189
(ad

(27)

OE

0.98

dB

O.080

O17

0.05

0,08
0.08

0.16

0.00

0.3

(12

0.06

O14
0.09
O17

016

O18

O.LG

14

0.0],

On

Odd
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The unmarked valor were Galton Cyom Hanminardaned ef af? aud Sagaef ad©
Adapted fromm Lund et af!©
Adapled frum APC

“Orb ained from nevirn) soureas,
HE quia ebloride cquivalents. Ue freeciny-poiat depreavion, °C, ff hemolyaiy, %, at the cotrealediaa which ia ianounoti¢ with O4M) NaCl based nn

freesing-paint datarminiticn oy ecpivalond (eal. pals agyproxiimate pl) of yehution sliudied fay homolytie agian. * change in appearances ofory nrocyton
and/or wedurtioget determined alles aedditices al fled,

Appendix B—Volunias of Watertor
lsotonlelty?)24    

 

Water Wator Walor
nocd tor noadad for needad for

lactonicily, Isntanlaity, Inatanialty,
Drug (2.9 a) mi, Drug (0.3 9) mo Drug (0.3 q) mil.

Aleahat uli Borie acid 16.7 Hphedring sulfate 77
Ammontiumchloride q3 Butrouivo sulfate G7 Hpinephrine bitartrate 0

Amobarbital andium as) Caffeine and sadium hensoate at Mpinophrine hydrochloride 47

Amphetamine phoaphale 118 Calciumchloride 17.0 Itthylmerphine hydrochloride ht

Ampholaming sulfate 7.3 Calcium chloride ( HQ) 1? Fluorescein sodium 1Q.4

Antipsyine hi? Shlorabnutanol Chydrntod} ao Glycerin it

Apomerphine hydrochloride Av? Chlovigteacyelineaulfale Aa Holocuine hydrochloride at

Aaaorbic acid 6.0 CQucaine hydrochloride O39 Homatropino hydrobromide &.7

Alropine methylwomide AT mupric wulfate G0 Homatropine methylbromide gat

Atropine sulfate aa Doxtroge, anhydrous 0 Hyoseyamine sulfate a?

Hacitracin 1? Dibucains hydrochloride 4 Neomyein aulfate 7
Barbitul yada EO0 Dihydrostrepiomyoin wul fale 20 Oxylotrueyeling hydrochloride

dat

Bismuth potassium tartrate 40 Nphedring hydrochloride 10 icittin G, potagsiium G.0  MYLANINST. EXHIBIT 1013 PAGE 320
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Appendix A—Cantinued    

    

  

Waar Water Wator
nouded for noadadtor newiad tar

laotaniclly, inddaanicily, igolorlgily,
Tru(0.3 g) tril. Wrst(G8 (9) mi Drug (0.5 a} mel

Ponicilin G, sodium Gb opalaming methylnitrate bth Sortium prepionate ath

Pentoharbital wodiua 8a Socoharbial aadiusn 8.0 Sodium aulfiie, exsiceated 41.7

Phenobarbital sadam io Bilver nitrate 11.0 Sodium thigsulfate 108

Fhysostiyanine salicylate yt Silver protein, mid ‘7 Steepdonyedin aullite as

Pilocarping hydrochloride 8.0 Sodium acetate 1h. Sulfacetamido sodium aa

Pilocarpine nitrato ‘Wit Sodiun biearboradie a7 Sulfadiaving sodium 4.0

Fiperoeuine hydrochloridk
rns) Sodium biphosyphate, Mb Sulfameraeine aodiuen Wa

Polymyxin 13 auifata 0 anhydraus Sulfapyridine sodium Ww

Potassinimchloride 25.0 Sodiuin biplosphate lat Sulfathiasole sodium 1a

Potassium nitrate VA? Badlum bisutite 20.3 ‘Totracaine hydrochloride a
Potassium phoaphate,

M47 Seditm borate ida Totracyeline hydrochloride al

monobasic Serlium iodida HQ Viemyein sulfate MW

Procninamide bydrochlaride aa Sodium molabisalfite Boy ¥ine chtoride 90.3

Frocnine hydrochloride
wa Sodium nitrate wa Zine sulfate At

Seopolamine hydrebronide 40 Sodium phosphate a7   

Pablo al “Tnotonie Seliiien Values” showing volanties iiiof selution thatean be prepared by diskelying a0 myz at tle specifiedcrag in atorile water, Tho
addition ef an inatonie vehicle (commonly referred (aan diting sahition} lo make a0 mb yiekls a Wiesalulign, Sotuliond prepared

ax directa above ate

lmonuotie wilh GO.sodium eblovide sohition but aay ool te igotonia with bluod Gee Appradix A for hemolysis data).
Te culeutate Vovidues Cor druge which de net appear in Appendix 1, but aro listed in Appendix A, sinply take [he appropriat sodhun chloride oqnivalont

(2) nnd) niultipty by G,3y¢ ta convert that quantity of drug da she equivaland, weight afmedionehioride anddivideby 0.000) (he weightofgadiuechloride which

will reacter Ta]. of waleinadeniep,
Exam ple-Caleulate Ge Yevntue for anilvidioe HO) (Appendix A clefies= 1a)

 

  

vine

= Gi water far each G8 dey
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CHAPTER 82

Quality Assurance and Control

Clyde B Erskine, Jr
Vier Preshiown
Corpaaie Qualliy Audits aad Servigos
SethKling Deckinan Geigy
Ono Franklin Moz, PO Dox 7927
Phiadoiphin, PA Mage

The Phormacoutioal liduntey continues a4 a vital aagiant,
af tho haalth-care cycle in conducting researeh and mani-

faeturing producte WHch are
Wleamaintaining md tHfe-re

sturing, ‘The last decade hak seen an evoludion in the con-

eopta foloting to the Quality Aditirance and Control of these

products,
The changes brought about in assuring Whe safety and

therapoutic afficacy of drug products have resulted from a
numberof factors whichare eidher infernal or external Lo the

industry, Internally are the sell-designed juidetines the

industey dina dinpoxad
an itself, exemplified by

a document.

prepared in 1967 by the Pharmaceutical Manulacturors As-
sociation (PMA) titled “General Principles af Total Quality
Sante) in the Drug Industry." ‘Phis PMA document be-

came the banla for later regulatery Guidelines prepared by
the Food and Drug Administration (FDA) titled “Chuent
Good Manufreturing Practica in Manufachare, Processing,

Packing
or

Wolding of Haan and Voterinary Druaga.”
Phage Current Good Manufacturing Practiess (OGMIs)
have bacome the primary external guidelines used by indus

try and the FDA in Lhe control and inspection of manufac:

turing facilition.

Qunlity Control and Assurance Organization

Although the tarma Quality Central and Quality Assur:
ance allen are uaed interchangeably, depending

on the
structure of a

apocific company, there ia a
continuing trend

Lo separate and define their functional raspankibilities,
Quality Contral can be defined broadly

as the day-to-day
contra) of qualily within a company, a

department statfad
with actenate and techinigiang responsible for thie aceep-
tando or

rajection of incaming
raw materials and packaging

components, for tha myriad of in-process tewia and inspec-
ions, do assure that ayalome are

being eontralled and moni-
tored and, finally, for the approval

ar
rejection of complated

dosape forms,

Quality Control, therefore, includes not only the analyti+
cai Coating of the finished proctuet, but alse the assessmentof
all operations beginning with the receipt of raw materials
and continuing Uhroughow, the production and packaging
opernWona, finished product loating, documentation,

aur.

veillanee and distribution,
Quality Assurance may bodafinedas the respanaibility of

an
organization to determine that sveiema, facilities and

written procedures both are adequate and followed in ardar
to assure that products

are controlled and will meet, in dhe
final cdoange forma, all the applicable specifications. Quality
Assurance Haturally then becomes an

oversight funetion,
often auditing operations to determine (hat procedures and
ayaloma aro uitable and, i not, to recommend the required
dhanges. ighar management doaks toward the Quality As-
surance unit inorder to devalep

aome lovel af “emians ta

how well they
are

mooling company slundards and applica
blo government myudladions,

 geiAPLALGAEedGa

Total Quality Contro!

Thohigh quality of phartnaceuties! producta results from
mietticulois adherence to wriklen procedures in carrying oul
all oporations, hoginning with research, Tk i at this early
point that the quality baging to bo designed into a

product
Raw materials must be characterized and pureliased fram

reputable suppligra
ao that uniform, atable peraduects will

result when theac materials are
ingerparaled inte the fin:

ished dowiyeo form. Facilities must be designed, ayslema
inalatled and the proper aquipment selected ao that the

polantial for crows contamination af ene
produel by another

ia eliminated, that material Mow and peyaginel movenionts
aro

plannaed
Lo reduee the potential far produetaimix-upes and

thal the air and water, which js boing provided to produc-
tion, ja adequate in amount and quality for the particular
operations boing performed,

Production parsornnel must be trained properly te por
form their jobs, and tho directions they follow must be writ-
tn, approved by reaponsible individuals and adhered to

airichly.
Shipping deparkinents

are
responsible Cor seadag that the

products
are

protected from advarse lumdling and enviran-
montal conditions while in transit to diatribution points and
customers,

Qualily Carnival ia ever-pragant, averdeoing aich of theas

operations and giving the final release approval for distribu.
tion

only
after ansdssing and being satisfied that each step in

(his process hag been eonmpleted correctly,
These principles

were
highlighted tn that original PMA

document. from which che fallowing excerpl. is taken:

“Pha qnality ofa produel iit deren of pamscet ian al (howe cheng er
islies dendtial asd ananifactured fata dt which contribute te Che per:
formance af ma tntendad finetion when Ue product is und nn diracted,
The quolity of medicital and slated prodieds ie the sun af all feetare
which contribute diraeliv

on piudivect ly te the aafety, offreivenesa and
accoplalility af the parades,  Qhauliye snide he broad tutu Che prauvtet
during research, development and protietion,

"Total cortol of quality ag Tt apption Ga the drug Tndunbes is Uhe

organiged offort within an endive esdablishnonk ta dualga, prarlies,
Maintain asus Cae qpocifind Gacily Oi anch waited praduet intel:
ted, ‘The effort abould not only oxlablidy apucifleatiina for produce
acceplace but saudd provide procaduren antl aethods fur achieving
conformance with uch apacifications.“Phe large waudiely of suhag unees vnod i this idualry, Gan cocnplixdty
af dt pradiekhaornd the various typew of company orgutivalion make il
impossible to devin in dolail a single univerkally applicable avedan for
the tot) contra af quatity.“The ultimate objoetive af a prograns for the total control af quality fa
fadrypeompany indhie altiofperfeedtion ip mecting spocitiqntlaa
fora pracdueé of high quatity, 1 bon program dealgaed to aanare the
profoumianal

aaer or with bo caniuanor yak every lod ala
predual

cone
Sorina to specifications ancl Chat wach dose dinteiited will fuifilt the
ropreaentationa made in dhe babel tag, aad willeet ail loyal requivements
andaich addivianal alandiards as Lhe maaanol finn ay adopt.

“Total control of quality ia a
phlindwide activity and ropreseoia the

secede renanad bility ofall weeds of n company. ‘The
renponnibyid

ity for auditing dhe comlral synlaand for avaldating prodtuet cuatity
is

that of anpecific iron
tidied bo to chin adalgient an Ghaadity Contra),

The head of Grality Contraband have (iaitriby bo robedows eat id-

oa
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Factory lols of praducts, ta raje|l unwultadshe hota and (a recommend Lhe
roeall fron dindribution afay lets wabeaciontly found to be: sai lvblo.

Hoodinuld be reaponalile ia lovel of managament whichalten dimto

exercine indapendent judemant. THe raonsilitity and aathority
ahoukd he elvarky defined by manapgoTamat.”

It readily ecomes apparent Ghat quality must be built
inte a

praduct and thal it cannot be inspected
or tested inte

a product, Quality rasuila from teamwork, an assuctation
which ia becoming increasingly important aa the industry
ndvances in now tachnolagies which Chemaelves are becom

-

ing
more

complex and domanding.

Quality Control and Assurance Functions

Phe head of Quality Control, who is ulthnately responsible
for decisions relating ta the neceptability of finished prod:
uel, should repert lo someone ather than the person direetly

responsible for producing the product, Offen in currant

organizational atruchures, the persand in charge of both

quality contra) and praduetian will report to some
highor

tovel of watharity. ‘Phis may be tho same or different indi

vidiiale, but it doos allay for the independent operation af
Hoth functions without direc) conflict arising when reaching
the ultimate deeinion on the neceptability of praduet. ‘Nhe

Quality Control funetion ia an
organivatian normally con-

aieta of at Jenat. davo primary unite, analytical cantral and

Inspechion canmtrol,

Analytical Contra!

The Analytical Control Laboratary is reaponaible far best-

ing and approving raw materials, work in-process and fin-
ished product, ‘Nhe daboratery musl be stalled with porsors
who are trained both academically and by experience to

perforthe offen complex analyses required to evaluate the

acceptability of a
product, Proper personnel ia malthe only

necessity in the trboratory.  quipmient alee ia required
which will allow timely and accurate analyse, ‘This equip-
mont continues to became more sophistiontad, providing
more infermation about compounds dian previously

haawn

and baa lod da leval of necuraey and detectability herate-
fore witknewn,

Detailed spocifications alao muat be availabte, as well as

the teal methods againet which the products
are measured.

The specifications include the criteria againat which the

product will bo evaluated and the limita for accoptance or

rojoction for ench critien) paranator,
The lesting and accoptanee of only high-quality raw tate.

rials is qsaendiol in the preparation of producta, Part of Ghis

acceplanee is Lo
purchase

raw materiala only from known,
reputable suppliers, Ln order to anmure this condition, il fs

ovaenlial that Quality Condral he part of a
preapproval pro-

gram of all potential suppliers. ‘Phis approval alwaya in-

chides (esting the material and in many cases necessitates an

jmapection of tha supplier's facility Lo determine its suitabil-

ity and degree af complumee with (MP's, AG various grid.
cal in-process production

or intermediate ateps it may be

necessary to anmple and test the materialy against criteria

previouuly establishedfor thal particular atep in the process,

Often, in-process alort or netion levels will be identified at
the critien! operational steps as a meéana ofprocoss control.
‘These alort or action levels arelimits or

spacifientions which
arg moro rostrictive than the final acceptance Himita, bit
aorve ag

in-process controle by giving early warnings of can-

ditions which gould load to au out-of-control situation and

allow (imely corrottive action (io be Galan before this occurs,

Thus, materials reaching the alort or action-lével erlieria are

acceptable, aince they have nol axeoeded a
rejoctian

or unnc

coplabte level,
In- process critiea! Woating will vary depanding

on the dos

aye form being manulactured, Sterite parentoral products
probally receive the most critical in-pracesa cantrot said

testing in order te insure afinished product which is alerile
andfree of mierabial contamination and parkiculale madiar,
With atarile products Ghe end product sterility testing:

enn:

Hot be relied upon Lo inaure that each and every container in
a tot af an

injeclable product is sterile and dopandenee ix

Maced on ieprocenm contrala, Theao in-process controls
nual have hoon developed follawing:

a
presembed protocol

which dalines operating conditions and parandters. Only
after a geries of aucecualul production runs, using the pre
soribed parameters, can a process bo judged to have bea
validated, Validation of processes in a eritien) etep in the

quality
assurance of both sterile and nonaterile products,

Validation may be defined as “sagurance that production
processes are coptralted in auch a manner that they will

perform reutinely in the manner in which they are purported
ta,”

"Perting af Wie completed Job of a
dosage form, in order te

nrenaure ils conformance wilh predetermined apaciicabions
and appropriaie aceepiance criteria, always is desirable )e-
fore releasing the Jol for

shipment. owever, the usc efa

proporly validated manufacturing process is mare critical bo

Lhe quality ofa product. nd producttasting auffera due to
the normal variations that ariae in the slatistiend saanipling of
atot dit agaating thata sample is homayencous and represen:
tative,

Validation of processes nnd syatorns ves inerdaied asstir-
ance of finiwhedl product Jol quality and ia leacting: the way
toward reducing

er
eliminating the reliance on end product

toaling. The parametric release of finished product ja be-

winning, based on cantral of the critical alements of a vali:
datad process,

‘Toate and specitigadiona may be foundin several sources,

The United States Pharmacapela/National Formulary
(USE) ix publehed

on a
6-yr eyele program by the United

States Pharmacopoial Convention, ‘The standards estab
lished by and published in the USP have been recognteedd aa

being official by the Congress of the United States and ure

recognized in the Federal aad, Drag and Caametic Act,
Those atandards are

prepared and reviewed se that through
regular revision, entirely

or in part, chey remain current

The reviewing body known as the Cummittes of Revision

reprosonts medical, academe, industrial and other wlontific

experta, ‘Che primary purpose of the Committee ie "lo pro-
vide nubhoritative standards for materials and substances
and their preparations that aro used in the healing aria”

‘They oxtabtish Lidles, definiGions, descriptions and alandards
for Lhe identity, quality, alrength, purity and, where practi-

cal, methods for their examination,
In addition to the procedures defined ip dhe USP, compa:

nies will prepare their own teat specifications whenthe prod-
etn are not “official” (az, not listed in Che USP), ‘Those
ieuds and specifications form a necoimary part of dhe Control

Seetions of New Drug Applications (NI9A8) submittedtathe

Federal Government and which, fallowing careful raview by
the FDA, may be approved. Finally, there are teat proce.
dures for wnofficial praducta and for thoge vot requiriy the

wubminsion of an NDA. Companies hy these cases prepare
chair awn in-house teat procedures for controlling the prod:
ucts they produce,

Inspection Contra)

Many responsibilities nasumed by Quality Contral are an

cilury bo the analytion! testing, ‘Thead include the sampling
and inapection of incoming

raw material, packaging and

labeling components; dhe physical inspection of productat

various Intermediate slazoa; packaging line Inspuction andthe contral of ahipping inventory within the distribuatian
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 cvyele, Depending
on the exgantigiiional alructure, addition.

al or different regponaibilitiea will be assigned to this unit.

Documentation

During the course of producing
a

pharmiacentieal product,humerous documents and records are gonorated. Hach
hatch is assigned

a
apecifie code or lot number, Al doce

mentation relating (o a apocific coda ia referred lo na a

“bateh record,” whieh will include data an cach significa
phase of production, convel and distribution. Tha batch
record provides

a historical blueprint of every atop, begine
ning with the reeoipt of chomical raw materials and packag-
ing componania and continuing through each in-process
atage. Reeording charts or computer prinlouls of signifi.
cant operations auch aa

autoclaving, dryiig, dir-particulate
monilering, lyophyliving, etc, all became part of this batch

Niatery, Aftey Lhe bnteh has been completed, includingfinal
analytical and physical (esting,

one additional stap should
he completed prior Lo

approving the lot for distribution, Ail
documenta and records relating to the specific batch are

jiven
a final review. Bach required document in he batch

record must be chacked for completeness and decuracy,

Any diserepniicy mugt he investigated immediately and an

awerad. Only attr this review has been completed aadiahic

Lorily may the hateh be released for distribution,
When Chu bateh hag been released, accurate shipping

re-

cord nuat he maintained showing the batch diatributian.
With these records it ie Uhen possible ta trace the baian to
the market place which vill facilitate, Hf the noad arase,

recalling the praduet (batel) fram tho market placa

Quality Assurance

Total coniral of quality aot only requirce the assignments
deseribed above, hut should include a

monitering
or audit

function ax well, ‘The respansihility for Ghia function is

normally soparnte from both the production and contrel

operations, thug allowing an
independent overdiglt af all

operations, Although the function nay be separatod, tho

audit responsibilities are after shared by
a Loar reprencnt«

ing both the productign and control disciplines. dt ia the

duty of Ghig individual (or team) Ghrough review and Inapac-
Wien to assuto Ghat written procedures and policies

are avail-
able for gach significant production and control oparation,
Normally, standard operating procedures GOPs) ara devel

oped which, when Followed by properly trained operators,
will holp to assure Uhe quality and integrity of tho product.
Thin, the QA review function not only delermings that the

procedures
are curvent and correct, iut thad they

are
baing

followed. Combining
a review af SOD with an audit of

facitities and operations follwing the applicable GMP rogu-
lations will give a compaty an Tngide" report on ita toval of

compliance and will allow neccessary changes and/or correc-

dione to be rade priar
10 oither causing

a
product failure or

boing observed during
an ioapection by

an FDA investigator.
Prodnetion ia

reaponsible
for following preserlhed proce-

dures to produce acceptable products, The ayatem of total

quality managenent bucames the jaink rewpotalhility of

quality condrol and quality
asmurande.

Quality dependa, lo a
major degree, upen the employees

engagod in the production operationg, "They
are

roxponsible
for following the

proacr
ibad procedures and, nlong with their

Wraining and axperience, are ablo to produce uniformly: aa

ceptable products. GMPs proporly orgdnized and followed
afford a mochaniam for preventing human error, the poten-
tind for which is especially great in thig industry,

QUALITY ASSURANCE aND CONTAOI, 1618

New Advances

Statistica and trend analysia
are lols alvendy uaed by tho

pharmaceutical induatry in determining tho proper sample
dine required for testing, for measuring the uniformity of
solid

dosaye
forma and for plotting trends of

significant
factors in order to correut out-of-control

ailuationy before
Unacceptable product resulta,

Now management concepts are
buing tealed, directed 1o-

ward a reduetion of raw material inventories and packsging
components. The torm “JustIn 'Pime” refera to ordering
and receiving materiala when they

are
raquired for produce-

Lion rather than to maintainlig extensive inventories, "This

places
an additional burden on

Quality Control and suppli-ors to assure the acecptability of matorials when received,
Cortifiention and qualification of suppliers is an

expanding
reaponaibility of contral personnel,

Hleetronic data processing has become another useful tool
for agKOaKINg procdds and Lond parameters and for analysing
the data collected during production. The contra) of many

operations by computers nad microprocearara ia providing
the capability for producing products of further improved
uniform quality, Theae systems have challenged the alder
ones, resulting in new

approaches to in-process controls,
collection and analysis of data and the entire system of

quality control,
Robotics is finding various applications in pharmaceutical

production, packaging and laboratory operations, Filling af

produch inte containers, cnetoning, palletiaing and abher ma-

torial handing taake as well as
laboratory testing and sample

preparation
aro either in uaé or being investigated. ‘The

uniformity of procedures, coats, non
fatagie fietors and flexi-

Wility are all advantages. Probably tho meat practical
use of

robots is in sterile processing where their nonovasivencss
allows asoptic production and testing by removing

a primary
source af cantambsation, dhe human worker, These all

present the potential for improved control systema whilo

bringing
new

challenges to the QC professional.

Environmental Contro!

Alony with the many other advaneos in the otal control of

quality is Lhe growing recognition (hat tha onviroament and
the systerne used for Ms ematrel can haven significanteffect
on the finished product quality. [tis wellerecoynised that

parenteral
or atorile ophthalmic producta must be producad

ing manver which will insure thair sterility; therefore, con-

trol of the areas in whieh they are manufactured is ensantial,

Microbiglogical monitoring of nir and water Lo control the
level of particulate and microbial maior in those production
aroun is necessary, Several jevele of “clown” areaa aro de-
sertbed in Fedoral Government Standard 2O9G, "Clean
Room and Work Station Requireniants, Canteollad ravir-
onment.” ‘Tho industry commonly uses the apecifications
doseribed whieh chisaily air cleantingsa based oa the number
of particles (of a

given atza) per cubic foot of air, Generally,
conditions listed ax “Clana 1.00” are maintained in arene

where parenteral products
arefilled inte sterile containers.

Class 100 ia defined us an area which cay be maintained at
loss than 100particles par cubicfootofair0.5 emand larger,

Anuther essential control
procedure

is microbiological
monitoring

of tho anvirunment is which nonaterile
productsare manufactured, The objective of thiq monitoring is to

firet determine particulate and microbial levela within an
area to aysure that they are rensonable. ff found ta be

oxcoasive, ateps must be taken bo bring the levele Lo within

acceplable limita Oneo this base lias boen developadl,raj
lar monitoring will indicate if operations are continuing

an-

dor accaptable Vinita. Tf not, dinmediaie corrective action
should be taker,
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The monitoring and control of particulate and microbial
matter will further assure the final quality and glahility of
(he product because We environment hag been contrallad
and Lhe product bas ned boon challenged by

an
unaccep lablelevel ofparticulate penerated by

an out-of-control situation,

Good Manufacturing Practice Regulations

In dune, 1968, the FDA frat issued regwations desarihing
tho current good manufacturing practice to he followed in
tho manufacture, packaging and holding offinished

phar-maceuticals, The regulations underwent significant revi-

aio and updating in 1874 and became official in
March,1979, Those regulations preaont the minimum require-

ments lo be met. by industry when manufacturing, process:

ing, packaying and bolding of human and veterinary drags.
Under Uhe Federal Jéood, Drug and Goamatic Act,

a
drug in

deemad to be adulterated unless the methoda used in its

manufacture, processing, packing and holding,
as well as tho

facilities and controla used, conform to current good
manu.

facturing practice
so that the drug meets the safely require.

mons of dhe Act und has the identity and strength
Lo meet

the quality and purity characteristics thatit i¢ represented
to have. Tn the preamble

to the regulations, he FDA Com-

missioner answers (he commonlé raceived from interested
persons who responded when the proposed wiles werd firat.

issued. ‘The preamble provides interesting background in-
formation as io why specific seelions of the regulations

were

believed to be necassary and thair inLerpretation,
In July, 1978, the PDA lasued regulations eatalishing

dimilar Good Manufacturing Practices (GM's) for the Man-

wacture, Packing, Storage and Installation of Madical Do-
vices. ‘Thead wore

publiahed following
an amondment tothe

Food, Drug and Cosmetic Act of 1976, which provided the
PDA with the authority

to prescribe regulations pertaining
to medical devices. tn December, 1078, regulationa

con-

cerning Good Laboratary Practices (GLP) for the control
and conducting of clinica) studies ware issued and for the
firat time came undar FDA inapactional authority,

The PNA proposed, in dune 1978, regulations covering the
GMPs relating to the manufacture and control of large-
volume parenteral produely, ‘These regulations, although

 

 

never
officially issued, have Locome the guideline used by

the industry and FDA in the manufachire, cantrol and ins

apuction of large-volumeparenteral praductlan. Due to the

aimitarity of the controls required for the produdiion of
amatl-volume paranterala, the guidelines algo have bean
used Lo assess the adequacy of the manufacvure and contrels
used with these products.

A number ofother “guidelines”or “concept” papors hava

heon propared by various organizalions within the industry
itaelf, such as the Pharmaceutical Manulacturera Aasocia-
tion and the Parentern] Drag Association, A partial Hating
ia provided at the end of this section.

The current GMPregulations should be read and under-
stood thoroughly by those involved in or interdated in pura

ing quality control or
qualily

assurance
responsilzilities.

The scope of he present regulations ia given io Che following
outline, along with a brief interprotation af ach gaction,
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PART Q--CURRENT GOOD MANUPACTURING PRACTICE IN
A

PROCESSING, PACKING OR
it

i
MAUNG
 
 

 HUA

Subpart Ae-Geacdral Provlaions
2183 Dofinitiona

Subpart A--Oryanization and Personal
W112 Reaponabilitios of quality conteal unit

21426  Porronnel qualifieations

B1L.28  Porsonnel reaponathiition

811.94

9

Consultants

Subparta

A

aid Maetiities
142

9

Dewign
and construction foataron

Stldd Lighting
21.46 Vontilation, air filtratlon, ain heating and cooling
248

Plumbing201.60
 Bowageand refuge211.62

9

Washing
and tailed frailitiea

211,80

|

Sanitation
A1L68  Mainiimance

Tnterpretaiion
; . ;

‘Tha
deape

of the rogulations
ave

explainad
for hana prescription

and OTC drag productincluding binlogieal praducta.
k

Reference ia made to Part 210.9 of
tho chapter which

gives defini-
tions for all uignifloant torme used iy the regulation,

Highlighted herein the aasigumant to the quality contro) anil total
rosponeibility for onaieeing tad

adequate
xyatens and procedures

éxdal anidare followed to assure pradiel quality.
.

Pornopnel, aiiher miperviaory
or

operational, tauat be quatified ly
training and exporioned to parfirm their aaalyinod tasks.

The obligations of porsonnal engaged in tin mnmtachiee of drug
productla concerning thelr porsonal hygieng, clothing and riedica
atatus arg defined. oo

The
qualifications

af consultants muat be appreved by Quality Gane
fred,

Buildings ang facilities can le considered acceptable only
if thay are

suitable for their intended purpose and can
he maintained, Con-

alruction concepts, auch ae aie handtnig ayatomn, lighting, esung
facilities and plumbing ayulens including water, sewageand joflet
facilities, are outlined,
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Subpart (deatpment
¥1103 Equipment design, slag and loontion
211.65 equipment constraction211.67

9

Kquipmant
cleaping

and mainlenaice
W168  Auomeatic, mechamend and oldetroni¢e aqulpmeant

sesenppgeeseessenpane   

QUALITY ASBUAANCE ANO GONTAOL 617

Bquipment naabe dorignad, constructed, of adequate sive, ait.

ably located and able ba he maditadiud inorder (o be conpidored
uitidie for ts inLendod und,

Reference ia nade to (he use of aulomatic equipment, dala proces
sord a) computers highlighting the need Lo verily quiput versus

input and far proper calibration of ravardora, éountora and other
alegizical or mechanical davices,

Special nece ig madd that only fillara ard ty be yaed which do not
rolonne fibers into products.

Writlar
procedures

must be available which doweribe the receipt,
idontification, slorage, handling, sampling, testing and apprevalor

rejoction of components raw malorlals) and drug products.Oneo
approved

or rojeoted, (hese materiala mual bose dontifiod and
oat

approved
they muat be inventoried in A manner to

10 aidest approvedetockin uacd frat (FIFO), Materials whieh dre ambjeet to deterloration
uring

xtorage should be
relented atin apprapriate time based on

stability profiles.

Containers and eloauros (productcontact mrterhili) tual be none

nclive with or additive to Une pracuct.

Written alandard operating procadures (SOP)for each productionyrocesn and eantrol pracedure
are necatary., Any devialion lo a

SOP must be investigated, recardod and appreved prive ta final
Seauied, (ecca LLC,

AU products are (oe formulated to provide notlany than 100% of
the required amount of achive ingrodient, Records ara te bo

maininined
af ench comporiont and dhe quantity whichia inearpo-

rated into a hateh, .

Sinificwat in-procows alups ara to be identified and appropriate

eannphin,
toning and approvals obtained before proceeding fur-

Ihe produation eyela. if required, time Hraitations will he

placed
on in-process alep

Appropriate procedures
ard ty ha prapared for testing compononts,

producty and the environment ia order to astadiish diet a
product.

18 nol micrubialopically contaminated,
Raprocensing of productia allowed providing Uhare ara writtenpro-

cocuros covering the methada Lo ba used and a

pprovadl
hy qpanlity

contval, Additional testing of he reprocdaned hatch may be ro-

quired to assure conformity with specifications.

Taheling & packaging materiale are to be roccived, identifiad,

f samplod and tested following detailed written procedures,
Special contrale muat be exercised over labeling to anaure that only

the correct labels avo isnued to packaging for a apecifle product
and (hat the quantives used are rocaneiled wilh the quantity

Following appropriate sliability atidion at

proseribed
tamparatiure

conditions, products
on Uho market ahal)

hear ai
expiration date

to agsure that thoy are uaod within their expected sholf lit,

Deneriboa the requirgmonts for
warohousing

and distribution of

producia and thelr holdiaye
Undlor appropriate conditions af light,

tamporature andhumidity.

Concerns written procedures in Uhe form of apoeiflantiong, stan-

dards, sampling plang and last progectaves which are used in a

laboratory fay controlling components and fished drag proc-
aes. Accoplanes eriterla for sampling and approval shall be
adequate for support relaane of product to iiattibution,

A atabitity testing program will he followed! iorder 10 angen {he
stability charnetoriation of drug producla. ‘Tho results of thig

Leating shall be used in aisigning appropriate vtorage conditions
and expiration datos.

Antnila aaed in any destiny what! be maintained and cantrolled ina
manhar miitablo for ue.

Drug produei) enamel be marketed if, whon tontad by
a

praveriled
procedure, found Lo curtain any detectable levela afponicillin

i
214.72 Filtera

:
Subpart B—Control ofComponents and Drug Product Containers and Clasures
211,80 General

requirements

;
211.82  Recoipt and

atorage
of untested components,

drug product canininera and eloguircy
44 ‘Doaling and approval

or rejection of components,
: drug product contuinera and closurce stored
: 211.46

0

Useof approved components, drug produed
aur LHat. t

dontadniore nd closures
: MLB? Retoating

ofa proved camponenty, drug product.
| contiinara

Pitts closurcn .
: YUKO

|

Rajeetod eqmpongnte, drug product
conlito

and closures

t Q1100

|

Drag product conlainara and clowards

! SubpartProduction and Process Controls
21.100 Written procedures: davintions

2H
Gharge-in

of
componentsQVLEO} Calevlation of yield

L708  iquipmant identifieation

20E10 Sampling and tosting of in-process material
and drug products: tharin

W111 This imitations on
production

;

M118 Control of mlerobilogieal contamination

B16  Ropracosning

Subpart GePackaging and
habeling

Cantal
271.122 Matorialy examination and usage enterta

KET

21L725 Labeling jasaanceQTEPackaging and labeling aperations
Madd Tyug product inspection

i
: . ; igsued,

QUI8? Expiration doting

Subpart He-
Holding

and Distribution
211.102

Warehouying procedures
24100 Distbution proceduroy

Subpart b--Laboratory Cantrots
211,160

Goneral
roqulrements

QELGS  "Tenking and release for cdigueibation

211,160 Stability texting211,107 Special
tantly

raquirerncnts
HLLReserve gainples

VILE? Laboratory animale

41176 Ponielilin contamination

, Subpart d-ftocards and ReportsQUL.080 Genaral raquiromouts
vc. A1LE82 Equipment cloning and dit log

‘
D184 Component, drug product cantainer, closure

and laboling racords
241.188 Master production and contral recards
911,148 Batch produetion and contrat racardy
911.1993  Pradudclion record review
211.194 Laboratory recerda

 

Dotuils the various
recards

and documenta which should ho genoral-
od diving

the manufacture af drag praduets and which are te be
avuilahle for ravlow,

A inuitey production record muad
ha prepared far onch drag prod.

ved,
daveribing all aspects of Ha imanfactirs, packaging

and eon

ivol. Individual batch records are derived from this approved
nator,
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1818 CHAPTER 2

411.190 Distribution records Distribution records include warahouse shipping loys, invoices, bila
of lacing

andall documorin aesoclated wilh distribution. ‘These
rocords whould provide all the infermation necessary to trace bot
distribution in order to facilitate praduclretrieval if necouanry.

211.108 Complaint filey Records of complaints receivad from consumers ad profeailonalsare to be nuintained along with the report of their mveruyationand response,

Subpart A—Heturaed and Salvaged Drag Products
211.204 Returned drug producta

,

Recorda aro to ho waiintinined af drug predueta returned from distei-
budien channels and {he reason for theiy return. ‘This date ean he
used 04 part of the Lotafot accountability, should the need arivo,
Lo trace ila distribution and/or for He yecull,Q11L.208 Drug product salvaging

Drug
predueta that have been mtered Lispraperly are net to bo

salvagoct,
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CHAPTER 83

Solutions, Emulsions, Suspensions and

Extracts
 

JQ Malen, Fad
Pratopaar of Planimacy
Facully of Phermaty
Unlvernsily of Taranty
Torenta, Caadda Mob 1Aq

The dosage forms described in (hia chapter may be pro

pared hy dissolving the active ingredient(s)in
an aqueous or

nonaqueous solvent, by suspending dhe drug Gif it ia insala-

ble in
pharmaceutically

or
therapeutically aeeeploite sol-

vents) in an
appropriate medium or by incorporating the

modicinal ayent Inte one of the twa phases of an oil and

water uystem. Such solutions, suapandions and omulsiona
are further defined in suhbsoquent paragraph but aome, with

similar properties,
ara considered eleewhere, ‘Thorne dosage

forma are useful for a wumber of raaaons. They
can he

formulated for different rowloa of adminiatration; oral use,

introduetion inte bedy cavities or
applied externally. ‘Tho

dose enaily can be adjusted by dilution, and the oral liquid
form readily can be administered to children ar

poople
un-

able La awallow tableta or capsules, Extracts eliminate the

nead bo isolate the drug in pure farm, allow several ingredi-
ents Lo be administered from a

single
source

(eg, paneraalie
extract} and permit the profiminary study of druge from

natural sources, Occasionally, solutions of drugs auch as

potassium chiavide are usac Lo minimise adverse affects in

the gastrointestinal
tract.

The preparation of these dexnge forma invelves several

considerations on the part of the pharmacigk purpose af

the drug, internal or external use, concentration af the drug,
selection of the Hauid vehicle, physical and chemical alabil-

ity of the drug, preservation of the preparation and use of

appropriate excipient such as buffors, solubilizers, #us-

pending ageitis, amulsifying agents, viscosity controling
agenta, colors and flavors. ‘Phe theory of many of thene

preparations ia discussedin earlier chaptors in Part 2, Phar-

maceutics, Beene of the complexity of some manufac-

tured products, Gampounding may be carried out with the

aid of linear programming modola in order to obtain the

optimal product.
‘Phe appropriate chapters (see the index)

shoule be consulted for information on the preparation and

characteristics of those liquid preparations Lhat ave intend-

ed for ophthalmic
ar

parentoral
usc.

Much had boen written during the past decade about the

biopharmacoutical properties of, in particular, the solid das-
age forma, In assessing the bioaviulability of druga in tab-

lela and capaulon, many researchers frst have studied the

absorption of drugs adminiatored in solution. Since drugs
are absorbed in their dissolved atote, frequently it ix found

that the absorption
rate of oral dysage forme decreases in tho

following order: aqueous sulidion > aqueaus suspension
>

tablet or
capsule, Phe bioavailability of a medicament,for

oral ipgaation and absorption, ahould be such that oventual

ly all of the drugis absorbedait, passes through tho guatra-
intentinal tract, regardleny

of the dosage farm, There are a

numborofreasons for formulang druga in forma in which
the drugig natin ue molecular stata, Thowe are:

improved
atability, improved taste, low water solubility, palatability
andease of adminiatration. It becomes apparent, then, that

each dosage form will have advantages and dinadvantages.

 en

rereere

emREPR ITPAEERIE

The pharmacist handles liquid preparations in one of

three ways. THe may diaponse the product in ita original
container, buy the product in bulk and repackage it at the

Lime a preseripiion is presentad hy the pablont
or

compound
the solution, suspension

or emulsion in tho dispensary,

Compounding may invalvs nothing
more Gian mixing mar

hated produeta in the manner indicated on the preseriptien
or, In specific instances, may require the icorparnlien of

active ingredionta in a
logical and pharmaceutically accept.

able manner inte the aqueous or nonaqueaus kalventa which

will form Ghe bull of dhe product.
The pharmacist, in the first instance, depanda

on the

pharmaceutical manufacturer to produce
a

product, that iy

offoctive, ctegant and stable when stored under reasonably
ndverse conditions. Mogi manufacturers atlempt io guar.
anteeeffieney by ovaluating their producta in a

neientifically
acceptable

manner but, in some inslaneos, such afficucy La

rdlative, For example, cough mixtures marketed Dy
bwe

differant manufacturers may contain the same active ingre
dionta and if becomesdifficu)t bo maosa Ghe relative merits of

the two products. In such juataneces the eammercial advan:

Lage gained by
one ever the athor may be based on

praduct

ologanca, ‘Thus, color, odor, taste, pourahility and homage-

noily are
important pharmagaidical properties,

The stability af the achive Ingredient in thefina) productis

of prime
concarn to the formulater, Tn general, drug sub-

stances are laa stable in aqueous media than in the solid

dosage form andit is iwportant, therefore, to properly hull-

cr, atabilive or presorve, in particular those aolutions,
sus

pensions and emulsions that contain water, Certain simple
chemical rovetions can occur in these products, ‘These may
involve an

ingrodiant-ingrediant intaraction (which impligs
a poor formulation),

a
container-product interaction (which

may alter product pi] and thus, for pl-acnsitive ingredients,
be reuponsible for the subsequent formation of precipitates)
av adiroctreaction with water Ge, hydrolysis), ‘The atability
af pharmacoutical products

is discwied in Chapter 81,
The more

complicated
reaetiona usually involve oxygen.

Vitamins, essential oily and almost all fata and oila can be

oxidized. Fommulatora uaually tise the word audoxidation

whenthe Ingrodiant(s) in the product
renet with oxygen but

without drastic external interferonce, Such reactions firat
must be initiated by hont, light (including altraviolat cadiant

energy), peroxides
ar abhorlabile compounds

ar
heavy mel

ala such as copper ariron. This taitlation atep results in the

formation af a frea vadienl (R*} which then reacts with oxy

gon,

RAGy
+

ROW (poroxy radical)

RO,"
+ RE

==
ROOH+ Re

he froe vadicak thus ia ragenerated and reacta with more

oxygen, ‘This propagation step ia followed by the termina-
tion renetionn,

1610
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1620 OHAPTER 43

RO"
+

ROY"
>

inactive product

RO"
+ RY» inactive produc

He af RY
+

inactive product.

Tho effeel of trace raetals can be minimived by using eltrte
acid ov EDTA (ia, sequestering agenty), Autioxidanta,

on

(he othar hand, may tetard ot
delay oxidation by reacting

with the free radicata farmed in the product, TMxamplea of
antioxidants are the propyl, octyl and dadecy! caters of qullic
acid, butylated hydroxyanisole (RETA) and the tocopherols
or vitamin &, Fora more detailed approach ta the preven:

tion of oxidative datariaration in pharmaceuticaia, thy pa-

pers by Ostendorf! and Chalmers,’ should he canstlied. A

description of many antioxidants ia given in Chapter G6.
"The problam of drug stability haa bean well-dofined by

pharmaceutical seientists bal during the past few years a

accondary and, in some respects, more serious problem hak

confronted the manufacturer of liquid preparations, Sach

pharmaceutically diverse products
aa baby lotions and nail

of magnesia bave bean recalled from the market because of

microbial contamination. In a survey ef retail paeliagen al

liquid antacic preparations containing magnesium hydrox
-

ide, it waa found that 30.5%of the finished battles were

contaminated with Pseudomonas aeruginosa, The aerobic

plate
count ranged from less than 100 to 9,400,000 orga-

niame/g. Other otamples could be cited lad the range of

microorganiama which can contaminate the liquid prepara-
tion includes the Salmonella ap, 2 coll, certain Pseudame-
nas ap, including P aeruginosa, and Staphylocaccus

aureus,

Brach* degeribes the kypes of microorganidts foundin vari-
outa products and aliemptis to evaluadio the hasards assouint-

ed with the use of nonatorile pharmaceuticals, Coates? ina

series of papers describes various interactions which must lie

considered when preservatives
are selected,

Phe USP recommenda dhat corkain classes of products he

dentad routinely for microbial contamination, og, natural

plant, animal and some mineral products, for [roedamfrom

Salmonella ap; oral solutions and suspensions, for freedom
from # voli: article applied Lopienlly, for freadom from P

aeruginosa and & aureds and articles for yeelal, urethral or

vaginal administravion, for total mjerobial cart.

Producls may became coulaminated for a nunthor of roa

BONA,

 

The raw pratertas (wed in the manufacture of soludionn, auaponakons
anelamulaions are axcellent rowel tnailia for bacteria. Water, in partie.
ing, nvlel be handled with care bul suladaneesd apean guia, diapering
aganta, murfactaniis, eutite and Maverd ean Le Che cartier of bietarla
whichultimately contaminate the preduat,

Bawinpment, Beletow well in the no|ks aid cravicos af phan:
ceutical equipment Gund in tho abnple equipment user in the disper
nagM). Such oqvipment aheuld be cleaned Crercuhhy prier Lo ie,

Movirenmantiad personage can conaibude Lo produet contamination.
Honda aad hair are the mont imporlimt. carriages of contaminate Gen
erm eloanlitiees: hus in vitak load eaveringmnt bé used by Case
invelved in (ies waalaeduring procoss and face magi should be sud by
those inelividuals eutfortiyy free colds, cought, diary fever and ather aller:
We mani fend alone.

Praeknying abeuld be aolaatod no Ghat it wilt not condiumiaata Uke prac
deb ancl alage wi) proticit Prony dhe auvlroniment.

Tho factors eited above relate te good manufacturing
practice. However, the formulator can adda preservative to
the product and docrenke the probability of product con-

tamination. Ifthe procduet containa water, it almost is man-

datery to includa a
preservative ia the formulation, THeamnuat

be stressed that this in no way replaces good ineplant control
but marely pravides farther assurance that the product will
rotnin its pharmacautically acceptable characteristics until
itis used by the patient.

The major eriteria that should bo counidered in selecting
4

preservative: ft should be effective againgl
a wide spectrum

of micraorganinma, stable for ils shelfilife, nontoxic, nanwen>

aitizing, compatible with the iugrodienta in the dosage forin

and relatively froe of daate and odor,

Pradarvatives may be used alone or in combination to

pravent the growth of microorganiama. Mthanol ia a
highly

olfective preservalive, It is used nt tha 14%level in acidic

medina and at Wye 18% lovel in neutral or
slightly alkaline

media, Taepropyl aleohel ia a
fately effective agent but it can

be used only in topient preparations, Propylene glycol,
a

dihydrie alcohol, has germicidal aeuivity similar fo Chat of

ethanol. He normally ja used ina 10%concentration.
A 0.6%solution of phanol is a

good preservative
latit is

toxfe, has iia own chavactoriaiic adar and reacts chomiaitly
with many of the dives and adjuvants which are incoxporat-
od inde liquid preparations.

‘The use of hexachlorephene,
n

germicidal agent which fs

affective mainly agninat @ram-positive organtania, is voatrict-
ed Lo Chase proparations whichare intended for exLemal wae

aly, Several years ago, an incorrectly formulated haby
powder(which

was found to contain 6.5%hexachlorophene}
was

reaponmibla for Lhe deaths of 30 French infants, Be-
causeof thix and ather evidence it can be used as a yreworva-
Live only if its concentration in the Snal produed is 1%or

less. However, certain liquid preparaiiona (oz, Hexachlora-

phene Liquid Soap USP-0.26%)
are available.

Organic mercury compounds
are

pawerful biostalic

agenia, Thair activity may be reduced in the presrnes of

anionic emulsifying
or

suspending agents. ‘Phey
are not

aultable for orn) consumption but are used at the (005%
eoncentration level m ophthalmic, nanat and topical propa.
raviona,

Benaoie acid fe affective only at pH 4 oor besa, Ta doludbilily
in certain aquecut peoparaiians ig poor and, ia (howe ine

atancas, sodium benvonte may be used, Sorbie acid har a

broad range of anlimycotie activity bul ils antibactorial

propartios
ara more timited. 11 is effective only ata pH of

less than 6,

Quatornary ammaniumsurface-active agents, ag, binaal-

konium chloride, exhibit an
objectionable taste and have

boon reported to be incampalible with a number of anionic
substances, [Un cencenteadions af 15000 to 120,000 they

are

used in ophthalmic preparations.
4-Phenylprepan-f-ol Cavdracinnamyl alcohol) is claimed

to be more effective than &-phanylethanol and benzyl alaoe

hol in inhibitingthe growth of P aeruginosa, and it has bean

anggoatod that this substance may be a suitable preservative
for oval auaponsions abd mixtures.

Tha mothyl and propyl ostera of
p-hydroxybenaoie

acid

{the parabena)
are dsod widoly in the pharmaceutical indus-

try. ‘hoy
are effective over a wide pH range (from about |

to 9) and are
employed up to about the 0.2% concentration

level. The two caters offen are used in combination in the
same

preperntion, ‘Shia achieves a
highar total concentra.

Won and the mixture ix active against
a wide range of organ

inma, ‘The hydroxyhonzcatos
are effective againal most or-

giniame: however, theiractivity may le reduced in the prea
ence of nonionie aurface-active agents bacause of binding,

Tt now should be obvious thal when the pharnagiat dia-
penses or compounds tha various liquid preparations he
asus

reaponaibility, with the manulactarer, for the main
Lenanceof product stability, ‘Mhe USLincludes a section on

atability conaidarntions in dispensing, which shouldhe stad-

ied in detail, Certain points
are self-evident. Stock should

bo rotated and replaced if expiration dates on the label so

indicate. Products should be stored in the mannerindieat-
ed in the compendium: og, ina cool place

or a
tight, light

resivlant container, Further, products should be cheeked
for evidence of instability, With respectto solutions,elixir,
and kyrupa, color change, precipitation and evidene af mi-

crobial or chemical gaa formation are
majorniga of insiabil-

ity, Brvulaiona mey cream but if they break (ie, there ia a
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separation of an oll phane) the product is considered Lo he

urmitable, Sedimentation and ending
ara

primary indicn-
tions of instability in auapensions, The presence of large
particles may mean that excessive crystal growlh tas ac

curred.
The UST) slates Chat repackaging ia iadvesabte, Howav-

ot, JP ihe produced must be repaclaygoedd,
caro aid tho container

apectiod by the compend ain pnugt be used Mor axample,a

plastic container shotnever be used Uf a
lighlarasislant

conuuner is specified. Wa produet is cifuted, or whore lwa

products
are mixed, the pharmacist should use hia Inowl

edge to yard rains) incompatibility ane instability, Oral

antibiowe preparations consUluated into liquid
form shoutel

never be mixed with other producta, Since the
chemical

atubility of exlemporaneousty prepared liquid preparations
offien is uiiusown, thoir use should bo minimized and every
care taken to inwure that product churachoristica will not

change during the tine it must be used by Lhe pationt.
Because af tho number af axcipionits aud additives in these

preparations, it ia recommended that nll Uae Ingredients be
listed on Uhe container to reduee tho ria which confront

hypersensitive patients when these produets
are achurinis-

tered.

Solutions

Aqueous Solutions

A salitian in a
homoveneoun mixture thik ts prepared by

dissolving
a

golid, liquid or yrs dn apether liquid and repre-
sents a aroup of proparations in whieh the malecules af Lhe
sahuie or digsotved substance are

dispersed amiang those af
the solvent. Solutions wna may be classified an the basis af

physio!
or dhamieal properties, methodof preparntion, uso,

phyaiedl slate, namnber of ingredianta und particle size, Phe
narrower definition herein timite the solvent to water anid
ex¢hudes those preparations that are ewoek and/or viscid in
charactor, ‘This seetion includes, Gherefore, those pharmia-
coutien) forms that are designated

ua
Water, Arematic Wa-

ters, Aqueous Acids, Selutions, Pouches, Enemas, Garalos,
Mauthweshes, duleus, Nasal Safutions, Qile Saludians ane

Irrigation Soludiaas,

Water

The majar ingredient in most of the dasage forms de-
seribot herein is welor, Eig used beth ava vehicle snd asa
solvent for the deairodt flavoring

or medicinal ingrediants.
its loatelessness, freodom framirritating qualition and Tack

of pharmacological aclivity male it ident Cor such purposes,
There is, however, & lendency to aasunie that ite purity

is

cemetant and Ghat it oun be stored, hancdiod nnd used witha
minimof care, While itis trie Ghat imanicipal supplies
nuscomply wilh Mrvironinentat Proleetion Apeney (it)'A)

royulations (or comparable regulations in other enunteios),
drinking watar aeeet be repurified before ican le used in

pharmacenrticals,
For further information on water, sec

CMiapter 2,

Five of the six solvent waters described in tha USP are

used in the preparation
of parentorals, inrigations

or inhalae
tions, Purified wader must beamed forall ather pharmacen-
tite operations and, as neoded, in allSP Leste and assays,
Th ust meet cigid spocificntions for chamieal purity. Such
water may be prepared by distillation, by

use of ion-ex-

change tesing or by reverse Osmosis.

A wide variaty of commercially available stilla are used to

produey distilled water, ‘Phe and use of the product dietaton
the sive of the ati!l and extent af pretreatment of the drinks

ing
water Intradueed inte the system. A deseriplion afstitls

ix provided in Chapter 84. Such water may bo sterile pro-
vided the eandenser ja glovile, but bo he cadled sterile i, must

he nujectod too datigfnetery ateriivation process, Howav.

af, it has been shawn that ? aeruginosa (and other microor.

yauiama)
can grow in dhe distilled water produced in hospi-

inla. ‘The implications of this are obviots. Sterile water
may be sterile at dhe time of production hut muy lose this
characleriatie ifitis alored improperly,

Hichinan ef af," by
regrouping the compenanta of evhvendianal dintdllatien

nquipment, have deseribed a method for he cantinuais

nupply af abariie, ultrapure
water, Qurbiiy-cantrad pitove-

dhives for monitoring the micrabiological quality: of water

shoukl be performed in the pharmacoutical manulaekurer’s

production faeiitien,
The major impariiies in wator wre edleiuim, iran, magne-

shim, manganese, siliea and aadiuon ‘Phe éntions usually
nee demirined with the bienrbonate, sulfate or chtaride wn.

ign. “Hard” waters are those that contain calcium and

magnasium cations, icarbonntes are le
major impurityin

“allaine” waters,

lomexchange Ghaonivabion, deminerniixation) processes
will remove most of the majar impurities in water afliciontly
nnd economically, A cation exchanger, Ho, first converts

bicarhynates, aulfades and chlovicen io their respoctive acids

 

Casd,
Cn

MehG,

|

-+
HR

oe
Mi) Rob WSO,

Na,50), Nits

Ca
af ch

Vg
o®

Wie] Rb BECO,

ANAFICG, Niiy

Carbonic acid decomposes to carbon dioxide (which is re:

moved by aeration in dhe cacarhornter) and water
The anion exchanger may contate either a

wealdy basic or

aatrongly basic anion resin. Theag adsarh aulfurie, hydra
chioric and nidvie acids, Ghemical reactions may involve

complete adsorption
or an exchange with nome other anion,

Hot,
+ Ave A TSO,

If the resin contains a bydeoxyd midieal, water is formed

during the purification process.

Hy,
+ 2AOT

“ASO,
+

2HAO

Woally dissuciated carbanit and silicic acids oat be romaved

only hy sleongly basic anion resins,

HH,SiO,
+ 2AOH

-»
A,SIO,

-F
AHO

Unit capacity varies wilh the nature af ihe installation, but it
ix possible to proceay ae much as

16,000 yal of water/min.
Daionalion proccases do nal necessarily produce Pao

fied Water which will comply with EPA requiromoents for

drinking water, Resin columns retain phosphates and ar-

ganic debria, [ither alone or in eambinadion, these sub.
BLNeOR cain ada owCh nedin fariniceaorganigns, Ola.
valions love shown that. deionized water containing 9) or.

ganisma/imd, contained, after 24-hour storage, 10°
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organiume/ml.
Golumna ean be dleaned pardlally of paseu-

domanads by recharging, bul. 4 0.25% solution of formalde-

hyde will destroy mds bacteria, ‘Phe calumn muel be
washed Charoughly and checked for the absonce of aldebydo
(with a Sehiffa Reagand) before it can be used to genorate
deionized water.

Uwaviolet radiant energy (240-2480 9m), heat or filtration
ean be used to limit the growth, Kill or remove microurga-
niama in water, ‘The latter method employa mombbrang fil-
ters and can be uned to remove bacteria fram heat-labile
materiala aa described wider membrane (tiara in Chapter
7B

The phenomenonof osmosis involves the passage uf water

from n dilute sobution acroda a
aemiparmenkle mumbrang to

armorcondantrated solution. Flow of water can be stopped

by applying pressure, eqiial 4a the osmatie pressure, to the

concentrated aolution, ‘The flow of water own be revaraad by

applying
a pressure, greater dhan the aametic pressure, ‘The

process of raverse osmosis ubilizes the latter principla; hy

applying prossuro, greater Wan dhe osmotic pressure, te the
concentraléd solution, eg, lap water, pure water may he

obtained (gee Reverse Osmosis in Chapter77).
Cellulose acetate is uaed in the manufaetura of semipar-

mdable membranes for purifying water by
reverse camosis,

‘Shig polymer bas finclional groups that can
hydrogen-bond

to water or other substances such as alcohol ‘Pho water

molecules which enter ihe polymer
are tranapartedfram ane

bonding wile to Lhe next. under pressure, Tocause of the thin

layer of pure water atrongly adsorbed at the surface of the

membrana, salés, bo a
large extant, are

repelled from the

surface, the higher-valont iona boing repelled to a
greater

extent, thus causiye a
separation of iang from the water,

Organic molecules are
rejectedon the bagia of'a deve mocha

niny related (o their size and shape. Small organic mole:

cules, with a molocular weight smaller than approxitnately
400, will pasa dhrough the membrane material, Since there
are few organic molecules with a molecular weight af tose

than 200 in the municipal
water supply,

roverse aamoais

usualy id sufficient for the removal of organic material,
The pore sizes of the salectively permeable TeVErse-CHMAIK

membranes are between § and 100 Viruaes and bactoria

jarger Unan 100 A are
rejected if no

imperfections exist in the

membrane. ‘The memlranes may and do develup apanings
which permit the passage of microorganiane, Recause af

the semistatic conditions, bacteria can grow both upatream
and downstreamof ba membrane, Unprovements 1 em.

branes are
heing made continually in type and manufactur.

ing process auch as the use of polyamide materinis, 14 is

oxpeeted that the preparation of water with nogligible or ne

bacteria present will be achieved hy this process,
The selection of water-treatmenl equipment depends

upon the quality of water to be lested, tha quality of wator

required and the specific pharmaceutical purpuse of the

water, Frequently, two er more methads are used ta pra-
duee the water desired, for example, filtration and diatilla.

tion,
or (liration, raverse oamoais and ion exchange,

Aromatic Waters

Aromatic waters, known alag as medicntod watern, are

clear, patarated aqueous solutions of volatile oils or other

aromatic or volatite subatances, "Their odors and tastes are

nimifar to dhose of the deugs
ov volatile substances from

which they
are

prepared,
and Uhe preparations shouldbe free

from ompyreumatic (amoke-like) and ather foreign otlors.

They are uded principally
as flavored ar

perfumed yobiclos.

The volatile subgtanees framwhich they
are io be made

should be of pharmacopeiat quality ar, in (he ene of nomolti-
Gal preparations, ofthe best quality if thefinest favors arc

Lo be obtained,

Aromatic watera may be prepared by one of two official

processes.

HintiNation-Dilferent authorities give difforent rection(or pre-

paring aramatic walercu hy dialilinden, Por freah deage the proportions
mind from 2 part of drug to 2 af diatillata, ta 2 parla of drag to bef
Halilinie, For dried droge such os elinimen, anigg, adi, caraway and
founal the proportion ix] purtofd drag i 10 of distillate, For driedloaf
dyuge such aa

pepparmin( iho proportion ind parts af drag to 10 of
distillate, ‘Tho drug should be contused or caaranly ground aad com

hined with a sufficient quantity af Purified Water, Most of tie water
hen tn dietilled: eave should bo taken to nvald charring

or
scorching the

subilances to prevent dhe formation af ampyroumatic odors, On cont.

Hottonaf the
Nietitlation,

any oxcoun oll in Win dlatillate ia removed and,
iPnecmmry, tho clearwater partion ia fillerod,

Solution... Acamatie watermay be prepared by shaking repeatedly 2
or (2 mloif a

liguid) afthe volatile mibatanee with 1000 ml of purified
water for TBoamin. Tho mixture [s set aside far 12 ha, filterad Uirough
woltad filter paper and made (a value (FOOmE} by adding purifiedwater Uhrough thofilter, Pappermint Water USP oun he praparad by
cithor of the twa official methods,

Alternately aromatic waters algo may be prepared by in-

garporating thoroughly the volatile off with 16 ¢ of tale,
or

with a sufficiant quantity of purifled siliceous arth or

pulped filler paper. Purified water (1000 mI.) ig added and
the mixture is agitated for 10min. The water thenis filtered

tand, if necessary, refiltered) and ity volume adjusted
to

1000 ml. by passing purified waler throughthe filter,
‘This ig the process most frequently employed since the

water can be prepared promptly, only 10 minutes of agita-
tien being required. The uge of tale, purified ailicaous earth
or

pulped filter paper greatly increases the surface of the
volatile substance, insuring more rapid saturation of the
water. ‘These digperaing substances also form an efficient
filter bed which produces

a clear solution, Thay alao are

unroactive,
Other methads have been suggested for preparing dromat-

ie waters based on ihe use of solubla concentrates or on

incorporation of solubilizing agenta auch as
polysarhate 20

(Tween 20, Aéfas), However, auch preparations
are suscep:

tible to mold growthand, in concantrations higher ihan 2%,
impart an

objectionable oily taste,

“oncentrated waters (ag, peppermint, dill, cianatman, car-

away and anive) may be prepared
us follows:

Dinnnive 20 mL, of the volatile oi} in BOD mis af 80% obaanal, Added
sufficient purified wator in nuecdmive umnall portions ¢o produce 1006
mL. Shake vigercualy after qach addition, Add 60 ¢ of alevilized purt-
Tied Lite, shake accuonaity for cevern) boura and filter,

if anise concentrate js being prepared, Lhe velurne of
othanel must be increased (a 700 mL.

The aromatic water in prepared by diluting the concan-

trate with 39 times iis valume of water. In genoral, there
methoda yield aromatic waters that arc

slightly inferior in

quality
lo those prepared by distillation ar solution,

‘She chemical composition of many of the volatileolla used
in preparing pharmaceuticals and coametica now ia known,

Similarly, many aynthatic aromatic substances have a char-

acteristic oder; eg, goranyl phenyl acetate haa a
honey odor.

Such substances, cithor alone or in combination, can he used
in nonolficial preparations and, by combining them in defi-
nite proportions, it in possible to produce substitutes for the

officially recognizedofl, Imitation Otto af Rose (which
con-

tains phenylethy! alcohol, rhodinel, eitronellol and athor

ingredient) aan example of the typos of substitutes which
are now available. Additional information regarding

the

appropriate preparation of aromatic watere ia provided in

RPS-17, Chapter 84.

Incempatibilities-—Tle principal difficully experienced
in compounding progeriptions containing aromatic waters is

due ton “salting out” action of certain ingredients, such as

vary soluble salts,
on the volatile principle of Uhe aromatic

water, A replacement of part of (he aromatic water with

purified water ix permiasible when noother function is being
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seevod than that of a vebicle. Othorwike,
a dilution af the

product, with a suitable mereasa in dosage, ta indicated,
Proservation--Aranaiic waldrs will detertarate with

time and should, therefore, boa made in small quantities and

protected from intense light, axcousive fiend and stored in

airtight, light-resistiol containers, Deteriuration may be
duo to valallization, decomposition

or motd growth and will

produce solutiona that are
cloudy and bave loat all traces of

(heir agrenablo odor. Distillod water usually is contaminat
od with mold-producmy organinmys, fievendiy dislited and
boiled water should, Gharefere, becusein the proparadion of
medicated waters, No preservative should he addud. te

mediented waters, Uf they lecame cloudy
or otherwise dote-

niorate, they should he discarded,

Aqueous Acids

‘The official inorganic acids and corlain organi¢ neids, al-

though of minor significance
as

thorapoutie agents, are of

et impartaned in chamical and pharmnaceutiend nanifae-

tating. ‘This ik gapeciaily Lrue of acetic, hydrochloric and
nitric acids,

Peroentage Strangtha—Many of the more
important

inorganic avids are available commercially in the form of
econdentrated agueous solution, ‘The percentage strength
varies from one acid to anather ard depends

on tha solualbili-

iy and
etubility of the solule in water and on the manufactur

ing process, ‘Thus, Uhe official Hydroehlorie Acid contains
from 86.5 to 38% by weight of HCl, whereas Nitrie Acid
contains fram 69 Lo 71% by weight of TNO,

Becuuse the streng (ha of theaconcentrated acids are alat-
ad in terme af %by weight, it ts essential that specific gravi-
ties alsa be provided if ane is to be able to calewlate canve-

niently the amount of abwohile acid contained in a unit
volume of Uhe solution as purchined., ‘The mathematical

relaviqnahip involved is given by the equalion Mm Vox 2X

Fowhere Min the mads in goof absolute acid contained in ¥
ral. of solution having

a
apecitic gravity S and a fractional

percentage alrenglhAa an example, Hydrochloric Acid

containing 86.08% by weight of HCl has a
mpecifie pravity of

L875, ‘Therefore, the amount of nbaahile FCT aupypliged hy
100 ml]. a! hia solution is piven by:

Mo 100% LIB7S & 00098
=

45.80 ¢ HCL

Incamnpatibilition-AlLhough many of the reactions

charactoriatic of acids offer opportunities for incampatibil:
itiga, only

a few are of sufficient importance Lo require
mora

(han casual mention. Acids and acid salts decompose ents

bonales with Wheration of carion diexide and, ina alased

container, sufficient promure may be develaped to produce
an

cotplosion. Inorganic acids reach with wnlts of
organic

geld to produce the free arganic acid and aoaadt of the

inorganic acid. UWinagluble, the organic acid will he procipb
inated, ‘Thug, snlicylic acid and bangzoic acid are

precipiiated
from solutions of salicylates and benzoates, Boric acid like.
wise is precipitated from concuntraled solutions of borates.

Hy asimilay reaction, certain soluble organic compounds
are

converted into an insoluble form. Phenobarbital aodium,
for example, ia converted tno phonobarhital

which will pro-

clpitate in aquecus solulion,
She ability of acids Lo combine with allaloids and ather

organic compounds containing a basic nitrogen atomis used
in preparing soluble salts ofthewe substation,

Thahowd be borne in mind that ceriain solutions, syrups,
alixira and olher pharmaceutieal preparations, may contain
froo acid, which cuiuses these preparations

to exhibit tie

Incompatdhilitigas eharncboriaiie af the acid,
Acids alan possess the incompatibititios of tbe anions

which they eaniain and, in dhe case of organic acids, hese are
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frequently of prime importance, ‘hese are discussed under
the specific anions,

Diluted Acids——The diluted neida in tha WAP are aque-
oud sohiiiona ofacids, af a sotinble atrenghh Casually 10% 1
but Diluted Acetic Acid in 6% wu) for internal adiminiedra-
tion or for the mapufaeture of other preparaiions.

‘The sirengthe of theoffieial undiluted acida are
expressedna percentaged iefe, whereas the atrenrthe of the offielal

diluted acida are
expressed

oa percent wife. fe, therefare,
becomes nooasuiry Lo consider the specific gravities of the
concentrated acide when caleukeling the volume requiracd to
make a

qdiver quantity of dilwied acid. The follawing equa-
Lien will give Ghe numberof mi required

to make 000 maf
clilurtod aed!

 sn
ronglhofdilutedacid3 1000

a.

Strangth of undiluted ach * ep gr ol undiluted acid

Shug, done wishes to make 1000 ml. of Diluted Aydrochlo-
ric Acid USP using Hydrochloric Acid which amiays 7.4%

HC) (ap yr 1.78), the aniount required ia

10 HOD,
37b X18

Diluted Hydrachlovie Acid USP in used in the treatment

ofachlorhydria, Wowever, ib may ifriiaby the neous mci

brane af the mouth and attack the enamel ofthe togth, ‘The
usual dose is $ mL, woll-dihuted with water, in the trot

mento! achlarhydria
no nidempt ind) do ndiministar mare

than a
relief-producing dosa. ‘The normal pH

ofUe pastric
julee in 0.9 bo 1.6 aid, in order to athain Ghia level, particular-
jy in severe casey of pasiric malfunchion, somewhat larger
doses of Who acid would de raguived,

ww
EG od

Solutions

A solution ig a
Hquid proparation thal canlaina one or

more soluile chemical substances dissolved In water ‘The
solute Unually ia nenvolaiile. Solutions are used for the

spucific Chorapeutie effect of the solute, either intarnudly
or

externally, AlGhough the emphasis here is on the aqueous

salulian, certain preparations ofthis type (ayrups, infusions
anddacoctions} have distinctive characterishica and, there-
fore, are described lator in the chaptor,

Solvents, aalubility and general methods for the incorpo:
nition ofaolute ina solvent are discussed in Chapter 16,

Solutions are usually botthed automatically wath equipment
ofthe type shown in fig 83-1,

Preeparatiion-A gpecifie method of propuration js piven
in the compendia for most. solutions. These procodurestall
Inia three main categories,

Siaple Solutions Solutions of this type are
prapured by dissolving

the nolute ia naitalde wulvien. “The solvent may contain ather ingredi-enta which stabilize ar selubitiee the active ingredient. Calcium ly.
dead Topleal Sotttien (Live Water), Sadia Phosphates Oral Solu-
Hon ged Ritrong: laddine Solution are examples.

Caletum Hydraxida ‘Topical Sohiilan conteiis, ieach 100 dnb, mot
tony than LQ ny of CatOH bh. ‘The solution i prepared ly agitating
vigorously a eof andchuin fedrexide with 1Q00 aL ef coal, parifivd water,
Maxcots caloiion bydhaside inated Lo aettle outlive the elogy, eaperna-
Sotdiquiel dispenuertAn inereaua iy solvent derapernture ueually: imyplion an inereaue in
wolule solubility, Thin cule doos net apply, however, ba the selabllity: of
ealeiun dydrexidoe ti owiter, which Joctemimn with iacronudiy, Leripara:
fore. ‘The affictal cotirtion ia preparaat 26%,

Solutions containing Ayettosiden
conel with the carbon dlaxice in the

aunosphers,

OWE CO,
&

HCO,”

OW +
HCO,

oe
CO!

+ HO

Cah COPCaO,
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Fig 09-1,

Catalan Tydroxide ‘Topical Salutien, diorafere, shauld be pranoryad bt
well Titled, Light comtoiners, atu tompora lure not gxoceding 26",

Strong Lodine Solution contain, i dach 100 tL, 4456 ¢ of iedina,
ane hoed0.S oof potarshamlodide, Tt ik prepared by diuulving &0 yp of
jodine in LOO ral of puriftod water containing 100 of potas igdide.
Sufficient purifiod water Lhety bi nadded to make 1000 mL af sedation,

One g of lodiwe dissalyad in 2050 mL af water, However, solutions of
jodicds diauohyve large quantition af dading. Strang keting Solution is,
Wherefore, a aahution uf polyinelichen by axeceuy daglide.

Pt hye Patsy
Doubly charwed anigna iiay be found alas

ON! Faaly oPpai)
Siang Judine Solution da clavsifind aw an aadigoitrogenio. ‘Phe usual
doge In Qube, times a diay,

Soveral anlibioticn (yg, cloxagiltin sud iin, aatedtline sediuana pated vartica-

niyoha), beeawg Chay are relatively uostitde dn acqagesin soladan, ae

propared by manufactured aa
dry powderk er pgamales in combination

with sudtnble battaen, colgrd, dilute, disnareints, flevern andég: pranir:
yativie, Thane preparations, Chaxacillia Sed fun for Oral Solution, Naf

 

 

ferfiekd Worm
F-—Hatety witch
aePent Ft
dnote Guida
S-Dleoharpe Str+
Raelaie He

YomFog a Crygrtigw Fark
FoFeed Table

Rally Gant :
WeeFling Tyhs Avamtly
{ieTube Halley Bling Gar,

AbeEenbeine Haght
«aATT

.

Vetpal Adjuntinat
‘—mPipp inet
‘WeeDirtibuting ¥aive

A rotary gravity bottle flor (courtaay, US Bottters),

aillin for Oral Solution and Vancomycin for Oral Sobuljon murat the

requiramndatiorthe USB, Upon disnenaing (othe pationt, Gig pharma:
est adie the appropriate nnieuntof wiler. ‘The praducte

are utable far
up lo id daya whon refrigerated, “Phiu period uuuily provider aabficiont
tine fox Lhe patient to complate thoawdnabblutredion ofall the medication.

Solution hy Chomdoal ReactionThese eshidoas ate prepared by
PekEVO a are apliten WILmach olhor ina suite volvent. Ap

example in Alwuininuin Subacetate Topical Solution,
AlWMInUn sulfate (146 a) ta dinwolyed jn G0 tal. of cold water. ‘The

vehition i fiterad, and preeipitated enlebam oarbaunte (704) ta ndded, in
woveral portions, with consi. otieringg, Acetic acid (6600m1.) in added
slowly aad Ue mixqure get anida for 24 br. ‘Sho product. is filtered aad
Ure ringgia en tho BOchier fltay washed with cotd water sudil the total
fibrade tagawaroy }Oa0 ui],,

Tho nalution contains penlaquohydrose- and tetraguedihydraxonahe
mini (1D weeturies aad aualfqtes dinnabveed! inane mqaurages readinalte:
rated with ealohuan aalfate, Wie nolotien contain amma) amount af
acetic acid. Ls shabilized by the addition of notion than 0.8% erie
netiah

he reacliane davelyed in Ue proparadiion of Gio aalition are piven
Yolow. ‘The hexaquo alumientions Fiteate eaavertedto the nonir-
rhtoting [AIH LOO. CO HD)and PAIGE).s]

|
eathons.
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JAIYO)gf
4 COs

+
[AHO(ORD!

4
HCO,”

SAICOdgf
+ HCO,"

*
[AIEO)COW]

+11,0
-€

CO,

An Fie concentration ef the leeaqiie eaitiana decroaiesd, secondary
reac.

Lions iivolviiyg carbonate and bicarbonate occur,

[ALH,.0),(ONT?! CO?

=»
AIH), (OM)!

+
HCO,”

[AIGH,0),(OHH*!
+

HCO,"

-»
[AIH,O), (OW y|!

+ TH COy

‘The plat tha neledian cow fivore ihe precipitation afdissolved caledue
jot an (he ddublawealfnte,  Acvlis acid now madeted. ‘The biearhon-
ate whieh ja farmed in dhe final lagen of tha proviadure ia removed ak
cerbon dloxide,

Ahapinum Subacotr Tapteal Solation is iived tithe prepara ian od
Aiuningn Acetate ‘Topical Sohvtion Gdurew's Soludion). ‘The dattar
noliden comaiin 1S mia! glacial acetic acid, b4i aud. of Alaminuni
Subacdinte Popien! Soludiany avid adfieiena wivlaw Le make POO0anE, Ibis
defined as a KLAN of AlumReoute iy npproximatuly 8%, Tay
weigh, Gf acetic nici in water, Tose tabiligad by ie ndelitian of not
Unsere: han GUS bearigy anit,

Solution heyBeewetionBiaphanneressil bol vag
tlalle er animal origin often are extracted with water or with wator

coraining ether scbelanees.  PreparaGonel this type nay ae clandifled
ne sais dad, noofl, are clan vierk An ox tracts,

Rauches

A douche isan aqueous solution dirceied againstapart ar

inde a
cavity af the Hedy. Tt functions as a

cleansing
or

dntisaptis age. An eye dauele, deed (a remove foredn
particles and discharges from (ie eyes, ja directed yently at
an

oblique angle and allowed (a run Tram the inner ta ihe
outer corner of the ave. Pharynigead douches are used to

prepare the interior of the throat for an
operation and

cleanse i. in
suppurative conditions, Aimilarly, binere are

nasa! dovehes and veginal daches, Doueher usualy
are

directed to the apprapriote body part by ung balls avidin
(Chapter 104),

Deuches moat froguenthy
are

digpensed in the form of a

powder with direetions for diasalving in a
specifind quantity

of water Cusualy warm), However, tables for proparity
solutions are available (eg, Dobell’s Solution Tablets} ar the
solution may be prepared by dhe pharnincial 1 powders

or

Lablets are supplied, thoy must be free from imaoluble mite

rial, inorder to produca
a clear solution, "Tableta are pra

duced by dhe usual processes (ace Chapter 89) hutany lala
counts cr diluenia ured iauat be readily soluble in water,
Boric acid may be used asa lubricant and sodium eldaricde

normally ja daed av adiluent. ‘Talieta deteriorate en oxpo-
gure Lo moist aly ond should be stored in airtight containers,

Preparations af thin (ype may contain alum, ving sulfate,
barte acid, phenal

at wodivim borne, "Phe ingredientain
ona

douche are alum (4 4), 4ing sulfate (4), Hquefied phenel (5

mi), glycerin (1/26 mi.) and water (qa to make LOGO mL of

solution), Sodium borate (borax, sodium tetrabarate) 14

used in the preparation of Compound Sodium Borate Solu-
tion NI’ OXT (Dobell’a# Soltian), Lia aqueoia solution is

alkaline bo linus paper. in lhe presenee of water, sodium

metaborate, burie acid und sodium hydroxide
are formed.

Nayi,0;
+

8HA0
-

2NaBO,
+

2430,

NaBO,
+b

2H,0

-*
NaOH +

HBO,

Vheofficial solution contains audium borata, aodium bicare

bonnte, liquefied phenal and ylycerin, ‘The renction e-
tween boric acid and glycerin is given in (he seckion on

Mouuthivashes, See alwo the section on
Honeys fora discuse

Hon on the loxie manifestations aastacinted with the topical
application of boric acid and barax,
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Houches are nol official as 4 elas of preparations but
several subataicos in the eaumpendia frequently

are one

played
aa such in weak sulutieng, eg, bengalkeniurchlertcde

is used in various douches and Compound Bodiam: Borate
Solutionis used asa nasal or

pharyngen) douche, A sodiun

bicarbonate vaginal douche has bean used Lo impreve the

poatcoital
Leak,

Vaginal dauches aye used for cleansing Gio vagina and

hygienic purpowon. Liquid concentrates or
powders, whielt

may be prepared in bulk eraa
single-use packages, aeutd bye

diluted or discalved in the appropriate amount af warm
waterprior to use, "The inygredianta aaed din vaginal dowel
inelude antimicrobial agents such as benathonivn chboride,
the parabens

or
chloralhyinol, anesthetics or

avliprurilies
auch ab

phenel
or menthol, Astingents sueh an dine sulfate

or
polasaium alam, surfaesactive agents such us sodiuin

lauryl sulfate and chemients to alter the pH
such ay sedium

hiearbonateor citric acid aiso are used.

Enemas

Sheng proparadiona
are rectal injgutions aniployed bo evac-

vate the bowel (evacuation enemag), influence tho general
aystem by absorption (relation enemas) or to affect locally
the seat of divense, “Shey runy possess anthebmlatic, nutri

tive, sedative or
alimulading properties, or

Chey may contain

radiopaquesubstances for raenigenographic examination af

theJower bowel, Some offieind retention enemas are Woe af

aminophylline, hycdrocertinone and matbylprednivaiong
ace-

tate, Since they
ore to be yetained in the intestine, Giny

should not be used in Earger quandiies than £40 ml. far ain

adit, Usually, the volumeis considerably anallor, such ag a

fowml. Microenenier isa term ased toiteseribe Lhese small.

volume preparations, Vebiclox for retention microenemas

have been formulated with small quantities of ethan) and

propylene ylycal, and no
Kiynifieant difference in irritation,

as
compared wilh water, was found, A tuber of drage such

ne
valproig acid, indomethacin and metronidazole biave bean

fortulated as microenemas for the purpose of alsorption,
The abserplion of large oielocuiar weight chugs, such os

insulin, ik under current inveatdailion,
Starch enema may de used either by Haglf or asa vehicle

for other forms af medication. A thity paste is made by
triturating GOaf powdered starch wilh 200 ml of cald
water, Sufficient bailing

wateris added ta make000 mL. af
enema, ‘he preparation (hen ia reheated lo obtain a Leas.

parent liquid,
Sadiurm chloride, sodium bicarbonate, sodium mionolye

drogen phosphate and aediuw dihydrogen phosphate are

weed in onemos te evacuate the bowel. ‘These suladancia
may be used alane, in combination with gach ebher or in

combination with irritamta sach as soap. Maenof Sop
BPC 1968 ia proparad by dimalving 60 yo of soft soap in

sufficient. purified
water to make HMM) aL of onemia. Flegt

Bema,
a commercially available enema containing 16g af

sodium acid phosphate and Gof sodium phosphate in 1G0

mb, is marketed asa oaghkedose digpaaable unit, divacua-
Lion enemas usually

are
given af body temperature fa quan:

tities alEto 2 pt injected slowly with a
syringe.

Sulfasalazine rectal enema has been adiniaiatered for the

Lroulinent of ulcerative colitis and may ba prepared by dds.

perging the Gablets (L-¢atrength} in 250 mL water. Barium
sulfate enema contuine 20of barksulfate, 1QQ mn af

acacin imudilnge and sufficient xlarch enema Lo make Sou
mi.

Gargles

Garglen
aro aqueous solutions used fur brealing ho pha

yox and nasepharyns by foreing aly fram the hangs through

HidabdalneeeBAABAMAAAIACP CPLREERE oe REESE
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the gorgle whichis heldin the throat. Many yargles must be

diluted with water prior to use. Although mouthwashes are

considered as a separale clase of pharmaceuticala, many are

used ae gurgles, oither ais, or diluted with water,

Potassium Chiorate and Phenol Gargle is official in the

PC. It contains potassium chlorate, 4G yg, patent blue y

(Color Index No 42061} commercial food grade (0.01 gw)
liquified phenol (15 ml) and water for preparationy qa to

1000 ml. It should be diluted with 10 volumes of warm

water before uae. The product abould be labeled so thatit

cannol be mistaken for preparations intended for internal

administration,
A flavored antution contalning 7.5% povidano-iodine

and

46%alechol Frode) ix available commercially
aa a mouth

washor
gargle after auitable dilution,

Mouthwashes

A mouthwael ia an aqueous solution which ia most often
uaedfor its deodorant, rofreshing

or antiseptic effect or for
control of plaque. Il may contain aleohol, glycerin, ayn thet.

ic aweetenora and aurface-active, flavoring and coloring
agents, Commercial proparations

contain such tock anti

infective agenta as hoxctidine and cetylpyridinium
chloride.

‘They may ba either acidic or basic in reaction and, in some

instances, may he effective in reducing bacterial concentra

Liona and odora in tha mouthfor short poriods of time,
Tho producta of commerce (eg, Cepacol, Listerino, Micrin

or Scope) vary widely in composition. Compound Sodium
Borate Solution MF RT GDebell’s Solution) ia used as an

andivepli¢ mouthwash and gargle, Antiseptic Solution and

Mouthwash are described in NIf X11. ‘Tho latter wash con-

tains wodiinn borate, glycerin and potassium bicarbonate,
Tho reachiona which take place when these substances are

digsolved in water are
given below.

 

SHOU OH,On HOCH,

| 7

2eHOH
4) EKOH),

=
oH-0 ody

1 4. BHO

peCHO STEye) Qe CH

POH OW OOH;

|

| KACO,

HO
QOH

|

Kt ee

| ON |CHO QeoGHy,,

“FO 4 COs

Compound Sodium Chloride Mouthwash, and Zinc Sul-

phate and Zine Chloride Mouthwash are described in the

BPC, ‘The former wash contains sodium chtoride, sodiwa

bicarbonate, concentrated peppermint emulsion and dou-

ble-strength chloroform water,

Mouthwashes may bo used for a numberof purposes: for

example, cetylpyridinum chloride and dibucaine hydrochlo-
ric mouthwashes provide satiafactary relief of pain i pa
Gents with uluarative lasione of the mouth, mouthwashos or

creams containing carbonoxolone
are

highly effective dosage
forma for the treatmont of orafacial herpes simplex uifec-

tions, and undetected oral cancer hag been recognized using
toluidine blue in the form of a mouth rinas,

Juices

A juice is praparod from fresh wipe fruit, la aqueous in

character and ja used in maleing syrups which are
employed

na vohiclos. The freshly expressed juice ia preserved with

benzoic acid and allowed to sland at room
lemperature for

several days, until the pectina which nalavally
are present

ara destroyed by enzymatic action,
an indicated by the fil-

tered juice yielding
a clear solution with alcotal. Pactina, if

allowad to remain, would cause precipitation in the final

ayrup.
Cherry Juice is described in the current USP and Jtasp-

berry Juice in USP XVII Concentrated Haapherty Juin
PC ia preparedfrom the clarified juice of raapherrion,

Pace

tinge is etivred into palped raspberries and the mixture

allowedto stand for 12 hows. ‘The pulpis pressed, the juice
clarified and sufficient sucrose added to adjust the weight at
20° to LOGO Lo 1.060 ¢ per mL, ‘Chejuice thenis concenlrat-

ed to one-sixth of its original volume. Sufficient sullurous

acid o¢ sodium matabiaulfite is added as a
prevervative.

Artifical Guvore sow have replaced many of the natural
fruit juices. Although they Jack the tlaver of the natural

juice, they
aro more stable and easier to Incorporate into the

final pharmaceutical form.
Recent information on

cranberry juice indicates thatit

may be effective in controlling agiurinary tract infections

and urclithioais.

Nagal Solutlone

Naani solutions are usually aquecus xolutions designedto

be adrainiatered to the nasal paasages in drops
or Kprays.

While many of the drugs are administered for their Jocat

sympathomimetic
affect such aa

Ephedrine Sulfate or Na-

phayoline Hydrochloride Nawal Solution USP, to reduce na-

sal congestion,
a few other official preparations, Lypresgin

Nasal Solution USP and Oxytocin Nasal Solution USP, are

adyniniateredin epray formfor their ayatemicaffectfor the

treatment of djubetes insipidus and milé letdown prior to

hreaxtfeeding, rowpectively, ‘he current route of adminia-
tration of peptides and proteing is limited to

parenteral
injection because of inactivation within the gastrointestinal
Wract. Asa resull, thore is considerable research on intrana-

sal delivery of thea drugs suchas analogs of enkephalins
or

juteinizing hormona releasing hormone and insulin,

Nasal solutions ara propared
ao thal they

are similar in

many respects to nasal secretions, so that normal cilaty
nedion is madnitained, Thus, the aqueews nanel solutions

usually
are iaotonic and

slighty buffored to maintain a
pHof

5.6 Wo 6.6, In addition, antimicrobial preservatives, similar

(o those used in ophthalmic preparations, and appropriate
drug stabilizers, if required,

are includedin the formulation,
“ommercial nasal preparations, in nddition to the drugs

livted above also include antiblotign, antihialamines and

druge for asthma prophylaxis,
A formula for Ephodrine Nasal Dropa POia

Ephodring hydrochloride
.......06..6 beaten 0.0

Chlovobutangl......
Ce veeeeaeeeeeerenaaeges »

obey
Hodium Chiowide ....c0 ccc Leben a eens Ong
Water for propurauiong

.. 0000 ccc er eee eee to 100 m1

Current studios indicate thot naval aprays are
deposited

mainly in the atrium and cleared slowly inte the pharynx
with the pationt in an

upriydit position, Drops spread
more

extensively Ghan the spray and three dropa
cover meal afthe

walls of the nasal cavity, with the patient. in a
supine position

and head tilted back ane turned Jefland right. Tis suggoat-
ed that drop delivery, with appropriate movement by the

patient, leads bo extensive coverage of the walls of the nasal

cavity.

Qhic Bolutions

These dolulions oceagionally
are referred to na aural prep-

arations, Other alie preparations often inelude fovmula-
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Lions such ay
siipommons and ointments far tupieal applica:

tion in the anv.

‘Phe nai classes of drugs used for topical odninistration
to the oar include mialyesion, ae, bengocaine; nytibigtios, of,

neomycin and anti-inflammiadory apenas, ea, corligone,
The USP preparations inchide Anupyrine

and Henxocaine
Otie Sohviian. ‘The Neomycin and Polymyxin B Sulfates

wad Hydracortisane Otic Solutions contain Appropriaie
buffers and digpersants usually in nn agaiadus solation,
Thoxepraparations include Lhe main Lypon of selvents used,
namely glyeorin

or water. ‘The yviseous glycerin vehicle per
nuts the drag to remala ia the ear for a lang tine. Anhy-
deous plycerin, being hygroscopic, Lends lo remove moisture
fram surrounding Lingties, Chus reducing swelling, Viscous

liquids like plycerin
or

propylene ¢lycol eithar are used alone
or in combinadion with a surfactaut te nid dy dhe remeval af
caruimen (oar wax),

In order ta provide sufficient lime for aqileaus prepara
Qiong to aed, it id noceasary for the patient to remain on lis

side far afew minted 60 die drops do nab run out of the ear.

Qhic preparations
are disparaed fina COMLe woe: pent

mits the administration of drops,

Irrigation Solutions

Those sohitions aro used Lo wash or lle sueyien) incl:
gions, wounds or

body tissues, Reeause they come iy can:
(act with exposed Gaisue, (hey must meet sleingent

¢
quire

mente for Injections of the USPsuch ae aterilily, partienticematter and the requirerionts of the Pyrogen Pest ‘Sane
producty

are
prepared by claadviny: the achive ingrediont, jn

Waterfor
Injeetion, ‘Phey

are
pockaredin single-dose enn.

tainers, preforably Type Lor Type Y) ylaus,
or sultabke plastic

containers, and then ateriived. See Chapbar 78 for dtoritian.
tion proceduray, A number af rigalions

mare duscribed iin

the USE: Acetic Acid) Jevigation for bladder inreigation,
Amingacedie Acid Irrigation for uretival aingery and Sodi-
ura Chioride Irrigation for washing wounds, OuUher dirujs
such as

mmphelericin Bondse may he formutabed as
inriga-

tions.

 

Sweal or Other Viscid Aqueous Solutions

SoluGona which are awoel or visetd include syrups, honeys,
muetlaged and jetlios, All of Ghese are viscous liquide

ov

aemigolds, ‘The dyayie awoet or viscid slibstamiues giving
holy Ca Uhase prepara dons are aug, polyols

oe
polysiecha

riches (uum.

Syrups

Syrups
are concsttrated solutions of sugar such as sucrose

in walter ov other aqueeus liquid. When Purified Water

alone iy used in malding the solution af serosa, (die preyarn-
tion js known ay

Syrup, or simple syrup, On aditition to

guerese, certain other polyols, such ws
glycerin

or sorbitol,

may be added to retard crystallization of sucrora or to in
erenae tho sohibility of added ingrediauts, Aldobel after is

included ana preservative amd alao asa solvent for favors;
further rosistaned to microbial ultack ean be ankanced by

incorporating antimicrabial ngents., When the nqueous

proparadion contains some addedanmedicinal substances, the

syrup is called a medicated ayetp. A flavored syrup is ane

which usually ix nol medicated, but which contains variour

aromatic or
pleasantly favored wubstances and is intended

to bu used asa vobiche ar flavor far prescriplians,
Flavored syrups offer unusual opportunities

ae yehictes in

extemporangous compounding and are
accepted readily by

hoth elildran and adults, Beeawse they contain io, ar very

lite, aleghol they
are vehicles of choice for many of the

drags that are
presenibed by pediatricians, ‘Their lack of

alcoho} males them superior solvents for water-sohuble aub-
ataneay, However, auctoxe-lnaed medicines continuously
administered to childron appareniiy

enuse an inereane in

denial caring and gingivitis; consequently, allernaty formu.
latiana of the drug either unaweetoned or sweeloned with

nowenrigganic substances should be considered. A lnowl-

edge af the sugar centent af Hquid medicines is usedub for

pationta whoare ona restricted calori¢ italy; alist has doen

prapared by Bergen.’
Syrups posaeas remarkable masking properties for hiker

or saline drugs, Glycyrrhiza syrup how hoen recanumnarited
for cigguising the sally baste of bromides, jodides and chlo-

rides. ‘This hay been attributed Lo iti eooidal character and
iis double swoelnossLhe immediate sweelnoss of Uie sugar
and the lingering sweetness of the elyeyerhisin, ‘hin ayeup
in laa of value in masking hiclernexs in preparations

cain

taining the B complex vitamink. Acacia Syrup US, be-
cane of ite colloidal character, is of particular value us a

vehicle for masiding Ue diangrecuile
taste a! many median

monty. Raspberry Syrup PO is one of the most alficlent

flavering agents and is enpecially useful in muaking the taste

af bitter drugs. Many factors, however, entur into Ge

choice of a suitable flavoring agent, Jaleradure reports
are

afien contradictory and there appears to be no substitute for

the taste panel, "Che fiteralure on this subject has heen

reviewed by Meer,ind this referanés and Chapter 66 should

be consudted for further tnfarmation on the flavoring of

pharmaceuticals and the preparation of a mumber of afficiul

ayrupa. A series of papers by Schtmacher deals with i-

proving the palatability of bulocompouriled products tsiny
flavoring and sweetening agents!

In manufaeturciyg syrupa Lhe sucrose niube selected

carefully and a
purified water, free from foreign substance,

and clean vessoly and containers must be used. The opera
tion muet. be condueted with care Lo avaid contaninadion, if
the produeds

are bo he atalie
This important Chat ihe cancantation of sucrose

approach
but net quite reach Ure saturation point, In dilute sohutione
Broad provides

an oxcellont nutrient. for moldy, yousts ani

other microorinmianin, En concentrations af 659by weight
or more, the soludien will retard the prowsh of such nueroor

yaninms, However, asaturnted aalution many load (a eryatab-
lizationof a part of the sucrose ander conditions af changing
Lamporature,

When deat ia used in dhe preparndian af syrups, hore is

almost certain do bean inversion of a
alight poriion of thy

suuteso, Sucrose anhitiona nre
dextrorotuiry dul,

as
hydroby-

gin pracooda, Lhe optical rotation desroasen and becomes

nepative when the reaction is complete. This reaetion is
tommed viversion because ravert stiger (dextrose plua levis

load) ia formed, ‘The spoed af inversion is ineraaged graaty
Wy the presence of acids; the hydrogen ion neta asa calodyst
in this hydrolytic reaction, luvert sugar ia more rendily
fermentable than sucrose and fends da be darker in color.

Nevertholass, ita davo reducing supara ace of value in rebar

ing the axidation of other subslanocs.
Invert Syrup is described in the PC. Tt ia prepared hy

hydrotysing
sucrose with hydrochloric acid and poutralising

Lie nohition with eakeium or sadiun carat. ‘The sucrose

in the GG.79w/e solution muat be wh beawl 86% inverted,
The moneyraph states Ghat invert wyrup, when mixed in
suitable proportions with syrup, provera Lhe deposition of

oryalals of sucrose ander moxt conditions af storage,
She levubose former during inversion is sweeler Chan en
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erase aud, therefore, the resulling syrupis sweater than the

original syrtip. ‘The relative sweetness of lovuloge, suerane

and dextrose isin the ratio of 1710074. ‘Thus, invert sugar
in 1/100 (178 + 74)4)

=
1.28 limes aa swoot an sucroac, “The

Jevutoge formed during the hydrolysis alsois responsible for

the darkening of syrup. Tt ia sensitive Lo hoat and darkens

rendily, particularly in solution, When syrup or sucrose in

overheated, it carametizes. Soo Caramel (page 1290), Oc-

eamionally, if is appropriate
to wie 4 augar-free liquid prapa-

raion;
a lint of these has been published."

Preparation...Syrups
are

prepared
in various ways, the

choice of the proper method depending on the physical and

chemical characterlaticn of the wubstances entering into the

preparation,
Gotution with Hoat-Phia iq the mau) anethod al making sytaps

whon Uhe valuable santiluont ie neither volatile nor injured by bent, ahd
when it ja désivable Lo mabe ie ayrup fapidly. “She aueraie usually ia

added(a the puritigd waler oraquenus solutionrad hoatadycil walution

ineffectad, thon teainoed and aufficiout purified walor added to mike the

doalred weight ar velume. If the ayrup in made from an infusion, o

decentfan of an nqpterieaolibion containing organie mintter, nueh ns (hap
from mapto dreos, il. usualy in proper to howlthe ayrupto the boiling

paisttecasgulata dummies mater, nuibsedquiatly, Chin ia nepatated hy
gieaining, Tfthe allman or ether impurities

were
pernitied

to remain
th the iyenga, formoctatianprobably would he induced in ayerwor bbie,
Saeeharemetore are very dselul in mals ayeupo by tie het pracesa in
chars whore Ube proper apecitic qrivity of the finished nvrug in knew.

‘They may he floatedia Lhe syrup while boiting, and tiie tho ancecheque
of concontration determined wilhout wailing te coul the asrap and hay

ing: ba bead, if agmin éo cuneate iforther, Whon taking 9 roading of
Lhe apacitie qravily of (he hot aytup, nflowance mast he made fer the
varintian front the atfichal lonmperatire(apecifig janmvitiente thy UAT are

falcon wt. 25°).
Eycauaive hoating of uyrape al the holling toniperature is widesirable

ninee more OF Jew invareian of (he sucrose aectre willy a inereanad

tondaney La forme, Syrape eninat be alorlized (nan autoclave will:
jutaume caramndigation. Trin in indi¢nted ty a

yollawiah
or larawnial

eotor roautiinyt CromUhformation af caramel by (he aekion of honk Upon
BuCIONE.

‘Aha formula and procedure phen for Acneit Syrup (page VAN) dhis-
(rules this mothed of preparation,

Agltation withond Hont ‘Thin proeossis dad in dhase cages where
hon wobld enuse dhe loss of valvethle, volatile cumatiinonta. In raking
qWatities up to O00 nf, the aucrone alvodalel bee cdl Gee thio iqyaarcitan
nolution in a botlle of abeut tied dhe wise roeiired

for the ayrup, Thia

prmnity clive agitation asd vapid selution. Atappiring the battle ix

nportant, aa. prevents cantontination and lush during, Che pact.
‘The boltie should be allowedto lia on itt aide when nat being agitated.
Gliqwe lined tantlac with machanieal agitatura, expecinlly adapted (o dis-

aulying al eucrose, aco raed for mating ayeupa in large aquantitios,
"hin ntethordl and ¢hat proviously donerliiod are wded Tar the prepara:

Gon of a wide vneety of preparations that are popularly described as

syrup, Mart cough ayrups, fer example, contain sherono aril ane or

mara active ingredionts. Howovor, tho axial cumpoaluion uf mach pred:
teks fs ned given on thelabel, Purtherimera, some of thane profliets

are

Helod in Uhe USP but ne directions aro
given for their preparation, Por

cxample, Guaifanealn Syeup U8? Glyceryl aualacalelo wyrup) le atficial
bul the only lnowi brgredionta are

guaifenesin (alycery] gunigeolate}
and ethane) Goot lew dae 1% ay mage thin 4%).

The PC, on the other hand, jlvek qmothad fur the preparation of

Codeine Phoupshite Syrup. Chit contains cedgine phosphite ( Hd, WA-
tor for préparitionsy (6 m1), chlornfarnn apitit (26 ml.) asd sufficient

aymnp tomate 1000 amb. Mcabe used far (he velied ofcough, Another
ayruns for (vie puree In Codedee Linchus PG. ‘hig ia tenily

a medientod
syrup Which pores daniutoan, uxpectorant of wedative

proportionTndike tho syrup, tin colared and layered. Phe formula tor Codaine
Lainelun PCD ia:

Codebie Mhiosphate
.. 0,0... 66 1

te
Compound Trartrazing Balution ' Load,
Bongole Acid Bolutinn

oo... : 201
Chignolaem Spelt

occeee AO wn
Water for Preparatloni

oo. 2... bi cuvuguaerae 20 mid.
LenaSyrup 200 mL

Bye
eee 2 to 1000

 

innolve dio cedeiie phon yunte in ihe weber, add S00 mL af the nyeap
and mix. Add the ather ingredionbt aad aifficient ayrup te produce
1000 ml.

Jor poctiatric wae, 200 mafGin Himetin la diated with wufficigat syrup

to make 100 rl. Lf auger ie contraiadieatad in ve diet, Dlabulic
Cedeing Linckcant bo uid:

Codalne Phonphata
cic ccc ee eee ees

Ha
Cthieia Ach pummoheydritlte

sce ix
Lamon Spirid

cccera enters inks

Canmmound Tartriging Suludion
oo.e : ital.

Tanvobe Ach) Soldano.
ccc ee eee tind,

Chloroform Spel
occ.es a0 mL

Wrtor for Preparatigng
.. 0000 cee 20 ml.

Sorbitol Solution...
2... veeenveeettyy pean WO HO00 nde

iukolve (ho codeine phosphate and Uke ¢ftrle acid In the water, ade

TEX) nl,
of the aerbifal aslutian and mux, Add the other Ingradlents and

sulficlant sorbital aotution I prariiee WGC itd.

Sorbitol Setutianii the mweetaning agent. and comtaing 70% ai/e af Catal

aollds, conalating mainly ef Pxarhiiel, Tt has about belt the aiorLaniily.

poworafayrip. Tn the WS the PDA has baad Hie ane of chloraforeht

medicines aidcoamotics bucttns af reported corcinegonicity it avimals,
Haale formulations can be varied qanily Lo produce the highly advar-

ded articlon of cammeres, ‘The preacripGian-anly dea(eg, codeine
phosphate or mothaddoate) mut, ofcount, he ornitied from tho fovauhe-
tian Lit, iv corladn countries, suet aa Canada, a deercased quantity of
codeine phauphate ia parmiited ianPC cough ayeay. 11 meldi¢hon te

ihe ingradionts eiledar lisad fy tie officlal compendia(og, Woh, wquill
se

{pocwecuanha), many cough gyrupe contain an anullatamaiita,

Many other achive ingridionts (og, ephedrine sulfate, dieyelumine
hydrochloride, chloral hydrate

oe
ehlorpromaeiie hydrochloride}

are

arkoted neavenps, Like cough syrups, thenc preparations
are Havered,

cofared and recommended in those instances where dhe pationcanner

wvallow the solic dasiyée fori,
Addition of a Medicnting Liquid te SyneThis mothed ts resent

ed ta in these enaex in which Cluidextracts, tineinres or other liquide
ave

added (vayrup tomedienlo it, Syrups madein thin way ustially develop
precipdes sine nleohol f4 oflen an ingrediont of the liquide thus

ued,
and the

restroun and oily auilataneesdissalveeds by the algal prectpitats
when mixed with Lhe Kyra, produeity, wosightly preparations, A nid
fication ofChile proce, Crequently adopted, condats of mixing the (uid-
exéraed or Ginelure with the wator, allowing the mixtare ta tani te

pormadt the aoparating af insoluble comstitaents, Moving and (hon dis.

nalving the mieraug i fhe fitrale, His obvious thatthis pracodureix tat

parminible when Uhe pracipitalad ingredioats aro the valailaly rigedici:
rail agg.

Tho formula and procadura given for Aroiatic Eriacielyon Byrup

LIST (page 1301) Huntrate thit mothext af preparation.
Poareintionhy thik procedure, purifiod witlar, of gn aqioqus nal

Lian, ix pernitind
to Pasi slowly through

a bed aleryatatline sueraxa, Hus

iuanlving itand forming agvrup, A cotlen plodyelia placedin (he neck
of the poredlator and Lhe water ox aqueous soluGon added. My nieane of

ashitabld mlapyeck tho ow ds regulated
go that drops appoue in rapid

syecomion. He neacsaary, a
portion af the Hgultl fe recveloe tlitovgl (ho

poreolater to dixwatva all the sucrosg, Finally, watficlonse purified
water

Tut through bye colton to make the regsrinedvalutie,
‘To be aaceesafel in ualng Chin pracona, cire inwoverad particulars

nvust.

hooxsreieet: (1) he parcolaterued eheuld be oylindrigal or samicylin-
driaal and cone-shaped an incary the lower orities; (2) n coated eeanular
ALRITE be akc, othorwine Ho will eomoaca Intoa compact man, which
the Hauidl eaimnt. permeate; (3) the purified eathon mustbe (ntreduced
with cara

Hfprennedin too Gightly, the cottonwill atopthe process affootuuallyy if

ingot lock (an lugusty, ine
Hguldl

will pass Uirough the ceblos rapidly aid
the filtyate will he wouk and tiebid (ronimperfect flltratton) Tt akoutd
he Inserted completely wilhit the neckaf the peredlatar, aince a

prolrud-
ing ond, insidethe percolator, up throngh the serous, will pormdt tho laut

portiony af water bo pawn putat the lower anifice without diesel ving all the
aerona, ur

aeitle
direclians neo Syecpn (page L801), The process of

percolitien ia applic ona eommorciad gealo for Uhe malay of official

yTupH ae Well 1 these for confagtionary the.

Poreulation in the preferred mothodfortho preparation of Syrup USP

(page 140. ‘The aucroda, a0 Chis instance, ia placed dn tho perculatoy,

However, aslightly madlifiod appronch niiust be ueod ifn drug of wages.
Teleotfigti he to

ho ineurporated into thaayrip. Por example, will cherry
bariie fret. pereolated with wator, the collaction voaso) aoaitilinie sicreae

CBG0 yg) and giyceral (60 wi. When the total volume je TOGG nL, the

porcdints
in aghtatad to produce Wild Gharry Syrup PC,

Roconstitation-ly orderto haprava stability and miniinriae mierobl
al contamination, dry ayrap formulations enn be prepared add Purifiod
Waltor USP added just prior to

dinpenning
oi UK6, Pawdor mintinres,

whally gremulatod products aud partially granulated producta have Usuugens

fivewtignted for this purpore by HeydarThe powder mixture preparation requiren leas equipment and energy
tu prepuce, Cheviical stability problems are niniral, sinee He heator

nalvent4 are wed in the procamm and a kaw miodiiure content can be

obtained in Uhe final produeds unfortanately, powdop wi kturos are prone
to feanoonolly problema, Gv vhe cans ofthe wholly gramdatodprluct
all Cha ingradente

ace Iooladod fi (le graimaibioa stage, "The drug may
he Itorparalaed inte the dry product before pranuahellon

or dissolved) oF

nuaspended in the yeanulating fiid. Ator farnation, the yanulos are

dried and (hon acrapned (o breakdown ovoruiceparticles, ‘The advan:
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tates of prmiuliteal aver
powder nix idres Tnehadie: bettie apgeavariess,

dotlor Clow, Fewer aoyeegation proweng rnd lose daa during: precesslyyg.
Partially granvlited mibchures are nied by gain

dope of (hi advantages ut

grantiatidans wit boul bho ddanebyarr lagen. Uputly theclei, add odtvir fine

particlos,
are ineluded at ihe peowation adage, parle witht spre ilu.

ents la improve How and reducer aegeegition and duit, Materials esteet.
od for mixing with the dried granites would include Hieroelabile axe

pi
oitfa, with ag Cavors, and eee Gowiny:vateviata, uc 08 aHgars,

Preservation.-Syrups should be made in quantities
which can be consutied within afew months, except in Chose
cnges where special faeilitios oun be employed for their par-

servation: alow Lomperature is the bast method. "The WAP

indientes thal. syrups ahould not be exposod
to excessive

heat. Concentration without supor-sntiuration by alg a con-

dition favorable to preservation, ‘The USPstates Lat ayr-
pa piny contain preservatives

tn
prevent bacterial and mold

growth sucht ay
dycerin, methylparaben, benzoic acid and

sodium benzoate, parGicuhudy when ¢he concentration of
sucrose inthe syrup isdaw. Combinations ofalley!

oatora of

phydrexybengole acid are effective inhibitors of yeasts
which havea been implicated in dhe contamination of gam.

mercial ayrapa. Any atiempl to resloro syrups spoiled
through fermentation by heating then and “working ibem
over” iB reaprelgnstbie,

Theofficial ayrups should be pruorved in well-dricd bat-

os, proferably thase which have hoen storiined, head
botélos abould not bold more tha ia trhely to be required
during 4 to G weeks and shouwd be filled completely, stap-

pored carefully and stored ina cool, dark place,

Syrups Prepared fram daices

Blackberry, pineapple aud sirawberry syrups may be pre-

pared by fallawing the dirgetions in Raspberry Syrup PC.
One volume of the concenteated raspherry jules ia diluted
with 1 velumes of syrup. Black Current Syrup PC ta pre-

pared in a aimilar manner but alae can be prepated
from

hlack currants, with certain modifications. ‘I'he pectin ia
the juicein destroyed with pectinaus, The syrupia prepared
trom 700 yf af sudrose and $60 ral. of elarified juice and is

preserved with sulfurous acid or sodium metabieulfite. “The
addition of a

dyeis permitted, provided it complion with the

pertinent govarnment regulation, Cherry Syrup WAP ta

prepared from cherry juice by the addition of alcohol,
su-

croat and water (page 1301),

Honoys

Honeys are (hick tiquid preparntions somewhal allied bo

the ayrups, differing in dant honey, instead af syay), is uned
asa base. ‘They

are unimportant
aga claga of preparations

oday bot at ane lime, bofare sugar wos available and hancy
was tho most commen aweetaning agent, thoy

were used

widely, DC liste (wo preparations containing haney, ‘The

first, Oxymel,
ar “acid honey,” in a mixture of nceve acid

(150 1), purified waler (150 mi) and honey (sulficient bo

produce 1000 mL af product). Squill Oxymel caniains

quill, water, neatic acid and honey and is prepared by
a

Hiaceralion process,
One nonofficial preparaden contains borax (10.8 g), lye

arin (8.26 g) and sufficient honey io make 1000 Tt has

been indicated Ghat dia type af product can caure serious

horie acid intoxication in babies. i should not he used in

pharmacentien! practice, Thick and hin augar pnates
con

Wining Caster sugar (very fine granidar sugar), lieing sugar

{addilive-troa), potyotbyleneglycol 400 and hydrogen porox-
ide fin a final concententian of 0.16%) have been propared
and shown to bo beneficial i the process of wound honking.

 

Muciages
The official mucilages

are Uiiek, viscid, adhesive liguida,

producad by digpersing guna in water, or
by extracking the
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mucinous peincipten Crom
vegedable substances with wre

tor, The mucilayves all are prone Lo decomposition, showing

apprecinitle decrease in visoosity
on slorage; they should

never be mada in quand dies larger than can le uned iminedi-

ntaly, unless a prosorvative ig added. Acacia Mucilage Ny
XT contains benzoic acid and ‘Cragacanth Muecilage BPC

(1973) contains aleohot and chloroform water, Chloreforiny
in manufactured produeta dor nernoal use js banned in seme
COLT ATG.

Acacia Mucilage inay be propared yy placing 380 i af
agadia inn graduated holde, washing the drag with cold

purified water, allowing it to drain and adding onoujch warm

purified water, in which 2 j¢ of heagoic veld hos been dis-

solved, Lo make the product
measure Fond. The hatdle

then is stoppered, placed
on ity side, rotated occasionally

and the praduet strained when the acacia has dissal ved,

Tragaeanth Mucilage BPC (1973) is prepared dy mixing
1.5

eof dragacanth with 26 ml aleehel (00%) iva dry bottle
andthen quickly adeling sifficiont chloroform water bo 1000
mand shaking vigorously. ‘he alcohol ja used bo dinporae
the pum 4o prevent agglamerntiog

on addition ofthe water,

Mueilages
are used primarily be aid in suspending tela:

ble sublaneesin liquide; theicolloidal character and viseasi-

ty help prevent. immediate sedimentation, lsanyples in-

elude sulfur in lotions, resin in mixtures and oils in angul-
sions, Bath tragacanth and acacia either are partially

er

completely insoluble in alcohol, Trayacanth ia precipitated
fram solution by alcohol, ut acacia, a the ether hand, is

soluble in diluted alcoholic solutions, A GO% saludion of
acocin may be prapared with 2O%sleobol and a 4% sxalutian
of acacia may be prepared

oven with 60% wleabal.
‘The vireouity of

tragacanth mucilage is redueed hy acid,
alkali or sodium ehloride, particularly if fhe mucilage is

healed, Jt shows maximum viseosily al pH od. Acacia ip

hydralyzed hy dilute mineral acida lo arabiness, galactose,
aldobianic and galactirani¢ acida, Va viscosity ts low daubts

maintained ever a wide pl range.
Rocent research on

mucilages includes the proparation of

mucilage from plantain and the identification of its sugars,
(he preparation and mudponiling propertion of cocoa wii, Lhe

preparadion of pdycorin ointments using flaxseod mucilage
and ie consideralion of various ums and mucilayes oly

tained frov several Indian plants for pharmaceutical pure

PORES.
Several synthotic micilage-dikeaubataneed

such as
polyat

nyt aleahol, methylectulose, carboxymethyleetialose and

related aubstances, us dewribed in Chapter G6, aro used oy

mmcilage substitutes, emulsifying and suapendirys agente,

Mothyleoltuloae (page 1308)ia used widely
as 4 bulk laxative

since it absorbs watar and swells boa hydrogel in the inten

tine, in much the same manger as
ayllin

ov
Rapeye Alen,

Methyleeltulose Oral Solution is a flavored solution af the

agent, Toniay be propared by adding slawly the methyier+

luloge to about one-third the amount of boiling water, with

auirring, until it ia dhoroughly wetted, Cold water then
ahould be added and Che wettod malarial allowed to dissalve
while skinning. ‘The viscosity of Lhe aalution will dopund
upon the concentration and Che specifications ofthe mothyl-
ecllulose, ‘Phe synthetic gums are

nonglyeogenctic and may

he used in the proparation
of diabotic ayrups. Several for-

mulesfor auch ayeups, based on sedicarbaxymelyloellu-
lose, have been prepesed.

Uniformly smooth mucilages sometimes are difficult ty

prepare dus to the uneven wating of the ims, Tn general,
it ia beat Lo use fine gum partieles and disperse ther wilh

wood agitation
inalitle 05%aleohol or in cold water (except

for methyleellulong), ‘The apprepriuie
amount of water

Lhen can be added with conslant abireing, A review of the

chomistey and properties
of acacia and other gums hoa bon

prepnrad,!  i1
t
ii
}
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ag CHAPTER 84

Joliies

Jelties ore a clase of ols in which the structural coherent

matrix conuins a
high portion of Jiquid, usually

water,

They
are similar to mucilages, in that they may be prepared

from similar ums, but they differ from the lator in having
4

jolly-like conaiatancy, A whole gam of the best quality,
rather than a

powdered jum, ix desirable in order to obtain a

elear preparation of uniformconsistency. Tragacanthia the

yanused in the preparation of Ephedrine Sulfate dolly NF

SI. While the apecific thickening agent in the USPjellies
ia not indicated, reference uauolly is made in the monograph
to a water-soluble viscous base. ‘These preparations aleo
may be fommulated with water from acacia, chondrus,gela-

tin, carboxymethylcellulose and similar substances,

Jellies are ured ad lubricanta for surgical gloves, eatholors

and rectal thermometers, Lidocaine Hydrochloride Jolly
USP is used an a

topical anesthetic. ‘Therapoulic vaginal

joliios
are available and eortain jolly-like preparations

are

uzed for contraceptive purpouce, which often contain pur

lace-aclive agents to enhance the spermatocidal properties
of tho jolly, Aromatics, auch as niethyl salicylate and euca-

lyptol, offen are added 4o give the preparation
a dovirable

odor,
Jellies are prone to microbial contamination andtherefore

conlain preservatives, eg, methyl p-hydraxybenzoateia used
a6 a

preservative
in a base for meodicntedjellics. hia bare

eontaina sodium alginate, glycerin, calcium gluconate
and

water, ‘The ealetam ions cause a
cross-linking with avdium

alginate
to form a

gol of firmer consistency. A discussion of

yols ia provided later in the chapter.

Nonaqueous Solutions

Vi ia difficult to evaluate fairly the importance of nonague-
ous solvents in pharmacoulical proccescs. "Nhat they

are

hoeportant in the manufagturd of
pharmaceuticals ig an ane

derstatment. However, pharmaceutical preparations, and,
in particular, those Intended for ihernal use, rarely coniain
more than mitior quantities of the organic solvents Chat are

commonto the manufacturing or
analytical operation. Por

example, industry
uses Inrge quantities of chloroform in

gome operations but. the solventis of only minor importance
with reapect to the final product, One ml. of chloreforn

digsolvea in about 200 ml of water and the solution so

fotyned finds some use ag a vehicle (aee the section on Aro-

matic Waters), Chloroform has bean an
ingredientina

numbor of cough ayrupa in the pant but it has been banned in

the US by the DA in manufactured products intended for

diternal use. Solvents such ag acetone, benzene and petro:
Jeumether must net. be ingredients in preparations

intended

for internal use.

Pradueta af commerce may contain solvents such as

ethanol, glycerin, propylene glycol, certain oils and liquid

paraffin, Preparations intended for axtornal wae may cone

tain ethanol, mothanol, isopropyl aleakal, polyethylanggly-
cola, various others and certain eaters, A good exampleof

preparations of this type
are the rubefaciant rubbing aleo-

hola, Rubbing Aleoho! must be manufactured in accar

dance with the requirements of the Bureau of Alcohal, To-

baceo and Pirenrma, US 'Preasury Dept, uaing Mornmula 23-1

denatured aleohol. ‘This mixture contains 8 parts hy volume

of acetone, 1.6 parta by volume of methyl ixobuiyl ketone

and 100 parta by valumeof ethanol, Besides tho alcohol m
the Rubbing Alcohol, the final produch muat contain water,
aucrose ucluncotate or denatoniim benzoate and may con-

tain color additives, perfume alla and a suitable stabilizer,
‘She alcohol content, hy volume, is not less than G4.5%and
not more than 71.5%. The isopropyl aleohel centont i

woprapyl Rubbing Alcohol canvary from 68.0%to 72.0%and

the finished product may cantain color additives, perfume
olla and suitable stabilisers,

Although the Jina between aqueous and nonacnocn

preparations
tend to blur in those eases where the solventis

water-soluble, it ia posaiblo
to enaftogorize

a number of prod-
uels au nonaqueous, This section ia, therefore, devoted to

groups of nanaqueaus solutions; the alcoholic or
hydroalco-

holic solutions (oy, elixirs and
spirits), etherenl solutions (eg,

callodions), glycerin solutions (ag, glycering), cleaginoud
so-

jutions (eg, nimonts, olvovitamina and toothache drops),
inhalavions and inhalants,

Although this list is self-limiting, a widevariety of solvents
are used in various pharmacautical preparations, Solvents
yuch as glycerol formal, dimethylacetaniide and glycerol i-

methylketal have been recommended for many products

producedby the induatry, However, the toxicity of many of

these polvents ia not well-oalablished and, for this reason,

eaveful clinieal sludiea should be carried out on the formu-

lnted praduct boforeit is released ba the marketplace,
His osaentinl that the toxicity of solvents be dosted appro-

priately and approved in order la avoid problema: for ox-

ainple, the tragic loss of life which occurred during 1937

when diethyleneglycol
waa weed inanelixir of sulfanilamide.

‘Thoresult. of this tragedy
was the 1938 Federal Food, Drug

and Cosmatic Act, which required (hat producta be tested

for both safety and effectiveness.

Cotlodions

Colladions are liquid preparations comlaining pyroxylin di

nitrocellulose) in a mixture of ethyl ethor and ethanol.

They are
applied

Lothe alin by means ofwatt brush ar other

suitable applicator and, when the ether and ethane) have

evaporntad,
leave a Film of pyraxylin

on the surface, “The
official medicated collodion, Salicylic Acid Collodion USP,
contains 10% w/v of salicylic acid In Flexible Colladion USP

and ix used as a
keratelytic aout in Lhe treatment of cornea

and warts. Clolodion USP and Mlexilile Collodion USP ore

waterrepallent protectives for miner culs and seratches,

Callodion ja made flexible by the nddition of castoroil and

camphor, Callodion has been used to reduce or aliminate

the aide affects of fluorouracil dreatmentof solar keratoves,

Vehicles otherthanflexible collodion, auch aa a
polyacrylic

bose, have been used to ineorporale salicylic acid for the

treatment of warts with less irritation,

Elixirs

Iélixire are clear, ploanantly flavored, eweelened hydronl
coholic Hquids intended for oral uae,

They
are used an

flavors and vohteles auch as Aromatic Hlixir (ymge 1402) for

drug substances and, when such eubatintces are incorporated
into the spocified ealvonts, thoy

aro classified as modicated

olixira, og, Dexamethasone Hixir USP and Phenobarbital
Elixir USP. ‘The main ingrediantsin elixiza are ethanol and
water but glycerin, sorbitol, propylene glycol, flavoring

agents, preservatives and syrups oflenare used in the prepa-

radion of tho final product.
The distinction between some of the mediented syrups

and elixirs ia not always clear, For example, Ephedrine
Sulfate Syrup USP containa between 20 and 40 mL, of aleo-

hol in 1000 mL of product, Wphedring Elixir PC contains

ayrup and 100 mL of ethanol in the same final volume.

Definitions are, therefore, inconsistant and, in some in-
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atances, not boo important with respect to the naming of Lhe
articles af commerce, “The exact composition nual, howev-
or, be known if the presence or absonce af an

ingrediont (ez,
suerone) is of therapeutic significance

ar when an additional

ingrodignt must be meorpernted in the product.
Mlixirs contain ebliylaleahel Hawever, the alcoholic con-

tent will vary greatly, from alixirs containing enly a aniall

quaplity to thane Ghat contain a considerable portion
as a

necawary aid do solubility, For example, Aromatic Elixir
USP cantaing 8 ta 23% af aleohol:

Compound
Benzalde-

hyde Flixir, on the oder Hane, containg 3 to o%
Klixiza ala may contain glycerin and syrup, ‘These may

bo added Lo incranve Uhe solubility of the medicinal agent or

for sweetening purpose, Some @lixirs contain prapylan
ilycel. Claim bave been madefor (hia solvent ann watiafac-
tory aubstitute far bath glycerin and aleohel. Sumney,!@ in
his paper on

terpin hydrate preparntians, summarized the

advantages and disndvantayes af this solvent nnd
suggested

several formulations with thorapeudic chardeLeristics aupert-
or bo those of Che elixir desertbed in NW’ XT.

Onc usual doso of the elit (6 mi) containe #5 tag of

torpin hydrate. ‘This substrates ia used in branechitie in
dayoa af 125 ta 800 my as au expectornit, ‘Therafore, dhe
alixir in ineffective far the traaumentof bronchitis, Heway-
et, iiaaed aaa vehicle for the rugs in many commercially
available cough syrups. ‘There may contain dextromethar.

phan hydrobroraide codeine phosphate, chlorphenitamine
maleate, pyeilaming maleate, anunoniim chloride, credaate
and a wide varieiy of other druga with axpoetorant and
AULanaive propertios.

One ofthe four formulations doseribed in Sumner’s paper
ia given helaw:

Perpin Mydyate
co... 60. eee

6.0
Grange Qu 20006eee (KT mE.

Beemaadteiyde
ccc ccc cece eee 0.008 mE,

Sorbilol Solution USP... 10.0 mh,

Propylene Glyont
oo. cccae 40.0 md

Alcohol op cc ccc cece evar aes ait.) mi,
Purified Water, a auffichent quan:

Lity, toARG cic e cee eee eens 10,0 me

Dissolve the terpin hydrate in Gye propylime glycol and aarbital
solution which dave beenanied to 50°. Ade the oil and he banaal-

dehyde to the deahel and mix with the torpin hydrate elution at
v6", Add mificiont purified water to make de praducl measure
TOC wi.

The elixir containg S00 ny of darpin hydrate/h mb, a

minimal quantity of alcohol and flavoring agents which ade-

quately mask the taste of prapyleneylycol.
Although aleobol is an axcellent solventfor some deuys,it

does aceentiuate the saline taste of bromices and similar
anita, Ht offen is desirable, Gherefore, to aubstitute some

other solvent that is inore offeetive in masking such tastes

for part of the alcohol in the formula. Ta genoral, if tasteis a

considoration, lhe formulater ix more prone Lo uae a ayrup
rather than a

hydroalcaholic vehicle.
An elixir may ¢antain water: and aleohol-soluble ingredi-

onta, lf such is the cane, the following procedure ia indicat

al:

Dissolve the wotor-solulde igredionta in part of dhe water, Add
nnd solubilize the suerane in the aqueous splalign, Prepare an

aleobolic uahvion containing the abhor ingredianta, Add tha mqua-
ond phaas to the aloohalic solution, fila nnd malt to volume with
wator,

Sucrose increados vicosHy aid decreases tho solubilizing

properties of water and so munt be added after primary
goludion has heen effected, A high aleoholic content ix
maintained during preparation by adding the aqueous phase
tothe aleoholic aohtien. Wiixivs alwaya should be leiliart-

lyclear, ‘hoy may bestrained or filtered and, if neceasary,
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subjected to the clarifying actionof purified tale ar siliceous
earth.

One of the former official alinizs, Ino-Akoholie Iilixir NP
KY (page 1328), actually ia combination of lwo qalutiona,
one

containing 8 to 1.0% ethanal and the other containing 73
to 78%, in wend aaa vohicle for various medicaments that

require solvents of different alcoholic strengtha, For exan-

pla, the alcoholic slrangth of the olixir ie be used with a

aingde liquid gakenical ig approximately dhe sane ay that of
the gmlonical, When differant deoholic strengths

are enm-

ployed in the ame
prescription, the elixir to be used is the

one that produces the heat solution, This is usually the

avenue of the alcoholic strengths of the several ingredients.
Far nonextractive substances, the towoat alcoholic strength
of elixir dhat will produce

a clear aohution ahould be selected,

The formula for Migh-Aleobolic Blixiy ta:

Cam pound Grange Spirit
ccc ee dm

Mneonarin
ccc e ec ee cesar see eee

ag
GAyCOPIN

eete taeuuaa 200 mT
Ajeohol, aaulfichent quantily, 10

stale 1000 md.

‘This elixir, and many other liquid preparations intended
for internal use (og, the diabetic ayraps thickened with sodi-
um

carboxymethyleolluloae
or sinilar subslances) contain

anccharin, During tha past few years, aclentists have ahud-

ied the toxte affects of this aweetening agant and of the

cyclamates, ‘The eyelamate studies showed that the aweet-
oner could produce cancer in animals and, ama

result, this
sttbslaunce was removed fram a wide variety af

products,
Similar studies have been carried out on saccharin,

Cyclamates and agceharin have been banned in some

countries ay
ingredients in manufactured produela, Much

reserch haa been cene to find a anfe synthetic substitute far
sucrose, As @ resull, aspartame Gnetlyyl A (-L--agpartyl)-

T-phanylalminate), whieh ia about 200 tinves awealer than
sucrose, in boing yeod now in many commercial preparniiionsag the aweotoning agent. Tia aparingly soluble in water and
is most slable ata pH of 4.8. ‘his compound likely will be

used dn a number of pharmaceutical formulations in the
future,

|

Tneompatiblitiog---Since elixirs contain aleahel, incom

patibilities of thia solvent are ab important consideration

during formulation. Alcohol precipitates Wagacanth, vencia
and agar from aqudeus solutions, Similarly, it will procipi-
tale wany inorganie salle fromsimilar solutions, ‘The implt-
calion here is thal such aubetances should ba abwent fram
the agieous phase

or prosant in auch concentrations that
there in no

danger of precipitation
on

standing,
Tf an aqeous solutianig added Loan otixir, a

partial pracipi-
tation ofingredients may occur, "This is dun 40 the reduced
alcoholic content ofthe fina preparation. Usually, howev-
or, the alegholic content of the mixture is not sufficiently
decrenued 10 cage

separation. Ax vehicles for tinclures and

fluidextrocta, the elixirs generally
coauaé a

separation af ox«

tractive matter from these products clue toa reductionaf the
aleoholic content,

Many of the incompntibilities between elixira, and the
subatances combined with them, are due to the chemical
charnacteriaties af the elixir por ae, or of Uhe ingredignts in tho
final preparation, ‘Thus, certain elixirs are acid in reacwion
while othera may be allaline und will, therefore, behave

accorndiiiygly.

Glycerins

Glycering or glycerites
are solutions or mixtures of medici:

nol substances in ach Jen than 60% ly weight of
glycerin,

Moatof the glycering
are

oxtremely vircous and seme are ofa

jollyslike consistency. [ow af Uhomare udod extonsively,  FRoe
PgRro



MYLAN INST. EXHIBIT 1013 PAGE 341 

1532 CHAPTER 63

CHycorin ia a valuable pharmaceutical solvent forming
pormanent and concentrated solutions not otherwise obtain-
able. Some of theaa solutions are used in dheir original form
as medicinal agente while olhers are daad Lo prepare aquoous
and aleoholic dilutions of substancea which ara not readily
Roluble in water ar aleohol, Andipyring and Benzocaine Otic
Solution USP was discussed provicualy undar Ole Sole
dians, One of the glycering, Phang! Glycerin PC is diluted
with elycarin ta form the pharmaceutical preparation, Phe-
nol ar-Drope PC,

Phanel Glycerin PC

Phangt oposite crete etc eee aaa 10 y
GUVCOPIN

Cceee etcetera
ad0g

Dissolve the phanol in dhe glycarin.

Phenol Mur-Drops PC

Phonol Gdygerin
5 .....-.0., be tedeeeauee 40 mi.

Olyeorin, 4 sufliciont quantity,
HO MMhO occ cece eee eee teeta eee 100 wT.

Water must not bo added to this preparation, Th reacte
with the phenol to pradvce a preparation which ig énugli¢

and, consequently, damaging to the area of application,
‘This product

no
longeris recommended because ofthe posni-

bility of necrosis and perforation of the tympanic
mem-

brane. Ag noted under Otle Solutions, glycorin aloneia used
to nid in the remeval of corumean,

Sodium Bicarbonate Mar-rops PC may be used if wax ia
to ba ramevocl from the car. This preparation contains
soditiun bicarbonate (5 y), glycerin (80 mL) and purified
water (a sufligiant quantity to make 100 mL). A glycerin
base was chosen ag the optimum solvent for an obie prapara-
tin ina atudy invelving the stability and antimicrobial

activity of kanamycin sulfate odie drops,
Starch Glycerin,

an
amotliant, containa starch (100 g),

banxoie acid (2>, purified water (200 mL) and glycerin (700
ml),

Glycerine
are

hygroscopic and should be stored in tightly
closed] condainara,

Jnhalatione and Inhalants

Inhalations

"Phase preparatiand
are so used or

designed uhal the drug
ia carried ita the respiratory tree of the patient. The vapar
ot mat roaches the affected area and gives prompt relief
fran Whe ayinplome of bronchial and nasal congestion. ‘The
USP defines Inhnlationa in the following way:

Tohalations ave dyuge of solution af ding administered by the nasal
or oral respiratory routd for docal or ayatamie effect. Exampioa in thin
Phitnuaieopeda are Wpivptirind Inhalation and lagprakargtal Tydro
@ilerida Tnhindation, Natulizera are suitialo for the adroinintration of
Inbalatien solutions cndy if they vive droplets aufficlontly fine ane uni-
Corns fi atae an that Che mint renchos tho bronchioles,

Another preup ofproduats, alko known aa inhwaticns, and sumetimes
culled (naatfations, communis of finely powdered or tinaid drugs Unit are

earrlad tiles die tespiratory pasdaged ey Che ase of apacial dolivory avie
tora, suchas

phurmacvulien!
Aerosol), Ua bukd a aobution or sagpangion

of the drug ina Gquefiod ae propellant (geo Acrosala), Whon raleaaart
Uhreugh a neitablo valve and oral adaptor, a madored dose ef the inhala-
dionix propatled inte tho coxpiratory bract of the potion(, Pawdara alsa
may be

ndaninixtored hy mochanient devieos that roquira a
manually

produced pronwure ara
deop inspiration by the patient, ey, Cromealyn

Sadia,
Selutlana may be aghutiqad by une of frert gasek. Nohubisord aohutlons

may bo breathed direetly fran the nebuliver,
ar the nebolieer siay be

adached (oo plastic free mak, bey dderniilond positive: preware
breathing (PPR machine.

Ag dtaied in tha USP, particle size ia of mujer importance
in the administration of this type of praparation. ‘The vari-
ows mechanical devicea that are used in conjunction with
inbalations are déseribed in some detail in Chaptor

104. 1

has boon reported that the optimum particle size for pene-
tention inte the pulmonary eavily is of the order of 0.6 bo 7
vm. Fine mista are

produced by preasurized acrosola and
hones pousous basic advantages

over the older nebulizerin
addition, metered acrosoly deliver more uniformdoses, Bea

Chapter 92.
The term /relationis used commonly by the layaian te

represent preparations intended to be vaparliedwith theaid
of hoat, usually steam, and inhaled. Beszoin Inhalation PC
containa anzoin, storax and aleohal, The vapors trom a

praparation containing 1 lenapoontulof the tincture and 1 qt
of boiling

water may be inhaled. ‘The devicw known as a

wiporier ia used with a number of commercially available

proparations of thia type.
Epinephrine Inhalntion and Isoproterenol Hydrochloride

Inhalation ave described in che USP.

Inhalants

The USPdefines inhalants a3 follows:

Aspeeid elags of inbaledong Cornet “inhalante coninis of deuga
or

combinations of drugs Chat, by virGie of Geir bigh vajor pronura, can be
carted by an air current. io the panad paswhere Choy exert thoir
effect. ‘Tha containerfrom whieh the inhalant is adaunintoradia lawn
may iahades,

Propylhexedrine Inhalant and ‘Tuaminoheptane Inbatant.
conaiat of eylindrieal rolla of suitable fibrous material im-

pregnated with propylhaxedring
or

(uaminghoptane (as car.

honate), usually aromatized, and contained in a suitable
inhaler, Fropylhaxedrine ia the active ingredient in the

widely wsed Benzedrax Inhaler, Both of those drugs
are

vasoconairiclora used to relieve nasal congeation, Inhalers
which come in contact with the mouth or nagal passages
become contaminated by bacteria, thus, they should be re-

abricted to personal
und.

Another inhalant is Amy! Nitrite USP which ia very fam

mable and should not be used where i may be ignited, It is

packaged in sealed glass vials in a
protective gauze. Upon

broalking Une vial, Ghe gauze absorbs the drug whichia then

inhaled for the treatment of anginal pain. See page

Liniments

Livimests are solutions ox mixtures of various substances
in Ol, alcoholic solutions of soap or amulsions, ‘Vhoy

are

intended for external application and should be so laboted.

They are rubbed onte the affected areca and, beacause of tis,were once called embroeations, Dental iniments, which are
na longerofficial,

are wolutions of active subslanced and ara

tubbad into the gama. Most déentials question their Geeful-
ness

and, consequently, thin type of preparation is relatively
unimportant aa a

pharmaceutical form,
Liniments usually

are
applied withfriction and rubbing of

Lhe slin, the ofl or sonp bass providing for easeof application
and massage. Alcoholic Hnimonta are uaed yenerally far
their rubefacient, counterirzitant, mildly astringent and
penetrating effects. Such linjimenta penetrate the alin more

readily than do those with an ofl bags, ‘The oily liniments,
therefore, aro milder in their aciion but are more useful
when massage is roquired, Depending

on their ingredients,
such liniments may function solely

as protective contings,
Linimonts should not ba applied to skin that is bruised or

broken.
Manyof the marketed “white lintments are based on the

formulation below or variationa thereof,

White Linknant PC

Ammonium Chloride
o.cc ccc ceca

125
Dilute Ammonia Solution ooo... ces 46 om
Olodo Agi oe cece eres vo) 8B om
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Yurpomting QW occc cece eee reer eee) BED md,
Water for Teaparationg

cc cccccec ee ORK

Mix the olaie neki with dhe (urpenting afl, Add tle adilate smine-
nia aglution mixed with dom. af proviously warmed water and
abake, Manelve the ammeniain ehlaide in he reaaniodar of the
wator, adel Lo the eivaluign, and mix.

Other Jintmenta contain anlipruritics, astrmgents, emol-

lignla or analgesics ond are classified on ¢he bags of Uieir
nclive ingredient An axamiyale ta

Com pond Calwmine Apriiention PC

(Campouid Calamine Lininont
ceceeveeeee

WGvera BOG
SAAMI
es

Fibre Owoeee

 Waal Pat occcae eee eee
2h

MiG ALMAa ah
Yellow Soft Paraffin . bea aes rove OM GE
Kobqubdl PRaadliyieee

‘Tho powders
are triturated to aiumooth paste with aome Gf the

liquid paraffin (Biquid Potrolatain), “Phe wool fat, 4ine staarate
aud yollow sofl paratfin (Poteolatiumn) ace medtad, roixed with sana

of theliquid paraffin, the wiiatare incorporated wilhCho britaratod
pewdara ond (ho rexé of tbe tiagquikt paraffin acklodl with mixing.

Dormatologists prescribe producls of ibis type but only
those Gontainthg die rubofacionta are advertised extensively
and used by

constumers for trenting mingr miner aches
atiel pain,

Idecaune of the confusion of camnphoratet off (camphor
linknenW with castor oil, whieh hag resulted: in ingaxtion
and, parhaps, bo palaoning, camphorated ofl tins bean
banned (rom the markei. Hig casential Uhat these applica-
Lionk be marked elenrky for external ase

analy. (Camphorat-
od Qit preaeantiy ia classified as anew

drag by the PDAS)

Oleovitamins

Oloovitaming are fiah-lWver oila diluted with edible vogota-
hte oil or soluGens af he indicated sitaming ay vitamin
condi trates Ciadkally dlamin Aad Din fah-liver oll, Phe

definition ig broad enough to include & wide variety of mar

kelod pradueds.
Oloovitamin A ail )) is officials vidamin 2 may be present

ag
ergocaleiorol

or cholecale/lerel obtained by the activation
of

argostarot
or

T-dehydrocholeateral
or may be obtained

from inmatural sources.
Synthedie vitamin A, or a canecen-

trate, may bo uned do prepare aleavitamin A. "The starting
material for the concentrate is a fish-liver oil, dhe active

ingredient being isolated by malaeutor distillation or
by

a

saponification and extraction proceedure, The latter prace-
dure ia deseriiad in dolad in the monograph for Concenteat-
od Vitamin A Solution PC.

Phoso vitaming are widabde in the presence of rancid ails

and, therefore, (hese preparations and, ia particular, Oleovi-
damin A, should be atored iennai, dight containers, prefern-
bly under vacuumoF under an

atmosphore af an inerk pas,

protected fram light.

Spirits

Spirits, popularly known as essences, are alcoholic or
hy-

drouteaholie solutions of volatile substances, Like the aro-

inatic waters, the active Ingredignt in the spirih may be a

solid, liquid
or vad. ‘The genealogical

tree for Ghis clans of

preparitionn hogina with the distitiguishedpair af produets,
Brandy GSpritun Vind Vieis) ond Whisky GSpirttis Fro-

mtd), and ends with a wide variety of praducta Lhat comply
with the definition given above. Physicians have debated
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the therapeutic value of the former proacduecta and there are
nolonger official in the compendia,

Some of these apirita
are used internally for thoir mordici-

nal value,
a few medicinally by Gvhalathen and a large

num

bor aw
dlavering agents. ‘The lalder group provides

a conve:

nieniand ready
moan of obtaining the volatile oil in the

propor quantity, Fer example,
4

spirit
or

apirit-like prepa:
nition may be used in the formidation of aranuytie waters or

other pharmaceudierh dhat require
a distinetive flavor,

Spirits should be stered in light, lght-resinga nd containers
and in acoal place. ‘Fhis prevents evaporation nnd yotutil-
taation of efther he aleahal or the acdive principle.

Preparation--Thore are four clansic motheda of prepara:
tcp:

Simple Seluthoa-'hin is Che meted hy whieh (he eniorily oP apidiinare
prepared. Phe fortiila and proeelure given Tor Agognauic Animionia

Spirit VSP Huelrnte tis meu af preparation,

Aromatic Ammonia Spink Use?

Anmaniinn Carhonate, in iranglir
UAT POT eeeeen ees

ie
Strong Ammonin Selathen o..... 00. de nv,

 Berman CHDee iaink
Farvemdar OH

eeeeae bink
Notimepg Gb... bib aee eee bevedaaaaa tan, ena 70 md,Alconcocci ree eee eee

Barified Water, a sullicaenqauity
Ma dWHke eee Coteeteeteeree ees HHP

Hinsalve the aniniantion carbamate in the Koran: manmonky weiulion
and §98fomd, at purified waiter Dy ode agitation ach allowUe sndalion
to alae tor 72 biaues, 2sealve Ghoondka in the adeahal, corbatisal ipa
araduated belie oresiindor, and pendually add the veeanduiny cern.
ade sedation amd enengh purified wer Lo Wake dhe product

moasore
{aT Bolthe mbeliee dete ii atoad place foe 24 hers, oneasionally
Aah1, Gens filet, dining

a caveratl funnel,
‘The aplit isa repiratory nlisnalind andiy aclninigteyed! by inbatition

of the Vapor ak raquired. [tis aarkatoed dav surttalele tlyghd, dijht-eeniad ae
eontcingra but ia dine available ina aingle- dose gieus viel wraypod ina
adlt cotton envekopa, “Phe vial dai breken casily) tha eotion aus aso

spontefor tho apirit,
Ammonia carbonate ia mixhiee of amooniain bigarbonade: and

Jinimoniien earbatite (RE ACOGM ED, ‘Thr carbariate roasts wilh wa:
(or do form the carbenate. Ag amriaramcarbonate gofution is, (eee
fore, caaghution afinbicarboneie and cannsenivin carbon ie io
water, Vlewever, Ho dacomponis in weidor, the dieomposition praduchs
helng aminoenia, carbon diaride nnd water, Phe atabitity of die apirid i
(proved by (he addition of atrony ammentia seliiion. ‘This caress
he Wydrebyiy af ammonium carbonate and, iv thin way, decreases (he
Joan af dhinived gages.

Solution with Maoeration. «Tn Ura procedure, lie leaves of a
drugare macerated in puritied wriee lo uxtiaict wator-sohshie aitige ‘Tuyane

exproaied anid the inoiat, macorated devon are added 100 proscribed
quantity af alechal, "Phe valatide oil in added lay Che Filtamad tiquid,

Pappermint. Spitit USP ta made by Chia prociin. Tusppermiind Spirit PC
differa from (healficiel pradue|lin Ovid inn weliiion of Lhe voit (oon in
Alvahel anty. ‘The conemitration of volatite of in che final praduet in
about the game hot the offickal preparadion poosimen agroan cule, ‘Tho

randy nvailabiiiy af sofihbe eblaraphyll and ethor catering agetiiea had
led (a the (request goqzeetian that amore unfociyrarlstet cxnidd da
obtained through their ued. However, Cheng agenda amaynot bet ued in

preparing Mie official article,
The dormult and procodw'e for Poppormineg Spirit USP (page 791)

Muatrate(hin iethad of preprratian,
Chemical Roaction No affect apititeare praparod by Chis process.

thy) asitrivge in made hy the activa ef sodium nitrite om a mixture of

Meohel avd sulfuric acid in the cold. This substance ten ae umn to

prepare Mibyl Nivrite Splril,
a

prodiiet
aio longerofficial,

Distilien..Beandy une Whishy ure nioidg by clintilkation, ‘Td
Jattey ia derived fear Cie Terapentedt mash of wholly on pair Gilly gerne:
ntact matlod coveal gradus cnt He formafrom dhe lerinanled juice of
Vipie prtpies

Tncompatibilidios.-Spiriis arg, for Lhe most part, prepa
rations of high alcoholic strongth and donot lend themselves
woil to dilution with aqueous solutions or

liquids of low

aleaholie content. ‘Che addition ef such a solution invari-

ably cnuses separation of some of the matorial dissolved in

tho apirit, evidenced by
oa turbidity which, in time, may

disappear as dintinet layering
aecurs. Salta may be precipi  

,

|

|

|
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tatod from their aqueous solutions by the addition of spirits
dua te their leaner solubility In aleohalic liquids,

Some spirits show incompatibilities characterigtic of the

ingredients they contain. For example, Aromatic Amnionia

Spirit cannot be mixed with aqueous preparations contain:

ing alkaloids (ag, codeine phosphate), An acid-bare reue-

tion (ammonia-phosphate)
occurs and, If tho alcahal content

of the final mixture is too low, codeine will precipitate.

Toothache Drops

Toothache drops
are preparationa used for Gomporary re-

lief of Loothache by application of a small plodget uf cotton

saturated with the produet Inte the tooth cavity. Aneathel-

 

ig compoundsinclude cloveail, augenol
or bensoewine; other

ingredionts include camphor, ereasote, manthal and alcohol,
Those preparations

no
longer are

recogniaod officially,
Furthermore, dentista do net recommend the use of tooth-
ache dropsifthe patient has ready

accens bo adequate dental
services, ‘Tha preparations may damage the zuma andpro-
duce complienWona

moresevere than the original toothache,
However, many areas do not have adequate dental services
and the pharmaciat. will, of necousity, handle these prepara-

tions, and he should warn tho pationt of possible hazarda

aanociatod with Unair uae,

Toothache Drops NF XI contains 25 g of chlorobutanol in

aufficient clove ail Lo make the product measure LOO mL,
Another formulation contains croosote, clove oil, henxocaine
and weohol ina Hexible calladion base.

Emulsions

Anomuisionjg a
tvo-phase systemprepared by combining

two iamiscible liquide,
one of which ia dispersed unifarmly

throughout the other and consiats of globules that havo

diameters oqual to or
wroater Chan those of the largestcallai-

dal particies, ‘The globule siveia critica], of courag, and must

be auch that the system achieves maxinnuin alability. Hew:

ever, even under the beat conditions, separation of the lwo

phases will oceur unlesa a third substance, an
crtdsifying

agent, ia ipeorporated, ‘The basic emulsion mut, therefore,
contain three componenta, but the products of commarea

may condiat of a number of Gherapéutic agents diaaalvod in

althor of the two phases,
Moat emulaionsincerporale

an aqueous phase into a non

aqueous phase (or wee versa). However, it is possible te

prepare emulsions that are hasically nonaqueous. Jor ex-

ample, investigations of the emulsifying cffects of anbonic

and cationic surfactants on the nonaqueaus iramlscible aya-
tom, glycerin and olive oil, have shown that certain amings

and three cationic agents produced stable emulsions. This

broadening of the basic definition for the termemudstania

recognizedin the USP,

An ainuision ina dwo- phage ayatemin which one Uapaid ie clingornad in
the form af amalt draplets througheul another quid. ‘The

iapersed
liquid In iowe ad the Uternal ar diseonGinwouy plage, whorcas the

digparyion medium is knaws aa the external or continucaa phusa,
Where vil is the clisperied phe iid nn nquienids voludion ig Ure canting
ava phase, Gie syaton in douignated

aa an oibinewater (O/W) enulsian
and cay be dilutad onnily and wiifuraly with walor, Conversely, whare
water, oF an aquoowa KolUGON in the dinzuraxt phaso, and oil, ar

along:jam wiiterial, da the continuous phase, the eyatom ix dowignated
ae a

wator-in-oi) (W/O) omuldon

Many emulsifying agente (or emulsifiers) are available,

among them the following:

Natural @inulnitying Agonta---Thend substances may be derived
from oldhar animal or

vegetable wqurcen, Bxamplen of (howe obtained
fromthe fammear ource are gebadin, oye yell, casein, wool fay oy ehadantar-
al, Acacia, tragacanth, chuadeus or

poclik are repredintative of those
obtained from vegetable sourcon,  Varloun collulasd derivatives, og,

methylectiulone and carbexymethyleailulosd, are uaod to ietdnos the

vincosity of Hho aquacil plaid and Charoby enhance emulglon stability,
Finely Divided Solide.-dixamphow atu bontonite, magnesium hy-

droxide, aluminum hydroxide oy magnenivn triniicute,

Synthotie Mimulaifying Agenta--This group may be aubdivided fur-
(hor inde the snienic, cationic or nonlanic agente. Raumara, in
ardoraf proxentation, sodium lanvyl aulfate, bongalkentuan ehloride ob

polyethylene glycol 400 poole.

Many of these omulaifying agents are deseribed in greater
detail in Chapter 66,

In MEMEit was
anggeatod that only O/W emulsions are

suitable for oral uso baaausd these are water-miseible and
thus thoir oiliness iq masked. Thin compendium gave spe-

cifie directions for dhe preparation of emulsionsusing gelatin
aw an

omulvifying agemt. ‘Those preparations
are based on

aithor iypo A or type B yolatin,

Typo A golatin is prepared by acid-treated precursors and

ig used ata pH of about 3.2, [ig incompatible with anionic

onmulaifying agents such aa the vegetable gure, The follow:

int formula was recommendad:

Gelatin (Typo Ad
ccc cec cece hog

Tavunria Acid o...-.... 00.00 eer eee eee 0.6 ¢
Flavor ae Goadrad

ccceee

AlGaad cect tees beaveauae oo) mi
OH

cece veces be dee eee ceanaees 600) inl.

Vurified Water, lamake cs cccciscee ee 00 mi

Add une velatin and the tartaric acid to about d00 mL of purified
water, allow Lo sland for a few minutes, heat until tho golabhy is

dissolved, then rain the daavporature to about 98° and maintaly thin

temperature for abot 20 gin. Goal to 0°, add the favor, the

weobot and sufGelant purified water ta make FOU md. Add thooll,

agitate (he mixture Lhorotghsty and pass it through
6 homagoniger oF

aecolloid mill atid theoil in disporsod completely and uniformly,
Thik amulaion cannat be prepared by trituration or

by the ase of
the unual atlrring devices,

‘Type 4 gelatin ia prepared fromalkuti-trealed precursors
and is wed ata pH of about 60. lHmay be vaed with other

anionic emulsifying agents but is incompatihla with caliure

iypos. Tf the emulsion containg 50% oil, 5 y of Type &

yolatin, 2.5 ¢ of wodium bicarhonate and sufficient trag-
acanth or agar should ba incarporated into the aquecus

phase
to yield 1000 mLof productof the required viscosity,

‘The ennilaion type (O/W or W/0)is of lesser algnificance
if the final preparationin to he applied

to the ekin. If there
are no breaks ithe shin, a W/O emulsion can bo applied
more evenly since the skin is covered with a thin film of

sobum. ‘The fatter substance favors the oily phase and can-

tributes Lo the easeof application, ‘Tho choice of emulsion

type will, however, depend
on many other facture, This

particularly ia true for these preparations which have basic

coametio characteriatios. Th way be advantageous to formu-

late an O/W emulsion if oago of removal is an
important

considerationto the pationt,
An emulsion that may be prepared by the mortar and

pestle mothodis the following Mineral Oil Emaision USP,

MinmaralQuy
cic cccccae eee eee e eee ae van MM mT,

Aoncia, in very fine powder
ceca eee eee ian eg

Ayrup
...es Dp eevee eeeenae ey sete

100 mT.

VWaniHin
ccc ccc eee tener aes yeas AQ ag

Aloohol oo... 000 ccc cree teas od md,
Purifiod Water, a sultictont quantily

oe... 1000 sal

‘ha mineral of) and acacia are mixed ina dry Wodgwood mortar,

Woator (200 nt.) la aclded and dho mixture brituraied yigerounly untit
an omuliion ix formed, A mixture of the ayrup, @ mi. of purified
witer and the vanillin dissolved ta alcohol is added in divided

portions with Griuralion; sufficient purified water ig than addedta
the proper volume, the mixture mixed woll and homogenized,
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Very few oraulaions are included now in tbe official com:

pendia, The PC suggests that the term “emulsionbe re

atirictod Lo praparations, usually O/W, intended for internal
usd and contains the following: Liquid Paradfin Hanulaion,
Liquid Paraffin and Magnesium Hydrextde froulsion, Liq:
uid Parattin and Fhenolphthalein Mypulsinn and Cancen-
trated Pappermint Emulsion,

This, however, should not lead the render to Che canelu-
sion that amulaians are a

relalivaly unimportant class ol

pharmacouticaly, While i, te drue that few proparationas
éarry the torm emudsion in heir titles, they are of goat

sijnificance
ax baaes for abhor Lypes of

preparations, pardicu-
larly fo the dermatologies! and cosmetic areas, Academicnl-

ly, they Hiuateate the importance of the rclationship balwoean
the thaery and practice of emulsion technolagy and, practi-
cally, they possosa a aumber of important advantiges

over

atherliquid forme. These may ba summarised in the follow.

ing wey:
L. Taam emulsion, Hie Grerapoutie praperiion and the spreading whili-

ty af tha cenalitienta cre iterensed.
*

2 ‘The aaplonaent tadte oe acer af cy cil cain lie enanked: partiallyor

wholly, by emulyificnlion. Soeandary maniing lehniques are available
to tho fortvakator but Chese naabe ised with caudion. Tf flavera and
aweeteningg ayenta are added (a Gie envulsien, only minimaaneunls
hodbee each diorder to pravend ihe navison or

aairic dintyess that
reaudtn en inion Albarequand Ges of those,

4, ‘The ahsorptien and penotragion ad medieuaenia arg controlled
mare

eagily if(hey
are incorporated dito an viinlalen,

4, Bantdaion aclion ts proluryed and tho emoliont effect in hoster
Chaar Chat observed with eaanpavablo preparations,fo Walor te an

inexponpive diluent a
pteadd aalvent foe dhe yuiny

druga and Aavors Ghatare incorporated dite an emulaian,

The effecta of viscosity, aurface tension, salwhility, parti-
de size, complexation and excipients

op the bioavailability
of oral suspensions and amulaiona have been discussed in
detail by Rettig."

The aqueous phase of the emulsion favars the growth of

infereorganisis and, because of thin, a
preservative usually

is added to the praduct, Some of the preservatives that

have been used include ehlorocresal, chlorabutanel, mercu-
rial preparationa, salieylic acid, the oxtars of p-hydroxyben-
zoie acid, honzeic acid, sodium bongenta or norbie acid. ‘Tha

prosorvalive should be selected with regard for the ullimate
wie of the preparation and possible incampatibltities ba-
tawaan tha preservative and the ingredients in the emulatan,
@¢, binding betweenthe surface-activeagent andthe presar-
vative. Low pH values of 6 to 6 and lew concentrations af
water are characteriatica alao likely to inhibit micrabialayti-
ea) growth in omulsiona.

Mont emulsions conaial of a nonaqueous (or oil ar
lipid)

phage and an aqueous (or water) phase, thus some of the

preservative may page inte the oil phase and be removed
fyom the aqueous phase, Tt is in Uhe aqueous phase that

ncroorganiama Lend Lo grow. Ap a
result, water-saluble

preservatives are more elfective since the concentration of
the unbound preservative in the aqueous phase assumes a

great deal of importance in inhibiting tha microbial growth,
Haters of p-hydroxybenzaie acid appear bo be the moat satis:

faetory preagrvatives for emulsiony. Many mathematical
modola have been used to delerring the availability of pré-
sorvatives in amtulaified systems. However, bewruse of the
number of factors which roduce the effectivenoas of Lhe pres

ervalive,
a final microbiological evaluation of the emulsion

showldhe performed,
While emphaaia concerning preservation af omulaigns

deala with the aqueous phasé, microorganiams
can reside

also in the lipid phase. Consequently, i. haa boen recom:

mended that paira of preaservalives be wed io anaure ade

quate concentration in both phases. lelers of pohydroxy-
benveic acid can be used to anaure appropriate concentra-
tions in both phiasas because of Whois differenee in oil ane
water nolubilities,
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An emulsion can he diluted with (he liquid dhat consti:

tutes, or is miscible with, the extarnal phase. ‘Phe diluting
liquid, however, will decraase the viaeosity of Ue prepara-
tion and, in corlaiy dnwiicas, invert tha onudaien. ‘Phe
latter phenomena may secur if the enulaifierdinewater
method (see below) ip uae la prepare the enulsion,

Preparation

The theory of emulsion proparationin cliaeusaed in Chap:
tor 29, Phe following procedures

are those suggested by
Griffin ef al!

The formulator must fret determine the physical and
chemical charactorivties of the sotive ingredient. fle anus.
Ianow the following:

f. Structural formula
2 Melting point
4. Salubility
4. Stability
fy Tow
6, Speaific cheniiea] mcompalihilitios

Ht algo is necessary, al this slave, lo decide on the tape al
emulaion required. Washable emulaions are of ihe O¢W
type; nonwashable, the W/O type. In genernl, G/W omul-
Kans contain aver 70%water, W/O emulsions usually wil
contain higher

eonogn trations of oli and waxes, ‘Phe prepa.
ration of cronand ofanent omilsions for fopienl

uae ja

given in Chapter 87,

ixperimental formulations nay be prepared by the fal-

lowing procedure:
L Greup the inyedtiests on the banis af heir auludbilities in the

Aq uena ind nonaquieane phasis.
2, Tatormdae the Gyo af emulsion reqeieed and calea ile ao apes

imate 10 Cbyvteaphile-Hpeaphile balanes) value,
% DBtond a low HL envulsifier and a

bigh AAD aamalaition (a the
caAleuliter) wade. Por axperimeytal formulitiows, tise a bier concen:
brationof cnaiaitior Cap, 11 a0of dhe od] phase} than Gad required Go

produce
n katlafactory product. Mrnulaifiers should, in general, he stable

chemically, poalexie and muitably kew i eolar, odor and tasle. "The
emulsifier is teleeted on The besit of Lhose charsactorisiies, the type al
equiphein ned to blond Ghee ingredients and the atabidilyeharne-
terintion of the Tid produet. muliiang abould got coaluser at coop
Tempoeraiine, when Trovaaid) Taawal cerpentod]y

or at clovated (em,
reruns oflado. Mechanient ones dapid vation will Che éype of
equipanemé nagl Go prepare tho enmiulaion. ‘Phe mere cho energy ypu,
Che less Wie denaon (ie emulsifier, ath process and faniulalion
varrinhles en alfeed dhe stability of an aadivian.

4, Ditelve the oll agluble ingrediones nod the enualfiera in the oil.
deat if rocorsary, lo approxiiedaly 47 (fo 10° over the melting polit of
Ube highest madiing: ingreddiond

ar Coa rmaxioudin denyporalure af 70" to
ane,

fo Dissolve Lhe water-telabks ingredionbidexsceg haeand saltay ina
sufficient. quastityod walter,

G.Penate ag ueaue
plane cobompecatine whieh iad! bet! higher

than Liat af Wie ald plane,
7, Add thecnqueoua phase te the olly phase with aaidabbe ap itation.
3. TP acide ar alia (ie omplayed, diualye (ton ie awater and add che

sulution (oe he cole amulsien,
1, Wxainine tha aulsion and make adivelmonts iy die fortoatecionit

the proanel is dnnlabko, Thanay bo noconury to add merc onuliifier, to

change 10 an emulsifier wills a
stighdly higtor of lover ALD volirin

et otvulsifior with different chemical charaetorinden,

The tochnique of emulsifiention of pharmaceutical prepna-
rationa has been deseribed by White’ The preparation of
an amlaion requires work to reduce the interned phage into
ginal droplets and disperse them through the external

pha‘This can be accomplished bya mortar and pestle
ora

high-spoed emulsifier. "Phe addition of emulsifying agents
not only reduces this work but alse sialilizes dhe Canal emul-
sion, Wrutaions may be prepared by four pringiple meth-
oda,

Addition of Intern) Phase ta dx comniel Phase ‘Thin is acually (he
inoaalistielory mobbed for preparing Grsulsions nisee Ubere te lwags
wiexeeas aT tho external phan premtinh premolar Hie type ad
anouliiog denied. UP the exleraal phanin water nad ie dslerat pianis
ai) (ho wrterngtible oubadanees avo ciseabeed in the water and the ail-
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notuble aututancon mixed Cheroaghly inthe oik ‘The oil aadxdaaed inacdeled
i portions bo Gia aqientia propaditior with agitation. Sometimes, in
eden

(oygive
a bet (ee shearing action duriyg (ie prapmration, ail at the

writer indet mised with the madnifying apent antilthe pelarary enaulaiee
wiih he ofl is fora subsaoquedtiy, the roniadnderof Lhe warden in adele,
An example usin qolatin Pyne A ia ivan above,

Addition of the Eedtarog! Dinan ta die rternal Phage. Onsiag an
O/W emulsion aan oxampo, the adcition of the water Cex dernal pluiusy)to Hie of] Ginteroal phan} wall promate the farmaGon of a W/O enroteion
dae to dhe propondeninee oftho afl plage. After farther addichon of thi
wator, phan laverdion Goan OfW omaldan diaidd dake plage ‘Thin
raethed angerededieiand adiccewafal whan hydraphilie agents such
J acAGIO, TEARACITTH or mothylcothdose

are fire apigad with the ail,
affecting dinpersion without welt.

=

Water is added and, avontialy,an O/W cervulaien ia fernod. ‘This "cey gam” teelmiques is a
rapidmethod for preparing anal quan tiie of emulsion. ‘Che ratio’ party af

ail, 2 parts of water anid Eparl of yun provides maxinuin slitacing iehien
oh the oil plabules te (he mertar. Muresniabsian thay cert bee elilatied ane
Wituzated with water (ao Ghe appraprinty caneonientionn. ‘Che preprirn:
tien of Mineral OF] Bmulkion doseriked above is arvexample,

Mixiye Doth Phases after Warming Bach) Chis mothod ja used
when waxed or ether sebalaneen which require melGiyg

are used. ‘Tha
of-sntahle emubdlving agents, alle and waxer ara mobil and adxed

Chorenghly, The waterwtublo iaeadionda dinsalved ji Cho watid are
warmed tag temperate stiychily higher dan dhe ei) phase, ‘Pha deo

pines Thea are anixcd and wlirced untifeold, dor convenionen, but nel
Aeciaaidy, he aquccand selathan in added te the oll mixta. “hte andlhed
frocpiotilty da deed in Che preparation of oinbients and ered,

Alternate Addiqian of the Tw Pitan te the Bnnakdifyling
Aront-—A portion of dhe ail,an OA eruuliiog je being prepairect, is
added ta atk af (ho ail-satwvle mnulsivinig agente with mixing, then ae

ocpaal quantity of water cantainings all the water-holuble envualaifyianeayronts da ndelect with aliering wut
the emulsion is formed. luarther

portions of Wit ail and water pre added allopnately andi the final product.
id formed. “The bigl conga trades of Che eniuliifying ayeni ta the
orginal enuision mikes he dildal enutaifvatiaa seve dikoly and (he
hiyh viaeonity provides offoelive sheartiy aetion: faaciny to anil leapbeta
in Che amulaion, ‘Thie raethod often i usect suecenafully with saapa,

Multiple Emulsions--A recent innovation in enuliion

lachnology is the development of multiple emulsions, ‘The

dispersed phage of theap emulsions contains even amallor

droplela Which are miscible with the continuous phase,
‘Thug, the maltiple emulaion may be O/W/0 where the aque-
ote

phage ig belween two of) phases,
or W/O/W wharo the

internal and external aqueaue phases are
aeparated by

an oi)

phase, In (hose systems both hydraphobic and hydrophilic
emulsifiers are used and both have aneffeet.on the yield and

stability, as noled hy Florence and Whitehill.
Tt appears that O/W/O emulsions ore Corniod better by

lipophilic, nonionic surfactants using gum acacin-omulsitiad

kinple ayatome, while W/O/W multiple emulsions wore

formed better by narionic auifaeiania in a two-stage emulai-
fieation precedure, A specific fommulation for a W/O/W
emulsion may ba prepared by forming the primury (W/O)
emuaion from isopropyl myristate (47.5%), sorbitan mane-

oleate (2.0%) and distilad water (100%), ‘This primary
amuaion (40%) is added Loo polyoxyethylene sorbitan

mondoleate (2%w/v) adulion inwater, While dhe technique
af preparing Uhese emulgions ia more complicated, roatarch
indieatos potential

uneof theve emulsions for prolonged
ae-

tion, tasta-mashing,
more effective dasaforma, parenteral

preparations, protection ayninst the external environment,

and envyine entrapmont.
Microcmulsions---'The coarse

pharmaceutical
macro:

amulaions appear while and tend bo aoparate
on

nbanding,
Microamulsigna are tranalucent or transparent, do not sepe-
rate and have a

droplet diameter in Cha pangmotar aise

range, The microomulsions are not always distinguishable
from micellar solutions.

Both O/W and W/O types are
possible and raay be cane

verted, one to tha obhar, by adding
more of the internal

phase or by altering the type of omulnifier, Aa the mernal

phase ja addod, the emulsion will pass through a viscoolaatic

gel atnge; with further addition,
an omulsion of the oppanite

iwpe will oocur,

Tha most obvious benefit of migroumulsions is their ala-

bility, thus providing doxo uniformity, Usually, tho enulai-

fier should be 20 te 80% of tha woight of the ail uved, The

W/Osystema
are

prepared hy blending the off and camulsilior
with a litthoat, if required, and then adding the wator.

The order af mixing for O/W systems ia more flexible, One
of the simplest methods ia te blend the ail and the emulsifier
and pour Uhis into water with aditdle stirring, Dn ne case can

amicroumulsion be formed unless there ia a fateh between
the off and amulsifiar,

Ifthe emulsifier hag bean nelected properly, microemulal-
fication will oceur almost apoutancoualy, loading ta a satis-

factory and stable prepnration, ‘The details of various prep-
atotious and the rclaGonship between micrvemulaions and
micalar solutions have bean reviewed by Prince ef alt
Microumulaions comtaining hydrocortisone have been pre

parad.

Equipment

Whan emulsions are
propared, enoargy must be oxponded

to form an interface between the oily and aqueous phases.
Bmutsifiertion aquipmiont includes, Uierelare, a wide variety
of agitators, homoenizors, colloid mills, jot mixers and ui-
troagonic devices, Griffin at al," Becherand Peek et al?
have evaluuted the emutsification equipmoant used hy phar-
niiciids and drug rasaufaelurers, These publications, akong
with journals such na Pharmaceutical Technolazy, should
he consulted for further decais on the wae of such apparalus,

‘The praparation
af amulgiana on a

barge anale tainly
raquires the expenditure of considerable amounts of energy
for heating and mixing, Careful consideration of these pro-
dondes has ded to the

davelapmant af low-onergy enulaifien-
tion by using

an
appropriate emutuification tomporature and

solective hoating of the ingredients. ‘This process, described

by Lin? involves the preparation of an qnnilaian conern-
trate subsequently diluted with the external phase at roam

femperature,
Agitatora--Ordinary agitation ar shaking may be used to

propare the emulsion. ‘This method frequentty is employed
ly the pharmaciat, particularly in the anulaifiontion of casi-

ly disporaod, low-viscosity ofl, Under certain eanditians,
intermittent ehalding

ia canalderibly
more affective than ar

dinary continuoys shaldng. Continuons shaking tanda to

break up not only the phase to be dinporaed but ala the

diaperaion medium and, ia this way, impairs the ease of
emulkification, Laboratory shaking devices may he uaedfor

atiilbsenle production,
'Vho mortar and pestle are aaed widely by tho prescription

pharmacist in the extamporanvous preparation of amul-
sionk. "This equipment hae very definite limitations because
iia wetness depends hirgeky on the viscidity of the erulei-

fying apenl. A mortar and poatle aunnot be used Lo prapare
an emulgion if the emulsifying agent lacks viscidity (oy,

yelalin solutions), ‘Thene emulyifying agents will produce
glable onulaions onty if other types of equipmentarg baed Lo

nix Whe ingredtania and the agent Logether,
Sinall olectrie mixers may he used ta prapare emulsions at

the prescription counter, Thoy will save time and onary
and produéd datisfactory emulsions when the emulalying
agent ia deneia or agar. Vowevor, the mixers cannot he used
if the emulsifying agent ia gelatin,

‘The commercially available Waring Blendor disporses of.

ficiently by means of tho shearing action of rapidly rotating
blades, It transfers large amounts af energy and indgarpa-
rates alr inde the emulsion, Tf an omulsion first ia produced
by uaing

a blender of this bype, bho formuilator must ramom:

ber thal the emulsion characteristics obtained in the iabora-

tory will not be duplicated necossarily by the production:
Hao agilatora,

Produclion-aigeagitators meludehigh-pawerad propalier-
ghaft atirrers immersedin a Gok or self-contained vnita with
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Fig 88-2. Stuadard alurydypo dlepersall misar with vangd-reter

“akdag’” olament and slotted draft-tuba clraulatiig aiamont

(Colrteny, Able Fig,

 

icourtany,
Abba Bag),

propeller and paddie syalems. ‘Pha latter usually
are ean-

airiied #0 that the contents of Che tank either niny he

heated or coaled daring the production praces. Baffles
offen are builliniia Ginko and Ghose lodrease the efficianey of

agitation, ‘Two mixers manufacwured by Uhe aame company
are shownin Figs 8362 and Bbed,

Colloid Mille—Pho principle af operation afthe colloid

pill ig the passage of the mixed pharacofan onnulsion form
la between nostater amd a

high-apeed
ration revolving at

apeeds of 2000 to 18,000 rp, ‘Phe clearance between the
rotor and the stater is adjustabie, usually frem 0.007 in

upward, The emulaian mixture, id passing between tite
rotor aud atator, ia subjected

dea lremendous uhoardiag
nce
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 Fig 834. Acallold eilt snowa in creas section (Gourlogy, Troma),

 Fig 63-5, Thasa may be
Types of rotors used [nn auligld ells.

amoolh (for most amulalens), serrated(lar cintmortts and vary viscous

products) or of vilritled slang (lar tio palnts and pigeeent digpardlans)
(courlasy, Tri-ame).

tion which effects a fing dispersion. A collaid mill and
various rolore are shown in Fige 84-4 and 80-4, ‘Phe aparate

ing principle ia the same for all, but each manufacturer

incorporates specific features which result In changes in

operaling officiancy. ‘The shearing forces applied in the

collaid mill may result ina temperature Incronse within the

cmuaion. THonay be noceusary, Uherefore, to cool Che equip:
mont when the emulsion is being produced.

Homogenigors and Viseolizers-Jn these two typos af

equipment the mixed phases
aro

passed betayeen a finely

ground valve and seat under high pressure, "This, ia offoed,

produces
an atomization which iy enhanced by the impact

received by the atoorived mixture anil streiees Lhe valve head,

‘Shey operate at prasdures af 1000 ta 5000 pai and produce
gome of the fingat dispersions obtainable in an emulsion,

Homogenizers may be used in ane of lwo ways:

i The inpredianta in Che omulaion ave mixcd und thon panel
(hrough ¢ho hamapeniver to produce the Final product,

9 An omuigion Ik prepared da owomie othor way and Low passed
through a homngenizer for He putpeie of decreasing Ue particle wise and

obtaining
a groaiedegree ef anioemily and stability.

‘Two-atage homogenisers
are constructed ao thatthe emul-

gion, after treatment in the fivat valve aystom, is conducted

direetly to another whore it receives a second Wrealinent. A

single homogenluntion may produce
an emulsion which, al-

(houghita
particle

size ia amall, has a
bendeney

40 clump oF

form clusters. Emulsions of this type exhibit: inereased

croaming tendencies, ‘Phin ia correctad hy passing the eniul-
sion through the first slage of homogenization

at n
high
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pressure (eg, $000 to b000 pal) and then through tho xacend

stage at a
greatly reduced pressure (ag, 1000 pal), ‘This

breaks down any clusters formedin the first atop.
For small-scale exlemporanceus preparation of emul.

sions, the inexpansive hand homogenizer (available from
Med Times) ts particularly useful, Tt is probably the most
efficient emulsifying apparatus available to the proveription
pharniacaat, The two phases, previously mixed in a bottle,
are hand pumped through the apparatus, Recirculation of
the emulion through the apparatus will improve its quality,

A homogenizer dota not incorporate abr jinte tho final

product. Air may ruin an emulaion because the emulaifying
ayant iu adsorbed preferentially at the air/water interface,
followedby

anirreversible precipitation darmed dendturlaa-
tion. This is parkiawarly prone to oceut with protain omul-

aifying agents.
Homogenization may apoil an emulsion if the concentra.

tion af the emulsifying agent in the formulation is less than
that required to take care of the inerenas in surface ares

produced by Lhe process,
The temperature rise during homogenization ia not very

large. However, temperature does play
an

important role in
the amndaifieation process, An inereaaa in Lemporaturewill
reduce the viscosity and, in certain instances, the interfactal
Lension between tho ofl and the waler. There are, however,
many inetances, purkicularty in the manufacturing of cow

melic creame and ointmenta, whore the ingrediente will fail
to emulaify praperly if they

ara
procowaed al too high

a

tomperniure, Minulsiona of Ghis type are
processed first at

an Glevated temperatura and then homayenized
ata Cem.

perature not exceading 40°.

Figure 83-6 shows the flow through the homogonising
valve, Lhe heart of the high-praqure APV Gaulin homage-
niger. The product enters the valve seatat

high pressure,
flows through the region between the valve and the seal at

high velocity with a
vapld pressure drop and thon is dis.

charged
os a

homogenized product. Jt is postulated that
clreulation and turbulence are

reaponsaible mainly for the

homogonization that takes place, Differant valve assem-

lies, Iwo stage valve assemblies aad aquipmont with a wide
range of capacitios are available,

The Macro Flow: Master Kam-bi-nator employs a number
of different actions, cach of which takes the ingredienta

a

little further along in the process of subdividing droplets,
until complete homogenization resulta. The machine is

equippod with a pump which carries the liquid through the
various stages of the process, Tn the Firat tage, the jngredi-
o0da are Forced between two apeclally designed rotors (gaara)
which shoot the liquid in apposite directions in a amall
chambor and, in thig way, ara mixed thoroughly, These
roters luo set up a

awirling action in the next chamber into

 
Fig 8466, Operation of the hamogonizer value assembly (Courtesy
APY Gauilln},

which tho liquid is forced and awirlod back and forth in
eddies and croascurrents, ‘The second stage ia a

pulsing
oF

vibrating netion at rapid frequency, The product then
leaves this chamber, goos through

a amall valve opening and
ia dnwhed against the wall of the homogenizing chamber,
Progsuyg ia applied, but it is notaa groatas Uint uaed in other

types of homeogenizera, Preagure ia controlled accurately by
adjusting devicas on the front of the machine, and tompora-
ture ia controlled by passing coolants through the stiaters,

Witrasonie Devieos—The preparation of emulsions by
the use of ultrasonic vibrations alsa ia poysible. An oscilla-
tor of high frequeney (100 to 500 kHz) ta connected Lo twa

electrodes between which ia placed
a

ptoxoaloctria quarts
pate, ‘The quart: plate and dlectrodas ara inmarged in an

oil bath and, whan the oscillator is operating, high-frequoney
waves flaw through the fluid, Einulaifieation is accam-

plished by simply numersing
a tube containing the omulaion

ingredients into thia ail bath, Considerabla reaoareh has
beon done on ultrasonic amulsification, partlelarly with

rogerd to the mechanism of amilaion formation by this

method. Limited data indicate that these devices will pra-
duce atablo amulsions only with Haukla

of low: viaaosity,
The mathodis not practical, however, for large-scale produc
tion of emulsions.

Spocial techniques and equipment tn certain ingbanees,
will produce superior emulsions, iaeluding rapid cooling,
reduction in particle size or ultrasonic devices. A wide se-

lection of equipment for processing both amulaiona and aua-

ponsiona haa been doseribod by Bisherg.™ A number of

improvements have been made to male the various procoase
aa more effective and cnorgy-afficiont,

Goneral methods are available for Woaking the inatability of
emulgiona including bulk changes, centrifugal and ultracen-

trifugal studien, diglectrio measurement, surface-area moa.

surement and accelerated motion studies. Larw-shear rheo-

logical studies measuring viscoalaaticlty are
suggested

aa the

optimal method ofstability testing.

Suspensions
Tho physical chomial defines the word “auapension"

aaa

two-phase system consisting of a
finely divided solid dis-

persed in a solid, liquid
or gas, ‘She pharmacist accepts Ubi

definition and can show that a
variety of dosage forma fall

within the scope of the preceding slalament. ‘There is, how:
ever, a reluctance to be all-inclusive,

andit is for this rensen

that. the main emphasis is placed on eolida disperaed in

liquids. In addition, ancl because there ja a nead for more

specific terminglogy, the pharmaceutical scientist differen-
tates between auch proparatioie

au
suapensions, mixtures,

magman, gota and lotions. In a
general senue, ench of thene

preparations represents a suspension, but the atate of subdi-
visionof the involuble solid varies from particles which settle
gradually

on
atanding to parlicles which are colloidal in

nature. ‘The lower limit of particle ai4e ia approximately 0.1

pm, and it ja dhe preparations containing dispersed solidn of
thia magnitude

or greater thal are defined pharmaceutically
BY SLEpOnaiona,

Certain authors also include liniments, and the newor

sudtained-release suspensions, in any discussion of Ghia pare
ticular aubject. The former proparations

now
yaually

are

considered as solutions although
a number of older lini-

menta were, in faci, suapanaions. The sustained-release

slapensions reproaant4 vary specintized class ofpreparation
and, as

such,
are discussed in more detail in Chapter 91.

Some insoluble drugs algo are administered in aerovel form;
one

example ia dexamethasand phosphato ausponded in a

propallant mixture of fluorochlorocarbons, More detail on

aarosola is available in Chapter 92.

Suspension formulation and control is based on the prin-
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ciples outlinedin Chapters 18and 20, Formulation Invalyes
mare than suspending

a solid ina liquid. A lnewlodge of

the behavior ofparticles in liquids, of suspending ayonlis ana

of Cavers and colors is required (o produce
a savalaehory

BUBPENSION.
Briefly, the preparation of a stable suspension depends

upon Lhe appropriate diaperstoarof the drag in the suspand-
ing medium, ‘To enaure Ural the pneticlos are welledhy the

disparsion madiuim,
a surface-active agent ahould be used,

especiallyif the disporsed phase is hydrophobic.
‘The sun-

pending ngaab in the aqueous modium then cat he added,

Attornatively, the dry suspending agent can be mixed thor-

oughly with the drug particles and than triturated with the

diluent. Other approaches
to suspension preparation

ji

clude the formation of a floceulated suspension and alao a

flocoulnted preparation in a suspending velicle. Details of

these procedures
are

ivan in Chapter
19.

"The most efficient mothod of producing fine particlesiv hy

dry milling prior
to sunponsign, Suaponsien equiparent

such ae collaid mills or
homegenizors normally

are used in

wot-milling Ginished suspensions Lo reduce particle: agglom-
ornten. ‘Phoso machines (Mig 83-4) usually have a atater and
arotor which effects Lhe dispersion action, Several mathacds

of producing small unifern dryparticles
are micropulveriza:

tion foid-enerzy grinding, sprayedrybig and controled pre-

eipitation with ultrasound as described by Nash."

The chaies of a appropriate suspending agent depandds
ytpen the use ofthe produeta (external

or internal), facilities

for preparation and the duration of storage.

Preparations made extempuraneaualy for internal use

nay inelude, as suspending agents, nenein, methylcelulase
or other callidose derivatives, sodivimnalginate or

irnacanth.
Extemporaneousa preparations af suapengions for bytornal

use showing ood flow and suspending propertios
are

provid-
ed by sodium carboxymethyleellalosa 26%, tragacanth
£.25%and guargunn 0.6%. Avicel RC.O91,

o
coprecipitate of

piidrocryatalling cellulose and sodium cnrboxymalhylcella-
Jone stabilized with hydroxypropy! methylcellulose, has

heen used aan
ausponding vehicle for propranolal and or-

phonadring hydrochloride digpersiona prepared fram tah-
iota. It also may serve a8 a

gendral-purpose suspending
agenk, Chrbopel 944, 0.8% or yrrenter,

wasn
saliahaclary

suapending agent far sulfamethaxine 10%, maindaling a

permanant aaapenion for more bhai months,

Agents suitable for external use include bentonite,

methylcellulose
or other cellulose derivatives, sodium nlyti-

nate or
traygieaith, Avents which may require high-speed

equipment
and which ave suitable for internal or external

ude Include aluminum magnesium silicates and carbomer4

Preparations such as those mentioned above possess car-

dain advantages
ever other dosage forms. Some drugs

are

insoluble in all acceptable modia and, therefore, mual be

administered aa a
solid, nensohition doange farm (tablet,

capsule, ole), oF 1a a
HURDEDBION, Because of its liquid char-

acter, the last preparation inaiyes same uniformity of dosage
but does present some problems in maintaining

a consistent

douaye regimen. Diangresable tastes ean be cevered by
us-

ing
wa

suspension ofthe drug
ora dovivative of the drug, an

example af the Jatter being chloramphenicol palmitate.

Suspensions prepared from ion-exchange resins containing
anionic drug can be used not only to minimiae the taste of

the drug but aleo to prodwes
a

prolonged-action product,
since the drug ix exchanged alowly For other ions within the

gaalroby testinal tract,

Suapensions aluo ave chemically
more stable than solu-

Wiens. ‘This particularly is important with eortain anlibiat-

ics, and the pharmaciat often is catked on Co prepare auel a

suMpersion jug, prior do dispanging the medication. In addi-

tion, a
sugponsion is nn ideal dosage form for patients whe

have difficulty swallownys tablots ar
capaules, whichia par-

diewlarly important in administering drugs to children, An

aliernate method ta enhance compliance includes flavored

nyslalin “popsicles” which can le prepared ly [reeaing
a

suypension of the drag
ao that dhe dasle ip impeoved during

the drentinent of oral candidiasis,

Suspensions should posuoss dortain basic propertion.
‘The

dispersed phase should settle dowly and be rediapersed
rondify on shaldng. They shauld nat aike on settling and
the visewaity should be such Ghat the preparation pours easi-

ly. As with all dosage forms, Uhare should be io
question as

to the chemical atability of the suspension. Appropriate
progervativers should be ineorparated in order ta minimize

microbiological contamination, ‘The suspension niust he

acceptable to the patient
on the hasis of tts tagle, color and

cogmelic qualities (ologance), the latter dwo factors being of

particular importance In proparatiana intended for oxtornal
\hkith.

Gels

Pharmaceutical derminology id, at beat, confusing and ino

avo authors will classify jela, jetlioa, magmas, mile: and

mixtures in the same way, ‘The MF described Gola as n

special classy of pharmaceutical preparations bul considered
delties under the same heading, ‘The lather preparations
usually contain water-soluble active Ingredients and, bhere-

fore, are considered in anathar part of this chapter, ‘The
USP dofinition for Gels is

Cate are aeminolid syetema ol either atipensions mide up. af aia

inorganic particles
or fare organic melecuios Intorpenetrated by

alin:
viel. Whore (dijo) make consists of a nebworl: of saaall iseratepie eles,
Lhe io) iy classified ag a (woephuaie avatarCop, AbaniAydrex ide
Gob. laa two-phase ayeten,(he patdiele dineofthe ingernedphasei

relatively Liye, Une gol aiise aanotimes te referred 10 as a anaygeie (iy
Bontonite Mayonad Toth gebornd magnimay et Ubisolrepie, fering
neminnliils on aiandiny and heeomian hawirtan apihition.“Pheyshould
be shale before tie to enahomogenoity acl ationalhe laebelid ta

(hint affoat.,

Singlo-phaae gola comsinl. of atganie ninerantadreulen civtribatad uuni-

formly thgoughout a
Tiquid iy such acwianner Chal ae apparent honid-

anon axial betwean (he dinprwed maeromeler en and the liquid. Sin-

jlo-phnme may be mindy from synthetic macromolaciiios (yt, Carboy)
op from nerurad yuan Gyn Trucehy). Tie latter preparndidiia wlyu airs

called mucilages. Although iene pele are peiinud)y myaneus, dbeoliot
andl otha may be nidop Lhe continous phase, Por example, minvral ail
tan he combined with a

polyolndene renin in form an oleugiiete aint
mari. Tyan,

She USP alates that each 100 ¢ of Aluninum Hydroxide
Gol contame tho equivaiondof not. lesa than 3.6 and not amore

than 4.4 oof aluminum oxide (Ald), in Ghe forof abun:
num

hydroxide and hydrated oxide, and it may conta

varying quantities of basic aluminum earbanute and blear-
bonate. ‘Nhe vel tael{ usually is prepared by the interaction
of anoliuble aluminum salt, such aga chloride or walfnte, with

amnnenia solution, sodium carbonate or bicarbonate, ‘The

reactions which occur
during the preparation

are

ACO,2
+

BHO
+

NCO,”
+ 807

[ALH,O}4)""
30H"

+
[AIA,0),(OH)4|

4 3,0

DHICIO4”
»

COg?
+

HAO
+ CO,

The physical and chemical propertion af tho gel will be al’

feetodby the orderofaddition of reacianta, p]] of preeipita-
tion, Lomporatureof precipitatian, concentration ofthe roac:

ants, the reactants uned and the conditions af aging afthe

precipitated gel,
Aluminum Hydroxide Get ia soluble in acidic (or very

alrongly basie} media. ‘The mechanism in acidic mediais

Atuminum Hydoxida Gob + SHO[AHOGH)"

[AIH CO)4)" yO [AOD(OWg)ob HO
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|ALH40), (OHD2}!
+ HyO"

+
[AICH,0),(OH)*"

+
1,0

{AIGH,0) (OH) ]2*
+

HyQo [AIGO)}gt yO

This untikely that dhe lat reaction given procaeads Lo comple
tion. Since the aelivity of thegel ia controlled by ita inaqla-

hility (aetubtlity will decroase with an inerease in the pH of
the gastric media), Chere is no acid rebound, urdlier, since
a certain quantity of insoluble gel always ia available, the

neutralizing capability of the gel extends over a considerable

period of time. .

Aluminum hydroxide gele also may contain pappermint
oil, glycerin, sorbitol, sucrose, saccharin and virfous preser-
vatives, Sarbitel improves the acid-consuming capacity,
apparently by mbibiling

a
secondary polymerization that

takes place
on

aging. In addition, polyols such as mannitol,
korbiial and inositol have been shown to improve the slabil-

ity of abamindmn hydroxide and shuminumhydroxycarhon-
ate gels,

Aluminum Hydroxide anid dtelladenun Mixture PO

VieHadonna TUMCIAEEeee 10aad.
Chlovofowm Sprig

coo. bean 60mL
AluminumHydraxlde Gallo

oc. eae 1000 wk

Ibnhould be nated, however, that dhe addition of other drugs
(eg, anUibioties) to the gel may result in a loss of the activity
anticipated for that achive ingrediont.

Generally, if fof undinturbed for some time, ele may
become semisolid or

golaGingus. With some
gels, amall

amounts af water may scparate on
slanding.

The alnglo-phase gela
are

being used more
frequently in

pharmacy and cosmetics because of several properties:
semisolid state, high degree of clarity, eave of application
aud ease of removal and une. The pele often provide

a faster
release of drusubstance, indepandentaf the water xolubili-
iy of the drug, aa compared to creama und ointments. Some
druge used in medication gala inchide urea, hydrogen perox-

ide, ephedrine sulphate, erythromycin and povidone-ioding,
Gely may be used aa lubricants for extheters, bases for

patel teating, sodium chloride gols for clectrocardiography,
fluoride gela for topical dental use and for intravaginal ad-
minisivaon (prostaglandin-If, yal),

Gela can be prepared from a number of pharmaceutical
agents such as tragacanth 2 to 6%, soditun alginate 2 to 10%,

yotatin 2 to 15%, methylcellulose 2 te 4%, sodium carhoxy-
methylcellulose 2 Lo 5%, earbomar 0.8 lo 5%or

polyviny!
alcghoth 10 lo 20%as noted by Carter?" Other gelling
agents inchide mothyhydrexyathyl cellulose, polyonyeth-
ylene-polyoxypropylana, hydrowyothyl collulose and gelatin,
tela prepared fron) nonpolar materiala such as

magnesium
sonp-hycrecarbon and hydrocarbons

are
being investigated.

The poreontages above indicate the concentration ranges
of the gelling agent. ‘The lower-percentayge preparations
may bé waed aa lubricanta and the higher-percentage prapa-
rations a6

dermatological haaea. Someof the gelling agents
are avallablo in differant groacdas indicating the viscosity at a

definite cancentration, In general, bagh-viseoaity grades
re-

ault in gele af fowar concentrations,
ela recently have bean prepared in adhesive form in

order to increase the contactdime of the aetive ingrodienta,
aueh ag insulin with the aval ancl nasal mucosa, leading to a

deoranse in pliama glucose, ‘Phin ayater alae haa bean in-

voatigated
aga

vaginal dosage form for cervical cancer and a

topical dosage form for aphthoug atomatitis.
Preservatives should be Incorporated into the gals, expo.

cially those prepared from Datura) sources.
Appropriate

preservatives, depanding upon uaé and the gelling agent,
nolude the parabang

at. about 0.2%, banzaie acid 0.2%Cif the

procuet in acidic) and chlorocresal 0.1%,

The preparation
ofa few gel haves is jiven below:

Hodium Alginate Gol Base

SiteAPG
ree 2 LOK

Glymerin
ocee ee eae deeeeaeae

lg
Methy! Hydroxyhonvonte..

ccc. cee,
iga seliblé gulcium salt

CoedOF WINOORNTE)
vee Ohh at

Purifiod Wator, to mal .cccccc eee eee eee 100 mL

The sodidnd alate de wetted iaaortar with ylycerin, whieh aida the
(Uaporaion, The proasrvative ia cliamelwad i) about 40 ml. of water with
the ald af haat, allewad to cond andl the endedwall aeldact, whieh will
inereae the viscosity of Lho preparation, ‘hia solution ik aired ina
high apead adireor aired the sodiain

algivntoydycorin
Wixture added glaw-

Ty while atirring, andl the preparation is homopereeua. ‘he propre
tion should be atored ina Uphily aeailed contriaer ina witha fetid: jar ay
duiliti,

Carhonor Jelly

Curhopol Pdces erp t bee peers
an

Triothanelaminog
..........0.. rere L095 mi

POrabond
ccc ccc eee acne a2 g

Purified Water, tomalit..
ccc. cece eee eee 100 mi

"Phe parnbeng
are diqnotved (8 88 nTwator with the aid of load and

ajlewed Co deal ‘Tho Carbopel 084, a commorcid yinde ol carhomur, is
added in amall npatinds to Ghe solution using

a
high apeod otirrer aid,

atier a amooth dinperaion in obtaindd, the preparationis allowad to atand
positing ontrapped diz io wopartata., ‘Thon the aking agent, tried ha-
nobanting, da nddod, dropwise, stirring with a plastic upatula to aveied
enbrapping ais and the remiadiiig wale toeorporated, OUher concantea-
(inna af carbomer can he used to prepare gels, creamor KuKpOAion

The USP fists a number of ela: Sodium Fhioride and

Phosphorie Acid Gel for application lo the tecth to reduce
cavitics, Belumethasone Benzoate Gel and Fluocinonide

Gel, anti-inflainmatory corticostervids, Tolnaftate Gel,
an

antifungal agent and Tretinoin Gel for the toatiment of
none, Rofer to the spoetfic monographa in this text fer more
information,

Lotions

Lotions waually
are

liquid auspensiona
or

dispersions in-
tended for oxtornal application to the body. They nay he

prepared by triturating the
ingredients

to a smooth paste
and then adding the remaining liquid phase cautiously,
High-apeed mixora or

homoganiszers produce better cdiaper-
gions and, therefore, are the lools of choice in the prepara-
Lion of larger quantities of lotion. Calamino Lotion USP ik
the classic example of this type of preparation and consists
of finely powdered, inaoluble solida held in more or lous

parmanant suapendion by the presence of suspending agents
and/or asurface-active agenta, Many investigators have
studied Calamine Lotion and this has led to the publication
of many formulations, gach possessing certain advantages
over (he others but pore

agtiafying the collective needs ofall

dermatologials,
Phonolated Calamine Lotion USP contains 10 mLof biq-

nefied phonol ip sufficient calamine lotion Lo make the prod.
vet mensuare 100 mL. Formulations containing Avicel 2

(hydrated microcrystalline cellulose, FAC) and carbexy-
methylcellulose settie loss than the official preparations,

iiamine Lotion

SATWYAE ceteetetteenetd
EE

BANG OMG Cee eee eee reat veeaene
ag

Qlyecerin
.,..... bade ete a beet esate eaeaeaaenaae Zi,

Avleol RG)
ccc c ccc ccc acer teee

2
Carbowymothyloallulowe,.....

Cece guy eeeaeanage
2g

Caleiwm Hydroxide falution,
a suffi-

clan quntitity, LO Manaeee TG weds

Mix 46 7of Aview! 1 with 96 9 of wader Wilh a auidrhle aluctele mixer.
‘Miia yal in aed in the preparation of die ealaning lotion, Mix the
calaming and the gine oxide with the glyeerin, the gel and the enrbaxy-
methylcellulose, Add aufliciont calcium hydroxide solution do make the
precict

menaure 100 nl.
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‘To prepare Phenadated Calanune Lation add tom. of

Liquefiad Phanel during dhe mixing: stage.
Suspensions alao inuy be formed by chemical inturaetion

in the liquid, White Lation is an
oxampte,

White Lotion

Aime SMTP
teens

Sulfuraied Potaeh
oo... 22... tae

Purified Watar, a gulfietent quantily
(amal

so...

40
40x

1000 ind,

Disnelve Ue vine sulfate and) ie aulfurnied potash separately, each in
WhO md, af purified water and filor ene pxelubian, Ac alowly Che
sulfirated podaady wabtings la whe gine sadfafe selusion with qunntinn

atiering, ‘Shen add Che required amount of purifivd water, ane mix.

Sulturated potagh ix a sobid of variable composition lt

usally is deserted ng Ky.8.05, Tho chomiend reaction
which oeeurs when sulluraded potadh solution inadded ta tha
ving eulfateik

FnBO, «THO
4

KySa- KSyOy
6
Bn + Sy

4
KySQ,

+
Ky8yO,

4
7H,

‘This leGien nunbe prepared fresh and cloew not contain a

suspending arent, Bentonite Magma has heen ugect in sone

formulations, Coffman and Hayek"! indude a detailed dis
cuesion of the chemistry and dhe problems iavalved in the

preparation of a suitable produet.
The USP recognizes a second type of lotion. ‘Thora are

emulsions of the O/W type stabilized by
a surface-active

avenl, Benzyl Benzorte Lotion is an
example. Bome lo-

ions are clear solutions and, in fieb, Che acdive ingredient af
one offiein) detion, Dimethisoquin Hydrochloride dation
USP RX tea water-soluble sublglanee. However,

one analtt
cial formulation for this lotion lists dimethisoquin Inara:
chloride, menthol and sine oxide as active iIngredicnts and
the preparation thus becomes n

suapengion, Several loons
are listed in the USP aud euntan, for example, antibiotics,
steralds, kerntolylios and acabicides,

A formuty for
hydrocortisone lotion is given in dhe PC.

Haydltocoriisnae Lotion

 

Dhvabirceccepet fageaeber, ive el Lean ttans: pwoden
cee Jab.ge

CUTWOGROHOT
eee er tbat

Si
Solf-omaleifying mongtenrdn

pecvuvauaaee Hha
CHYOQOPUL

cree venue
GAO

Purified water, freshly bailed and eooted to analar ., 1a00.0 ¢

Vo prapace Bie Fase, the ehiararradal is tlisselvod in si) nd al
wader with Lhe aid of jantte bead, Cae sell carn dsddytye potions
todrin is added and the radiance heated to 80" with atirriiag usrlid
complotily dinpocind. The lydeacortisorit Gritusatod with the

glyceral aad the teituration is thon ineurporated, with sbircing,
Tato thesebone, allowed to cont while alert, éhen acd(he
remnoindar af dhe waler nawgaixed,

Lotions usually are
appliad without triedion. Tvense, the

insoluble matter should be divided vary finely, Particlon

approaching colloidal dimensions are more soothing to in-

flamed arcad and effectivein contact with infected surfaces,
A wide variety of ingredi¢nia may he added ta the prepara.
tion Lo

produce better disparsions
ar to accontuateits cool-

ing, doothing, drying of
protective properties, Beutoniteisa

yood example of a
suspending agent used in the preparation

af lotions. Mathyloelialose
or sodium earboxymethyleellu-

lose will localize and hodd the active ingredient in contact
with Lhe affected site. A formulation containing glycerin
will keep the skin moist for a considarable poriod of Lime.

The drying and cooling effeek may be accentuated by adding
aleghol te dhe Porriuala,

Dermatologists frequently prescribe
Jotiona eantaining

anesthetics, anGpruritiys, antiseplica, astringents, gerne
cides, proteelives

or sercening ayenta, do be aed im treating
or

proventing various types of adn divcases and dernatiiis.

 1541

Antihistamines, beazeenine, calamine, rexorcin, atoroids,
sulfur, zine oxide, helamethasone derivatives, anlievlic acicl,
gatflower oil, minoxidil and aircoaiumoxide are ingrediontsecmimon tn onefficinl lotions. Ta many daslances Ue cos

metic onpocls of the lotien are of arent daporuaie, Muay
loans compare badly with cosmetic preparations of a simi
Jar nature. ‘Tho manufacture of fine lettans te raed ia

apecialiged needs of the dermatologist provices the pharma:
clad With an excellent opportunity

Lo domanelnate his prefes-
Hodol compakmnes, Recent oxtensive atadies on lotiens, 46

desertbad by Harb! will agsiat Ghe pharmiaichd daadtadn this

pron,
Lotlong oud to sepurate

or
alratily

on
long standing, and

they require
a label cireekiny that Lhoy le shaken well before

each vad, All fodiens whouldbe ladteled “For Tex tanal Use

Only.”
Microonganianig may prow io certain doiiens ino proser-

valiveiy included, Core shouted de taken to avoid contami.

naling Gelotion during preparation,
even if a preserva live is

present

Magmas and Milks

Mayaiaa ond miles are aqqucana suapenaions of insoluble,

inorganic drugs and differ {rompale tnainiy in tal thie aus-

pended particles
are

larger, When prepared, they are thick

and viscous aid, beemrse af Ghia, Uhere is no need to add a

suspending. agent.
Bentonite Magina USP is prepared hy simple liyydration.

Pwo procedures
are

given in Lhe compondiuimn far the prepa-
ration of this product.

Maymas alta may be preparecdh by chamical renction,

Magnesium hydroxide is prepared by the hydration af mag.
nesium oxide.

Myf +
a0

+
MOH),

Milk of Magnodia USP is a
suspension af magnesium hy-

droxide contatning 70-85% Me(Otb,. Th has an
waptens-

ant, altnline taste whieh can be masked with 0.1% citric acidl

(to reduce atkalinity) and 0.05% afa volatile off or a blend of

volatite oils,
Milk of Bismuth eentains bismuth hydroxide and bismuih

subenrbenate in auspension
in water, ‘The Magma is pre

pared by reacting bismuth snboitvate with nitric acid and
ammonium carbonate with ammonia soliton and fren mix.

ing the resulting two nokuttons,
‘The following reachions occur

during the preparation
of

the magni
 

(NEWCO,
*

ANT
A

OOP

NuHG)» NH?
OH

ABO? +
COP

re
GHOWCOs

Bi! + OW
~=

BIO(OW)

H the insoluble subytaner ix precipilnted fresh by mixing
hat, dilute solutions, Gere ia only alight sedimentation on

alanding. ‘This charactoristic of mayimas aomatinen is on.

hanced by passing the produet Chrouygh
a colloid mill.

or the most part, niagmiaa and milka are intended for
indernal use, although Bantoniie Magiais used primarily

ag

nausponding agent for insoluble substances on, Milk of Map-
hosia USP and Dilydrosy Aluminium Amingacetate Maina
USP, either for local application

or for internal use, All

magma require
a “Shaka Well” label, Freeaing niuat be

avoided,
Several antiuierabial pronervalives have been toated in

liquid antacid preparations for dheir wtability md effective
noan, such as benzole acid, chlorhoxiding, methylparaben,
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propylparabon, sorbic acid, propylene glycel or athanol. Tt
was found that a combination of methylparaben and sorbic

acid was
superior to the parahend alona

Mixtures

The official mixturas are aqueous, liquid preparations
which contain suapended, inmolubla, solid substances and
are intended for internal uae. The inadluble substance does
not make the mixture very viscous, andthe particles may be
held in suspenaion by uaing suitable suspending

ov thicken-

ing agents, ‘This clase was introduced originally
to secure

uniformity in theformulas of certain woll-known and
largely

used proparalions, Frequently, the term mixture ix applied
loouxoly 10 aqueous preparations of every description. ‘The

term shake mixcure ia used often for liquid preparations
which contain inoluble ingredients and, therefore, muat be

uhaken before use, ‘The USP dogs not recognize tha term.

The term suspension
now ia ued to doacribe a number of

aimilar preparations. ‘The PC uses the term piixtures and

inclades suspensions in this catagory, for example:

Ammonium Chloride Mixture Pt

Armaniuim COVE0000ae 1004
Aromatic Ammonia Soluthon...

2.00000.
BOwnsd

Liquorice Liquid Wxtradh.
oc. ccc cece ernie

100 mi.
Watos, for proparationg ta pieces ee

100m

Hoahoulct he praparod recently.

The Lorm mixture occurs i, the oxpreasion dry mixture,

which may be ured ta deseribe many USP products, in par-

ticular, antibiotic powders for oral aolutions which are de-

ascribed on page 1627.
The pectin and the tragacanth in Kaotin Mixture with

Peetin (page 796) act as
suspending agents, An alternale

formula, based on
Voogum (Vanderbilt) and sodium carbox-

ymethyleotulose, bas boan proposed by Katigh."4

KKnotin Mixture with Pectin

VOU
cece reer e eee cerns t ena 0.48 4

Sodium Curhaxymothyleotiubowe
6.00.00 eee 0.22 &

Purified Water.......-- Veteeeeeeeperebeteaae TOAD
Ween

cece eee ee eee ee tebe eae 17.40 ¢
Peeuin cise eee cena face eae eeaeeaee 0.44 #
Saeed occ eee ete eae eae 0.00 x

GOVGOrEN
Coc cece caterer eee

Liha

Add jhe Vaeguin and Gia nadium carboxyimebhyloalulose(9 the water
with continuensativeing, Add, with mixing, Ube Manlio. Mix thepectin,
wieehanin and glycerin and acd to the suepension. A prasnrvative und

flavoriag aponl may be added Lo the praduet.

The insoluble material in mixtures must be ina very finely
divided state and gniformly distributed throughout Ube

preparation. ‘This in accomplished with colloid mills, ape-
cial methods ofprecipitation and suapending agents, ‘There
are dhres main reasong for having the naoluble substances in
ag fine a atabe of subdivision as

possibly,

1, ‘Phe more nearly Lhe colloidal state in approuchod by pratectivar,
auch ae lnolin, mangnealin(ridilicute ar magneniin phosphate, the mare

nelive they bacorme ie adnorbante aadprotectives whon in contact with
inflamed surtncen,

4. Hinoky divided particles
are auapended mora toadily and adele one

muh mere
alowly (haat large particles, thus anabling tha pationto

abtaln aadform doves of sugpondod substances. Homegoneous mixturcr
are desirable aapocially whew adminiatoring mediendon bofarean even:

ly diatributed, protastive coating on the taslrointagtinal tract,
a, ‘Tho palatability of many preparations is tahanced by the wee of

colloidal saapendinye ayente,

Mixtures contuining suspended material should have a

“hake Well” label affixedto the containarin which they
are

dispensed.

Mixturey, including auspenaions,
are aubjeel to con tian:

nation by microorgatiama that remain viable and are a po-

tential health hazard during the period of use of the prod-
ucts, Survival times of ormnigmy depend

on the preacrva.
live naed. A kaolin pediatric mixture that contains benzoic

acid tells organisa rapidly, wherans arganisme
survivedfor

more than a wook in a
magnesium Lrisilicate mixture Uhat

contained no more than a trace of peppermint oil, aa noted

hy Weatwood."”

Geeasionally, it. ia nocessary to prepare saspanaiona from

crushed
tablets. A general formula for (hia purposeis giv-

en.

Mothyloetludone 20 oc... ee eee tee O75

Parabong
cc ccccecaee ee pet vaeeeae es eteeeeneaae 01

Purified Wator ..... Debveeevay te eeeeeaeaenraes Gt

Propylone Giyeol
ooo. Cue eaavaeneuages 2.0

Bimplo Syrugy, ba tialceceee TOU.

An oxlemporancous suapengion of cimetidine tahlots
whichretained its potency al 4over14 daysis:

Taine t0G-re tabbated
ee 24 (7,2 4)

Olycerin
.....+ Diveaeuvauuayyeeeeeeeeanne hml,

Bimple Syrup, to malice
eee 12¢snL

The tablets are triturated to a fine powder uaing
a mortar,

the mixture is Jevigated with the glycerin, simple syrup add-

ad, mixed well, placed in a blender until amooth and (hen

refrigerated !°
Satisfactory suspensions have heen compoundedfrom di-

azapam tablata and propranolol hydrochloride tablets, and

they possess chemical stability for 60 days and 4 months,

respectively, at room
temperature

or under refrigeration,

Frequently, since the drug may be soluble, it is the exeipt-
onta which are being suspended.

Acomprehanaive chockat. af auapondion formulafions has

been reported
in the literature by Scheer"!

Official Suspensions

The USP places particular emphasis
on the tern suspen:

sion by providing spocific definitions for a
variety of oral,

parenteral and ophthalmic preparations formulated in auch
away

that
an inscluble substanceis suspendodin

a
Hauid

at.
gxomestage of the manufacturing

or
dispensing process. The

USP definition hegins as follows:

Sunpanelona
are

preparations of fiiely divided, undinnalvad drugs
disporsedin liquid vehieles, Powders for BUBpOnaien are propurnticnn of

finaly powdered drugs intended for aumponalon in Nquid vehicles, An

xmmple of the raady-to-wae (ype ia Trtaecdfipayreaniidinen
Oral Suspen-

gion, i whieh tha Chree aulfapyrlinidines
aro already sumpended in a

Hquid favored vehielo in a form anidable for aral adminivtragion, Tetra

ayeline for Qrat Suspension is finely dividad tolracycling mixed with

suspending and dinporning agenta, Lin intended to be conmtitatad witht

the prescribed volume ofpurified water and mixed bolero it[i digpeanod
by dhe pharmacias for oral adminiatration to (ho patiant,

Naither this definition nor the monographa give apocific
directions for the preparation

of the suspension, although

pharmacopoias usually permit the addition of auitable fla.

voring agenui, ausponding agents, preservatives and earti-

fied color additives. One procedure for the praparation of

the commonly used'risulfapyrimidines Oral Suspensionia

given below.

Trlaulfapyrhnidines Ocal Sugpendion

Veoguith
cee eee ees Veacenenree beayae Log

Byrap UP
ccc eee renee tte te ees

So.00 ¢
Bodivm Gitrnde

.. 2 ccc ae ee eee aes a OFA
AaMandindden

pceetee tees Od gt
Bulfameraving..........-.0ree

as Leben cena 2.54 ¢
Bulfumothagine,.

ccc es beeen eee ey tte 204 gf
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