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units (90%). Il the clinical impression of the drug being
evaluated was that a 20% difference in dose (plasma levels)
would not be clinically significant, in this example it must be
concluded that the statistical test is too sensitive and the
difference observed, even if real, is not significant clinically.
Therefore, the drug products ave biocquivalent in spite of
the statistical findings.

Statistics should be used, in bioavailability testing, as a
tool to determine if 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 some statistical sense in order to avoid statistical
nonsense.

A Common Pitfail: Cross-Study Comparisons—FPer-
haps the single most-common error made in interpreting
bioavailability duta is that of cross-study comparison. This
oecurs when the blood coneeniration-time curve of a drug
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 crogs-study comparisons
ate dangerous and cun lead to false conclugions, 'The follow-
ing examples used to illustrate the three points are taken
{rom actual bioavailability data.

Different Subject Population—In Fig 76-9, a research lot
of potassium phenoxymethy! penicillin was compared with
the appropriate reference standard for that product. The
research-lot drug was found to be bioequivalent, with aver-
age pealt-serum concentrations differing by 8% and the area
differing by only 9%. In ancther study conducted with a
full-manufacture lot of the tost product, the same lot of the
reference standard potassium phenoxymethyl penicillin was
used. The resulls of this study are shown in Fig 76-10.
Again, the two products were found to be hioequivalent as
the peak and area parameters differed by less 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 Lablets in the study in Fig 76-10, sizable differences in
blocod levels are found as shown in Fig 76-11.

The average peak serum levels for this lot of tablets were
found te he 8.5 units/mL and 12.5 units/mls 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 cross-study
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Fig 76-9. Average serum concentration of phenoxymetiyi penicillin

faflowing oral administration of 500 mg given as one tablet of Recog-
nized Standard {A), or of Test Product, Research Lot (O).
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Fig 768-10.  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. Averagse serum concentration of phenoxymethy! penicll-
lin foilowing a single oral 500-mg dose 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, heaithy volunteers. An
appreciable difference in pex distribution was obvious when
comparing these studies. Adjustinents 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 & note of
caution in comparing absoluie bioavailability values of peak
concentraiion and area under the cutve from different stud-
ies.

Different Study Conditions—Parameters such as the
food or fluid intake of the subject hefore, during and after
drug administration can have dramatic effects on the ab-
gorption 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 after drug administration of an uncoated
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Fig 76-12. Average sorum erythromycin concentration adminis-

tered in 500-mg doses as three different tablet dosage forms.  Tha
results were obtained from 21 healthy adull subjects following an
overnight fast of 12 hr before and 2 hr after drug administration.
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Fig 76-13. Average serum erythromycin concantration adminis-

terad in 500-mg doses as three diffarent tablet dosage forms. The
resufis wore obtained from 12 healthy aduit subjects with only a 2-hr
tast before drug administration.

tablet, a film-coated tablet or an enteric-coated tablet of
erythromycin.

The results of this study suggest that the unprotected
tablet is superior to both the [iim-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

prednisonoe adiministered to 24 normal adults as a single oral dose of
twelve 5-mg prednisone tablets from two differant manufacturars.
Plasma levols were determined by a competitive protein-binding
assay.

also guggest that neither film-coating nor enteric-coating is
necessary for optimal blood-level performance. Figure 76-
13 shows results with the same tablets when ihe study condi-
tions were changed {o only n 2-hr preadministration [ast
with a 2-hr postadministration fast. In this case, the blood
levels of the uncoated tablet were depressed markedly while
the film-coated and enterie-coated tablels showed relatively
little difference in blood levels.

From this second study, it might he coneluded that Hlm-
coating appears to imparl the same degree of acid stability as
an enteric coating. 'This might be acceplable 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 and the film-coated tablet were admin-
istered 4 times a day, inmediately after meals, The resuits
show that the film coating does not impart the degree of acid
stability as does the enteric coating when the tableis are
administered immediately alter food in a typical clinical
situation.

Different Assay Methodology—Depending on the drug
under study, there may be more than one assay method
available. TFor example, some steroids can be assayed by a
radioimmunoassay, competitive protein-binding, gas-liguid
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Fig 76-14.  Average serum erythromycin concentration-time profiles administered in two different tabiet dosage forms. The results were

abtained from 24 heatthy adult subjects following administration of 260 my 4 times a day, with meats and at bedtime.
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Fig 76-16. Average plasma prednisolone ievels following 60 mg of
prednisone administered 10 24 normat adults as a single oral dose of
12 §-mg prednisone tablets from two different manufacturers. Plas-
ma levels were determined by a radicimmunoassay procedure.

chromatograph or, indirectly, by a 17-hydroxycorticosteroid
assay.

Figures 76-15 and 76-16 show the resuits of a comparison
of prednisone tablets using a competitive protein-binding
method and a radiciimmunoassay, respectively. The serun
concentration-time curves resujting 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 econclusion would have been reached
if one product had been assayed by one method and the
other product by the cther method and the results had been
compared. Even in cases where only one assay method is
employed, there are nuinerous modifications with respect to
technigque 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 been established to a suffi-
cient degree to make the results 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
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Fig 76-17.  Average plasma pradnisolone profiles administered as a
single 60-mg dose to 24 normal aduits. Plasma levels wers deter-
mined by both a compelitive protein binding assay and a radiolmmu-
noassay.

different laboratories. J8ven 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, ete, fromn
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.

With insufficient daia on the correlation of plasma levels
with clinical response, it is difficult to decide if it {s 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 peak level, are made with difficulty and tend to
reduce the objective quantitation sought in bioavailahility
testing.
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CHAPTER 79

Toanicity, Osmoticity, Osmololity and

Osmolarity

Fredevick P Slegel, FhD

Protessen o1 Photracoutics
College of Phausiucy, Universily of Wlinods
Chicage. I 40612

It gonerally is nccoprled that esmetic effects have o major
placo in the maintenance of homoostasis (the state of egui-
librium in the living body with respect to various Tinetions
and to the chemienl composition of the fhuids mxd Lissues, o,
temperature, heart rate, blood presaure, water content or
blood sugar). To agreat extent these offeets oceur within ar
between cells und Gissues where they eannol by measured,
One of the moeut troublesome problews in clindeal medicine i
the maintenance of adeguate hody fNuids and proper hatance
between extracellular aad intracellulnr fluid volumes in seri-
auely it pationis, T should be kopt in mind, however, that
fluid and oleetrolyte slmormalities are not diseases, but ave
the manifestations of disease,

"The physiotogical mechanisms which cantrol water inlake
and sutput appaar to respond primarily to seram oamoticily.
Renal regulation of matput is influenced by variation in e
of relcase of pituitary antidiuretic hormone (AIDH) and oth-
er factors in reaponse Lo changes in sorum osmotieity, Os.
motic changes also serve pa o stimulus o moderate thirst,
This mechaniam s sefliciently sensitive to Bmit variations
i osmaticity in the normal individual to Tess than about 1%,
Body {luid continually oscillates within Uhis narrow range.
An increase of plasma osmaticity of 1% will stimulate ATH
release, resull in reduction of uring flow and, at the same
time, sthmulate thirat that resglts iy ineveasod walor intalo,
Both the incressed renal reabsorplion of waler (without
solute) stimulated by cireulating ADH and the increased
water intal tend Lo lower serwn osmolicity,

"Phe deansfer of water through the cell membrane oceurs o
rapidly that any tack of esmotic equilibrium betwean the two
tluid compartments in any given Gesue usuaily is correctod
within a few seconds amd, al mosd, within o minute or so.
However, this rapid Lransfer of water does hot mean that
comyplete equililention coeurs botwoeen the exteacellulor nnd
intracellular compartments throughout the entive body
within this sama short period of time. The reagon is that
fluid usually enters the body through the gut and then must
be teaimported by the cireulatory aystem to all tissues belore
complele eguilibration can occur,  In the wormal person i,
miay reguire 30 Lo G0 min to achieve reasonably good equiti-
hration throughout the body after drinking water. OQumati-
city is the property that largely determines the physiologle
acceplahility of a variety of solutions used or therapeutic
and nutritional purposes,

Pharmaeeution] and thornpeutic consideration of osmotic
effects has been, Lo o great extent, directed townrd the side
offects of aphtholmic and parenteral medicinals due to ab-
normal osmolicity, and te either formulating to avoid the
gide effects or finding methods of administration Lo mini-
nize them, More recently this consideration has been ex-
tended Lo total (eentral) parentoral nutritiony, to enteral hy-
poeralimentalion (“tube” feoding) and to concentrated-Auid
infonk formulng.'  Alao, in recent years, the importance of
osmometry of serwn and urine in the disgnosis of many
pathologicn] conditions bas been recopnised,

There are n numbor of examplen of the direet therapeutic
affect of osmotic netion, sueh ag Uhe intravencus use of man-
nitol az a diuretic which ia filtared at the glomeruli and thus
inercases the osmotic pressure of twbular uring. Waler
munt then be reabsorbed against o higher osmotic gradient
than otherwise, so reabsorption is slower and diuvesis is
vhserved. ‘The same fundamental principle applios to the
intravenous administration of 30% urea used 10 affect intra-
cranial pressure in the control of cerebral edemn, Peritone-
al dinlysls fluide tend to bo semewhat hyperosmotic to with-
druw water nnd nitrogonows metsbolites. Two 1o five per-
gent, godinm clloride solutions or dispersiong in an
olenginous hase (Muro, Bawseh & Lomb) and a 40% glucose
vintment are used topically for cornenl edeana,  OQphthalgan
(Ayerst) it ophthnlmic ghycerin eraployed for its osmotic
sffect to clear edematous cornea to facilitate an ophthalmo-
scople or gonjoscopic examination.  (lycerin solutions in 5
to 75% concentrations {Glyrol (JO Lad), Gsmoplyn (Aleon)]
and fsosorbide solution [lsmotic (Alcon)] are ornl ozmotic
agents for reducing introocular pressure,  The oamotic prin-
ciple alag applics (o plasma extenders such as polyvinylpyr-
rotidone und Lo saline laxatives such as magnesium nulfale,
magnesium citrate selution, magnesium hydroxide {via gas-
trie neutealization), sodium sulfate, sodiwn phosphite and
aodium biphosphate oral solution and enema (Fleet),

An interesting ssmotic laxative which is a nenelectrolyte
fs a lnctulose solution.  Laciulose is o nonabsorhable disac-
charide which is colon-apecific, wherein eolonic hacterin de-
grade soma of the disaccharide to lactic and other simple
organic neida. These, in lolo, Tead to an osmotic effect and
boxation,  An extension of this therapy is flustrated by Ce-
phulic (Merreli-Dnw} solution, which uses the acidification
of the cofon via lactilose degradation to serve as a trap lor
amimonin migrating from the blood to the colon. The con-
version of amanonia of Blood to the ammenium ion in the
colon ultimately is coupled with the osmotic effect and laxa-
tion, thus expelling undeairable lovels of blood ammenia.
This produet is employed Lo prevent and treat Trontal sys-
temic encephniopnthy.

Osmolic loxntion is known with the oral or rectal use of
glyeerin and sorbitol,  Fpsom salt has been wsed In baths
and eompresses to reduce edema associated with spras. A
rolatively new approach is (he indirect application of the
osmotic effect in therapy vin osmotic pump drug detivery
pystema,?

If a solution is placed in contact with a membrane Lhat is
permeable to molecules of the solvent, but not to melecules
of the selute, the movement of solvent through the mem-
hrane is called osmosis,  Such s membrane is often called
semipermeable.  Ap the several types off membranes of the
hody vary in their permesbilily, it Js well Lo note thut they
are selectively permeable. Most normal living-cell mem.
Lropes maintain voaricus solule concentration gradionts. A
nelectively permenble membrane may be defined sither ag
one that does not permit, free, unhampered diffugion of all

1481
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1482 CHAPTER 79

the wolutes proseol, or s one thal maintaing at least ome
solute concentration gradien{ neroms itsell.  Oumosis, thol,
is the diffusion of water through o membrane that maintains
at Jeast one wolule concentration gn\m‘]iunt. ncross itaelf,

Assume u Sodution A on one sido of the membrang, and o
Sedution B af the same solute but of a higher concentration
on the other side; the solvent will fesid to pags into the more
coneenteatod solution unlil eyuilibrivn hos been eatab-
lished, 'The pressure reguired fo prevent this movement, ia
the osmotic prossure, 1tis defined gs the excess pressure, or
pressure grentar than that above the purs solvent, which
must he applied to Solution B to prevent passage of golvent
throuph a perfect semipermenble membrane from A Lo 13,
The eoncentration of a solution with respect 1o effect on
osmotic prossure is related to the number of particles
{umionized molecules, iona, macromolecules, sggregates) of
solute(s) in solution and thus i alfected by the doyreo of
ionivation or appregation of (hoe solute. See Chapler 16 for
review of colligative propertios of solutions,

Body fuids, including blood and lacrimal flud, nermally
have an ostuolie pressure which often is described as corro-
apanding to that of o 0.8% solution of sodium chloride, The
hody also sliempls (o keep the osmolic prossure of the con-
tents of the pastrointestivnd tract ol shout thig level, but
there the pormnd range is much wider than thal of mast hody
fluids.  The 0.9% sodiuwm ehloride aolution i3 said to Dbe
fsuosmotie with physiolegical fluids, "The term [xelenie,
meaning equal Lone, is in medical usage commonly used
intorchangeably with laoosmotic,  Mowever, terms such as
isotonic and Lonjcity should be used ondy with reference to a
physiologic fluid. lsesamotic actually is a physical texm
which compures the oxmotie pressure {or unother colligative
proporty, such as freazing-point depression) of two liquids,
neither of which may be g physiological fluid, or which may
he a physiological fTuid only under cerlain cirenmstancos.
For axample, 8 solution of horie acid that ig iseosmotic with
both blood and lacrimal fluid is isotonic only with the lacri-
mal fuid,  This solution catses hemolysis of red blood cells
becnuse molecules of boric ncid pass {reely through tho
erythrocyte membrane regardloss of concentration. 'Thus,
olenicity infers o sense of physiologic compatibility where
jsapsmoticity need not. As another example, a “chemically
defined olemental diet” or enteral nutritional fhaid can be
igooamobie with the contents of the gastrointestinal Lrnet,
but would not he considerad a physiological fluid, or suitable
for parenteral use,

A solution is isotonic with a Hiving cell if there is no net,
gain or loss of water by the cell, or other change in the cell
when it s in contact with that selution. PPhysiologic solu-
tions with an oamotic pressure Jower than that of bady flu-
ids, or of 0.9% sodium chloride solulion, are referred Lo
commonly as baing hypotondie,  Physiologien] solutions hav-
ing 0 groater osmaotic pressure are termeod hyperionic,

Sueh qualitative terms are of limited value, and it has
become necoasary to state oamotic properties in guantilative
terms. To do so, a torm must be used that will repyesent all
the particles which may be present in & given system. The
term usad iz osmol.  An oamol is defined as Uio weight, in
grams, of a solute, existing in o solution as molacules {and/or
iong, macromolecules, nggregates, ete), which is osmotically
aquivalent to a mole of an idoally hebaving nonelectrolyte.
Thus, the gsmol-weight of @ nonelectrolyte, in u dilule solu.
tion, genernlly i equal ta it gram-molecnlor-weight, A
millioamal, abbreviated wOsm, is the weight staled i milli.
grams,

1 one extrapointes Lhis coneopt of ralating an osmol and a
mole of a noneloctrolyle as hoing equivalent, then one also
may define an osmol in the following ways, 11 is the amount.
of solute which will provide ona Avogadro’s number (8.02 X
109 of particles in solution and it s the amount of solute

which, en dissolution in 1 kg of water, will resubl in an
osmolie prossire incrense of 22,4 almospherss, This is de.
rived Jrom the gas equation, PV = nll, assuming ideal
canditions and standard temperature of 07 This is equive
Jend (o an inerense of 17,000 Lorr or 19,300 torr 5t 37, One
wOminel 4 ono-thousandth of an ownal. Tor oxample, 1
mole of nihydrous dextrose i equal 1o 180 . One Osmol of
this nonalectrolyte is atso 180 g, Gne mCsmaol would T 180
myg, Thus 180 mg of thissolule dissolved in 1 lyg of water will
protluce an incresse in osmotic pressure of 19.8 Lorr at body
temperatare.

For a salation of an electrolyte such as soditm chloride,
one motecule of sodivm chloride represents one sodium and
one chloride ton.  Henee, one mole will represent 2 osmols of
sodium chloride theoretically. Accordingly, 1 oamol NaCll =
58.5 /2 0r 29,25 Thia quantity represents the sum totol of
602 % 10% jons s the lolal number of particles, Ydeal
solutions infer very dilute solutions or infinite dilution.
However, as the concantration s increased, other faclors
entor, With strong electrolylos, interionic abbraction causts
i decrense i their effect on eolligative properties,  In addi-
tton, and in opposition, for all soluies, inelading nonelectio-
ivtes, solvation and pousibly other faelors operate to intenyi-
fy their eolligative effect. Therelure, it is very difficult and
often impossible to predict accurately the osmoticity of o
solution. 1t may be possible to do so for adilute solution of 2
gingle, pure and well.characterized solute, but not for most
parenteral and onteral medicinal and/or nutritional fluids;
experimental determination likely is required.

Osmolality and Osmolarity

It 15 necessary to use several additional terms to define
expressions of concentration in reflecting the osmoticity of
solutions. ‘e terms include osmelality, ihe expression of
asmolal concentration mad osmolarity, tie gxpression of oy-
molar concentration.

Osmolality-—A solution hos an esmolal concentration of
one when il containg 1 osmol of solute/lgs of water, A solu-
tion has an esmolality of r when it contaios n osnels/ky of
water, Owmolal solutions, lile their countarpart molal solu-
tions, reflect o weight Lo weight relationship hetween Lhe
solute and the solvent. ANl solulions with the same malnd
concentrations, irrespoctive of yelute, contain the same mole
fraction (fu) of solute.  In water

IHI L‘“

moles pulube
moles solute + molea solvent

thus, for a ene molal solution
L mole solute 1

T T
" 1 mole solute + 55,5 molos water per kg

56.5
Gince an csmol of any nonelectrolyte is equivalent 1o 1 moko
of that compound, then o I eemolal selution s synonymous
to 1 1 moelal solution for a typical nonalectrolyte.

With a typical electrolyte like sodium chloride, 1 esmol i
approximately 0.5 mole of sodium chloride, Thus, it follows
that a1 osmolal sofution of sodium chleride essentially s
equivalent 1o o 0.5 molad solution. Recall that a 1 osmalal
solulion of dextrose or sadium chlovide each will contain the
samo particle concentration. In the dextrose solution there
will he 6.02 % 102 molecules/lt of water and in the sodium
chloride solution one will have 6.02 % 109 total jons/ly of
waler, oneshalf of which are Na™ jons and the other half C1*
jona, ‘The mole fraction, in terms of total particles, will be
the smne and, bence, the same oamotic pressure,

Ax in molal solutions, osmolal solutions vwsually are om-
ploved whers guantitative precision is required, ss in the
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angasurement, of physienl and chemica) properties of solu.
tions (e, colligative properties). The odvarlmgt: of the w/e
retntionslip s thai the concentrtion of the syetem is nob
influenced by temporalire.

Osnebariby-—The relationship obhrerved hetwoen molal-
ity and emunelality s shnesd similarly between molarity and
vaanalarity, A solulion hag on osmolar concentralion of 1
whon it contains L osmol of solute/L ofselution.  Likewise,
solulion has an camolarily of ¢ whon i1 containg 1 osmobs/l
of solution.  Qemelar sotutions, wnlike cmmolad solution,
roflect a weight in volume relationship belweon 1he solute
and il solution, A one molgr and | osmolar solution
would be synonymous for noneteclrolytes,  Forsodivm ehle.
ridke 1 1 vrmaolar solotion would gontain 1 osmol of sodium
chloride por Jiter which upproximates 1 0.5 molar solation,
The advantage of employiiy osmolar concentrations over
ornotal concontrations is the ability to relate a specific num-
ber of osmaols or milliosmoly (o a volume, such as o liter or
wl. Thug, the osmolar comenpt is simpler and more proeti-
cal. The osmolal coneepl. does not allew for this conve-
nience beenuse of Lhe /i relationship, Also, additional data
such s the density wsually are not avaitoble. Volumes of
solution, rthier than weights of salulion, aee more proctical
in Lhe dolivory of liguid dosage forms.

Many health profesgionals do nat hove 6 cloar understand-
fug of the differenee betwes osmulnlity and osmolarity, n
fact, the terms have baen tsod interchangeably. This is due
partly o the eiretmsianee that, until recently, noat of the
systens involved were body fluidy, in which tho difference
batween the nwmerical values of the two concentration ox-
presstony s small and similar in magnitade, o the error
involved in their determination. "The problem partly may
conter around the inteeprotation by some Lo view one kilao-
gram of water i the osmolal coneept as being equivalent L |
Yo and, mmcnnpmlnnl]v the mtﬂlplvlnllunIlml Lo mualee up
Lo valume of 1 1., ns in osmolarily, s essontially the sone g
tha welpht of solute plus | liter {1 distortion of the osmeolal
concept), The primary differenee rasidos in the errar intea-
duced which revelves wround (ho volume of water vceupial
by the solute. A T osmolarsolution of o selute abways will he
more conconlrated than a 1 osmolal solution. With dilute
solutions the difference may be neeeptably small Nine
prams of sodivm ehlarida/L of ngueous sulation fx approxi-
mately cquivalent to 9 in 9965wl of water, 'This vepre-
sents an eryor of under 1%, when comparing the osmoticity of
0.0% w/o solution o a solution of 9 ¢ plas | kg of watar,
sing dextrose in a parallal coraparison, arrors rango {rom
approximately 5.5% o osmoticity with 50 ¢ dextrose/L ver.
sus B0 g plas 1 ke of watler 10 a differonce of aboul 25% in
osmolicily with 250 g destrose/L versas 260 @ phis 1 g of
water, The confusion appems 1o be without cause for con-
corn ab Lhis time, Howover, one should be alertod Lo the
pizenlle arrors which nusy ceenr with coneenteated selutions
or fluids, such s Uhose eonpployed in total parentarad nulei.
tion, enteral hypealimentatdon and oral nutritionnl {Tuids
for infants,

Helerenes bas heen made Lo the terms bypertonic and
hypotonie.  Analogous Lerms are hyperosmobic and hypoos-
muotic. The significance ol iypers and hypo-osmesticity for
medicinal and nutritional fTuids will be discoussed liter. The
valung which correspond (s Wiose terms for serom may be
visunlized approximately hon the following example.  As-
sumdng normal seri osmelality o be 285 mOsmaolfhy, s
sorum asmololity ierenses due to waler defieit, the Tollow-
iy sl and symptoms usually are found (o seeumulade
progressively at J;mplmnnm((‘lv theso values: &M to
998..thiral (if the patient s alert sind communicative); 2089
to 214 wdry mueous membranes; 314 fo 329 wealiness,
doughy sldn; aliove 330 disoriantation, postaral hypoton-
sion, severe wealonesy, Tuinting, CINS changes, stupor and
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comn. As serum osmolalil, dm ronses due Lo waler oxeoss
the following may eoeurs 315 Lo 261--hoatdaehe; 262 Lo
SO Temdrowsinoss, weakness; 250 Lo 285 -disorientation,
crammes elow 2838 -selaures, stupor and coma,

As indiented proviously, the mechanisms of the body ac-
tively comlnt, such mnjor clanges by Himiting the variation
in oxmoeludity Tor normal individuals to Jess than about 3%
(npproxinuntaly in the mnge 282 1o 200 mOumel /&g, hased on
the above nssumplicn),

The value given for normal geram osmolatity above was
deseribed as an msumpion because of Lhe varioty of valies
found in the literafure.  Seenn osmolality ofien i stated
Inosely to be abaut 300 mOsmol/l. Aparl from thatl, and
WG 5 Ly, two referoncos stale 14 ag 280 to 285 mOs-
mol/Ls; other relerunees give it as 275 Lo 300 mOsmol/l., 200
mOsmiol/L, 306 mOemol/], and 275 to 285 mOsmai/ky,
Thare is 4 strong tendenay to eall i esmeelafidy hul to slate it
ws mlsmol /L (not as mCsmeolfig). I the light of these
varying values, one may ask about the reproducibility of the
experimental momsurements, 1 bas heen atated that most
omometers nre neeurnte W S mOuamaol/l, With that type of
reproducibility, the above virinlions perhaps teay e expect-
e, Vhe difference hetween o ficer and kilogram probably is
insignilicant for serum and arine, 11 s ditficuld Lo meagure
Ritograms of water b1 i selution, and oasy to express boady
fuied qunntities in diters, Perhaps no harm has heen done o
date Iy this practice for hody fuids. Howewver, foose ter-
tninclogy here may dead (o loose lerminolapy when dealing
with the rather concontrated fluids used at timoes in paren-
teral and entera! nuivition,

Reference hns boon made to confusion in the wse of the
tepmy osmolatity and osmelarity, a distinetion of special
importatee for nutritional fluids, Awarenwss of high con.
contrations of infant-formuly should give warning as Lo pos.
sible rishs,  Unfortanately, the asmoticily of Infant formu-
lag, tube feedings and tolal parenteral nutrition solutions
has not been described adeqguately either in texthooks or in
the litorature,” and the labels of many commercial nutrition-
ul Buids do net, in any way, state their osmoticity, Only
reaently have entern] (fuids been charactorived in terms of
vamoticity, Bome produal Hnes now are accenting iseosmo-
tie enteral nulritionnd supplenments, Often, when the term
camotnrity in used, one cannot diseern whether Lhis simply is
incoreeel turminology, or i oumolarily aclaally has been
ealeulated from oumolality,

Another current practice which ean eause confusion, is the
use of the terms gormal and/or physiolopical for jwotonic
sodium chloride solution (0.9%),  The solution swrely is
fsoosmotic, However, my to boing physiolopical, the concen-
tration of ions are each of 154 mEg/L while sorum contains
about 140 mHe of sodium and about 103 midg of ehlovide,

The range of mOsmol values found for serum rasos the
question as to what renlly is meant by the terms hypotonic
aud hypertonic for medieinnd ond nutritional fluids. One
con find the statement that Auids with an osmolality of 50
mOsmol or more ahove novnal are hypertonie yad, il 50
mOsmol ar more below normal, are bypotonic. One also can
find the statement that peripheral infusions should not have
an onmolarity exceeding 700 to 800 mQOamol/L Bxamples
of samal concentrations of solitions uted in peripheral infu.
giong arer DEW--202 mQsmol/L; DIOW...-606 113054)1\0]”_.;
Tactated Ringer's 5% Dextrose- 526 mOumol/l. When a
fluid s hypertonic, undesirable offects often can be des
grensed by using relatively slow rates of infusion, and/or
relutively short poriots of infusion.  TY2EW.—4.20% Amino
Acids is a ropresentative example of 2 highly osmotie hypor-
alimanlation soluiion. 1 has been stated that whon osmolal
loading ia needed, o maximum sale toleraneo for a normally
hydrated sulject would he an approximate increase of 26
mOsmal/ly of witor over 4 he®
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1404 CHAPTER 78

Computation of Osmolarity

Several methods are used o obiain nuberical values of
oamalarity. The osmolar concentration, somelimes referred
to as the “theoretical osmolarity”, is caleulated from the
wi/vol concentration using one of the following equations:

For a nenelectrolyte

B 3000 = mOsmol/L, (1)
moi wh

Tror a strong electrolyte

number of jons
formud

Ll

. ® 10080 = wmsmal/L )
mol wi

Tror individual lons, if desired

-‘5;-“1- linn/l_:_._ * 1000 = mQOsmol (of an)/l, 1)
ionic wi.

These are simple coleulotions, bowevar, they omit constder-
ntion of factors such ag solvation and inlerionic forces. By
this roethod of ealeglation (L9% wodium chloride hag an os-
malar concentration of 508 mQumol/L.

Two other methods compute esmolarity from vilues of
camolality. The determination of osmolality will he dis-
cussed later, One method has o strong theoreticol basis of
physical-chemical principles® usirg valuog of the partial
meolal volumeds) of the soluta(s). A 0.9% sodium chiloride
solution, found exparimentally to have an osmolality of 2806
mOsmel/ke, wag cloulated (o have an osmolarity of 280
mOsmeal/L, rather different from the vidue of 308 mOsmol/L
enleulated s above. The method, using partial molal val-
utngs, is relalively rigorous, bul many sysiems nppear Lo be
ton complex and/or oo poorly defined o he deadt with by
this methad.

T'he other mothod ia based on the Tollowing relationship:®7
nctual osmolarity = measured osmolality X (density — ¢
solule/ml). ‘I*his expression can be written

m Qurmal /L salution = mOsmol /1000 5 watler
* g water/ml, solution

The experimental value for the esmaolality of 0.9% sodium
chloride salulion was 292.7 mQumal/kg; the value computed
for osmolarfty was 2914 mOsmol/L. Thisz method does not
have s fivim o theoretical basis as the proceding method hut
it hay the advantage that it uses easily oblnined values of
density of the solution and of s solule contond,  Apparent.
ly, it can be used with all systems,  For example, the osmo-
lality of a nutritional product was delermined by Lhe froos.
ing point depression metbod 1o be 626 mOsmel/ky;? ity os-
molarity was caloulaled as 625 % 0,839 = 524 inQumol/L.,

The UST requiras that lebels of pharmacopein] selutions
which provide intrmvenous replenishment of flaid, nutri-
ent(y), or sloctrolylo(s), ns well ns of the csmotic diuretic
Mannited Injeetion, state the asmolar congontration, i mil-
Hoemala/L, except that where the contents are less than 100
ml, or where the label siates the article iz not for direct
injection bl ig to be diluled hefore vee, the label alternative.
1y may state Wi total osmolar concentration in milliosmaols/
ml. 'Thin iz a reasonablo request from several standpoints,
and inteavenous fuide ave being lnbeled in accordance with
this stipulation, as shown in the next section,

An example of the ase of the (st method deseribed above iy the
commitation of the approzimate vrmolar coneenlration (“earetical
aptaelarity”y of u Loctoted Ringer's 5% Dextvose Solution (Abball),
which i labelod o contain, per L, dextrose Chydrous) H0 g, sodism
ehlurice G g, potassinm chiorido 300 mg, ealeivm chloride 200 ny and
sodivm loelndo 0] j1 Alsu stated is thad the lotsl csmolar convonteation
of the golution is approximate A raOumaad por By in part conteilavod
by L0 mBg of Nat, 109 mEy of G174 mI%g of KU, 8 mily of Co® gad 24
wadbey of lnelnte o,

T dderivition of the vaniolnr coneentrgions from the staled compa.
githon of i walution may be verifiod by enlenlntions using e | above for
thn nonelectralyte dextrose, md B £ for Owe eledtrolyles.

flextrose

B
Al !PQ‘? = 465 mmmal/l

19817
Budivwm Chloride

(102,66 mOsmol Na™}
(102.66 mOanal £17)

KEXIN
B

20633 mOsnul /)., [

Potosstum Chloride

{402 mOuaol K1)

02X ]
p (0% onCanaea) C177Y

14,
Caltiem Clloride
o,

we 104 |n()uua(.al/l‘,{

(1.4 mOumet Cu')
(3.6 mOmned €1

X h oo S mOumnol/Le
{83

Bodivum Logtote

(@766 mQumol Ny}
760 n Cumnol Taetnte)

LR

‘ LM
11206

= Ot mQamol/d {

The talal gsmolar concentiution of Ui five sslutes in the solulion i
26,4, in good agregeent, with e tabaled total osmolur concenteation of
wapeasimptely 24 mOsmol/l.,

The mOsmod of socivan in ¢ L of the sofution is e san of the mOzmol
of the jon fromm sodim eldoride aind sodiun lactate, io, JOR06 4 97,66
LR i Camel. Chlovice o come (rom (s sedium ehlovide, potagsi-
w ehlorido and culeiwm ¢lifoeide, the total ssmolar coneertration heing
TORE6 4 4.0% 4 48 = 103 mOsmel, The aCsimiod values of potsssiun,
caleiunt wngd lnetote sre cplenlated 1o be 4,02, 1.8 and 27,66, respoctively.
Ty, with the possible cxeeption of cudeium, thare is close agreemend
with the nheled mity content ol each of these ioos,

The osmolarity of & mixture of complex compusition, such
as on enteral hyperalimentation fluid, probably cannot be
caleulated with any aceeptable degree of certainty and,
therefore, the csmaolelity of such preporations probably
ghould be determined experimantally.

The approximate osmolarity of mixtures of two solutions
e be computed From the (ollowing relationsbip (Lhe meth-
od ia known ss alltgalion medial)

osm, XV,

osmy, ® V),
O8Iy = v _
final

whors

V., # volume of component a
¥y = volume of component &
Vi = voltme of final solution
oum,, = osmolarity of component. a
namy, = osmelarity of component b
OB, = osmolarity of final solution
For exnmple, 10 calentate the osmolarity of o mixiure of 500 mi, of o
solution of osmolarity 850 and 500 mL of 4 solution of esmalarily 262
oy, = B0 X 00| 252 X 500
il 1000 1000

w425 mOsmol/l. + 120 mOunal/l = 561 mOsmaol/T,

This example illusteates the ease of calealating the onmno-
ticity, by vse of osmolarity, when solutions are mixed, Such
a calculation would be mueh less valid if osmolatity valuey
were used,  From the previous example one ¢an see how to
onlculate the approximate offect if an additional solute is
added.

Undesirable Efiects of Abnormal Osmoticily

Ophthalmic Medication-—1t generally bas been accept-
el that ophthalmic preparations intended for instillation
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into the cul-de-sac of the aye should, i possible, be approxi-
mately isolanic to avoid irvitalion {see Chapter 86). 1 also
has been stated Lthat the almormal tonicity of eontact lena
sodulions aun cruse the leng to adhere Lo the eye and/or canse
burning or dryness and photophalia,

Parentorsl Medication--Cumoticity i of great impor-
tance in parenteral injeetions, ity effects depending on the
depree of deviation from tonicily, the concentration, the
loeation of the injection, the volume injucted, the spead of
the injection, the rpidity of dilution and diffusion, et
When formulating parenterals, solutions otherwise hypo-
tonic ugually have their tonieily adjusted by the addition af
dextrose or sodium chloride.  Hyperionic parenteral drog
solutions cannot be adjuated.  Hypotonic and hypertonic
solutions vsually are administerad slowly in small volimes,
or into o large vein such a8 the subclavian, where dilution
and distribution cocur rapidly.  Solutions that differ from
the serum in l.miiuii,y g(blmrully are stated Lo cause tissie
irritation, pain on injection and electrolyie shifty, the effect
depending on the degree of devistion from topieily.

Iixcessive infuaion of hypotonie fluids may cause swelling
of red bload cells, hemealysis and water invagsion of the body’s
cells in penoral, When this is beyond the bhedy's tolerance
for water, water intoxication results, with convulsions and
adema, auch g pulmonary edema.

Ixoensive infusion of frotonic fuids can conse an increase
in extracollular fluid volupe, which can resull i cirewlatory
averlond,

Excessive infugion of hypertonic {luids leads Lo a wide
variety of comphestions,  For ciample, the sequence of
events when the body is presented with a large intravenois
load of hypertonie {luid, rich in dextrose, s ag follows: hy-
perglyeemnin, glycosuria and intracellulur dehydeation, os-
motie diuresis, loay of water and electrolytes, debydmtion
and coma.

One cause of osmotic diaresis is the infusion of dextrose ot
A rate faster than the ability of the patient 1o metabolize it
(ns greater than perhaps 400 1o 500 mg/kg/hr for an adult on
total parenteral nutrition), A heavy load of nonmetaboliza-
ble dextrose increases the osmoticily of blood and nets ag n
diuretic; the incrensed solute lead requires more fuid for
excretion, 10 to 20 ml, of water being required to exerete
cach gram of dextrose. Solutions, such as those for tolal
parenteral nutrition, should be administered by means of 2
metered comstint-infusion apparatus ever a lengthy period
{usually more than 24 hr) Lo aveid sudden hyperosmotic
dextrose loads,  Such solutions may cause osmotic divresis;
if this vecurs, waler balance is Jikely to become negative
hecause of the increased urinary volume, and electrolyte
depletion may occur becavee of exeretion of sodium and
polassium secondary to the asmotic diaresis. 11 such diure-
sin i marked, body woight falle abruptly and signs of dehy.
dration appear. Urine should be monitered for signs of
osmotic diuresia, such as glycosuria and inereased urine vol-
tine.

If the intravenous injeetion rate of hypertenic solution is
too rapid, there may be catastrophic offeets on the circuln-
tory and respiratory systems,  Blood pressure may fall to
dangerous levels, cardiac irregularities or arrest may ensue,
respiration may become shallow and irregulnr and there may
be heart failure and pulmonary edema,  Probably the pro-
cipitating factor is a bolus of concentrated solute suddenly
reaching the mygenrdium and 1he chemoreceplors in the
aortic arch and carolid sinus,”

Abrupt changes in serum osmoticity enn lead 1o corebral
hemorrhage, It has been shown cxperimentally that rapid
infusions of therapeutic doses of hypertonic saline with os-
motic loads produce a sudden rise In cerebwospina fhuid
(OS5I pressure nud venous pressure (VI?) followad by
precipitous fall in CSP pressure.  This particularly may he
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conducive to intracranial hemorrhoge, as the rapid infusion
produces an increase in plasma volume and venous pressuare
at the same Lime the C81 prossura is falling, During the
CBIF pressure rise, Lthers is a dron in hemoglobin and hemat-
oerit, reflecting i marked inercaso in blood volume.

Hyporcsmotic medications, such as sodium bicarbonate
(osmotarity of 1563 ot 1 mEg/mL), which are administered
intravenously, should be diluted prior Lo use and should be
injeclted slowly to allow dilution by the cireulating blood.
Rapid “push” injections may cause o significant incroase in
blood osmoticigy.

As 1o other possibilities, there may he crengtion of red
blood eelts and general celtulay dehydration.  Hyportonic
dextroso or saline, ete, infused through a periphoral vein
with sinall blood veliine may traumatize the vein and eause
thrombophlebitis,  Infitteation can cause traums and necro-
wis of tissuen, Safety, therefore, demands that all intrave.
nous injections, especiatly highly osmotic solutions, be pes.
formed slowly, usually heing given preferably over a period
not less than that required for a complete cireulation of the
bload, eg, I min. The exacl danger point varies with the
state of the patient, the concentration of the solution, the
nature of the solute and the rate of administration.

Hyporosmotic solutions also should not be discontinued
suddenly. T dogs, marked incroase in levels of intracranial
pressure oceur when hyp(erglycc».min pl\o(lucud hy doxtrage
infusions is reversed suddenly by stopping the infusion and
acdministering saline, M. also has bean ghown that the CS1°
prasyure in humans rises during treatiment of dighetic ketoa.
cidosis in apuoeiation with a fall in the plasms concentration
of dextrose and a fall in plasmg osmolality. These observas
tiona wmay be explained by the difforent rates of decline in
dextroge content of the hrain and of plasma. The concen-
tration of dextrose in the brain may fall more slowly than in
the plasma, eausing o shilt of fluid from the extracellular
fMuid spuce to the intraselludar compartment of the CNS,
resulting in inereased intracraninl pressore,

Osmometry and the Clinical Laboratory

Osmometry js & fnirly recent innovalivn in the clinical
Inboratory; an article in 1971 had the tide: “Csmometry: A
Now Bedside Laboratory Ald for the Management of Surgi-
cal Patients”  Serum and urine csmomoewy may assist in
the dimgosis of eertain fluid and electrolyle probloms,
However, osrmomaetry values have litlle meaning unless the
clinical situation ia known, Oxmometry is used in renal
dinlysin as u choel on the eleotrolyle compesition of the
fluid, In tho elinienl laboratory, as stated above, the term
Yosmolality” is used generally, hul usually is reported as
mOsmol/L. 1t may seem unnecessary o mention that ok-
molglity depends not anly on the number of solute particles,
but. atao on Lhe quantity of water in which they are dissolved.
Howover, it may help one to understand the slatement that
the normal range of uring asmolality is 50 1o 1400 mOs-
mal/L, and for a random apocimen is 500 to 800 mOsmaol/l.

Sernm Osmoticily

Qodiwrn s by for the prineipal soluto involved in seruin
osmoticity, Therofare, abmormal seram oamobicily is most
likely to he associated with conditions that cnuse abrormal
sodivm concentration and/or nbnormal water volume.

Thus, hyperosnotic serum is likely to To caused by an
inercase in scrum sodium and/or Joss of water, It may be
ansocinted with diabetes insipidus, hypercoleeming diuresis
during severe hyperglycemin or with early recovery fram
renal shuldown. Alechol ingestion is said to be the most
common enuse of the hyperosmetic state and of coexisting
coma and the hyperosmotic stale. An example of hyperos-

i
i
|
i
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1384 CHAPTER 10
mobicity i o comatose dinbetic with a serum oymoticity of
365 mQOsmaol /1.

In a somewhat analogous fashion, hypoeosmotic serum is
likely Lo be due Lo decrease in serum sodium and/or exeess of
wiler. T4 may be assoeiated with the postoperative state
{vapecially with excessive water replacoment thorapy),
trogtment with diveetic drups and low-salt, diel. (as with
patienty with hoart fnilurs, circhosis, etc), adrenal discase
{eg, Addison's diseuse, u(lmnngenitul syndrome) or SIADH
{syndrome ol inapproprinte AL secretion). There are
many diseases which cause ATYH to be relenstd umppmprl-
ately {ie, in spite of the fael thal serum esmolicity and
volume may have boen normal initially). These include ot
cell carcinemma of the lung, bronchogenic careinoma, conges-
tive heart tailore, inflammatory palmonary lesions, por-
phyzin, severe hypothyroidism or cerchral disease (such aa
tumar, teauta, infection, vaseular abnormalities, ete), I
alao may he found with some patients with excessive divretic
use,  Serum and urine osmoticily are measurcd when
BIADH is suspected.  In SIADI there is hypoosmoticity of
the hlood in agsocintion with a relative hyperosmoticity of
urine,  The usual cause s o malfunction of tho normal oy-
motic response of osmoreceptors, an excess of exogenous
vasopressin, or & production of a vasoprassin-lijte hormone
that is not under the regular control of serum osmoticity.
The dingnosis is made by simultaneous messurement of
urine and serum ommolality. 'The serum osmolality will be
lower than normal and much lower than the urine osmolali-
Ly, indicating neppropiiate secretion of a concentrated
uring in the presence of a dilube serum,

Cardine, renal and hepatic disease choracteristically re-
duce the sodium/osmolality ratio, this being partially atieil-
uted to the elfeets of increased Dlood sugar, uren or unknown
metahalie products.  Patients in shock may develop dispro-
portionately elevated measured osmolality compared o val-
culated camoltatity, which points toward the presence of cie-
culating metubolic products.

There are sevoral approximate methods Tor catimating
gerum osmolality from clinical laboratory values for sodium
ion, ete. They may be of considerable value in an emergency
situation,

1. Serum osmolality may be estimated (rom the formula
Lougar | BUN
TH 2.8

(Ny in mig/L, blood sugar sud BUN in my/100 mis)

. - , 1l
mOsmel & (LEG X sodium) e

2. A quick approximation is

2 Na -

mOsno] =

:

3. Tho cumolality is wsually, bl not aliways, very close Lo
two Linoes the sodium reading plus 1

Uirine Qsmoticity

The two main functions of the kidpey are glomoralar fil-
tration and tubualar reabsorption. Clinically, tabular fune.
tion s measured best by tests that determine the ability of
the tubiles to concentrate and dilute the uring, Tasta of
urinary dilution are not as sensitive in the detection of dia-
©ge, au are 1oty of urinary concentration.  As coneentrition
of urine occurs in the renal medulla (nterstitial Naids, loops
of Henls, appillavies of the medully and collecting tubutes),
the digesse processes that disturb the function or atrocture
of the medulla praduce early impairment of the concentral-
ing power of the kidney. Such disoases inctude actite tubu-
lar necrosta, obutructivo uropathy, pyelonephritia, papillary
necrosis, moedullary oysts, hypoltalemic and hyperealoemic
nephropathy and siclle-cell disagse.

Meagurement, of urine vsmolality is an geeurate test for
the diluting and coneentrating ahility of the kidneys, In the
ahsence of AIDH, the doily urinary output islikely to be 6 to 8
L, or more. The normal urine osmolality depends on the
clinient satting normally, with maximom ADH stimualation,
i can be ps rmaeh s 3200 mCsmol /g, and with maximum
ADI suppression ag little as 50 mOamol/ky. Simultaneous
determination of serum and urine ssmolajity often is valu-
able in assesaing the distal tubular roapense Lo clrculating
ADH. For example, if the patient’s serum is hyperosmolal,
or in the upper limita of normal ranges, and the patieat’s
urine osmelality measured ot the same time is much lower, a
decreased responsiveness of the distal tubules to cireulating
ADH is suggestod,

Measurement of tivine oamolality during water restriction
is an accurate, sensitive test of decreased renal function.
IPor example, under the conditions of one test, normal osmao-
lulity would be greater than 860 mOsmol/kg. With severe
impairment the value would be less than 400 mQamol/ky.
Knowledge of urine oxmolality may point to a problem even
though other teats are normal (g, the Fishberg concentra-
tion test, BUN, PSP excretion, creatining clemance or IV
pyelogram),  Knowledize of its value may be uselul ospecial-
ly in diabetes mellitus, essential hypertension and silent
pyelonephritis. Phe wrineserom osmeolality ratio should I
caleniated and should he equal te ot greater than 3.

Osmeoticity and Enteral Hyperalimentation

Some aspecls of nutrition are discussed brielly here be-
cause of the potentind major side effects due Lo abnormal
osmolicily of nulritional flulds, and heeause there exists
inerensing dinlogue on nutrition among pharmacists, dieti-
{tans, nurses and physicians,  An example i (ho profossional
orgumization, ASPEN (The American Sociely for Parenteral
and Fnters] Nutrition), with nwmimrahm appn Lo all of the

ahova health proctittoners. 16 is desirable, therefore, that
pharmacists be able to discuss these malters with i.hrf.*.m
otlter health professionals in terms of nutrition as well as
medicine,

Osmoticity has baan of apecial importance i the ntrave.
nouy infusion of large volumes of highly concentrated nulris
tional sclutions, Their hyperosmoticity has been o major
factor in the reguirement that they be injected centrally into
o large volume of rapidiy moving blood, instead of using
peripharal infusion. Use of such solutions and knowledge of
their value seems to have led, more recently, to the use of
rether gimilar formulstions adminiatered, not parenterally,
bt by instillation into some park of the gastrointesting
tract, usually, but not neo euﬂm‘ily, by wavage, OF oo,
givape foding s not new, This method has given excellent
{otal nutrition, for a period of time, Lo many patients. 11 has
furnished an impaortant part of their putrition 1o others, 1t
obviously avoida some of the problems ussocintad with injec-
tioms, Many of Lhe reporls on this topic roler 1o the use of 1
“Chemically Defined Blemental Diel.” These are special
nutritionslly complete formulations that eontain protein in
ag~called “elemental” or “predigested” form {protein hydro.
lysntes or synthetic smino ncids), and carbohydralo and fat
in simple, easily digestible forma.  These diets are necossar-
ily relatively high in osmoticity because their smaller moles
cules result in more particlos per gram Wb in normal foods,
An cxnmple is o fluid conalsting oft  L-nning acids, dextrose
oligosaccharides, vitaming (includiy fat-seluble vitamina),
fat ax o highly purified safflower oil or saybean oil, electro-
Iytes, trace minerals and water. As it conteivs fat, thad
component i not in solution and therefore should have no
divect effect on esmoticity, However, the potential for in.
teractions can cause some significant changes in total poarti
cle congentraiion and indirectly affect the osmoticity?
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TONICITY, OSMOTICITY, OSMOLALITY AND OSMOLARITY 1807

Although easily digested, dextrose contributes more parti-
clea than most other carbahydrate sourees, such az starch,
and is more likaly to cause osmatic dinrrbon, especially with
bolus feeding,  Osmoticity is improved (decreased) in the
above formula by ):u.plu(:ing dexirose with dextross eligogae.
charides (carbobydrates that yield on hydrolysis 2 to 10
monossecharides),  Plavoering also increnses the osmoticity
of u produet, different, flavors cavsing varying inerenses,

“ommercial disty of this type are packaged ag fluids or os
powders for reconstivution. Reconstitution is usually with
walor. The labals of some preparations state the csmelality
or vamolarity of the fluid obtained at standard dilution,
However, the labels of many products do not state either
their osmolalily or osmolarity (or their ommoticity in any
way). Qften, when the term osmolarity iy used, one cannot
discorn whether this s simply incorrect torminology, or
whether the osmolarity actunlly has been ealeulated from
the osmolality.  With concentrated infant formulas or fube
feedings, the camalarity may be anly 80% of the asmolality,
The osmoticity (osmolality, ele) of infant formulas, tube
foodings and total prrenteral nutrition solutions are nol
deseribed ndequately either in texthooks ar in the literafure,

There are other arens of concern, A wide variation in
oamolality was found when powderod sumples from differ-
ent containers were reeonstituded in the same manner, This
differency was Tound bty within wnd nmong ditferent Jots of
the same product. I sddilion, reconstitution of some pow-
derad onteral formulas using the scoops supplied by the
manufacturer gave formulas that had almost twice Lhe ostmo-
Inlity of the same product when reconstituled acouralely by
weipht,

Thig form of nulrition hos been called, somewhat innecu-
rately, “Enteral Hyperalimentation.”! It should be distin.
aaiehed from (a) “Central Parenteral Nutrition™ (which also
hag heen called “Hyperslimentation,” “Total Parenteral
Nutrition” (FEN}Y and “Porenteral Hyperalimentalion™);
and from (1) the more recently roported “Paripheral Hyper-
alimentation. The terminology is in a sbate of Hux due o
the recent rapid progress in the forms of matabolic support,

Tha entoric route for hyperalimentation frequently is
averlooled in many diseases or positraomn states, if the
pationt. is not readily responsive to raditional eral feedings,
TPour appelite, chronic nousen, general apathy and a deyroe
ol sommolence or sedation are common concomilants of seri-
ous disense, Thin frequently prevents adeguate oral ali-
mentation and results in progrossive energy and nutrient
doficits, Often, supplementary feodings of a highly notri-
tious formula are taken poorly or refused entively, Howev.
ar, the digestive and abworptive capabilities of the gastroin-
testinal teact are freguently intact and, when challenged
with appropriate mutrient fluids, can be wsed offectively.
By wsing an intact GI tract for proper alimentation, the
major problems of sopsis and metabolic derangement which
relate lo intravenous hyperalimentation largely are obvint-
ed, and adequate nutritional support 15 simplified greatly.
Rocause of this increased safely and case of administration,
the enteric route for hyperalimentation should be used
whanever possible.?

When ingested in large amounts or concentrated fluids,
the camotic charpeteristios of certoin foods can ciude an
upsel in the norral water balance within the body.  For a
given weight of solute the osmolality of the solution iy in-
versely proportional to the size of the particles,  Nutritional
components can be Bsted in an approximate ovder of de-
creasing osmolic effoct per gram, ns!®

1. Bieetrolyios sueh a sadivm chloride

2, Rolatively amall organte moleculos such s dextroso (ghicose) wd
aming acids

3 Doxtrose ()li"nml(:lthnl‘i(|(!H

4, Savchos

6. Proteins
6, Tenta (as futs are not water-sululie (hiy have mo osmuotic offecet)

Thus, in foods, high proportiens of eleclrolyles, amino
acids and simple sugars have the greatest effoet on osmolali-
ty, and a8 a vesult, on tolerance. The approximate osmolali-
Ly of n few common foods and beveragos iy

Whiole ik
Tomanla juiee
Orange juice
[ee eronm

When nutrition of high osmoticity is ingesloed, large
amounts of water will tranafer Lo the stomach and intestines
from the Huid aurrounding those organs in an attempt to
Lower the osmaticiiy, The higher the camoticity, the larger
the amount of water raguired; o Targe amount of water in the
GI tract can eause distenfion, cranips, navsen, vomiting,
hypermotility and shock. The food may wove through the
tract toa rapidly for the walar to be reabaorbed, and resuit in
dinrrhen; severs dinrrhen oon onuse dehydration. The hy-
perosmotic enteral effoets have heen obaerved by the admin-
istration of undiluted hypertonie oral medication;!! Table
from thin worl Hats average osmolatity values of some com-
mercially available drug solutions and auspensions.  Thus,
there is some analogy 1o the eflect of hyperosmotic intrave-
nous infusions,

Hyperasmotic feedings way resull in mucossl damoge in
the G tracl.  Yiats given hyporosiiotic feading showed tran-
giend. docrease in disacehariduge netivity, and an increase in
alkating phosphatese activity, They also showed morpho-
logic alterations in the mierovilli of the zmall intestines.
After a period of severs gastroenteritis, the bowel may be
unugually susceptible 1o highly osmotic formulag, and thair
uae may incrense the frequency of diarrhen,  Infpnt formu.
tas that are hyperosmotic may affect proterm infants ad-
versoly during the early neonatal period, and Lhay may pro-
duen or predispose neonates to necrotizing enterocolitis
when delivered to the jejunum through o nosopgasteic ube.

The budy atiompis Lo keep the osmaoticity of the contants
of the stomach and intestines at approximately the sime
level as that of the fluid swronnding them,  As a (lid of
lower camotioity requires the transfer of Jess water to dilute
it, it should be tolerated bettor thar one of higher osmoli-
city.  As Lo tolerance, there is o great varlation from one
individual te another in sensitivity (o the camoticity of
faoda,  The majority of putients receiving natritional for-
mulag, either oraly or by tube, are able to tolerate feedings
with a wide range of camaticities if administered slowly and
it adequate additional fluids are given. Howover, certain
patients are mere lilkely to develop symploms of intolerance
when receiving fhids of high osmoticity. These include
dehilitated patients, patients with I disorders, pre- and
postoperative patients, gastrostomy- and jejunostomy-ed
potients and patienia whose (31 tracts bave not heen chal-
lenged for an extonded period of tima. Thus, osnoticily
should niways he considered in the aslection of the fvrmula
for ench individual patient,  With all products, addilional
fluid intake may boe indicated for individuals with certain
clinicil sonditions, Freguent feodings of small volume or g
continual instillation (pumped) may be of henofit initdally in
entablishing tolerance to a formula, For other than isoos-
meolic formulas, feadings of roduced concentyation (oxmolal-
ity less than 400 mOsmol/lg) also may bo helplul imitially it
olerance problemy arise in sensitive individuals Caneon-
tration and size of teoding then eon be inereased gradunlly to
normal as tolerance iz extablizhod.

A comman disturbance of intike encoantered in clderly
individuals relates 1o excens solid intalte rathar than {o re-
duced woler intake, For example, wn alderly vielim of 2
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404 CHAPTER 70

corebiral vasentar aceident who ts being fod by nasogaatric
tube may be given a formule whose solute Joad requires a
grontly increased woter intake. 'Thus, tube feading contain-
ing 120 g of protein and 10 g of salt will result. in the excretion
of more than 1900 mQOsmel of solute, This requires the
alligatory excretion of 2 volume of urine botween 1200 and
1500 mL when the lddneys are capable of normal concentra-
tign ability. As clderly individuals often bave significant
iin pt-zirmc:m. in renal function, water logs ag urine may excecd
2000 o 26500 m], per day, Such an individual would require
3 to 4 L of water per day simply to meel the increpsed
demand created Ly this high solute intake, Mailure of the
physician to provide such a patient with the increased water
intake neoded will pesult in nprogressive water deficit which
rapidly may hecome eritical. The importance of knowing
the complete composition of the tuho feeding formulas used
for ingapacitated pationts cannot be oversmphasized,

Osmlality Determination

1'he need Tor experimental delermingtion of osmotality
s heen establishad,  In regard to this there are four prop-
artics of solutions that depand only on the number of "parti-
cles” in the solution, They are osmolic pressure olevation,
hoiling point clevation, vapor pressure depression and froeu-
ing point depression. These are cadled colligative propertios
and 1t one of them is known, the others can be caleulated
tfrom ita value, Qumotic pressure elevation is the mout diffi-
cull, Lo mensure satistactorily, The boiling-point elevation
may be determined but the values are rather sensitive o
changes in barometric pressure.  Alse, for an aqueous solu-
tion the molal boiling-point elovation is considerably less
than the freeving-point depresgion. Thus, it is less accurate
than the Mreczing-point method.  Determinations of vapoy-
pressure Jowering have been sonsidered o he impractical
.because of the elaborate apparatus required. Howover Zenl
and Huxtable used g vapor prossure osmometer and state
that it hos much {o recommend it for most of the systems
undor consideration hered A vaporprossure osmometer
with a precision of <2 mOumol/kg bs raporied by Dickerson,
el ol The mothod usually used s that of freezing-point
doprassion, which can be detorminad quite readily with a
fuir dogree of ncenracy (see Freesing-Poind Doepression,
Chapler 16). ILshould be noted thal the data in Appendix A
cun be convarled veadily to vapor pressure lowering if de.
wired,

Semiautomatic, high sensitivity osmometers which mea.
sure freesing point depreasion provide digital readouts or
computer printouts of the results expressed in milliosmol
wiity,

The reaults of inveatigations by laund et al'? indicate that
the frevzing poini. of normal, healthy human blood is =0.52°
and not —0.56°, as previously assumed {see Reliohility of
Data, page 1489). Ingmnuch ae water is the medium in
which the various conatituents of blood are either suspendad
or dissolved in (this method, it i assumed that any oQueons
solution freexing a1 —0.62° ia {sotonic with blood. Now it is
rare that a gimple agueous solution of the therapeutic agent
ta be injected parenterally has a freosing paint of —0.52°,
and o olbiain this freesing point ib is necessary eithar to add
pome obher therapeutically inactive solute i the solulion is
hypolonie ({reesing point above —0.529) or {o dilute the
solubion i it 18 hypertopic (ressing poinl balow <0529},
"The usal practice ix 1o add either sodivm chlovide or dex.
trose to ndjust hypotonic paventeral solutions to isotonicily.
Cortain sofutes, including smmoniam chloride, borie acid,
uren, glyearin and propylene glyeol, cavse hamolysls even
whon they are present in a concoutration that is lsoosmolic
and aueh solutions obviously are notisotonic. See Appendix
A

L1 & similar manner solutions intended for ophthalmic use
may he adjusted to have o freezing point identical Lo that of
fucrimal fluid, namely, —0.52° (aee Reliability of Data, page
1489). Ophthalmic solutions with higher freesing points
usbally are made isotonic by the addition of borie aad or
godium ehloride,

In laboratories where the necessary equipment iy avail-
able, the method ysually followed for adjusting hypotonic
selutions is Lo determine the freesing-point depression pro-
duced by the ingredients of 4 givon prescription or formula,
and then to add a quantity of 8 suitalble inort solute ealeulad.
ad Lo lower the freezing pomt to —0.529, whether o solution
is [or parenteral injection or ophthalmic application, A
final determination of the freezing-point depression may be
made to vorify the aceuracy of the ealealation,  If the solu-
tion ig hyperfonic, it must he diluted if an fsotonio solution is
to be propared, bat it most be remembored thal some solu-
tions cannot e dijutled withoud impairing their therapsutic
activity,  or example, solutions 1o be used for (reating
varicose veins reguire a high concenteation ef the notive
ingredient {solute} to muke the solution elfeetive.  Iilution
Lo dsotonic concentration is not indicaled in sneh cuses.

Freazing-Point Calculations

As explained in the precoding section, [reexing-point data
oftens may bo employed in solving problems of isotonicivy
adjustment. Obvioualy, the utility of guch data {s limited o
those solutions where the solule dees not penetrate the
menshrane of the tigsue, e, vod blooed cells, with whichitisin
contact, In such cases, Appendix A, giving the freezing-
point depression of sofulions of difforent concentrations of
various substances, provides informalion essontial for solv.
ing the problem,

For most substances lsted in the table the concentration
of an izotonic selution, 1(= one that, has g lmu/mg point of
—{(,62% is given. If this ig not listed in the table, it may be
determined with sufficient, accuracy by simplo proportion
waing, as the basis for enlealation, that figure which most
nearly produces an isotonie solution,  Actually the depres-
sion of the freezing point of 8 solution of an electrolyte is not.
abaotutely proportional to the concenteation ut vavies ae
cording to dilution: for example, a solution containing 1 g of
procaine hydrochloride in 100 ml. has a freesing-poind de-
pression of 0.12%, whereas a solution cantaining i3 g of the
same salt in 100 ml has a freezing-point depression of (L3132,
rob (LBGT (3 ¥ 0.12%), Since the adjustment to isolonicity
noed nol bo ahsolutely exact, spproximations may be made,
Whon it is recalled that for many years an 0.85% aolution of
sodium chloride, rather than the presently employed 0.90%
concentration, was acceplod widely and proved to be emi-
nently satisfactory ai the isetanie oguivalent of Blood serum,
it is apparent that minor devistions ere nol of preat concern,
Also, formenly 1 1.4% solution of sedivn chloride was congid-
ered Lo be isolopic with luerimal {luid and found to be rela.
tively tolerabie when applied to the oye,  Nevertheless, ad-

justmonts Lo sotonicity should bie ns exact as practicable,

As a specific iustration of Whe mannet in which the data
in thy table may be used, suppose 1 is required to caloulate
the quantity of sodium chloride needed Lo make 100 mL of a
1% solution of calcium disodium edetate isoosmotic with
blood serum.  Reference to the table indicates that, the 1%
solution provides for 0,122 of the necessary 0.52° of froczing -
point depression required of an isousmotic solution, thug
lepwving 0.40° to be supplied by the sodium chiovide.  Again,
refereing to the tahle, (.52° is found 1o be the freezing-point
daprossion of a (.9% asolution of sodium chloride and by
simple 1)1'01)01‘1,1011 it iy cafeulated that o 0.60% salution will
have a freezing-poinl depression of 0.40%, Assuming adedi-
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TONIGITY, QSMOTICITY, OSMOLALITY AND OBMOLARITY

tivity of the freexing-point. depressions, s solution of 0.68 7 of
sodium ehloride and 1 g of ealeium disodium edetate in
sulficient water to make 100 mi, will be lsoonmotic with
blood aerumn.

Likewise, to render n 1% solution of borie acld isotonic
with Jacrimal fluid by the addition of sodium chloride, one
would proceed with the ealealation ns Tollows

Froesing-point tlepreasion of Jaerimal Toic .. ... oo DUpRY
ing-point depression of 19 bovic acid solution, 0,24
Freesing-point depression (o e suppliod by sodinm
ehlorde, ... P I [Ite
Freering-point depression of a 0.9% sofulion of sodivn
e . e 0.58e
Thirefora,

05000 = 099
05k o QR0

x o (A% soelbum ehloritde o b incerpetilad with 3% horic ncid 1o
proclue o solution whicl will be iaotonic with Inerimnd uid,

Bimilarly, should a solution conlain more than one ingre-
dient, the sum of the respective freesing poinls of each pre-
dient would he determined and the ditforence between Lhis
sirn and the required frecsing point would represent the
freeving point 10 be supplied by the added substance,

The preeeding calealation can be expressed in e forin of
an eguation, ps follows

where

% w p of adjusting solule required for ench 100 mlL of

golution,
(.52 = Freezing peint, depression of Mood serum or lac

rimal fluid (in degrees).

a = Freeving puint deprossion of given ingredients in
100 ml. of solution.

b = Treewing point depression of ¢ ¢ of adjusting sub-
stance per 100k,

c=¢ of adjusting solute per 100 ml, producing 4
froexing point depression of &,

LaValues-Ju dilute solutions, the expression {or froes.
ingg-point depression may be written os

AT = Le

in which A7) is the freosing-point depression in °C, L ik s
constant and ¢ s Lhe molar concentration of the drug. The
Lerimn, Liy, 6 defined as the specifie value of L st a concantr.
tion of drug which is isotonic with bloed or taerimal Huid.

Ifor & more complete discussion of the use of L values, the
reader is roforred to RIPE-14, page 1560,

ifTeet of Solvents-—esicles witer, cortain other solvents
frequently are employed in nose drops, ear drops and ather
preparitions to be used in various parts of the body.  Lig-
wida such as glycerin, propylene glycol or aleobal may com-
pose part of the solvent.  Tn solving isetonicity adjustnent,
problams for such soluticng i should ho kept in mind that
while these solvent components contribule to the freesing-
point depression they may or may not have an effect oh 'the
“pone" of the tesue 1o which they nre applied, je, an isooyma-
tic solution may nol be fsotoric. 16 is apparent thal, in such
cases, the utility of the metheds deseribed above or, Tor that
matter, of any other method of evalunting “tonicily™ is gues-
tionahle.

Rellability of Data-—While the {ressing point of blood
formerly was assumed to be =0.56%, laler investigalors'
reported that as a consequence of ice being disengaged in
frooeing-point determinations, as ordinarily performed, the
observed froezing point of blood s too low and the correct
freesing poind is =0.527, The same investigators found the
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freeving point of u 0.9% solution of sodium chloride to be
correspondingly low; the correet freczing point in Uhis case s
alsg =059, Presumably, all solutions commonly consid-
ared to be fsotonic with blood will freeve, when a correction
far disenpaged ice in applied, ot —-0.52°% I in apparent,
therefore, that thore is no need Lo change the lsotonic con-
contyation, if the reference Lompornture for both blood and
the solulion under consideration is always the same, and
provided thil, the method of detenmining the lreozing point
s the same.  Also, there appears to be no objection to using
freewing-poind data for solutions of other than isetonie con-
centration, il the methad of determining the freezing point la
the same in all cases, since any differences obtained when
another method i used (such as that of Lund ef al'®), probn-
by will be proportional te concentration,

1 0 diseussion of the significance of freesing point data it
ia to he noled that there are soma discrepaneies n the litera-
ture concerning freezing points of solutions, An eeact de
termination of [rogvimg point is aclually a difficult, UXI)(:l‘i-
menl; ane which enlis for the econtrol of seversl variables
which commonly are neglected, siuch as the disengagement
of ice, 1t s not possiblo, ut this time, to select unequivocal
froesing point data for mout of the solutions listed in Appen.
dix A ul the end of this chapter. The comprehensive and
viluable data of Lund, ef of,* rolerred to above, actually
represent, in nast mstances, meaurements of vapor pres.
aure which have been calowlated 1o corvesponding freeuing
point, depressions. T would seem to be desirable to have
aonfirmatory evidence based on actunl measureinents of
frecaing point, determinaed miore aceuarately than generally
hay been Uw cage, hefore revisions of exigting dato are made,
In ithe case of borie acid, whish enlers into the composition of
many collyria, thete is the further vaviable that n steyilized
golulion freeses al o higher tomperature than a freshly pre-
pured, unaterilized solution of the same slrenglls,  Spacifi-
cally, u freshly prepured solution containing %.85% of boric
acid was found to freeze ol (e same temperature (—-0.827) ns
a 3% solutton which hnd heen sterilized under pressure,

Hurlier in this section it was stated thal it one tine lacris
mal fluid was considered to bave 1he same omnotic pressure
a i L.4% solution of sodium chloride, the freczing point of
which was found to be, by the usual method of detormina-
tion, ={L80°,  The experitnents of Krogh, et al'® have indi-
eated that Tnerimal fuid hog the same osmotic pressure as
Bload and, that instend of nssoming that the Mreesing poind,
of solutions isolonic with lacrimal flaid is —(LACG?, 1t should
hoe the sume g that of Tood, namety, =082, Accordingly,
the procedure for adjusting selubions (o isotonicity with lac-
rimal fhuid s qualitatively and quantitatively the same as
the procedure for hlood.

Tonlcity Testing by Observing Erythrocyte Changes

Observation of the behavior of human erylhrocyles when
suspended in g solution ia the ullimate and direet procedure
for determining whether the solulion is isolonic, hypotonic
or hypertonic. 1 hemolynis or macked change in the ap-
pearunes of the erythroeyles oecury, the solution is not iso-
tonic with the cells, I the colls valain their normal charac-
teriatics, the solution is isolonic

Hemolysis may oceur when the msmotic pressure of tha
fuid in the erythrocytes i groater than that of the solution
in which the cells are suspended, but: the specific chemical
voactivity of the solute in the solution often ia far more
important in producing hemolysis than is the osmatic effect.
There is ne certain ovidence that any single mechanism of
action couses hemolysis, The process appears (o involve
such foetors as pH, Jipid setubility, moelecular and ionic sizes
of solute particlos and possibly inhibition of cholinestorase
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1400 CHARTER 79

in cell membranes and denaturing action on plasma men-
hrane protain,

Some investigntors test the tonicity of injectable solutions
by observing variations of red-blood-cell volume produced
hy these solutions,  This method appeard to be more senyi-
tive to small differences in tonicily then those based on
observation of 8 hemolytic effect.  Much useful infermation
concerning the effect of various solutes on erythrocytes has
been obtained by this procedirs and a suramary of many of
these data is given in RIPS-14, page 1562,

Mhor Mathods of Adjusting Tonicity

Several mothods for adjusting tonicity, other than those
already described, are used.

Sodium Chloride Fquivalent Mothods..A sodium
chloride equivalent is defined s the weight of sodium chio-
ride which will produce the same osmotic effect as 1 g of the
drup prepared as un isotonic solution.  Appendix A lists Lhe
sodium chloride squivalents for many drugs. Some of the
equivalents vary with the concentration of the drug (in cers
{ain cases because of chanpges of interionic attraction at qif-
fevent concentrations) hut, in every case, the equivalent. is
for Lg of drug. As an example of the use of these data, if the
sodinm chloride equivalent of borie acid is 0.5 at 1% concen-
tration, this ig interpreted 1o maan that 1 g of boric acid in
salution will produce the sume frewaing-point depression as
0.6 & of sodivim chloride, or that a 1% barie acid solulion is
aquivalent in its colligative propertivs to s 1.5% solution of
sudiom chloride. From Appendix A it s Tound that for o
1.8% barie aeid solution (e, al isotonicity) the sodium chlo-
ride equivalent is 0,47, correspending to 1 0.8% sodium chlo-
ride solution {1.8 % 0.47).

Fxamples illustrating use of the zodium chloride oquivas
lent method Lo adjust collyria to fsotonicity follow. The
game type of ealealation mnay he used for othet solutions that
are to be made Jaatonic.

Lxrumple §

Homntropime Hydedromide o000 oo 1%
Gihnl,

0.6 1t of homatropine hyd robromidu in regquired, 1o 1% of the drug
in oguivalent i oumotic effect 10 0.7 1 or Q17% of sadivm chioride

017 % 06 w (L102 g (wedisim ehloride)

G0 ], of an isotonic sodium chioride
wolution containg

0.6 g hoswalropine hydrobromide i
eeptivalent to

Ad o kodium ehloride

0,405 ¢ sodiam chloride
0358 g sodivim ehloeride

Pherefore, A%8 1 of rodinm chleride must bo nddod Lo male 60ml. of
a 1% hamatropine hydrobromide solulion isotonie with tear fluid, The
samo enleutatdons may be made wdng perceninge aalealutions. 1% of
homatropine hydrobramide corveaponds Lo 0.17% asdium ehloride in
collijputive properties,

hius, 0,0% = 0,17 = 0.593% must e adeded, 0.73% of G0 ml, = 0038 g
of sudivm ehioride to e addod.

I horic neid is to be uged Ay the adjusting substanece the caleulations
Tve 10 he enrried one step further. There in ne “boric acid equivalont,”
Lt the sedium chloride equivalent of boric acid al. 1% concentration it
0.5, meaning that 1 g of boric acid (or %) oreapends in eolligntive
propertios ta L5 g sodium chloride (or 6%}, Using the resull ebtained
above, which wis (438 i of kodivm chloride to be sdiled, it now follows
that the sodium ehloride eguivalent of bovie acid must be divided into
th pmaunt of sudium ehdoride ov exprossed ws an equation:

| ¢ borig acid 0.0 ¢ sodiwn chloride = x g 0438 ¢
o= Q6 ) borde acid 10 be added

Tor a proseription (;mﬂ,u]ninu mare than ong active drug, the ealeula-

(e Toor aacium ehloride ave carriod out keparately, ths oblained quanti-
tiok ara ncded, and thon the totsl is deduetad from the 0.8% wmsint.

Woeample 2
Fpdaaphrine Hydrochlowide o ooocoooiininine s
Sine Bullule
Sterilo Waler qs, tomako oo

I Collyr isodonle BA
Sodivum chlovide equivalett of spinephehv: HCLs 0,20
Socium chlorido oguivalent of wine sutfnte s 005
160 my apineplring hydroehloride  ~43.5 mpg sodiwn chloride
At 7 wine salfuie e 1L gag sodinm ehdoride
Total ingrodienis are ogquivalont to - ~57

.04 of 30 mL

g sodium ehloride

A0 wyg sudinm chloride
By
213 my

2y of sodium ehloride munt be sdded 1o mke this solulion kolon
ic with Lear fluid, Since bovic scid i the ncdjusling substanco of chuice
for the solution 426 ing sheuld lre used (0.5 divided into 213 mg).

Isotenic Sofotion V-Values—These are the velumes of
sterile water to be addad to a spoecified waight of deag (often
0.3 g bul sometitnes 1 g) to prepare an wolonic solution,
Appondix B ogives auch values for some commonly used
drugs. The reason for providing data for 03 g drag s for the
convenicnes of preparing 30 ml. (1 {1 o) of solution, as is
praseribed often.  If vahues for 100 mi, of final solution dre
desired, the data in Appendix B should be multiplied by
100730, ‘The bagic principle underlying the use of these
values 14 Lo prepare an isotonie solution of the prescribed
drug in sterile water and then dilute this solution ta the
required final volume with a suitable isctonie vehicle, For
example, if 0.3 g of a drug is specified (o be used (as in
preparing 30 mL of 1% solution of the drug), it is first dis-
solved in the volume of sterile watler stated in Appendix B
and then diluted to 30 mL with a suitable isolonic vehicle,
Inodanic solution values can be used, of course, Tor caleulat-
ing tonicity-adjusting date for concenlrations of drugs other
thun 1% and for velumes other than 30 ml., How this fs
done s illustrated in the following examples,

Bansnysle:

A preseriplioi enlla for

Atropinesulfate ..., P 1
Stocile waler qa R, 60 ml,

M PPt Collyr isotonic and bufTered 5A
Sigs For Office U,

Phin ordor i for o 0.5% gotution of atropine sulfate. According to
Appendin 13, 0.3 i of nbroping sulfate dissolved in 4.3 mT, of sterile water
will produce a % isotonie solulion when dituted 10 30 ml with an
inotonie vohiele, For 30 mbL ol 0.5% solution, el the quatities of
atropine sulfate and sterile woler would e used, but for 60 ml of .5%
xelution the same qiwottilies o for 30 ml of 1% solulion sre required,

Therefore, 1o (11 this preseription order, 0.3 of atropine sulfale
ghould o dissobved iy 4.8l of stevilo prosorved water and diluted with
fuototie preservod Sprensen's pH 6.8 phosphate buffer to G0 ml.

E I )

Ior more Lhar one active ingrodiont i selution the guantity of water
to It usted it calewlatod soparately for each ingrediont, The values thus
obtnined are ndded, the total amount of sturily water Lhen g wed Lo
dinsolve the netive ingredionls and fnally sufficient motonic, buflered
preaorved solubion {dilutiag solution) s vwed 1o make the required voi-
{amg,

Taarple 2
A preseriplion eills fov

Bpinephrine hydrochloride ... 0.0%:
Zinesullate ... e P o 0%
Starile wWilest GO AR vy e e il

M Et Collyr isolonic

I this oxamplo Uhe aetive ingredients are ghven in pergentage.  The
iden! vehiele is 1.9% borie acid solution,  Hederenee to the table for
inoLonie wolulivn values shows the (ol lowing.

Epineptine hydvoehloride 0.3 (19%) will male 9.7 mb, of wn isolonic
wolution whon dimolved in ptorilo prosorved water,  Zine sutfato O will
make b ml of an isolonic sulidion with sterile water.

Therefors, the guantitios enled for in this preseription will make 4.85
mb and 1.5 ml of igotonic solutions, respuctively,  Dissalve the saits in
wilficient sterile prosorved waler 1o make G.85 ml, wnl ald suilicient
1.9 preseeveed borte acicd solulion to make 30 mL. The resulling solu-
tion is solonie,
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TONICITY, OSMOTICITY, OSMOLALITY AND OSMOLARITY

Hinee it s practically inpossible to measare the reguivod volumes
noesrately, i i fenaiblo, in Uhis i anee, toouse 6,35 mls of storile waler s
the Lotul nolveat for thase Gwo drugs,  Geaduptesl pipes, proviously
plorilized, are neeesmnry Do Lhis work,
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Appendix A--Sodlum Chioride Squivalents, Freezing-Polnt Daprasstons gnd Homolytic Effects of Cortaln MediGinals in
Agquacus Sohution

0,5 g, 2 3% 5% IOCEINOTIC cancerraton”
E M E > i 8] ¢ n Iz [n] b Iz ] ¥ phi
Acelrbaoute .08 (.08 O 0.08 0,08 e .07 ] 1)
methylglueamine
Acetrizonte sodium 000 0037 010 0085 000 008 10 0063 010 0273 964 048 052 ] 3.9
Avotyleystaing 020 0065 Q.80 0118 0N0 0897 020 D) 4,08 ned 0452 100% w0
Adrenaline MCY XL i3 4.5
Alphaprodine MO Q.19 0063 008 0005 I8 0212 018 0ils 4,48 008 052 100 il
Alyrn (potassium) URE 0,14 410 iah 0 wr 4
Amaniadine HCI O 00N 041 OB 081 030 T LS VI R S 0.7
Aminoacetic acid Q2 0408 041 0236 Odl HATQ &0 .41 0462 a¥ [T
Aminghippuric acid 033 0035 073 Q07h
Aminophiyline 0.008
Anrmoninm carhanste 070 G202 000 0406 1A QT e W 7
Aormmonium chloride 1.2 AR | T 1Y . 5,0
Ammanium lactato 048 0083 033 0.18R 033 D.AT0 PR 404 0,62 i) 6.5
Aananonim nibvade (.69 0200 0.69 0400 130 G4 052 i1 .
Ammonium phasphate, 408 068 06 031 L7650 Qb1 ok 0 T8
dibmic
Ammonium sulfote 0466 0168 085 036 LG8 b 0h2 0 fdd
Amodarbitn] sodium 025 014% 0.86 1.4 a8s ob2 0 0.
d-Aanphotiming FC] 264 23] 5.7
Anphetaming Dt 080 a7 047 34T 0826 05 @ 4.4
phosphala
_{'\mpl]ulun‘)in(-. walinte {122 .18y .21 036 4.0 021 O, )) [t li%:]
Amprotraping 5,80 1] q.2
phosphnle
Amylerine HCI 022 0,19 198 018 100 f.6
Anileridine HCL 019 0062 024 0104 049 0212 OI8 0316 010 0509 513 018 0562 12 26
Antnzoling phouphule 605 80 4.0
Antimony putasium 038 (113 0.10
tarirate
Antipyring 037 0I¢ Qd 0 014 040 G.44) (L13 062 140 8.1
Apomorphing HC! .34 LOKOY
Arginine plutamaie 047 0048 01 0,097 0% 040h 017 DEHR 047 0487 L3707 0562 D B0
Avcorbic neld 10 hOB nAZh 1G0* 2.9
Atropine mathylbromicle 0,14 .13 0,13 T 003
Atropine methylnitoate 552 Q fi2
Alropine sulfale 013 0.07h DIt 008 011 038 4Bh 000 .62 0 [’RY)
iaciracin 006 3 004 007 004 08
Burbital sodium 030 G171t 0.28 0.6 KNP 0 Ok i} 9.8
Benwalkonium chloride VA1 .34 0.1
]:iun-.r,tr()pin(! menylnle 026 0% 081 i1 040 a0 02 D208 Q08 .42
Banzy! aleohol [ENN ARV 016
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1402 CHARFTER 70

Appendix A—Contlnued

0.5% 1% 2% 3% 0% [sagsmote concontration”
r ) i o E By E n £ b % E R H pH
Bethanechal chloride 050 0040 039 0825 032 0868 050 0612 3050 050 0 3.0
Himmuth potassiumn 0.04 .08 EX{H]
tartrate
Bismuth sodium tartrate 0,18 032 011 B0t 01 0 6.t
Horic acid 0.80 .28 9 047 ORZ 10D 1.8
Hromphoniomning a0 0026 009 0050 O.0B 0.0 o
maleate
Bapivaoaine HCS 047 0048 017 0006 017 0083 007 0280 007 0484 BAS Q7 053 HE 6.8
Butabarbital sodiam 020 0078 047 0186 087 0013 0.27 0470 a3 027 0682 0 .8
Rutacaine suifate 0.20 (.12 0.3 028 010 02
Caffeine and sodivm 08¢ L1 023 040 392 0%3 058 0 7.0
henzonte
Caffeine and sudium 007 (.12 037 0296 016 046 BTT 006 0Lz 0 )
salicylate
Calcium nminoaalicylute 4.80 0 6.0
Caleium chloride bl G008 140 083 052 0 H.6
Caleium chloride 035 0.20 2.0 040 652 0 5.7
(6 HaM)
Caleivm chloride, 068 0.3 1.4 DGy nh2o 0 14
anhydrous
Caleium digodivm 021 G061 021 0420 81T 0240 0.20 0887 450 Q%0 062 0 6.1
adutaty
Catelum ghiconnte Q.16 0.091¢ 014 024
Calcium laclute 0831 013 G120 0036 ) .20 052 0 BT
Calcium tnctobionate 008 0028 008 0043 008 0086 007 026 007 0187
Sateium fovalings 0.27 0.8 (.20 043 300 a 72
Caleium panlothenato B.G0 o i
Caraphor 0.1
Capreomycin sulfate 004 0011 004 0020 004 0042 004 00EF 004 0108
Carbaoehol 0205 2 [\ 5
sarhenicillin sodium 020 0088 020 01 020 0206 0.20 Q6 440 020 062 0 6.6
Carboxymethyleellu. 005 0.007 008 0017
‘lose sodium
Copholoridine 009 0098 007 0041 0068 00N 006 GG Q06 0.1dh
Chivramine-'T' 4.1 [[eltad Bl
Chioramphonicol 0.067
Chlorampphenicol 014 0068 014 O0TH 034 0lpd 043 0230 013 0882 GBEZ 0I5 052 par- G.]
godiuin suceinate Lial
Chlordinrepoxide HC 004 006 0022 D126 019 0020 008 0U16 017 0487 A560 016 052 66 2
Chlorobutanol 024 {014
{hydrated)
Chloropyocaine HCL G20 0054 Q20 DIOB 018 021G
Chlovoquine phosphate 0,04 0038 0.4 0082 0.4 0462 004 0242 015 0.378 716 013 05 0 4.3
Chlorogquine sullute 00 0028 0.09 0050 DoH 0080 00T 0127 007 0.186
Chlorphenitnine 017 0048 046 0085 004 0GE 0L18 (.220 008 0265
[
Chilorletracycline Hnal 010 GO Q0 0061 Q.10 0121
Chloriotrneyeline sutfnte 11 008 010 017
Citrie acic 0.8 010 017 0296 HI6 06 &EE Q06 0432 100" 18
Glindamycin phosphite 08 0022 .08 0046 008 0086 008 0)dé DOB 0242 1073 008 Q.03 s 1]
Cocaine HC 016 0000 015 28 G14 040 633 014 052 A7 1.4
odeine phosphale 0.14 D080 0.3 028 018 o088 T2y 012 042 D 44
Colistimothate sodium 035 0045 035 0085 0156 0170 016 0853 004 041l G731 043 051 0 7.6
Cuprie sullote 018 03000 .16 014 Gas o 013 Lrage® 30
Cyelizine HOL 020 0060
Syelophosphamide 010 003 010 0061 010 0125
Cylnrobing 011 0084 011 0085 011 0134 011 0198 Q) Q17 82 010 0.52 o B0
Deferoxnmine mesylate 0,00 0.023 000 0047 009 0003 000 0342 008 0.241
Demacnrium hromide 014 0,038 412 GUGR 010 0108 008 0138 007 0192
Doxamethoeone sodium 018 0060 057 0095  GI6 0180 0 0260 014 0410 676 023 04k 0 0o
phosphate
Dexiroamphetamine 054 0097 044 0186 04 (o 264 0 052
H
Dexticrunphetamine 0,26 (.14 025 (Ld D62 02F b 0 1.1
phosphate ‘
Daxtrommphoelamine 24 Q089 023 034 022 0L69 028 0880 406 024 GhE 0 5.9
nulfats
Punlione (16 0.0 016 028 016 0.46 i3] (.16 .52 [¥] 5.0
Draxtrone (nalydious) g 10K 018 0.3l hon 018 0he 0 6.0
Dintrizonte sodinm 300 0025 008 0048 008 0008 000 0149 009 0248 105656 008 052 0 7.9
Dibueaing HEL 0074
Digloxneillin sodiwmn 010 0080 000 006 OS50 0128 000 0082

{1 H0)
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TONICITY, QSMOTICITY, OSMOLALITY AN OSMOLARITY 1493

Appendlx A-—Continucd

0.5 % | Y Y% 3% §i % Ienosimee concentration”
| 2 &} £ 2 I 12 [z n o I; ]} 11 il
Diethayiolanyire 0,41 D.080 081 0077 Lat 0058 200 035 oh2 100 11.3
Dibiydrostreptomycin .06 003 008 08 00n 004 124 0.0h B2 0 i1
aulfito
Dimothpyrindsug 008 0088 e 6.0 W01 0120
wilante
Dimothyl sullfoxide 0442 0022 o4 D24 042 04BO 216 048 058 I 7.6
Diperodon HOL 015 0046 004 G079 013 0041
Diphenhydramineg HCE 0.161' B0 H iR
I)i])h(mi{lnl I 016 Godh 046 6.09 016 41
Pexhpram HOI 002 0035 o4 0070 U2 0k0 0d2 0218
Doxyeyeline hyclate o8 D03h 0% 0072 G0 083 011 0186 005 0.26d
Lyphyltine 000 003 010 0082 G0y 0304 008 0165 008 D246
Echothiophate fodide 016 0046 006 0.000 G 0170
Tdetnte disadinm g4 007 023 0187 027 0848 01 0.u80 dadd Ry 05 0 4.9
Bdetnte Wrisodivm 00 0079 029 00568 0 0318 02T 0472 WAL QR baEo B0
manohydrale
Eaetine TICL 0.068" .17 0,20
Tphodying HEG) 030  0.1085" 0.26 3.2 A1 i 6.4
Hphedrine sulfate 023 003 020 036 A54 20 DR D 5T
Ipinephrine bitntrate 0% 0104 016 028 016 Datz L7 AR T - T x|
Fpinephring 0,28 006k 1.46 347 DG
hydrochloride
Irgonoving maleats (.08
Fwythromycin OB 00 007 0040 Q0T 0078 007 016 006 0087
Tactohionals
Tathyl aleohol 1,459 HAlY] 6.0
Jéthylenediamine 0,260 2.08 100? 114
Eihyhmorphine HC) 0.1 0088 005 082G 01 043 G1E 0 0h 062 3 4.7
Tucateoping HOI SR
Porric Ammonium 380 0 h.2
aitrate (groen)
Floxuridine 004 a040 013 0076 A3 adar aar 623 h1Z  0.355 847 002 0.h2 hig ]
Flugrescein sodium 031 o181 Q.87 0T A4 027 062 O 7
Fraphennzine £.HO) 14 0041 G014 0082 002 Q145 009 GLbs
d-Fruclon: 506 o L8
TPurtrethonium lodide D4 0070 O 01370 082 0250 081 0080 444 020 0R2 0 i
Calnelone 4.0 0 )
Sentamicin sulfate 005 0015 D06 0030 005 0060 D06 00R8 00F 153
e Gilucuronie acid 502 o 1.8
Clyearin L2 2.6 100 ixi]
Glyeopyrrolate 006 0042 0I5 0084 005 066 (44 0242 013 Ong 7220 00w a8 W 4.0
Aald sadivm thiomatate 0010 DOM2 010 D.06T 000 0011 008 0088 000 0250
Hetaeillin potassikm 0.7 0048 17 008b 017 GI00 0T G 017 T G600 Q07 Dh2 b [t
HexnNuorehitm 0,03 083 DL 0066
bromicde
Hexamethonium 0.0 0045 (16 0080 036 081 06 02T G016 04BB LG8 046 OB
tariende
Hexmnethylene socium .18 0,040 008 0,099 07 a9 037 0T 006 0485 HhaAg 016 057 [t 4.0
neotaminualicyinle
Hoxobarhital sodium 0.156"
Texyleaine HC 4,20 e 4.8
Thistantine 2HCH 040 0115 040 0838 040 0466 .94 040 4w T BN
Histasning phosphate [VREHE 4,10 { A48
Histicling 1G] 1) 4G} Hi)
Haloonine Bl 020 012
Meumalropine 07 QT 006 098 oA6 0da8 Kot 06 052 W )
hydeobromide
Homatropine s 01t 036 026 Q13 Q8
mothylhromide
4.Homasulfnnilomide 369 0 4.4
HC
Hyuluroniduse 001 0.0 GoL 0007 00t G013 001 0020 001 043
Hydremorphono HE 0,39 64 X
Hydroxyamphetamine 0.15¢ a7l ay b
By
K- Hydroxyguinoline a5 iy B
nerlfnte
Hyd ponyatilamidine 020 00680 0.6 0000 12 037 000 . 70 007 0216
fwethionate
Hyoneynmine 6.63 i) 6.4
hydrolramide
Tinipramine HCL 00 0068 020 DI 03 L143
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1484 CHAPPTER 79

Appendix A—Caontinuad

0.54% iE 2% % [ Inopamotc conaoilealion”
E o t 12 g 5] [ D 5 12 T [Z 2 H 1
Indigotindinifonnte 030 0085 080 0172
sodium
Inteacaine H( 1497 Bl 5.0
Todophthalein sodium i .58 1 0
Tsometheplene muente 0.8 0048 (8 008h 018 008G G4 D62 a8h 0L b 0 G2
Ispproteronol sulfute 0.4 0009 004 0078 014 0166 014 0204 034 (0.388 G066 D 052 trace 4.5
Kanamyein sulfate .08 0021 007 0041 047 0083 G077 0226 007 0210
Laetic aeid (.07 2,30 Jo0" ol
Lactone 0,07 o4 08 0.09 915 0,08 o* e
Levallorphny tartrate 008 003 013 0073 G132 0043 012 00 002 0328 D40 030 0682 697 6.9
Levorphanel tartyate 12 0033 012 0067 012 Q136 (12 0203
Lidoeaing BC) IR 4,42 B 4.3
Lincomycin PG 016 0045 006 0000 005 IT0 034 0847 014 0400 660 0.4 DL 0 1.b
Loboline HEI 008t
Lynpolate nodium 030 0025 008 0051 009 0104 008 0167 000 0263 450 0090 052 0 6.4
Magnesium chloride (L45 202 D4b 1] 5.4
Magnesium sullate 017 0084 a1h 026 016 043 63 014 082 0 [:¥)
Magnesium suifaie, 04 0098 042 0184 030 034h 028 Db WlB 088 0b2 0 7.0
anhydrous
Mupunitol {.088¢ 507 0* 6.2
Mnphenide H 007 007 029 0453 027 0003 026 Qdad 166 025 062
Menadiol sodium 176 0 52
diphosphntae
Menadione sodium [ ] hd
hisulfite
Menthol o1
Muperiding FICT 0.125" 4,80 an Ha
Mugdvacaite FHCL 021 0060 021 0016 020 0830 020 0.34% 460 D20 62 4h 4.0
Morbromin 0.08"
Mereuric cyanide 0,15 0.4 013
Mersulyl 0,06
Musaridazine hosylate 040 0024 007 0040 005 0088 G044 0071 Q.03 0087
Metarantingl bitartrate  0.20 0060 020 0012 019 0210 018 a8 027 G.460% BIT 03T 05 b9 B8
Muotlmeholine chloride O0.184° A 0 4.5
Methadoene 11C1 0101 H.50 100 I
Methamphetamine HCI 0.41F L4 B 5.8
Methdilazine HC 0.1 0035 000 Q056 008 Q080 006 GO0 G D312
Methengmine 0.2% 0,24 368 028 100 B
Maethindal sodivm 024 DOBA 024 0186 02 0274 084 0410 81 024 082 0 0
Mothitural sodium 026 0074 026 0342 024 0276 02 0407 3850 03 s 78 )
Methocarbamol 010 L0300 0.0 0060
Mothotrimeprozine HCU - 012 0,084 010 0080 007 0077 (W Go89d 004 0IEE
Methoxyphenamine HCL 0,26 0076 0.26 0150 026 0300 026 0.450 34T 026 042 b6 ]
p-Methylaminowthan- 0.8 0098 017 0085 036 G190 0J6 0282 06 0453 BM3 O 006 052 0 §.2
olphenol tartrats
Methyldopate HCH 021 0oGE 0BT 0122 01 0244 021 DAGS 408 021 082 par- 30
Lial
Muothylergonavine
maleate 0,10 oaE 010 0,046
N-Methylglucumine 020 0087 020 0111 018 0214 018 0336 038 07 &OE 048 ORI 4 113
Methylphenidate 1 0.2% 0 0065 022 0127 022 0.208 0.2% (.38 4,07 082 052 BB 13
Methylproduigolone Ny 010 0025 0.09 0,061 0.09 0,108 008  aldy 047 0200
ruceinale
Minocyeline HCL 000 0030 010 &0BE 000 0107 008 0146
Maneelhanaolaming 063 0IR 053 (06 170 g (b 10D 1
Maorphine HCI 016 DOBG 014
Moxphine sulfate 014 0.0797 013 008 008 0436
Nadorphine HOL od 0040 081 191 008 0210 0J7  0URR 005 O4¥ 838 014 057 63 4.1
Naloxane HC Odd 0047 014 00B3 014 01066 013 GOS0 018 DEEY 80% 00 062 36 54
Naphazoline HCI 037 0044 0.24 00 022 100 1%
Neonraphenamine 2.9 117 1.8
Neonyeln gulfale 011 006 a0 06 008 Doz
Moostigmine bromide 022 0187 0,10 4,94 0 1.8
MNaoatigmine methyl- Gt 01160 0.18 0.7 b2 017
aulfnde
Nicotinamide 0426 0.148° 021 0.8 149 020 052 o 7.0
Micetinic aeid 0425 044
Nikethamide 100 6,94 100 6.9
Movobioein sodinm 012 0043 00 0057 007 0073
OImmdr)myg‘.in 008 0017 008 0088 008 0084 008 0030 G08 Gunh 1082 008 062 0 i)
prhicsprhale
Orphenadring citrato 13 0047 003 007 I8 QI44 012 0204 0.0 0285
Oxophennesine M1 167 e A3
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TONIGITY, OSMOTICITY, OSMOLALITY AND OSMOLARITY 1468

Appondix A—Coentinuod

0.6% 1% i 3% o % Izogsmolic cencentration®
[ ] I s} t {t L Ly L B % [ - Pt
Oxymelnzoline M 022 0063 028 0034 (20 0232 038 0GR 492 018 062 i 6.7
Oxyauinading walfnie a4 00se ot 00 GG 0082 044 0338 0l 081G
d-Irantotheny] aleohol 40 0063 Gr o 0300 G07 0084 017 ORHA 036 0468 680 006 0D 2 (18]
Traptevurine HG 10 0061
I'araldehyde 02E 00 Gah o 0dE 006 Q888 02% D430 366 026 6L 07 6.3
Pargyline RIS 030 0083 020 00065 0ah 0327 0u8 049 18 028 b2 aj 38
I*enieillin G, polassium (L8 Q.38 DA% a2 016 ua4s  hdAB G186 042 D iR
Ponigillin 3, procaing 0.06¢
Trenicillin O, sodiun Q.18 0,00 (£ V- S [ S 4 S K A 2
Pentarocine lnctate 15 002 b O0EE 0ab 016H 008 0253 005 0430
Poutabarbitn) sodium 0345 4.0¢1 ] 0.0
Pentalinium tartrato 0,015 It 3.4
Phenacaine 11¢] .00
Phonivwmine maleale 00w
Phenabarhitpl sodium [FRIE AR R 048 0.0 306 02 052 0 9.2
Phenal anh 020 .8 DAz sz 0% b6
Phentolamine menylate 018 00h% (17 0046 006 Q178 G4 0244 023 0884 R23 0 001 D52 H3 ah
Phenylephrine (1 an 0084 0,30 1.0 0,30 {0 1.6
Fhenylophrine tartrato B nE* G
l’l)(,;l)_\ll(:l.l]yl aleahol A5 Q070 s 004) 0Eh OEE
Phenylproganoloming DY I B (.35 95 had
Hl
Phynastigminge nalicytnto [URTV IR0
Physostipnuine sulfote O.0874¢
Piloearpine HOI 024 0158 0ee 008 4.08 {Lae G2 i3] L0
Piloearpine nitrate R IR R 4 00 0.6 AB4 020 052 88 3.9
Piperovaing 11 .1 n.a0 06 7
]'FS,[)F‘;Lllyl(_\]]._: Blyeol G0 G0 012 0000 0ae 091 003 02216 083 0478 G (LN 2 V8] hi 18
Polyethylene glycol 008 0022 008 0047 0 000 0098 008 0053 0.00 0872 BH0 001 0bR 0 4.4
4400
Pc)Wﬂhylrmo lyeol 006 G015 06 0036 007 0078 007 020 007 05 1000 009 062 ] 4.1
1H00
Trolyethylene plyent o 00nh 00 000 002 0028 003 0047 003 00
1HI0
Talysthylone plyen 00Z 0004 002 o0 007 0020 002 003 02 0067
4000
Polymyxin B uuelfate [PX0E RYAT Y 006 030 G 0.2
P()]ym."‘])i'li.l?. a0 008 0000 002 0010 002 0090 002 008 goR 0060
PPalyvinyl aleohol 002 0004 0.02 0008 002 Q0% 002 0035 03 QOTh
(98% hydrol)
2olyvinylpyreolidons oo 000 00 o0 G010 000 001 0017 D01 Q035
Motassium neetate 059 0172 089 0042 1.53 0.54 062 0 1.4
Patassimm chlornte L.44 [} 3.9
Potassium ehiloride 0096 DY 1% 076 ol 0 By
Potasmivm islide 044 D105 280 DA oA 0 1.0
Potassinm nilrale U060 D32 LG2 046 0 9
Potassium pheosphate 08 087 2,08 043 058 0 1.4
Pritassiun prhosphaty, 044 025 218 041 G2 0 4.4
monobuasic
Potnesivm suflate .44 211 043 v 6.6
Pealidoxime chloride 042 08R 032 OB 032 0084 .87 .32 Guho H 4.6
Prilocuine HCL 08Y 006 088 0025 02 0.u50 022 4T 414 022 4¥ 46 4.4
Pracainamice 1101 028 013 019 Ga 07 OB
Procaing HCI 81 0.1 046 0.9% 014 N T V00 ¥ T 1V R )| hG
Prochlorporazine 008 0020 006 0033 005 0048 003 0066 007 G006
ecigylote
Tromawine HCI O 0060 D LT 008 0302 007 0112 00B DLET
Proparacning HCL OI6 0044 015 08RG 005 DIGD 014 047 003 0380 746 0.1 (bl
Propivimmzine HC 015 Q050 DG 088 DR 0333 030 016H 008 0210
Propoxycaine HC Gl 18 %]
Propylene glycol 200 1on %)
Fryrathinzine HE 082 G065 007 0095 001 0025 008 040 006 D190
Tryridontigminag 098 D.08% 089 0025 022 0260 028 0 4,14 082 062 0 7.2
hramicle
Pyriconine HGI A0n i A
Quinacrine 006
methanesulfonte
Cuining bisulfuto 008 006 non o 015
Quining 48 0 1A0 19 033 08 5OT Q8 O6Y treeet RS
thihydrochloricde
Quining bydroehloride 014 oLy [\ R R
(L H N ] 131 L 4.4 0.4 062 4 49

Cuinine an
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1408 CHAPTER 70

Appendix A~—Comtinued

0.6% 17 2% E¥ 4% faeoametic gansantration?
I (W] = 2 I 12 £ 2 i W) Y I [* H pH
Resureinol Q161 3,00 96 5.0
Rolitetracyctine 0.1 0032 031 0064 010 013 G069 aand 007 0204
Raouae Bongal (08 0020 007 0040 007 00H3 GV 0424 007 D8 1l Q.06 052
Tose Rengal 13 OB 0082 00 0044 008 DORY 008 (131 Q.08 018
Seapolamine HEr n1g o (12 081 012 o885 780 001 nR2 W .4
Scopolamine 0.1¢ (.14 0,13 GAG 013 {1 B0
methylnitrate
Soecobarhital nodivm 0.24 G4 028 040 t8] 0,23 052 trace &5
Silver nilrnte (.43 01800 P VI S - B 5.0
Silver profein, mild 01y 010 Q1T 08y 016 G466 BOHL O QIR 062 0 )
Silver proloii, strong 0,064
Bodium eeelode 046 Q267 2.0 45 052
Sodivm geetazolamide 024 0068 025 0136 Q23 0271 623 0406 380 024 052
Sadinm 01710 3.87 1 7.3
aminosalivylate
Sodium smpicillin 006 04046 006 0080 006 081 06 0072 U6 QUB1 LI 016 052 D 8.5
Sodium neorbate .00 0 6.9
Sodivm henzonte 040 D23 226 040 080 T4
Sarlivim biearbonate 065 LTS5 1.3 066 062 0 8.3
Sadium biphosphale a0 023 45 007 052 4 1.1
{I1,)
Sottivm biphoaphate (.36 g 1] 4.0
{2 M)
Sodium bismuth 020 0.066 039 G107 Q13 0208 Q1E 0803 017 0483 5D 0 .3
Lhioglycollato
Sodium hisuifite 061 0.9 1.5 061 052 O 1340
Sodium horate D% 2417 2.6 3 LI R 0.2
Sodivm lromide 1.60 1] 031
Sodium cacodyiate .52 (LZR RX:] 0.2 0 ixY)
Sodiwm carhonate, 060 (La46 LAG 058 .52 100 1.1
monchydrated
Sodivm copholotlin 018 0060 017 0% 010 Q0T 040 060 (Gid 0400 (.80 003 0b2 V- .5
Linl
Sodiwm chioride 100 Q.5700 LAC LR LoD ass 0D jon 06 0 6.7
Sodiom citrate 0.31 0 a.an 062 308 040 0 7.8
Sodium colistimethnte DA6 0046 DS 0087 014 DI6T 004 0235 003 DaEd GH6 Q03 0T 0 B
Sadium hypophesphite 160 ] K
Sodium iodide [HE IR R 297 058 052 0 6.9
Sodium iedehippurate h.02 O 7.1
Bodhnm selate 1.72 4] 6.0
Sodiun leueyl sulfate 010 0030 008 0046 007 0068 005 008G
Rodium 530 [\ B4
mercaptomerin
Bodivm metabivulfito 0.67  0.386° 1.38 065 052 5¢ 4.5
SBodium methicillin 0I5 0050 008 0088 00% 0192 006 0281 006 G445 G000 018 GaE 0 G.B
Sodivm nofeillin a4 0030 004 0078 004 0058 013 0218 000 0286
Sodium nitrate 0.6% L3 0.66 0 6.0
Sodium pityite 0,84 04800 106 083 [t B4
Sodivm axacillin 018 {050 017 0095 016 LIV 035 0257 014 0408 684 004 a2 0 G.0
Sadium 009 0054 018 0104 407 0802 017 0298 017 Q488 A3 037 (62
phonyibutazone
Sodivm phosphate 0.20 0,168 027 047 338 0RY 052 0 a2
Sadivum phoaphalo, 042 0.94 LAy 040 05E O B2
dibagic (2 1,0)
Sodium phosphote, 0.22 0.21 445 020 0 au
it (12 Hy ()
Sodium propiotate 061 036 147 061 052 0 7.8
Sodium salicylate 036 0230 63 46 bl 0 G.7
Sadium snecinate 042 0008 037 018 08F 006 290 641 051 0 a4
Sodium sulfade, 008 0.4 1.81 GG 062 0 G.2
inhydrous
Sachium sullite, 06h (il [ 0 9.6
exsicentod
Bodium 007 0.019 008 003 G056 0080 0.05 0084 004 0123
waifobramophthalein
Sodium tarteate 033 0008 033 0393 038 D.A35 a2 08 05 0 7.3
Bodiunt thicsulfale 041 0.181¢ o 080 AR 9 7.4
Bodium warfarin 018 0040 017 00D5 016 081 015 0264 00K 040 G100 0I5 052 @ #.1
Sowlitol (4 M0 5,48 ] 59
Sparteine sulfute 000 0030 000 0086 030 011 G100 0387 010 0277 948 010 0.5 107 4.5
Spectbiomyein HE 026 0045 006 0.002 I8 186 GG Q280 0.6 0466 L6 016 062 3 44
Straptomyein IC) 017 G NG 016

Slreptomyein sutfute 0407 G086 o068 019 006 047
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TORICITY, OSMOTICITY, OSMOLALITY AND OSMOLARITY 1497

Appandix A--Continuéd

3 2% %% Igrcmmolic concomrotion?
g ) I: b I} r, n e n oS 4 pl

Buerosn 08 0.0 A% 06 0 086 HFA L0 042 4} 1S
Sulfucutamide sodium 0.3 s o 0. P | 5 S Y 8.7
Sulfadinzine sodinm nad G0 029 Q.38 424 021 hew O R
Bulfnmerpzine sodium (SR 02l 0 450 020 082 O 0.4
Sulfupyeidine sodinm s 003 02 0 460 030 062§ 10.4
Sulfathinzole wodium n.gn o 048 020 085 182 019 05 @ 0.4
artnre nedd Q.34 BRIV Thv 1.
Tetracaine FEC a0 O.th 0200 012 035
Tetrneycline HOL 0.4 a081r 0.10
Tetrnhydrazaline HCL 1,19 KO 6,7
Pheophyiling .02
Theophylline sodinm

plyeinate 2.4 & 8.4
Thimmine FCI 0.130" 1.8 a7 10
Ihicthy) perazing (L) D.0B0 09 0060 004 o 007 G1IE 0.06 0 088

malonle
Thiopenial sedivan 0155 HR 14 10,3
Thiopropnzate diH) 0u0 0058 G D090 002 0,037 0.0 017 G0 0323
Thivridasine HC 006 0.ME G065 0,025 004 OdME D03 00hE 008 0076
Phiotepa WG OS REG 0090 G0 s 006 0XTE 06 0dB0 b7 416G 052 1" 8.2
T'ridihexolhyl chlorvido 006 007 06 0096 006 008 006 0280 16 Gaed h6R (.16 0.62 i fid
Triothanciinmnine 020 0.008 2] 00 (.2 0208 022 08 4,06 0488 0bY 100 1.7
Trifluoperazine 2HOI 018 008% A 000 013 044
Trittuprgiageing 1O 0,10 048 008  0.001 06 008 0 00738 03 .09
Trimaprazing tartete 040 0.02% 06 003h  00d 0045 003 0.0 R 0061
Trimothachione D2 0060 OO OV 02 00ET 02 00TE 4.42 21 058 1 G0
Trimetholonuamide 012 0033 00 00682 Q10 0008 009 0153 008 G282

e
Tripolen namine 1403 0y ns 3] 6.3
Tromothamite 026 007 026 G0 0o 0000 026 GuB0 Ldh 0.6 0L 0 12
Tropicamide 000 0080 08 Q060
Prypan blue 086 0076 QR6 0I60
Pryparsmide 0
"Fubacuraring ehiloride f.O76¢
Uren a.n 03 163 065 f.82 100 GG
rolhan 014" 204 100 6.4
Lhidine 0.8 G055 04% DO6E 002 0058 0% DUR0E 008 0833 BB all o 042 ot G.1
Valothamaie bromide 0160 0004 OIh 0.085 018 0168 014 0298 0 0424
Vaneomyein sullule Q06 0.010 006 0028 0d 0048 004 D0GE 004 0.048
Vieknyoin sullfate .08 0,08 o070 0aR o oaf 020
X ylometaaoling HCL 022 0065 021 0021 0R0 D 0200 032 A0 19 052 BH 5.0
Zinu phonolsulfonuta 4,40 0¥ i
Zine subfnte 015 0860 Gld 028 02 036 766 002 052

e v vales wars ik Brom Hanosazlund e ol 27 ad Sagns o wd

B Aclapiand fromn Ll of ol

C Aplad Trom 1312060

ot ained Fromn severn] soorces,

e wondien ehlorive eouivalents, 1 freezimge-point depression, "0 7 homalywis, G, ot thy sventint ion whieh in isgomsoticwith 0.0% BnC, Dol v
freozinge painl detesmination oy spivelent eal. pdl: appsoximaie pll of wolutinn sladhingd foy omelylie qetion. =0 clinyge in appearaaee of erptheocyles
and o sodttion B0 Gl dedermied alles askefition ol Dlwad,

Appendix B—Volunvas of Waler for lnotonlelty? hoé

Whnter Wty Walisr
npoad tor noedod for needod for
taotonleily, Ispdanlity, natanicily,

Drugy {03 () ml, Orug (0.3 g) ml. I2rug (0.3 ) mil.
Alcehol w1 Horie ugid 16.1 iphedring sulfate 7.7
Ammonium chloride Rk Butsouine sututo 6. lipineplirine bitartrate i
Amobarbital andinm H Caffeine and sodivn honzoate 87 Epinepbrine hydrochloride 9.9
Awphetamine phosphate 114 Caleiwm chloride 170 ELbylmarphine hydroehlovide Hhd
Ampholomine sulfnte (S ] Caleivm ehloride (6 Ha0) 11,7 Fluorescein sodium 1.4
Anlipyring N hlorabutanal (ydentod) 8]0 Ciyeerin 1
Apamorphine hydrochloride 1.7 Chloviotencyoline sulfala 4.4 Helocsine hydrochloride 6.1
Ascorbic acid 54 Coenine hydiochlovide 5.3 Homalropine hydrohronide 6.1
Atropine methytromide 4.7 Cugprie sulfute 0.0 Homatroping methyBwomide 6.
Atrgping sulfate 4.4 Dextrose, anhydroum 6.0 Flyoseyammine aulfule 4.1
Rarvitracin 1.7 Dibuening hydrochloride 1.3 Neomyein attlfole bN
Barbitul sedlivn 1.0 Lyihydrantreptomyein mal sl 20 Onytobrueycling hydrochloride 4.4
Higmuth potassinin tartzate a0 Tiphedring hydrochloride 10,0 Tapicitlin G, potassinm fi.0}
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Appendls B—Cantinued

Wotar

Wintew Watar
novdad tor noadad tor nogitad tor
leatanichy, inetiniaily, Igotonkity,

Dirngg (0.3 ) il Prag (2.3 47 ml Drugy (0.5 o} ml.
Ponleillin G, sodium 6.0 spolaming mebhylnitrate .13 Sodtium propionate A3
Pentobarbital uodivm 8.4 SBacobarhital sodium B0 Sodinm aulfile, exsicented 217
Fhenobarhital sodinm 8.0 Bilver nitenle 110 Bodium Cthivsullnde 10.4
Physustimanine salieylate 5.1 Silver protein, miid 5.7 Stieptotmycin aullule 3
Piloearping hydrochloride B0 Sodium acelate 1558 Sulfacatamido soedinm 7.7
Pilocarpine nitrato ‘A Sodium hivarbonaie 417 Sulfadiazine sodivm Ho
TPhperocuine hydrochloride 70 Sodinm biphosphate, 1h4 Sullamaerazing andinm .7
Palymyxin 13 aulfats 3.0 anhydrous Sulfapyridine sndinm 119
BPotassium chloride 25,3 Bodivm biphosphate 133 Sulinthinzelo sodium 7.0
Polassium nitrate 187 Bodium hisulfite 20,3 Tetrnening hydrochlaride G0
Potassium phonphate, 14,7 Sudium borate 1.0 Petrneyeling hydrochloride 4.7

manohagie Sodium indide 14 Vicmyein sulfato an
Pragcninamide bydrachloride 7.8 Sodium motabisullite . Zine chloride 20.3
Froonine hydrochloride 7.0 Bodium nitrate Zine salfnte [iX4]
3 Snddium phosphate

ypodamine hydroheomide 4.0

wetelition of an isatmie

' Pablo of “lsotonie Sulation Values™ shmving velunmes In il of selation (hat ean be prepere
sedriede (eommonly refevred (o an dititing uohationd to ke 5ml s

Doy elissnlving 300 mggal thn specitied degginaterile wnter, T'ho
elels o Ve solulion. Bufutions prepared ax diveeiod above are

fsnnmemotic will G0% sodinm ehloride sobitien but may oo T isotonie with Slaod fue Appeadis A for hemolysis dato).
Py ealendnle Vovidues (or drugs which do nat appear in Appendix I3, hot aro listed in Appendix A, nimpdy take e appropristn wunl b ehlovide aonivalent

15 e munltiphy by 0.3

witl render 1T mL of waler inotenie),

FxengafeeUCaleulute L Voendue for aniloricine MO TA prenadix A defines 15« (018

0":);';:;“" = 6 i water e cnelt 803 3 drg

o penverl Uil quantity of drigg o e equivalant el of sodiom chboride and divide by 0008 (e weight o wadinm ahlotide which
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CHAPTER 82

Quality Assurance and Confrol

Clyde R Ershine, Jr

Yicer Pruslilond

Corprite Qualliy Audis ond dorvicos
Senathline Deckinan Coip

Ono Franklin Mozo, PO Dex 1929
Philodoiphin, PA 42404

‘T'he Pharmacoutien] Diduntry continues iaw o vidal naginent,
of the hoalth-care evele in conducting rescnrch and manu-
fnetaring products which are lifesmuintaining and lifesro-
stering, The fast decade Ban seen an ovolulion in the eon-
copls roluting to the Qualily Asuirance and Gontrol of these
products,

The changes brought about i assuring Whe safely and
thernpewtic elffeacy of drug products bave resulied from o
number of factors which are either internal or extornal to the
industey,  Internolly wee the sell-dosigned guidelino the
industry s imposed on itself, exomplified by o documont.
prepated in 1967 by the Pharmacoutical Manufucturory As
soeintion (PMA) titled “Genersl Principles of Total Quality
Control in the Drug Industry,”  Thiv PMA document e
came the Dasia Tor Inter reguintory Guidelines propared by
the Food and Druy Admindetration (FDA) titled “Curvent,
Good Manufreturing Practice in Muanufacluare, Pll.l(‘("ﬂﬁiniﬂ.
Packing or Holding of Human amd Veterinary Druga.”
Thase Current Gond Manulacturing Practices (CGMPg)
have bacomo the privaary externa] puidelines used by induy.
try and the FDA in the control and inspection of manulae.
turing facilition,

Qeality Control and Assurance Qrganization

Although the termas Quality Cantrol and Quality Assur-
ance often are used ivterchangeably, depending on the
ptructurs of a specific company, there is a conlinuing trend
1o sopnrate and define their functional rosponsihilities,

Gueatity Contrel can bo defined broadly as the day-to-day
cantral of q(mhLy within a eompany, o dcwnlmcmi staffod
with setentials and techniciang rosponsible for tho neoep-
tanco or rejection of incoming raw materials nnd packoging
compotents, for Wha wyrind of in-procesy tests and inspec-
Liong, Lo assure thal systems arg heing controlled nad imoni-
tored mud, fnally, for the approval or sejection of comploted
dosage forms,

Gunlity Control, therefore, imchudea not only the analyti-
cal teating of the finighed product, but slso the sssesiment. of
all aperations beginning with the receipt of raw materials
and continaing throughoul the production ad packaging
operations, finished product sting, docwmnentation, sor-
voillanee nnd distribution,

Guatity Assuerance may be delinod au the responsibility of
an organization to determine thal sysiems, Dagilition pnd
written procedures hoth are adequnte and followed in erdor
(o ussure that products are controtled and will meet, in the
final dounge form, all the applicalile specilicntions,  Quality
Assurance patorally then hecomes nn oversight function,
often awditing operations to dewermine they procodures and
ayatema dre suitnble and, if not, W rocommend the reguired
changoes, Higher manazement looks townrd the Quality As-
surance unit In order to develop some lovel of “eomfort” ns to
how woll they are meoting company standurds and applica-
blo government. roguladions,

Total Quality Control

Tho high quality of pharmaceutionl products resalts from
meticulous adherence to wrillen procedures i cartying oul
alk oporations, heginning with resenrel, T i at thin early
poind that the quality beging to be designed Into a product.
Raw malerinls must be characterized and purelosed from
repatable suppliors so thal uniform, atable products will
rosult when these matesinks are incorporated inte the fin.
inhed dosapo form. Pacilitios must be desipgned, syatems
inatalled andd the proper aguigiment, sehected so thal the
potential for cross contamination af one product. by another
i uliminated, that material How and persotnasd mevemonis
aro planned Lo reduce the potendial for produet aix-ups and
thal the air and water, which iz botng provided o produe-
tion, is adequnte in omount. and guality for the particular
operations boivg perlormad.

Produetion personnel must be Grained proporly e poers
form their jolim, and the directions they fotlow muat be writ-
ten, approved by responsible individuals and adhered 1o
pleictly.

Shipping departments are responsible for seoing that the
produets are proteetad from advorse ondling and envivon-
mental conditions while in transit W dintrilution pointy and
customers,

Quality Control is ever-present, overseoing each of thess
operations and giviog the (inal refease approval Tor distribu-
tion only afier ansossing and heing satisficd that each step in
this process has been completed correctly,

These principles were highlighted i that oviginal P'MA
document. from which Lhe following exeerpl g talen:

The epinlity ula prrodsat in it dogrow of possemion ol (howe choger
it ion desigiand sed manutacturod fnta it which mmrilmlu o Uha pen
formanee of wy intendid fasction when tie produet is wiod i divoeted.
Phee quality of nedieinnt and relatind products e (o son of all feetors
which contribuin direetiy or indivectly fo the safity, offootivenesn and
aeeeplability of e mmlur Chunlity nniat Dae buoili it (he gaoadast
during researeh, devalopmant and productfon,

Hatal eetrel of quulll.y af 1L npplion to the dyog Tidustey s the
nrunnhﬁmi olfert witlin an ondjee establishmont 1w donign, o,
samintafo s enie e upocified quolily Ty saelouisit el prodaet disel.
ed, The effert should not only estallish speciflentions for produet
neceplance but showld provide pmcuduum mand rothods (or achivving
conformanen witl sach spoeifications,

“Ihe Inrge warioly of sulslonces unod in this induulry, Uhe complaxity
of fta pradisets and the variows (yes of compiny orgotivelion make il
smpennible to design I dotnil wsingle universally maplicalle systom for
tho botal eonteol of quality.

“Tha nitimite oljoetive of a progream fur the toiad conteol of quality in
oy comprny s L gizninoent o poefection in meeting specicntions
for a praduct of bigh guality, 14 in o program designoed Lo asare the
profmmmional uper or ultinnto s Gl cvary Tot of o preduct con-
fowinn t upecilications anc et ongh dose dagteilnitod will rulfilt the
Foprasentations made in dho beliog and will meot sl ogal requirements
noved el addedional standnrdn o4 the masagemont. of o firm sy ndopt.

“Patal contiod of quality is o plandwide activity imd ropreseods the
T le reupenuibitity of all geginvants of o estpony. e luupmmhll
ity for ﬂll(hllllﬂ. $he contyol eynlem un(! Furt vl ing produet quatity is
thint uf @ np(imlw JEroup vafirrren] o din Daise s Lo, i Qunlity Control,
The hoad of Guality Contrad shonhd have the mithoriby (o ridenss satis:
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Factary fofw of products, t rojeet uasultalie o and o recommand Lhe
rawall Trom dintribtion of sy lots sutsequontly Toand to e wiiilehlo,
Ha nbtonld b reaponathle 1o w loved of mansgonwat which enalides him tn
exvrhie Indepedent judpmoent, Ve responsibitity and sathority
whwtaked Do elencly dofined by menagemmst,”

I readily Becomes appavent that quality must be built
into a product and that it cannel be inspected or Lested into
g product. Quality rosus from teamwork, an assueiation
which is becoming incrensingly important as the industry
advances in now tochnalogios which themselves are bocom-
ing more eomplex sud demanding.

Quality Control and Assurance Functions

The hend of Quality Control, whe is ubtinmtely responsible
for decisions relating Lo the ncceptalility of finshed prod-
uet, shoukd report, Le someond ather than the person direetly
responsible for producing the product. Ofien in curront
arganizational atructures, the persons in charge of hoth
quality control and production will report to some highor
lowol of authority. 'This moy be the same or ditforent indis
widuale, but it doos allow for the independent eperation of
Loth funetions witheut direet conflict wrising when reaching
the ultimate deciaion on the necoptability of product. The
Guudity Control fungtion iy an erganisntion normally con-
aists of af lensl tavo primary units, analytical control and
inspuelion control,

Analytical Control

Thi Anadytical Contrel Laboratory is responsilile Tor Lest-
ing and approving raw materials, work in-process nhd {1~
inhed product, 'The Inboracory musl be rtalfed with porsons
whe are trained both seademically and by experience to
porforna the often comples annlyaes required to evaluate the
acceplability of u product.  Proper personnel is nol Uhe only
necewsity in the tnboratory,  Bquipment also is required
which wil] allow timely and ageurate analysis, This equip-
mont continues to become maore sophisticated, providing
more information nhout compounds than previously kinown
and has led W a level of neeuracy and deteetnbility hereto-
fore uiknown,

Dotailed spocifications stso must be available, as well aa
the teat methods agaitst which the produets are measured.
The spevifientions inciude the eriterin apgoingt which the
produet will be evidunted and the limita for acoeplanen or
rejostion for each eritient parameter,

The Lesting and accoplance of only high-quality raw matoe-
rinla s eosentinl in the preparation of products,  Part of Uhis
aeeeptanes s to purchuge raw materinly only from known,
reputable suppliers,  In order Lo ausure this condition, it is
orseatind that Quality Control be part of a preapproval pro-
pram of all potendinl suppliers. Thix approval alwaya ins
chudlos Lenting Uthe materind and in many canos necessitates nn
ingpoation of Lha supplior's Tacility Lo dolermine its xuitabil-
ity nnd dogres of compliones with GMPs. AL various ¢riti-
cal in-process production or intermedinte stepn it muy be
necegsury to snmple ond tesl the materioly agoinst criterin
previously established for thal particular step in the process,

Ofton, in-process sleet or action lovels will bo identified i
tha critien) operationnd steps as & means of procoss conlrol,
Thaae alort or setion levels are limits or spocifieations which
are more restriclive than the final aceeptance limits, but
worve i In-process controls by giving early warmnings of eon-
ditions whieh could lead te an out-of-control situation and
nllow dimely correetive aetdon o be talen brftro this oveurs,
Thus, materinls reaching the alort or action-level eritoria are
peeaptabla, aince they have nol oxeoeded o rejoction or unac.
caplable level,

In-process eritieal teating will vary depanding on tha dos-

age form being manwlactared,  Sterile parentoral products
probubly recoive the most critica] in-process control o
testing in order to msure a finished produet which is slerile
and free of microbinl contamination and particulale mattor,
With sterile products the end product sterility testing enn-
natb be relied upon Lo instirg that each and every container in
a lot of anr injectoble product ix sterile and dependence is
phaced on eprecess contreln These in-process controls
mual Bave hoon develapod Tollowing o proseribed protosol
which dofines operating conditions ated parametors,  Only
after a series of suecessful produetion rung, using the pee.
seribed pornmelers, can a process bo judgod 1o have been
validated, Validation of processes i o gritienl step in the
gquality assurange of both stevile and pomsterite products,
Validation may be defined as “assorance thal production
processes are contralled i ach o manner that they will
perform rowtingly in tho mannar inwhich they are purported
to,"”

Pesting of the completod Jou of o dosage Torm, in order
nrensuro ils conformance with prodetermined specifications
arsel pppropriate acceptance eriterin, always is desirable bo-
fore relensing the Jot for shipment, However, the uso of o
praperly validated manulactoring procesy is maore eritien] Lo
Lhe quality of o product,  Bnd product Loating suffers due 16
the normal variations that apie in the statistiond saropling of
n ot Dt nssaring that s sample i homegencous and represen-
tative,

Vadidation of processes and systems gives inereasod st
anaa of Mnished product Job quality nnd s lending the way
toward veducing or elminating the reliunee on end product
tosting. 'The parumelrie relenge of finished product i be-
ginning, hasod on contral of the eritical elemenis of u vali.
datod process,

Tants ind spocitlentions may b found in severa) sourcas,
The [United States Phurmacopeia/National Formlary
(LIS ix published on a G-yr eyele progrom by the United
States Pharmacopeial Convention,  The stondards catab-
lished by nnd puldished in the USI have been recognized an
being official by the Congross of the United States nnd nro
recopnizad in the Federal Food, Drog and Coumetie Act,
Thoso standards are prepored and rovigwed so that through
vagular revision, ealirely of in part, they remain eorrend.
Tha reviewing body known as the Committee of Revision
raprosonts medical, aeademe, induatrin) and othet seisntific
exports, The primary purpose of the Commitios is "o pro-
vide authoritotive standards for matorinls and substapces
sl thoir preparations that are used in the heoling arta.”
‘They eutablish tities, definitions, descriptions mnd standards
for the identity, quality, strength, purity and, where practi-
cal, methoda for their axpinination.

Fa nddition 1o the procodures defined in the USE, conpa-
niok will propare their own fest epecifiealions when the prod-
uets are not Yofficlal” (e, bt listed in the USP), Those
Loty and specifications form a nocemary part of the Control
Saeetions of Now Drug Applications {INDAxs) submitied to the
Pederal Governmment and which, fallowing wareful review by
the FDA, may be approved,  Finally, there are tost proce.
duves for unofticial praduety and for these not reguiring the
wulymingion of an NDA.  Companies in these enses prepore
thair own -house tost procedures for eentrolling the prod-
uots they produce,

Inspection Contral

Many rasponeibilitions nssmed by Quality Control are an:
etllary Lo the analytieal tosting,  These includa the sampling
and inspection of incoming raw materialy, packaging and
Inboling components; the physical inspoetion of product ot
various intemnedinte stagos; pnekaging line inspection n‘n(l
tho control of shipping invantory within tho distribution
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cycle. Deponding on the orgmatizationn! steacture, addition.
al or differant responsibilitios will ho asslgned to this unit,

Docurnentation

During the course of produsing u pharmaeentdoa] produces,
numorous decuments and rocords aeo goenorated.  Wach
hatch s msigned a specifie code or lot number, Al docu-
mentation relating Lo a apocific code is referred W ns g
“hoteh record,” which will iuclude data on ench significant
phame of production, contrel and distribution.  The balch
racord provides o historical Dueprind of every step, begin.
ning with the recoipt of chomicns] rew materiats and packig-
ing components and continuing through cach in-process
stnge.  Rocording charts or compuater printouts of signifi-
cant oporations suels s mdoclaving, drying, air-particelote
moniloring, lyophylizing, ete, all hecome part of this bateh
histary, After the buteh has heen comploted, including final
unnlytical snd physical teating, one additiona) ste)y whould
he campletoed prior o approving the let for distribuiion,  All
dosumonis and records relating to the spaciiic bateh aro
jven a final review,  Baeh reguired document in the hateh
record wust be checkod for completeness and aceuracy.
Any disereppuey must he investipated imnediately und an
awarad,  Only aftor this review has been completed satisfe-
tority may the bateh by retepnod for distribution,

When Uho Bateh hoas heoen released, neeurnte shipping roe-
cords must he maintained showing the batch distribution.
With these records it is then passible to trace the baleh to
the markel place which will Tacilitate, il the noed arose,
racullivg Uhe product (haleh) from tho murket plaes,

Quality Assurance

Total control of quality nel only rogquires the msighments
deseribod above, hat should include o monitoring or awdit
function ay well.  The responsibility for Chis funclion ix
nermally soparnto from hoth the production and contreel
operations, thus altowing an independent. oversight of all
operations.  Although the function may be separatod, the
nudit rosponsibilities are often shared by a Lo represents
ing both the production nad control disciplines, It is the
duty of thiy individunt (or Lenm) through review and inspec-
ion to assure Lt wiitton procedures and polivies are avail-
nila for ench sipnificant production and control aperation,
Normnlly, standurd operating proceduros (80Ps) are devel-
oped which, when Followed by properly trained operators,
will help o assure Uhe quality and inteprily of the product.
T'huw, the QA review function not only delermines that the
procodires ave oarrent and sorrect, bat thad they are being
followed. Combining o review of S0P with an andit of
Tacilities nnd operations following the applicable GMP regu-
lntions will give 4 company nn “hiside” reporl on its lovel of
complinnee and will allow nocessary chunges and/or corroe-
Lions to be made prior 1o either causing o product failure or
heing obmervad during an inspection by an FDA investigator.

Produetion is responsibic for following preseribed prove-
dures 1o produce acceptable products, Tha system of total
quality management becomes the joinl respotmilility of
fruality control and quality assurange.

Quu]iw dopendn, Lo o major dagroe, upon the employeos
enguged in the produetion operations, They are roaponeible
for iollnwln){ the poremet ihod procedures and, along with their
Waining and experience, are ablo to l>ltidllf'ﬂ uniormly ae-
coptable products, (}Mm proporly aranized and felowed
afford a mochaningm fov preventing humnn error, (e poton-
Liad for which is especially groat in this industry,
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New Advances

Statistios and trend nnalysis are ook alvondy used by tho
pharmaceuticat industry in determining the proper sample
aize required for testing, for measuring the unifpmnity of
solid (l(:-mu;u formu and for plnu,mg trongds of aignificant
factors in order Lo correel oud-of-eontrol mlum.mm; hefore
unaceeplable praduet realts,

Mew management concepls ore hueing testod, directed 1o-
ward a reduction of raw materisl inventories and packaeing
eomponents, Phe term “Just-InTime” refers to ardering
bt roceiving materialy when they are reguired for produg-
tion rather than to maintaining extensive inventorioy. This
places an additionnl burden on Quality Control and sappli-
e bo aseure thw soeeptability of materials when recetved,
Cartificntion and qualification of suppliers is an expanding
raspronsibifity of control personnal,

Bloctronic datn processing has boeome another uselul took
for nssessing proeeas and Lesl parameters and for analysing
the data collocted during produstion. The conlrol of many
operations by computers and microprocessors 1o praviding
the capabilily for produsing products of further improved
uniform quality, These systema have chollenged the older
ones, resulling in new approaches to inprocess controls,
sollectiom and anadysis of data and the entire systam of
quality control.

Roboties is finding various applications in plimrinaceutical
praduction, packaging and laboratory oporations, Filling of
product inta comtainers, enrtaning, palletizing and olher ma-
torint handling tanks as well as labaratory testing and sample
preparation are cither in use or being inveatigated. The
wniformity of procuduren, costs, nonfsigae fnetors and Aexi-
Dility nre all ndvantages.  Probably the mest practical use of
robots ik in sterile processing whaera their Bonovasivensd
allewy aneptie production and testing by romoving a primary
source of contamination, the buman worker,  These all
present. the potentinl for improved control syatenm while
hringing new challenges to the QO professional.

Environmental Control

Along with tha many other advances in the Lotal control of
quality is Whe growing recognition that the environment and
the systotns used for {ts control eon have a significant effect
on the finished product qualily. 1t is welbrecoynived that
parentoral oy storite ophthalmic produets muat be produced
in g manner which will insure thoir sterilily; therefore, con-
trol of the arcas in which they are manufactured is essentinl,

Microhiotogien! manitoring of nir and water Lo control the
Tevel of particulato and microbial matier in these production
aroas is necessary,  Several levols of "eloan™ areas avo de-
sevibed in Federsl Government Standard 2000, "Clean
Ttoom and Worle Station Reguirements, Controlted 1nvir.
onment.”  The industey commonly uses the specifientions
deseriboed which olnsaify nir oleandiness based on the number
of particlen (of o given size) per eabie foot of alr, Generally,
conditions listed as “Clans 100" are maointained in areos
whuore prrenteral products ara fillad inle sterile containers,
Clagg 100 s dofined ws an nren which ean be maintained ot
loas than 100 particles por cubic foot of air 0.5 m and barger,

Another essantinl control procedure js microbiologicsl
monitoring of the anvironment in which nonstorile prmlucw
are manufactured, The objective of this moniloring s o
first determine paetienlate and wicrobial levols within an
aron to assure thal they are rensonable.  If found {o be
axcoasive, steps must be talten o Tring the levels Lo within
neceplable Bmits, Oneo this base hay boen developad, ropu-
lnr monitoring will indicate i operations are continuing un-
dor acceptable limits. I not, immodiate corroctive nction
should b tahen,
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1616 GHAPTER 02

The wonitoring and control of particulate and micrebial
matter will further assure e final quality and sinhility of
the praduct hecouse the environmont. hag been controlled
and the product has nol boen chollenged by an unaceey table
lovel of partieulnte generated by an out-ol-control situation,

Good Manufacturing Practice Regulations

In Juno, 1863, the DA frat issued regulntions doseriling
the current goud manufacturing practics to be followod in
tho manufacture, packaging and holding of finished phar-
maeeuticals. The regulations underwent sigaificant revi-
ston and updating In 1978 and became official in March,
1978, These regulations present the minimum require-
ments Lo be met by industry when manulacturing, provess:
ing, packeging and holding of humnn and veterinary drugs,
Undeor the Federai Jtood, Drug and Cosmetic Act, o druy in
deemed 1o be adulterated unless the methods used in its
manufacture, procosuing, packing and holding, as well as the
facilities and controls used, confomm W eurrent good manu-
fnobuing practice o thal the drag meels the sefoty requires
menis of the Acl und hos the identity and strenglh (o mest
the quality and purity characteristics that it is represonted
to have,  In the preambie to the regulations, the FIJA Com-
missioner answers Cha commonts received (rom intevested
porsons who responded when the progosed dules wers tirat
isued, The preamble provides interesting baclkground in-
lermation i Lo why specific seclions of the regulalions were
helievad Lo he necessary nud their interpretation,

In Jduly, 1878, the FDA lwsued rogulations eatablishing
wimilar Good Manufacturing Practices (GM)*s) far the Man-
ulaeturs, Focking Storage and Ingtallation of Medical Do-
vicen, "These were published following an amendment to the
Foad, Drug and Cosmetic Act of 1976, which provided the
FDA with the authority te prescribe regulations pertaining
to medient devices, In Docernber, 1078, Pegulations con-
serning Cood Laboratory Practices (GLP) for the control
and condueting of elinfen! studies woro isaaed and for the
firat titne canme undey FDA inapectional authority.

The FIA proposed, in June 1878, vegulations covering the
GMPy relating to the manufaeture and conlrol of large-
volume poarenters) producty, These rogulations, although

nevar officially issued, have bocome the guideline used by
the industry and FDA in the manufacture, control and in-
spection of large-volume parentoral production.  Due to the
similority of the controls required for the produsiion of
amall-velume parenterals, the guidelines also bave boen
used Lo ausess the ndequacy of the manufacture and controls
used with these products.

A number of other “guidelines”™ or “concepl” papors have
heon propared by various organizations within the industry
itself, such an the Pharuacentical Masalacturers Associn-
Lion and the Parenteral Drog Assoclation, A partisl listing
it provided at the end of this section,

The eurrent GMP regulations should he read and under-
stood thoroughly by those involved in or intereated in pura.
ing quality control or qualily assurance responsibilitios,
The scope of the present rogulations is given in the following
eritiine, nlong with a brief interprotation of sach section,
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PART 20 1-~CHRRENT GO0 MANURACTURING PRACTICR IN MANUFACTURE, PROCESSING, PACKING OR
HOLDING--HUMAN AND VETERINARY DRUGS

Subpart A--Gueeeal Progisfons
Y153 Dofinitions

Subparl B--Organization and Persoinel

21122 Hesponsililition of quality conteol unit
21128 Porsonned gualifiention

21128 Personmel reaponmiinlition

21134 Consublants

Subpart (.'n--»iju:'{(lirrim wnd Facilities

21148 Denign and constraction leataros

21144 Lighling

21046 Vontilulion, afr Bilteation, niv heating and cooling
20148 Phonbing )

21L60 Sowoge abd refuse

211,62 Waabing and toiled faeilitien

MG Sanitation

HLEE Muintonanco

Interpretation

Tha deope of the regiilntions are explained for human proseription
md OTC brug produets ineluding biologieal praducs,

IRoforence is made Lo Part 210.3 of the chapter which gives defini-
tionn for all slgadilcant terms used iy the regulations,

Highfighton borg i the wssigument to the guality eentrol unit total
rosponsibility fer ongueing thad ndequite systemny and procedures
oxisl nnd are followed Lo assuro prm\nct quality.

Pornonnel, afther supervisory or opetationsl, niust be guntified by
Lradting aod exporienes to porfoem Uhair asigned taske,

Tha obligations of personnel engaged in Fhe mosufaetaes of diag
products concordig el porsonal ygiong, clothing and medieal
abatun arg defingd,

Tha ;luulil‘imn.iuns of comsubbants muet, be approved by Quality Cone
{rol

Ruildings and fneilition san be considored acceptallo only if they nte
suitahle Tor their intended purpose andd con lm maintained, Con-
slruetion concepts, sl as aix handling avatema, lighting, eating
fneilition nnd plumisinu syt including water, sowngo atud Loilet
faeilities, are outlined,
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Subpart L-Beuipmeont

2IL03  Tguipment design, size ood lostion

21065 Tguipmont constraction

2167 Bguipmont ('-lmlnll\i{ and mminlenanee

ZILGE  Automatic, mechanieal and slectronic squipment

2372 Filteea

Subpart f-

211,80 Goneral reql\ummeula

211,62 Recoipt and otornge of untosted companmis,
drug product contniners and elomires

211,64 Posling and approval or rejection of components,
trug product containers and closures

Mihs Useof approved compunents, drug produet
eontainors aind elosules

11LE7 Releating of approved compuonents, drug produt.
contiingrs and closures

S1LE0  Rajoetod cnmponents, drag product containers
and closiras

211.54 Drag produet conlainers and closuros

Stebypart P--Praduction end Process Controls
211100 Writton procedures; deviations

211,101 Charge-In of components
211103 Caleulation of yiekl
211106 Byuipmant. kdentificntion

AL Snmpling and Costing of in-process materials
and dryy produets

211111 Thwne Himiiations on production )
21L11% Control of mberebilogicst contaminition

2ULALE Roprocossing

Subptrt G--Puehoging and Lobeling Contral
211,122 Materials oxamination and usago eriteria

210126 Labeling issasnce
211140 Packaging nnd labeling operations
211384 Drug product inspection

211,147 Eaxpiration doting

Subpart He-Holding and Istribution
211142 Warehousing procoduraed
M0 Distribution progedaras

Subpurt F-Laboratory Controls
211,160 Coneral rutiuh'emcntu
QU165 Tenling ond refeant fur disleibution

210,106 Stahilivy toating
211,167  Specinl wu(‘m]{, requirements
211000 Roserve somplos

211,878 Lobovatory aninals

211,176 Poniciliin contamination

Subpare J--focords and Reports

21LIA0  CGenoral requirosonts

211182 Bauipmont cloaning and v Jog

911,084 Compenent, dewg praduat container, clotsure
anel laholing rocords

A1 18G Master pro(iu(:(.iun and vontrol rocords

211,188 Bateh production and contred rearda

211,199 Produelion rocord review

201,194 Laboratory records

QUALITY ABSURANGE AND CONTROL 16517

Taqquipmiont muab be dosigned, constructed, of adoguite size, sdite
ubly Tacntodd mnd abile to e madntaiiod in order to bo considored
wuitabie for Hy intendod wie

Taference i made (o 1he vae of sulamatic squipment, date procoes-
sors and compulers highlighting the need Lo verily oulpul vorus
tnput i far proper calibeation of yoooedars, countors and othor
electrienl or muechanical dovieos,

Special note i made that snly filwes are t be wged which do not
voloant Ty into producty,

Control of Cumponents and Drag Product Containers and Closures

ritlon l:rm:u(lures muat be available which doserilio the rocoipt,
idontification, shornge, handlisg, sampling, lesting and approval
or vejoetion of components (raw materials) and deug products,
Onea np{wuvnd ar rojecied, these materinls must ho o sdontifiod and
wtored, It alpm-;wml, they must o inventeried i a manner e
ey that tho eldest approved steck in used Frst (FIF0). Mate-
rinls which e wabjoct 1o deterloration clurinﬁ wtorugo should he
retentod ab an appropriale time tused oty stadility prefiles

Sonlniners and elosuroy tproduet contael materisls) iust bo nonte-
active with or ndditive to the product.

W ritten atandard operating procedures (S0} for such production
srocesn el control proceduve are nocemmary,  Any doviation o
HOP must be investigated, recordod and approved privr to final
sradued pesnplirecs,

M‘ procducts are to e formulated 1o provide ot s Whan 1009 of
the reauired smount of aclive ingrodient, Records are ta by
rnninln}nmi of ench componont and (e quantity whish s ingorpo-
raked intoa bateh, .

Slgnificant. in-procuss stops ara to be identified and approprinte
Hﬂmplinf, toting and npprovals eitained hefore proceeding fur-
ther i thi produetion eyele. 1 required, time limitations will be
phuced on in-procens sleps,

Approprinte procedures nra to b prapared for Lesting components,
srodsiety and the anvironment in order 1o eatadhlish that & preduct.
i not microbiologically contaminated, )

Roproceasing of produet is allawed providing thare are writion pro.
odures eovering the mathada 1o b wsed and a Jkn'(wu{l by qunlity
gontre),  Additionsl testing of the l'epl‘(mmmtr(li el may be -
quired Lo assure conformify with spocifications.

Laheling & packaging miteriale are 1o be poceived, identified,
ulme-(&‘, smplod and tested following detnilod written procedures.

Special controls must o exerelsed over Inbieling Lo assure that ondy
Whe corpeet Tadels nro issued Lo pacluging for a specific produdt
and it the quantition used are reconeilod wil.L the guantity
jseuad.

Follawing appropriste stihility studien at II)rmscrihed temperature
conditfons, products on tho morket ahal) Tioar ot oxpiration date
to assure that thoey ave used within Wheir expected shelf Tits,

Dereribos the requirements lor watehousing and (I‘im‘rihmiun of
products and thelr holding undop approprinte conditions of Hght,
Lamperaturd adid humidity,

Cloncerng writton procedures in Lthe fort of wpocificntiony, stun-
durds, sampling plans and teat proceduron which nre vaed in a
Iahorntory lor unnl.l'()lllnTr aompenenin and (inished dl‘ll[it prod-
ucly.  Accoptunce ariterls for spmpling and rll:prnvul whall b
nduquutn {or support veleass of produet te distribution,

A sinbitiy testing program will ha foblowod i ordor Lo ansesn Lo
plability eharnotnvintios of dvog products,  Tha rosults of this
tenting shall e waod in assigning uppropriate sloroge conditions
andl axpiration daton,

Andmnls used in any tosting shintl e matntained and eontrolled in a
mininer suithllo tor e, )

Virug productl cinnot be mivketed if, when tostad by o preseribed
procadure, fwnd to contain any deirctable lovels of ponicillia,

otails the various muqrdu i documents which shoukd ho general.
o during the munufucture of drag products el which are to bo
available fur roview,

A miter produetion record musk b propared for aach dyag prod.
wed, doseribing all aspects of its manalacture, packogiig ond con-
el Individual hateh records are derived from 1 approved
nianlor,
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1818 CHAPTER 82

211,198 Distribution redords
211108 Complaint files

Subpare K—Relwrned and Salvaged Dreg Peoducts
213004 Neturned doy products

21208 Drag product salvaging

Distribution records include warehouse Bhipping logs, invoicos, Litly
of Tading and all documonty sssocinted with distribution.  These
rocords sliould provide all the informalioh necessney Lo Lo fat
distribution in order Lo fagilitate product retrioval il nocossary,

Records of complaints recoivad from consuinerg atd profussionnls
are to bo mnintained along with the roport of thelr mvestigntion
and responss,

Records aro to ho minimninod of druyg produacts rotueised From dintei-
bution channols and the rearon for theiy return. This datn can e
used s part of the tatal Jot accauntability, shewkl the need ariso,

Lo trace ila distribution and/or for B recull.

lJru:E produets that have beon stored Inprogerly are pot to ho
salvapod,
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CHAPTER 83

solutions, Emulslons, Suspensions and

Exfracts

) @ Nalrit, PhD

Profmsar of Phatmacy
Facully of Pharmady
Wnbvorsily of Tarnie
Teramo, Sanadn M 1A1

The dosige forms described in thin chapter may be pre:
pared by disaolving the active ingrodient(s) in an nqueous or
nonagueous kolvent, by suspending the drag GF it s insalu-
Ble in pharmaceutienlly or therapeutionlly ac repluble sol-
vents) in an appropriote medium or by ineorporating the
muedicinal ageni into oie of the two phases of an oil and
witer nystem.  Such solutions, suspensions and cmulsions
ara further defined in subsoguent paragraphs but some, with
similar properiios, nre considered elsewhere, Thene dosage
forme are vsoful for n number of repsons,  Fhoey cun e
formutitad for different routos of administration;  cral use,
introdustion into hody cavities or applied externally. The
dose ensily can be adjuated by dilution, and the oral liguid
form readily can be administered to childean or poeople un-
able to swallow tablets or capsulas, Exiracts eliminate the
nood Lo isolate the drig in pure fovm, allow several ingredi-
ents 1o be sdministered rom o single source (eg, punereatic
extrnct) und permit the preliminary atudy of druge from
natural sources.  Occeasionaily, solutions of drugs such ms
potassium chlorlde are used Lo minimive adverss offects in
the gaatrointesting] tract.

The preparation of these dosnge forms involves several
considerations on the part of the pharmacists  purpese of
the drug, internal or extornal use, conentration of the drug,
geleetion of the Hauid vehicle, physical and ¢lhemical slabil-
ity of the drug, prosarvation of the preparation and uke of
approprinte excipients such as buflers, solubilizers, sus-
pending ngents, omulsifying ngonts, viseosity controlling
agents, solors ad Havors, The theory of many of these
prepurativng is diseussed in eardior chopters in Part & Phar-
macewtics, Bease of Wie complexity of some manufac-
tured products, compounding may be carried oul with the
aid of linoar programming modoels i order to ohiain the
optimnl product.  The appropriste choplors (see the index)
ahould be consuited for information on the praparation and
characteristics of thuse Hgald preparations that are intend-
ed for ophthalmic ar parentaral use.

Much b baen writben during the past decade about. the
Diopharmacontical propertivs of, in particular, the solid dos-
ago forme,  In assessing the bivavwlability of drugs in tab.
lets nnd caprulon, many researchers Mt have studled the
absorption of drags administered in solution. Since drugs
arc absorbed in thoeir dissolved stute, froquently it is found
{hat the absorption rate of ornl dvsige forms deerenses in the
following ordor:  aqueous solulion = nquecus suspension
tablet or capuule, Fhe bioavailability of o medicament, for
oral ingoestion and absorption, should he such that evantual:
ly all of tha drug is absorbed i it posses thigugh tho grstro-
intentinal tract, regardlens of (he dunge form, Thore are a
numbor of reasons for formulating drugs in forms in which
the druy is neLin the moleculnr state. Those are: improved
atability, improved taste, low walor solubility, palatability
und ease of administeation, It hecemes apparent, thon, that
anch dosage form will have advantages and disadvantages,

The pharmacist bandles liquid preparations in one of
throe ways, He may dispense the product in its oigingl
comtainer, buy the product in bullo and repackage it nt the
timne & preseriplion fs presentad by the pationt or compound
the solution, suspension or emulsion in the dispensary,
Compounding may involve nothing more than mixing mar-
ketodd products in the manner indicated on the preieription
or, In specific inatances, may require the incorperation of
active ingradionts in a logieal ind pharmaceuticslly accepts
able manner into the nguenus oF nonaguaous kelvonts which
will form Ghe bulle of 1he produsd.

The pharmaeist, in the fimt instance, depands on the
pharmaceutical manufackurer to produce & product that s
offoetive, alegant and stable whon stored under reasonahly
adverse conditions.  Most manulacturors altempl 10 guars
antee efficacy by evaluating their products in s nelentifically
neceptalle mannor bat, in some inatancos, such effivacy is
velutive,  For example, cough mixtures marketad by two
different munufacturors may coutaln the sume aative ingro-
dienis and it baoomes difficult bo msess the relative merits of
the two products, In sueh instances the commeredal advan.
Lage gamed by one over Whe other may be Boaged on product
ologance, Phus, color, odor, taste, pourability and hemoge-
noity nro important phannasoution] propertics,

The staliility of the netive ingrediont in the fina) praduct. is
of prime congorn Lo the formulator. Tn geperdl, deug sub.
stances are loag stablo in aqueous media than in the solid
dosnge form and it is important, therefore, to properly buff-
er, stabilive or presorve, in particolar those solutionn, sut
pensions oud emulsions that contain water, Certaib simple
chemies] rosetions can oceur in Whese products, These may
involve an ingrediont-ingredient interaction (which implics
a poor formulation), a eontainer-praduct interaction (which
may alter produet pH and thus, for pHesensitive ingredients,
Tu responsible for the subsequent formation of precipitatos)
or a diroet reaction with water (ie, hydrolysis). The stubility
of pharmacoutionl products is discassed in Chaptes 81,

The more complicated reactions vauatly involve oxygen.
Vitaming, essential oily and almost all fats and oils can bhe
oxidized. Formulators usunlly use the word aloxidalion
whien 1he ingrediont(a) in the product renet with oxygen but
without, droatic external interference.  Sueh reactions fivst
tonsl be initinted by lsat, lght (ncluding witraviolet radinmt
enorgy), peroxides or other lahile compuinds or hanvy et
ala such f copper ar v, This fnitiation step resuldts in the
formation of @ frea vadieal (R*Y which then reacts with axy-
gen.

B b (3, - RO (poroxy radical)
RO, + R - ROOT & I

The free radical thua is rogencrated and reacts with more
axygen, ‘This propugation step it followed by the termina.
tion ronctions,

1610
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1620 CHAPTER 03

1E» 4 RO > inactive produel,
ROL® 137 -+ innetive product
R* 4 R* - insctive product.

Tho effeet, of irnce metals can be minimised by using citeie
noid oy BIYTA (le, sequestering agents).  Autioxidants, on
the other hand, may retard or delay oxidation by reacting
with the Iroe radicals formed in the product,  Bxamples of
anbloxidants are the propyl, eetyl and dodecyl saters of gallic
neid, butylatod hydroxyanisole (BHA) nnd the tocopherels
or vitamin [ For a more dotailed approach o the preven.
tion of oxidative dotorloration in pharmaceuticals, the po-
pers by Oatondor!® aud Chalmers,* should be consulied. A
deseription of many antioxidants i given in Chapter 66,

The problem of drug stubility s heen well-dofined by
pharmaceutical netenlists ul during the past fow years a
gecondary and, in some respects, more serious problem has
confronted the manufacturer of liguid preparations. Such
pharmacentically diverse products an haby lotions and milk
of magnenin have heen recalled from the market hecause of
microhial contamination. In o survey of retail packoges of
liquid antacid prepurations contalning magnesium hydrox-
ide, it was found that 50.5% of the finished bottles wern
contuminated with Pseidomanas aeruginuse. 'The nerobie
plate count ramgod from less than 100 1o $,300,000 orga-
nigms/e. Other oxamples could be cited but, the range of
micraorganidms which can contuminule the liguid prepara-
tion includes the Salmanellu sp, 1 cofi, certain Psewdomao-
nas sp, Ineluding P aeruginosa, and Staphylococeus aureus,
Bruch® deseribos the Ly pes of microorganisms found in vari-
ova producty and atempts to ovalunto the hawards axsociad -
ed with the use of nonstorile pharmaceuticals. Coaten® in
sovies of papers doncriben various interactions which must e
aonsidered when preservativos are solecled,

The USP recommendn that cortain classes of products he
Lestord routinely for mierobial contnmination, eg, natural
plant, animal and some mineral producty, for froadom {rom
Sutmonellu spy orol solutions and suspensions, for freedom
from £ eoli; articler applied topically, for freedom from P
eoruginose and & aurens oud articlos for reetal, urethrat or
vayinal administration, for total microbial count,

Prodhucla may beeome contaminated for a number of rea-
BOAK.

The raw medorinds waad in the manufacture of solutionn, stepensions
anl emulgions are axeellent grrowth modin for bacterin, Water, in partie
wing, sk bee handed with ciare b subataness e o, dispocsing
aganty, mudnetantn, sy and flevors ean ba the eretiors of Daietoria
which nlthuaniely comtaninate the nl‘n(lu(;t-.

'l‘.'q\lim"(m].‘ Puclerin IR weell in the nenden amved erovieon of ])h(ll'll'lll-
ceutical aguipment, (o i Uhe sdmpl egiipment aked in the dispon-
waryl. Hueh oquinont should b elemed thorpughily prior 1o e,

Bnvirensent nad persoling] can conteibue o produet conluminathion.
Hands and haie are the mont mportant ecareiers of contnminoue. Gon-
ernl elonnliness gy i vital,  Mosd coverings oot ho used by these
fuvelved in the ninnulneturing procoss ond fuee mosle should be usod by
thoso inclividunls sutforfog frony colds, cowghn, hay tever und other allos
e i losd (ldone.

Prekmging slwnld be solootad wo that it will not contaminate tie prod-
uet and also will protict it from the aavizomnent.

The factors eited nhove relate to good manufeturing
practice, However, the formulator can add a preservative to
the product end decrease the probabililty of product con-
tamination. I the product contains wator, it slmost is man-
datory to inelude o preservative in the formulation, Homust
e strensed that this in no way replaces good ineplant control
but morely pravides further nssaranee that the product will
rotnin ity pharmpceuticnlly accoptable characteristics until
it is used by the pationt,

The major eriteria that should hoe considerod in selecting s
preservatives 1t ahould e effective sgainat n wida spaetrum
of micreorganisng, stahle for ita shelf 1ife, nontoxie, nonsen.

sitizing, campabible with the ingredients in the dosage form
und relatively froe of toste and odor.

Proservatives may he usod nlone or in combinalion 1o
prevent the growth of micreorganisms, lthanol ia a highly
olfsctive preservative. 14 b used at tha 16% Lovel in acidic
modia and at the 18% level in neutrnl or slightly slkaline
media, Inopropyl alechol i fatrly effeetive apent but il onn
L used only in topient preparationa, Propylene glyeol, n
dibydric aleohol, has germicidal activity similar to that of
ethanel, 1L normally is wsed in g 10% conconiration.

A 0.6% solution of phenel i3 a good praservative but L iy
Loxie, has jts own characteristio odor and roacts chemicently
with many of the drugs and pdjuvents which are incorporat.
od into lgquid preparations.

The use of hexachlorophene, o germicidal went which s
affeativee mainly agrinst gram-positive organisma, is pestricts
ed Lo those proparations which are intended for external use
only, Several years ngo, an incorrectly formulated baby
powder {which was found Lo contain 6.5% hexachlorophene)
was responrible for the deaths of 30 Fronch infanta. Be-
cause of thig and other evidence 1t can be used o8 a presorva-
Live only if its concentration in the finad produet is 0.1% or
less,  However, cerlain lguid preparaiions (o, Hexnchloros
phene Liguid Soap UST-0.25%) are availoble.

Chrganie mereury compounds sre poworful hioatalic
sgenta,  Their activity may e reduced in the preseice of
anionic emulsifying or suspending agents.  They nre nol
auitnble for ol consumption bBul are used ol the Q.005%
concantration level in ophthalimie, nasat and topicat prepa-
Fitiong,

Henzoic acid i offective only ot p3 4 or fens, Maaelubility
in cortain aguecus preparations is poor and, in those in
gianeas, sodium henzoate may he used,  Sorbic ncid has a
brond range of solimysotic notivity bul its antibacterial
propartios ure more fimited. T is effectivo only at a pH of
legs than b,

Guatornary ammenium surlnce-ackive agents, ey, benzal-
konium chioride, exhibit i objectionable tuste and have
beon reported Lo be incompatible wilh o nomber of anionic
submtonees. T eoncententiong of 15000 to 1:20,000 they are
used in ophibalmic prepaation,

-TPhenylpropan-1-ol {(hydrocinnamy! aleohol) is claimed
0 ho mora effactive than #-phenylothanol and henzy! aloo-
Bl in inhibiting the growth of P aeruginosa, und it has boon
nugrgonted that this substance miay be asuitnble preservative
for oral suspensions and mixlures.

The mothyl ind propy] estors of phydrotybenzole ncid
(the parabens) are usod widely in the pharmaceuticnl indus-
try. "Thoy are effective over a wido pH range (from alwout 3
o 9) ond ave cnployed up to about the 0.2% concentration
Jeval, The two esters often are wsed in combination in the
sume preparation. ‘This achieves a higher totnd concentra-
ton and Whe mixture is active againgt 2 wide rango of organ-
iwms, The hydroxybonzontos are offeetive aguinst mast o
ganisns howaver, their activity may be reduced in the e
ance of nonionie surfoce-nctive agents boeaust of hinding,

Tt now should be obvious that when the pharmacist dis.
penses or compounds the various Nouid preparadions ho
assuines rerponaibility, with the nmanufacturer, for the mains
Lenancs of product stability. The LS1 includes asection on
rlability considarntions in dinpensing, which shoubd be stud-
iod in deteil, Cortain points nre selfovident.  Stock should
ho rotnted and replaced if expiration dates on the label ao
indicate. Products should be stored in the manner indient.-
ed in the compendium; o, in n ool place or a tight, lglt-
resistant container.  Further, products should be chevked
Tor evidenee of instability,  With respeet to solutions, elixira,
andl syrups, color change, precipiiation and evidence of mis
cvobial or chemicnl gus lormation are major pigha of ingtabil-
ity. Broulgions may cream bul if they reali (e, there is o
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BOLUTIONS, EMULSIONS, SUSPENBIONS AND EXTRACTIVES 1

saparation of an oil phase) the produce s considerod 1o he
ungtable,  Sedimentation and enlimy are primary indien.
Lions of instahility in suspeisions, The presence of large
particles may mean thol excoessivo ceystnl growth has oc-
wurred.

The US1 states that repackaging s hndvisuble, Howaey-
ar, i Lhe product must be tepuckagoed, core niid the conlainer
upecitiod by the compendium must Be uged, 'or axnmple, a
plastic container should nover he used iF o lHghlorogisto
condainer i specilied. 108 produet is dituted, or where Lwa
products are mixed, the pharmacist shoold wse his knowls
odge to puned apninst incompatilility and instability, Oeal

antibiotie preparntions conatiluted into liguid Torm sheubd
nover be mixed with othor products. Binee the chemicnl
stability of sxtomporaneously prepared liguid proporatiom
oflen is unknown, their use shauld bo minimized and every
care tnken o insure it product charactorisiics will not
ehange durimg the i bmust e used by the prtient.

Recase of Lhe number of oxeipionts and additiven in these
preparations, it is reconmended that nll e ingrediends he
linted on the ventainer to reduce the rinks which conlrond
hypersensitive pationis when theso producis ore adminis.
tered.

Solutions

Aqueous Solutions

A solution s a homogeneous mixtace thil s prepared by
disgolving o solid, Hauid or s i auother liguid and repre-
sents o proun of proparalions in which the maolocules of Lhe
actule or diksolved subatance aro dispersed among these of
the solvent. Solutions abo may be classified on the basis af
phyaien] or ahomical propertios, method of preparation, use,
phyaien] state, nunber of ingrodients ind particle sive, The
narpower definition herein timits the solvent te waler and
creludes those proparations tat are swoed and/or viseid in
chnractor.  Thig section includes, theretore, those pharma-
coutien] forms Lhat are desipnatod w Wader, Aronalic Wa-
ters, Agucows Acids, Saltidions, Douches, Bremas, Qargles,
Mouthweshos, Juices, Nasal Sofutions, Otie Solutions and
Irripation Solwdions,

Waler

The major ingredient in most of the dosage Torms de-
serilyod heroin b woter, TR uged hoth s oo vehicle and asa
solvant Tor the desirot flavering or medicinal ingredients.
Tts tastelessness, Mreodom from irritaling qualitios and Tnel
of pharmoaeolygical activity sake it ideat for sueh purposes,
There is, howaver, & lendency Lo assume that G purity is
comstamt and that 1t can be stored, hondbod and wsed with o
minimmm of eore, While i1 &5 frve Chat manicipal supplios
msl comply with Movicommental Prolection Ageney (181°A)
rogulations (or comparnble regulations in othwr eountrios),
drinking waler fieesd be repurifiod beforg L ean e used in
pharmaceationls, For fupther information on waler, see
Chapter 25,

Five of the six solvent woters deseribed in the USE are
uaed in thoe preparation of parenterals, irrigations or inhala-
thong,  Perified woter st e uned for ol other phitrmacen-
ticu) operationy and, o neoded, in all VS tests and assnys,
1. st meel. igid spocilications for chomicad purity. Such
witer may be propuesl by divtilladion, by use of ion-ex-
change rosing or by reverse Onttiis,

A wide varioty of commereindly nvarlable stills are used (o
produey digtilled water, The end s of the produet. dictaton
vhe gize of Che gtill and axtent of protrentment. of the drink.
ing waler introduced into the systom. A deseriplion of stills
in provided i Chapter 84, Such woter may bo sterile pro-
vidad the condensar is storile, Bt Lo be eadled storile i nmust
he sulsjocted 1o o aatisfaciory stevilisation process. Howey.
ar, it has hetn shown that P aereginose (ol other microm:
gaisma) ean grow in the distilled water produced in hospis
Wl The implications of this ave ohvious, Sterile waler
may be stevile ot the time of production bul mny lose Lhi
charneteristic i it ik stored improperiy, Micknian ef el b by
rogrouping the components of conventional dinlillation

euipment, have deseribed o method for the contihuons
supply of stertle, ultrapure water, Qualily-control proce-
duren far monitoring the microhiological quality of water
shoultd be performed v the pharmaceutical manulfbetaree’s
production feailition,

The major impuarities i water are egloinm, iren, magne-
pium, manganese, silicn and sodinm, The entions usually
ave eombined with the bienrbonate, sulfate or ehloride wn-
fong, “Hard"™ waters are those thal contain caleium and
magnosium cnlions.  Ricarbonales are (e magjor imnpurity in
“alkaline” waters,

lon-exchange (eionizntion, deminerplization) processes
will remove most of the majer impurities in walor alTiciontly
nned seonomically. A catton exchanger, o, first, convorty
hicarbonates, sullates and ehlovides (o their vespoctive neids,

(;)Q)H(:.‘r,, {in
Mu.‘ﬁ(),, -4 H:,.H. e My | R ]'qtf‘t;()-l
MNa, 50, N,
Ca(HCO,), Ca
Mgl I, - TR s My | 3R 20,00,
ANaHC0, Nit,

Carbonte neid decomposss Lo onrbon dioxide (which iy re
maved by aeration in the decaehonator} and waber,

"The anien exchanger may contain either o wenkly hasic or
o strongly boaste anion resin,  These adsorh sulfuric, hydeo-
chloric and nitrie aeids.  Chemical renctions nay involve
cotnplete adsorplion or an exchange with nome othoer anion,

LSO, + A o A TLEO,

If the resin conlnins o hydreoxy! rudienl, woter is fovmod
taring tle purifieation process,

LSO, + 2A0H = AS0, + 21,0

Weonkly dissecinted carbonic and siticic ncids enn be romoved
anly hy strongly basic anion resins,

BL&IO, 4 2A01 v ASI0, -+ 26,0

Unit eapucity varies with the nnture of the Instollation, bat iy
in powsible to procoss e much ae 15,000 gat of water/min.
Deiomizalion processes do nol pecesserily produce -
fied Water which will comply with BEPA requiremonts for
(h‘iukinu water, Jlewn columbs retain phosphales and or-
gapie debris. Bither along or in combination, these sub.
planeos ean acd as geowth medin for miceoorganioms, hwer.
vations linve shown thol defonized wator containing 90 or.
ganisms/ml. contnined, aftor 2d-houy storage, 104
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1622 CHAPTER 83

organinma/ml.  Columns cun be cleaned partially of pseu-
domenads by recharging, bul a 0.26% wolution of lermalde-
hyde will doesteoy mosl bagtering The eolumn must be
washed theroughly and chooked For the nhaence of aldohydo
{with a Behiffs [eapant) before i cun be ubed Lo genornte
deionized wator,

Ulraviolat radinnt enerey (240280 nm), heat or filteation
can bo used to limit the growlh, kill or rgmove microargn-
ninma in water, The latter method employs mambrane fil-
tors and aan be used to remove baclerin rom heat-lnhile
materins as doscribed under membrane filters in Chapler
8.

"I'ha phenomenon of osmaonis involven the pnssagn uf waler
from n ditute selution seross a semiparmenble membrane o
a more concenirated solution. Plow of water ean be stoppod
by applyiog pressuro, eqund Lo the osmotic pressure, Lo the
coneentrated solution, "The fow of water can b revorsod by
applying o prassure, greater than the anmetic prossure, The
process of reverss osmosts ulilizes 1ho latler principle; by
applying prossuro, greater than Lha oamotic pressure, W the
concentrated solition, o tap wotar, pure water may ho
obtained {see Reperse Osmosis in Chaplor 77).

Clollulosée acalate is used in the manmfneturs of semiper-
meable membranes for purifying water by roverse osmosis,
‘T'hig pelymer has functionnl groups that. can hydrogen-bond
Lo watar o other substonees sueh aa wleobol. The water
moloeules which enter Lhe polymer are trnpsposted fram one
bonding site to the next under pressure,  Tocause of the thin
lnyer of pure water strongly adsorbed at the surface of the
memmbrane, salts, o o large oxtent, are repelled from the
surface, the higher-valont jony being repelled 1o o groater
extent, thus causing a soparation of iong frot Lhe water,
Organic moleculos are rejected on the basts of o sicve mochu.
ninm related to Uieir size and shape.  Small organic mole.
cules, with o molecular woight smadler than npproximately
906, will poss Lhrough the membrane materinl. Since there
are few organic moleeules with nomolecular weight of less
than 200 in the municipal water supply, roverse osmodls
usanily i sulficient for the removal of organic muterial,
The parae sizes of the selectively permeable TEVETHE-ORIMDAIK
mambranes are hetwoon 5 and 100 A, Viruses and bacteria
farger than 100 A are rejected if no Impertfections exist in the
membrane, The menhranes may and do develop opsnings
which permit the passage of microorganiame, Becausy of
the semistatic conditions, bacteria can grow both upstraam
e downubrea of the membrane, mprovements in nem-
Lranes are being made continually in type and manuficlur-
ing process such ag the use of polysmits materinle, s
oxpectod that the preparation of water with negligibie or no
hacteria present will be achieved hy this process.

The selgetion of water-treatment gguipment depends
upon the guality of waler Lo be lested, the quality of wator
requivad and the specific pharmacestieal purpose of the
waler,  IMrogquently, two or more methody ara used o pro-
duce the water desired, for exampla, filtrotion and distillae
tion, or Giration, reverse osmosis and jon exchange.

Aromatic Wators

Aromabic watsrs, nown also as medieated walors, nre
clenr, saturated agqueous solutions of velatile oils or other
aromatic or volatile substances,  Their odors and tastes are
similar to those of the drugs or volatile substances from
which they are prepared, und the preparations ahould be free
from empyroumatic {smoke-like) and otber forelygn odors.
Thoy are used principaily as flavored or perfumaod vebicles,
The volatilo substatces from which they are to he made
should be of pharmacopoinl guality or, in the ene of noneffi.
cinl praparations, of the best quality if' the finest fuvars are
Lo ha abtained,

Aromatic waters may bo prepured by one of (wo official
PrOCCRREE,

Edintillation--Dilferont nuthoritios give diffovent divections for pre-
paring nromatic wirloes Iy distilnbion, ot e deage the propoctdonn
raumge Feom 1 park of dewg 10 2 of distillite, to % paris of deag to 1 of
distillilen Por driod drags such as einnamen, anino, diil carnwny and
fonnnl the proportion is 1 port of drag 1o 10 of distillate. For dried lonf
e aaeh o peppormint the proporiion in 3 purta of dedg 10 10 of
cistillate,  Tha dray shouid be conlused or coarsoly ground and com-
hined with a sufficiend quantity of Purificd Water,  Most of the water
Uhen In dintilad; onre shoutd ha take to nvidd chieeing or seorehing the
sabyglanees to provond dhe formation of ampyroumatic odors,  On coni-
otdon of the (lliut‘illntinn, vy excans ofl i tho distilloge iy romovod and,
i vy, Ltho clear-water portion is tilierod,

Soluthon... Argnatie watern may he prepaved by shaking rupeatodiy 2
2 or €2 mb, if s liguid) of the valntile subsianes with 1000 mI of purified
wadot for 16 min, The mixbere b8 set aide for 12 b, filterod through
woitod filler paper antd made (o volunie (OO0 ML} by adding purified
walor Lheough dm filter, Poppermint Water TSP cun D peopaved by
githar of the twe official mothods,

Alternately aromatbic waters also may be propared by in-
corporating thoroughly the volatile oil with 16 y of tale, or
with n sulficient quantity of purified siliceous earth or
pulped Giler paper. Purifiod water (1000 ml) is added and
the mizture is agitated for I0min,  The water then ia filiored
{and, if nocessary, refiltered) and its volumo adjusted Lo
1000 ml. by passing purified water through the filtoer,

This is the process most froquently enployed sinee the
water can he prepared promptly, only 10 minutes of agita-
tiom balng requirad. ‘The use of tale, purified silicoous earth
or pulpoed (lter paper greatly inereases the surface of the
volatile substanee, insuring mere rapid sataration of the
water. These disperaing subatanees also form an efficiont
filter bed wiieh produces & clear solution, They also are
unrenctive,

Other mothods hiave been suggested for proparing aromat-
ie waters based on the uwse of soluble concentrates or on
incorporation of selubilizing agents such as polysorbate 20
(Twoen 20, Atlus). However, such proparations are suseop-
tilsle 10 mold growth and, in concontrations higher than 2%,
impurt an objectionable oty taste,

Soncentrated walors (eg, peppermint, dill, cinnamoen, car-
pway and anise) may be prepured as follows:

Dinnotve 20 ml, of the volatite oil in 600 mis of 90% othonal, Add
sfTiciont pueitiod walor in sucesmive wal) portions to produce 1000
il Bhake vigerously ofter aach addition, Add 60 4 of alerllized pori-
figel 1ute, ehake seemadonaily for severn) houry and tilior,

If anise concentrute is being prepared, he volume of
ethiuanol musl be increnserd Lo 700 ml.,

The aromatic water is prepared by diluting the coneen-
teate with 39 times s volume of waler. In genersl, these
methoda yield aromatic waters that are stightly inferior in
yuality Lo those prepared by distillation or solution,

T'he chemicnl composition of many of the volatile ofls used
in preparing pharmaceuticals and cosmetics now is known.
Similarly, many synthetie aromatic substances have s char-
acteristic odor; e, goranyl pheny! scotato has a honey odor,
Sueh subataneos, eithor alone or in combination, can he used
in nonofficial preparations and, by combining them in defi-
nite proportions, it is possible (o produce substitutes for the
officinlly recognived oil.  Imitation Otto of Roso (which cons
tnins phenylethyl aleohol, rhodined, citronellol and other
ingredients) is an examplo of tho types of substitutes which
are now available,  Additionn] information reguarding the
approprinte preparation of aromatic waters s provided in
RPS-17, Chaprtor 84,

IncomypatibilitiosThe principal difficully experienced
in compounding proseriptions contatning aromatic waters is
due to n “salting out” action of cortain ingredients, such ns
vary seluble salts, on the volatile prineiple of the aromatic
wanter, A replacement of parl of (e aromatic water with
puritied waler ix permisaible when no other function is heing
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SOLUTIONS, EMULEIONS, SUSPENSIONS AND EXTRACTIVES 1523

wervod than that of o vebicle.  (Mborwise, a dilution of the
produet, with s suitable mereoss in doesage, i indicatod,

Proservation-—Aramatic waters will deteriorate with
time and shoeuld, thorefore, boe made in small quantitios snd
protecied from intense light, excomsive hond and stored in
airtight, Hght-resistanl containers,  Delorioration may be
due to volatilization, decomposition gy metd growth and will
produce solutions that are cloudy and have loat all tracon of
thedr agreenhlo odor. Distilled senter usually I8 contnmineg.
od with mold-producing organismes,  Recendly distilled and
Lisiled waker should, therelors, be usod in the preparation of
medicaled waters,  No preservative should be added to
medicnled waters. 17 they became cloudy or elharwise dote
riornte, thay should ho discarded,

Aqueouts Acids

I'he official inorganie neids and certain ongoanie neids, al-
though of minor aignificance o therapeutic sgents, are of
prowd importanes i chemicsl and phormaceutiont manufne.
turing.  This ik oapecially trae of acetic, hydrochloric amd
nitric neids,

Peroentage Strengllis-—Many of the more importont
inorganic acids ore svailable commereinlly in the form of
condgentrated agueous solutions,  The percentage strength
varies Drom one acid Lo another and dependy on tho salabili-
Ly anued stability of the solule in water and on the manulactar-
ing process. "Thus, the oflicial Hydrochlorie Adid containe
feom 365 o 38% by weight of TG wherens Nitrie Acid
contuinz Trom 69 to 1% by welght of HNO,.

Beenttse the strangths of those concentratod seids ars stat-
ad in termy of % by welght, it is easentinl that specific gravi-
tics also be provided i one §s (o be able 1o ealealnte conve-
niently the smount of absolete acid conteined v o unit
volume of e solution as purchived,  The mathemadical
relndionship ivolved is given by the equation M = VX 8 X
F,where M i the moss (g of absolute acid contained in V
ml. of solution having a specilic gravity & and a fractional
percentage streogdh 7, An an oxample, Hydrochlorie Aod
containing 36.98% hy welght of MO has a spocifie pravity of
11875, ‘Therofore, the nmount of ahapinte HCLsupplied hy
106 mbl of this sobution i3 given by

M = 100 X LI§TH % 0,309

w4 g HO

Incompatibilitios Although mwany of the reactions
charactaristic of acids offor opportunition for incompatibil.
itigu, only o few are of safficient imporibnee Lo reguire woro
than casual mention,  Acids and acid sadts decompose ear
honales with Hheration of carbon dioxide and, in o closed
container, guflicient premsure way be doveloped o produe
an explosion,  Inorganic acidr roael with salts ol organic
aeidy Lo produce Lhe free organic acid and a walt of the
inorggunie acid, 11 insoluldo, the organic neid will e procipt.
{nted, Thus, salicylic ncld and banzoie acid are precipitated
from solutions of salicylntos and henzoates, Boric ncld lke-
wise is precipitated from concentraisd solutions of borates.
oy a nimilay reaction, certiin saluble erganic compounds ave
sonverted into an inseduble form. Phamobarbitgd sodiom,
for ewample, in convorted ito phoncbarbitn) which wil pre.
clpitate in agaeous solulion,

The ahility of geids Lo combine with allaloids and other
organic compounds containing a busie nitrogen atom s used
in preparing soluble salts of those subslinos,

Hoshoudd be borne in mind Uil cortnin solutions, syrups,
aligira and other pharmnceutical proparations, may contnin
freo acid, which cumes Lhese preparations 10 exbibit the
ineompntibilitios ehavnotorintic of the aexd,

Acids also powsess the incompatibilitios of e anions
which they eontain asd, i e case of organie neids, these are

frequently of prime importines. “Phese e discussed under
the specific nnions,

Diboted Acide-—Phe diluted neids in tho USE are aguie-
our solutioms of acids, of' s subinble strength (usuaily 10% w/n
but Diluted Avetic Acid is 6% w/v) for internal mhmininten-
tion or for the manufaetare of olhor prepoealions,

The strengthe of the official undiluted agids are expressed
an percentaged w/w, wherens the strangihy of the officin
dilibed neida nre expressed os percent w/v, 1y therefore,
hecomes wocousnty W considor the specific gravitles of tha
comeentrated neids when ealeuleling the volune reguired 1o
male o piven guantity of diluted sctd, The following equa-
e will giva the wamber of moroguired to make 10U ), of
dilutod neid:

. strongth of diluted neid X 1000
Strongth of undiluted acid X sp gr of undilutoed acid

Phus, if one wishes W malkee 1000 ml. of Diluted Hydrochlo-
rie Acid VISP wsing Hydrochloric Acid which aanys 37.6%
HOT Gigr e 1.18), the amound reguired is
--!,0-:)-( 1000 ., 2406 ml
Arh X 18
Diluted Mydrachloric Acid USE is used in the treatment
of nchlorhydrin,  Voweyver, it may irritate tho nineous mem-
hrane of e miouth and utback the enamel of the testh, The
vl dose 8 6 ml, woll-dituted with water, in the froat.
ment of achlorhydrin ne ntempt in mado Lo ndminister more
Lhan a reliof-producing dese. The normal pHoof Lhe gastreic
Julce in 0.9 Lo 1.5 and, iy order to attain this loval, particular-
ly in sovers cases of gastric matfunction, somowhat laeger
doaes of 1he acid wauld be reguired,

Solutions

A solution i n Hguid proparation Wl conlains one or
more soduble chemieal substances dissolved Iy water, The
solute weunlly 8 nonvoladile.  Solutions are used for the
specific thorapoutic effect of the solute, either intornally or
externally,  Although the emphagis here is on the sgueous
golution, sertain preparadions of this Lype (syrups, infusions
and decoctiona) have distinetive charactoristios and, there-
fonve, are described later in the chaptor,

Holventy, solubility and general methods for the incorpo-
ration of a wolute v a solvent nre divcussed in Chapler 18,
Solutions aee usually bottled automatically with eoquiiprnent
of the Lype shown in By 83-1,

Peepnration--A spocific method of proparation s given
in the compendia for most solutions,  These procedures fall
inter thirae main entegories.

Simple Bolutions. - Solutions of this type o prepnod by dissolving
tln medibor {0 italle nodvent. e solvent may eontinin of hor ingredt-
enty whiely stabilize or solubiitzg the activi ygrediens, Caleiom 1.
drovide Topieal Sotuion (Live Watar), Sedium Fhesplates Oral Sodu-
tion pad Berong Tocine Solution ave exom ples.

Caleivm Wydroxice ‘Popical Sobution contadng, in each 100 b, not.
town than 140 gy of CafOHb. The solution in prisparad 1y agétating
vigorously 3 i of erdeiuim updroxice with 1000 s of coel, purified wator.
s valoinn iydheosics mondlowod Loosettle out and the dlony, sapernn-
funt dicude] dispaenmed,

An inerenm in solvent tempernture usuplly implios oo incroase in
solute solubility, This eule doon et apply, however, Lo A solubility of
enleinm hydroxide o witer, which docremms with fneronnbign Lempova,
e, T officinl nobuti in proparod at 269,

Holutinm condmining hyeroxidon teack with tho carlon dlokide i the
atmunplarn,

OH7 - GO, 100y
ON -+ HGO, o COM 1 1,0
Ca® -+ GO Ca0,
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1624 CHAPTER 013

ot v g

Flg #3-1.

Coabeftnn Hydvoxide Topien] Solution, thoralora, should be prosorvad in
weellDillod, Light contpiners, nt w tomperature not exeeeding 26%,

Strony; loting Soluiion eontainy, in oach 100 wl, 656 g of ioding,
wned #5100 g of pelapsdum fodide, 10 ik prepered Ty divmabeing 50 i of
jodine in 100 ml of purifiod watee containing 100 g of putassiun fodide.
Sufficient purifiod waror thon i ndedod to ke 1000 ml of solution,

One g of fodine dissolven in 2450 ml, of wator.  Howevor, solubions of
iodidus dismobve large (qunntition of fodine.  Strong ldine Solation is,
thevefare, nosatution ol pelyiadides b akeon jodide.

T ndy o= 17 gy
Proubly ehargred wions may bo found also

P2 RE ) ML L

Sieomg Todine Solution da clossiliod wiun antigoitrogenie. The ustal
ot B (.38 o, 75 timass o duy,

Soveral intibiotien (o, cloxaeilbin sod fon, nateitlin sedium ol vinieo-
"|y;;l“)' hupgusg (hoy arg rolativily uostodde in aqueoun aplutjon, are
propared by minafsctarord as dey powdars er ranulos in combination
with suitublo bufforn, colorn, dijuonts, disparenits, lavors nnd/for proner
virbivis, Tl preparations, Clogavillin Sodium for Oral Solution, Natt

F—Sately Bwitth
JuFoud Bk
ALtk fiide
E-—Diveharny Bt
Ausclynellow Howt
T¥bp A1 Crynrtiow Tank
BV Titlile
. BBl Gt :
10eFilling Tubs Avambly
A4 uba fablon Rlng Sor
1bwBontaine Hupht

- Ad s .
YViemiipaatl hdluntinent
i 0t
Vo DA Véivy

A rotary geavity bottle tllor (couriuay, US Bottlars),

eillin for Qral Sohation and Vaneoayein Tor Oral Sobutdon mot the
requiromentiof ho USE, Upan dispensing (o the paticnd, the phanoua.
aigt adds the wppropring nmeunt of waler. Tl produets aro stable for
wp b 1 diys whon refeigoeatod, Phiv period auundly jprovidon sufficionl
time Tor the patient Lo conplato tho sdmibleteation of all the medicntion,

Sotution by Chondoal Renatien-Those sehitions are propared by
PeeLing I oF miare sulutes with sueh sUhor inoo suitable volvent. An
wxample in Aluminum Subagetate Topical Solutton,

Alvaninunt sulfnto (146 fie] e dinnolyed o GO0 ], of eold wator, The
yolution is BHerod, and pracipiladod colebont earbonnte (70) I added, in
wivirkal portiong, with constand otiveing,  Avetic acid (560 ML) iy added
wlowly and the mixgues set sride for 24 hro o preduet is tiltored and
tie mnggmn on the Bichoer Hler washed with eold waler wril the total
Biflrado wemmron 1U00 il

The wedution contains penlaguohydiore- and (etrguodihydrogond-
v (T neetites nand walfates dissobveed inan nguonus medinm seiu
vated with endeivin salfde. “Phe nelution containg o wmnl] anwaad of
acotic aeid, 18 Ty stabilizod by the addition ol nob amora than 0.8% Durie
Jl(?i(L

The rasetion invalvad in W progperation of te solution are given
bedow. 'I'he Tokaguo aluminune eations Fiv nee copvorted 1o the poir-
ritntdng JAEHOOH] ™ wnd SAIH) 0 5] wabhons.
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SOLUTIONE, EMULSIONS, SUSPENSIONS AND EXTRAGTIVES 1526

JATATLONT # COLY o A0 (O] 4 B0,
IALOE,O) 7 HGO, T [ALTO),(OFD]™
T HLO -+ O,

Aw Lt cotieentention of 1he hexagia entions doeceooses, seeondnry roac.
Linny snvalving earhonoiv and hivarbonate veeur,

[ALIL O M GO+ JAIH) (0D, )Y+ HOO,™
TANHLONOHNS + O, - [AVTLO)(OH),)!
+ 1,00,

“Ihe 3l U nols b oow Tavors the precipitation of dissalved endeism
fons an e driullo sulfite,  Acelie neid pow in added, “The bicarhon-
nte whiieh in forned in 4w fingt stagen of the promalare i ramoved ag
wrboa dlosidi,

Alnminum Sulyeotora Tapienl Solution inomed i e propocation of
Awninum Acetate Topleal Sofution (Burew's Selulion), The kittar
podutdon conntainn 15wl of glacinl seetic acid, 548 aly of Alaainim
Sudwesd it Togien] Solutioy o s Tieciend waler 1o ke 1000wk, Jrin
defined ax n solation of phyminem seotto iy wpproximataly 4%, by
wedpht, of seotic ueitl in wator. 11 ktahilizod by the nddition of not.
b than O.0% haric peid,

Bolution by Extraction-— Drugs or pharmacenlica) nevesgilios of vog-
vlubde or animal ovigin olten are estreto) with witer or with wator
contpining other sibstanees.  Preparatons of vhis tepe oy be elamilied
i weduCions D, o ofton, aro chamified an ostracts,

Dochos

A douche is nn aguecus solution direeted against o vl or
inte n eavity of the body. 11 funclions as a cleansing or
antiseptic ngent. An eye douehe, uged L remave foreign
particles und discharges from the eyes, is directod gontly at
an oblique angle and allowed (o Fran Teom the inner 10 the
outer corner of the aye, Pharyngeal dotechey are uaed 1o
prepare the intorior of the throat for an operation and
cleanse il in suppurative conditions,  Similorly, there nre
nasal dotches ond eaginaf dovches, Douches wsundly are
divected to the apprapriote body part by wsing bully ayringos
(Chapter 104},

Douches moat froguently are dispensed in the form of
powder with direetions for dissolving in o speaified guantity
of water (usually warm), However, tablels for proparing
solwtions are available (eg, Doliell™s Selution Tablews) or the
solution may be prepuared by the pharmacist, I powders o
Lablels are stppliod, thoy mus. e free Prom messlulle mato.
vinl, in order to produce a clear rolution. "Pablets are pro.
duced by the usual processes (aee Chapter 88) It any labad.
cants or diluentn vsed wust be readily soluble in water,
Boric acid may e used os 2 Tubricant and sedivm ehjoride
normally i wsed mea diluent, Tablets deteriorate on expo-
sure Lo moist air and should be stored in airtight containers,

Preparations of thin bype may contnin aham, wing sulfnto,
boric aeid, phenob ar sodivi Borate, The ingredienta in ono
douche are ulum (4 ), 2ine salfute (4 ), Hguetied phenol (6
mb), glycorin (125 mb} and wadar (g3 to make 1000 ml, of
gedution),  SBedium bornte (borax, sodium tetraborate) is
used in the preparation of Compound Sodium Borale Selu-
tion NIF XTI (Dobell's Seludion), s agueous solution is
alkaling Lo litmuz paper T the presence of water, sodium
metaborite, berie aeid nad sodium hydroxide ave formoed.

Nigft, 0, 4 3H,0 o+ SNaBO, - 9H 130,
NaBO, + 2H,0 -+ NaOH + 1,10,

The officind solution contains sodium borate, sodium bicar-
Bonate, liguefied phenol and wycerin,  The renction -
twaen Dorie acid and glyeerin 3s given in the seetion on
Muwthwasfies, See alua the seetion on Honeys for o discus-
wien on the toxie manifesiations smocinted with the topicat
ngplication of borie acid and hovax,

Ionehes are nol official os o class of propaettions hut
several substoneos in the eommpendin freguently are e
p](.:l\fu(l ag auch in woak soluliony, v, benalkonitm chleride
ks uned By various dovuches ond Conpound Sodivm Borate
SBolution is used wea nosal or pharyngeal dowehe, A nodiem
bicarbonate vaginal douwche hos bean used Lo improve the
posteoitad tesl.

Vaginal dunches avo used For cloansing tho vaging and
hygienie purpased. Liquid coneentrates or powders, which
raay b prrepared in bulk e ns single-use piackagens, whould b
diluted or dissolved in the appropriate amount of wopm
water prioy o use, The gredients aeed S vagitol doneliom
inelude antimicrobial npents sireh ns henzalkoniom ehloride,
the parnbiens o ehlorotliymol, anesthetios or sutipruritics
such as phenol or menthel,  Asiringents such s vine sulfate
or patasaiui nlum, surfooeactive ngents seeh us sodium
Juury! sulfnte und chemionts to alter the pH such ws sodinm
bicarhonate or citvic acid also are used.

Enemas

hene proparations are recta] injeetions eoployed Lo evae-
unts the bowol {evacuntion snoman), influence the general
system by abaorption (relontion enemas) or to affeel locally
the seat of disense. Thoy may possess anthelmintic, nutri-
tive, pedatlve or utimulnting properties, or they may contnin
radiopagque subatances for raen lrenographic examination of
the Jower bowel.  Some officind releption gnemas are ose of
andiophiylling, hydrocortisone and nothylprednisolons aee-
tate, Sinee they are to be retained in the intestine, thoey
should not be used in Iomgor guantities than 150 mb for on
adult, Usupily, the volume is considerably sinallor, such ax o,
fow ml. Microenoma is a term ased Lo descrile these simall
volume preparations,  Vebicles for retention micropnemas
have heen formulated with small quantities of ethanal aud
propylene plyeod, and no significant difference in beitation,
ag compared with water, woas found, A mpuber of dragy such
i valproie acid, indomoethacin nnd metranidizole bave beon
formulaied s mieroeneneas Tor Ui purpose of alserption
The almerption of lae moleeodor weipht drugs, such as
inguling is ubdor currend invostigation,

Stareh enenny may e med oither by Haelf or as o vebicle
for other formsg of mediention, A thin poaste is made by
triturnding 80 ¢ of powdered starch wilth 200 mls of cold
wator, Buffieient boiling water s adeded Lo make 1000 mIoof
enema. The gpreparation then 4 reheated (o oltain o Lraon.
parent. liguid.

Sadium chloride, sodbam Wenrbonate, sodiam monshy.
drogen phosphate nnd sodivm dihydrogen phosphate are
used [N enemns to evaeunte the bowel,  These substanoes
may be used alone, in combination with each cther or in
combination with frritants saeh oo soap,  Brenw of Suap
RIEC 1963 b propared by dissolving 50 » of sofl soap in
sullicient purified water (o make 1000 ml of enemu, Fleet
Enema, o commercially availuble erema containing 16 5 of
sodiutn acid phosphnte and G ¢ of sodivm phosphate in 100
k., is marketed ms o vingleadose dispoanile unit, Tivicua-
Lion enemas vaually aee given nd hody temperaturs in quan-
{itior ol } 1o 2 b injnct.(:d slowly with a uyrin;;{(s.

Sulfasalazine rectnd enema hay heen adimindstered for the
trenbinent of wieerative calilis nnd may bo p]'ep[il‘(!d lyy dlis
porsing the tablets (3-g sbrength) in 250 ml, water. Bariom
sulfate enema conbaing 120 g of havium sulfute, 10 ml of
acacia mueilipe wnd sufficient staveh enema Lo make 500
ml.

Garghas

Charglon aro aquetus solutions used for Lroating the phar
yirx ] nasopharyns by foreing air from the hangs tiroagh
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1620 GHAPTER 83

tha gargle which is held in the throat. Many gorgles must he
diluted with water prior to use. Although mouthwoshes ore
conpidered ns 4 separate class of pharmacoulicals, many are
used ub gurgles, oither s 18, or diluted with water,

Potassiwm Chlorate and Phenol Gargle is official in the
PC. It containg potassium chiorate, 3¢ g, patent blue v
(Cotor Index No 42051) eommercial food grade (0.01 ¥,
liguifiod phenol (16 mE) and water for preparations qu Lo
1000 ml. 1L shoutd be diluted with 10 volumes of warm
water before ust.  The product should be labeled sa that it
cannol he mistaken for preparations intended for internal
addmindslration,

A fnvored selution containing 7.5% povidone-iodine and
a5% alcohol (Fsodine) i available commercially ns a mouth.
wash or gargle afler suitable dilution.

Mouthwashes

A mouthwneh in an aguoous sobution which is mosl oflen
used for its deodorant, refreshing or antiseptie effoct or for
control of plague.  TLmay contain alechol, glycorin, aynthet-
ic aweetoners and surface-nctive, flavoring and coloring
agents,  Commercinl prepartions contain such local anti-
infective ngenta os hexetidine and cetylpyridinium chloride.
They may b either ncidic or basie in reaction and, in some
instunces, may be effeative in teducing hacterisl concentra-
tions and odors it the meuth for short perfods of time,

The produets of commerce (g, Cepacol, Listerine, Micrin
or Beope) yary widely in composition.  Compound Sodium
Borate Solution NF X1 (Dobells Solution) i used as un
antiseptic mouthwash and gorgle, Antiseptic Solution and
Mouthwash are described in NIF X5, The latter wash con-
{aing padium bornte, glyeerin and potassium bicarbonate,
Tho reactions which take place when these subslances oty
dipsolved in water are given below.

SHOH GHLOH HOCH, ™
2(\511()!-{ - B{OH) — AZ'H-------() C?-‘--n-‘-(l}H o 310
RN
B
PN
CH.0H CTfgC3 [V ) v
OO HOCH
: ' 1 KRGO,
QDG [Ke—
LS
CHL0 O3

- TR G

Compound Sodium Chloride Mouthwash, and Zine Sul-
phate and Zinge Chloride Mouthwash are deseribed in the
BIC. The formor wash contains sodium chloride, sodivm
bicarbonate, concentrated peppermint emulsion and dou-
hia-strength chloroform water.

Mouthwashes may bo used for a number of purposes: for
exumplo, cotyipyridinum chloride and dibucaine hydrochlo-
o mouihwashoes provide satisfactory velief of poin in pa-
tigntn with uwleerative losions of the mouth, mouthwashes oy
crenms contnining carbonoxolone ave highly effective dosayo
forms for the treatmont of orofueiul herpes simplex infoc-
tioms, and undelected oral cancer has bueen recugnized using
toluidine blug in the form of & motith rinse.

Julces

A juice i prepared from fresh #ipe fruil, s agueous in
charneter and i vaed in making syraps which are emnployed

s vehiclos, Tho froshly expressed juice is presorved with
henwaie ncid and allowed Lo stind at room temperature for
soveral days, vuntil the pectinn which naturally are present
ara destroyed by enzymatic nction, as indicated by the fil-
tered juice yielding a clenr polution with nleohol.  Pocting, it
allowad to romain, would cause precipitation in the final
Ay

Cherry Juice is doscribed in the eurrent USI and Rasp-
berry Juice in USP XVIIL  Concentratod Haapherry Juico
PC {n proparod from the clarifiod juice of rnupberrios. Pec
tingno i8 stirred into pulped raspberries and ihe mixiure
allowed to stand for 12 howrs, The pulp is pressod, the juico
claritied and sufficient sucrose ndded Lo adjust. tha weight at
20° Lo 1060 te 1060 g per mi. ‘Che juice then is concentral-
ad 1o ono-aixth of its origing volume. Sufficient. sullirous
neid or sodium metabisulfite is added as a preservativo,

Artificial favare now have replaced many of the natural
fruit jwicos.  Although they lack the tlavor of the natura)
juice, they are more stable and ensier o incorporate into the
final pharmaceutical form,

Recent information on eranberry juice indicates that it
may be effactive in controlling some urinary tract infoctions
and wrolithiosis.

Nagal Solutions

Nasal solutions are ysnally aquecus solutions designed 1o
be administered 1o the nasn) pussages in drops or sprays.
While muny of the drugs are administered for thelr local
sympathomimetic effect such as Ephedrine Sullnte or Na-
phazoline Hydrochloride Nasal Solution USP, 1o reduce na-
sal congeation, a few othor officisl preparations, Lypressin
Nawal Solution USE and Oxylocin Nasal Selution USI, ave
adiministored in apray form for their systemic efleet for the
troatment. of dinbetes insipidus and milk letdown prior to
breast focding, reupeetively, 'The current route of adminis-
tration of peptides and proteing is limited w0 parenteral
injoeclion because of inactivation within the gaatrointastinal
traet. As o result, there is considerable resonrch on intrana-
sal delivory of shose drugs such as analogs of onkophaling or
luteinizing hormone releasing hormone and finsulin,

Nasal solutions are propared so that they are similar in
many rospecls 1o nasal secrotions, so that normal ciliary
action s maintained. Thus, the aqueous nasnl solutions
usunily are isotonic and slightly buffored to maintain u pH of
B.F 1o 6.5, Tn addition, antimicrobial preservativen, similar
{0 those used in ophthabmic proparations, and appropriste
druy stabilizers, if required, nro ineluded in the f ormulation,

Commercial nasal proparations, in addition Lo the drags
lisled above also include mntibiotios, antihistumines and
drugs Tor axthma prophylaxis,

A formula for Bphodrine Nasal Drops PC s

Tphodsioe hydreshovide ..o TR 0.0 i
Chiorebutanol .. o o . WBg
Hodiom Chiovide ... ... PR (1. ¥4
Watey Tor proparvations .. ... ... e Lo 100 mL

Current studios indieate thut nassl aprays are deposited
mainly in the atrium and dlenred slowly into the pharynx
with the pationt in an upright position,  Drops spread more
extangively than the spray and three drops cover moat of the
walls of tha nnsal cavity, witl the pationt in o suping position
and head tilted back and turned Jeft and right. s suggost-
¢d that drop delivery, with approprinto movement by the
patient, leada to extensive coverage of the walls of the nusal
shwity.

Otic GSolutions

Thess solutions oecasionally are referred to an aural prep-
arntions,  Other olic preparations often ineludoe fovaulas
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SOLUTIONS, EMULSIONS, SUSPENSIONS AND Bxracyives 1627

Liong such as susponsions and sintments for Lojivitl apphicd-
tim in the enr.

Phe main classes aof driggs used for topicat sdministration
b the one inelude analgesics, oy, henzocaine; antibiotics, o,
neomycin; and anti-nllammalory agents, o, cortizone,
The US)? pr(rpnrm,innﬂ include !\Iliaii}!}‘l‘il\‘-‘- el H(em’.(‘mllil](é
Otic Sobation. The Neomycin and Polymysin 13 Sullotes
and Mydrosortisone Olic Solutions contain appropriale
balfera md dispersonts usundly in sy squeaus soluation,
Thene proparations inelude the main Lypen of sobeents used,
namiely glycorin or water. 'The viscous glyeerin vebicle per
mita the drug (o rennds in the ear for o long time. Anhy-
drouy gly(:crin, lj)(-)inﬂ h_\,'g;l'()ri\:upi(:, Lo Lo remove meistire
from surroubding e, thus reducing wwelling,  Viscous
liguids like glyeerin or propylene glyeol githar are usod nlone
or i combination with a surfactant to nid in Who removal of
corutnan (enr was),

In arder to pl'(widu sulficiond Lime for aguacts prapikn:
tong 10 #el, 1L s nocessary (or the potient. (o remain on his
gide for o few nuinuted so Lhe drops do nok run out of Wie et

(e preparationn are disponsed noa My wiiels pe
mita the ndminiatration of drops,

Irrigation Solutions

These solutions are used Lo wish or Inde sorgiog) incl-
sions, wounds or body Uasues,  Bociuse they coma iy pon-
tnel with expused tssue, ey must ool sLOingent ey .
raents Tor Tjections of the UST sueh as stecility, paviieont, e
makter und the reguirements of the Pyrogen Tesls Ty,
products are propavad by dissolving the autive ingrediony, i,
Water for Injoction, Phey are paokaged by single-dose ooy
tainers, preforally Type Dor Type 1T plass, or suitahle plastic
contniners, and then slerifized. Seo Chaptor T8 For stertliun.
tion procedures, A number of irtigations aee described in
the VST Acetic Acid levipation for bindder irvigalion,
Awminoacetic Acld Treigalion for uretheal surgery sond Sodi-
uiee Chlovide Drrigntion for washing wounds, Other drags
suel ng nmphul.uri(:in B nlso mny he formulated as irign
Lions,

Swoeel or Oiher Viscid Agueous Solutions

Solutions which are swoel of viseid include ayrups, honeys,
mugihyges and jellios, Al of these ore viscous Hgulds or
wemigolids,  The busie swoeet of viscid substances glving
Tirdyr L Uheso proparations nee sugars, wlyols or polysaecha -
rides (furmk).

Syrups

Syrups are concontrated eofulions of sigar such s suerose
in water or other sgueons liquid.  When Purified Wator
alone iy usod in making the solidion of suerose, Whe prepnra-
tioss in known ag Sy, or simple syrap. Inoaddition to
waerose, certain other polvols, such as glycerin or sorbited,
mny he addod to returd eryntallization of suerose or to in
crense Lhe nolubitity of addod ingredion i, Aleolal often is
included ns o proservative and wlao as o solvent. for flavors;
further resistatce to microbisl altack can be onbanced by
incorporating antimicrobiat ngents. When the aqueons
preguralion containg some added -medicinnl substanes, the
wyrup is codled a modicated syrupe A flavered syrap s one
which uruadly is nol. medicated, but which containg various
aromatie of pleasanty flavored substimees and i intended
Lo b used s vobiche ar flavor for pl'(n-u:l‘ipI.i()nn.

Flavorod wyraps offer unasual opportunities e vehicles in
exlemparnneoun (::)]]1;,11,11,:11(“!\1; and ot n(:t'.npl.nri reacdily by
both children and adults, Beeause they contnin no, or vory
Jittle, nleshol they are vohicles of choiee for muny ol Uhe
dreuge that ave preseribed by pedintricinng, Their lack of
aleshol malkes thom superior solvents for watgr-soluble sul-
stancos,  Mowever, sacrone-based modicines continuously
administered (o childron apparenily cause an nereake in
dontab enrigy and ginglvitis; consequently, allernate formau.
lainne of the drug either unsweetenod or sweelentd with
nonentiogenic substnnees should be considered. A knowl-
adge of the sugar conlent of Hauid maedicines is uselul for
patients who are on a restricted ealorie intale; alist has boon
propared by Bergen ®

SByrups posaess remackablo masking properties for hitter
or saline drogs, Glyeyrehizg syrap b hoen recommanded
For cligggaising Lhe sally tuste of bromides, jodides and chlo-
vides. 'This has been atiributed Lo s colloidal charneier and
its double sweetngig-the intrediole sweetinose of tie sugae
and the lingering swoeetness of the glyeyerhizing Thissyrup
i nlso of value in masking bitterness in propacations con-
taining the B complex vitamine,  Acacin Syrap UBP, be-
e of its eolloidnl charnctor, 5 of parlicalnr value as n

vohicte for masking the disngreenble taste of many medica-
menty. Rospherry Syrup FC i one of the most. efficient
Pavering agents nnd ix especiatly uselul in masking the taste
of hitter drugs. Muny {notors, however, entor into the
choico of # suitable flaverlag agent. Lileralure reports arg
oftan conleadictory and there appears o be no substitule for
the tasie panel, The fitersiure on this sulzject. hos been
reviewed by Meer, 7 and this veferenen nnd Chapler 66 should
bee consulted Tor further infurmation on the flavering of
pharmaeouticals and vhe preparation of o number of officiul
wyripa, A sevies of papers by Schimacher doals with -
proving the palatabitity of butk-compounded producis using
flavoring and swestening apgenta

In manufacturing ayraps Lhe saceose must be sideeted
carefully and wpuarilied water, freo from foreign substascens,
and clean vessels and confainers nust be usod. The opora-
tion st e conducted with care to avoid contamination, if
the products are {0 be stable.

T i Smpaetanst that the concontration of sucrose appeoach
but not guite reach tre snturation point.  In dilute solutionm
mopeetse providos an exceellont netrient for molds, yousts and
other microonganisnm, concentreatious of 84% by weight
or more, the solation will retard the growth of suclh microor
anisms, Howoever, psaturated solution may lond to erysinde
Ttwatitm of o part of the suerase ander conditions of chanping
Lemporaiare,

When Jeal s used o the preparation of syraps, thore is
almost certain to be an inversion of u slight portion of the
sucrose, Sueromo setulions ire dextrorolory Inty o hydroby-
sin procoots, the epticn]l rotation deeroases and bogomes
negntive when the renction is complete,  This rosction is
tormed fneersion heonuse foeert suger (dextrone plug leva.
Fasa) ib lorimed, The spocd of inversion iy ineroased gronily
by the prosence of aeids; the hydrogen ion nels as n entadyst
in this hydrolytic renction. luvert sugar is more veadily
fermentable than suorose and tends Lo ba darker in color.
Mevertholoas, s dwo reducing sagaes ove of vahue in retarl-
ing the axidptdion of other substances.

Ingert Syrup is doseribod in the PO s preparod by
hydralyeing sucross with ydeoehloric actd and neatralizing
the nolution with eakeium o sodiun carbonate. 'The suerose
in the 86.7% w/w golution must be at deasd D5% invorted,
The monagraph states that. invert syrup, when mixed in
suitnble proportions with syrup, provents the deposition of
eyl of suerose undor mogt conditions of sloragze.

Tha fevalose formed during inversion iy sweeler than si-
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5ea CHAPTER 83

arase aid, therofors, the resulling syrup is swoeter than the
original syviy. The relative wwostness of levulose, siicrose
and dextrose is 0 the ratio of 173100:94. Thus, invert sugar
i 17100 (173 -+ 74, = 1,23 times as swoet as suercose. The
Jovilose formed during the hydrolysis ajso is vesponsibic for
the darlening of syrup. Tt is sensitive 1o hent and darkens
rendily, particularly in selution,  When syrup or sucrose in
overheated, it carnmelives, Soo Carame! (prge 1200), Oe-
cagionally, it ia approprinte to use & sugsr-froe liquid proq-
rutions a list of these has heen publighoed.!

Preparation..-Syrups are prepared in various wayn, tha
choiee of the proper mothod deponding on the physical and
chemienl characteristics of the substanees endering into the
prepration.

Holution with Hent—This i the wan) mathod of making syrups
when the vidunble samiituont b weithor voluile sor injuved by hond, uhd
whon it i dealpable Lo make the ayrup rapidly, Pl sucrese usunlly in
netelnd Lo the puritiod waler or aguenns solution nl hontad untilwlution
inefTeeted, then strsined nnd aufficiont, purificed wulor sdeied (o mako the
donlrad welght or volure,  IT the sy in madp fromm an infusion, o
decaetfon of ab aogueo slubion containing organie motlor, ndek o 10
frenn maple (ros, it vy ie proper t ol the wyrup 1o the hoiling
paint o cangulta albuminous matlos; sbmoguontly, thik i weparated by
slenining, 1f e albwmin or sther Iapmrities were permitiod to romain
iy b tyings, Tormontntion probubly would e ineltacd D waenn wontlive,
Saaehnrometors are vory taeial in making syroge by tho hot process o
s whore tho proper speelfie gravity of the finighed perip in ot
“They may he Tenlod i e syvup whila Yoiling, nnd thos the oxeed. degiee
of coneontration detormined witlont waiting 1o cool the syrop und hav-
iny; Lo b { agnin b conseondrate i1 furthoer.  Whon taking o romding of
the wpecilic gravily of the hot sysap, whlowanee must b made for the
warintion fron the officiel (omperatore (pecifiv geavitio in the UST oo
tikon nt 257

I xcesnive hosting of syrupm b the hofling tomperature in undesivalle
winge more oF sy inversion of (v suerose seeurs with an incronmitl
tondgney Lo forment,  Byraps cantint b sterllized Do an autoclaye with:
out monie earamadization, Thiv s indientod by u yollowial or hrawmish
antor rmubbing Crony Uy formation of nazamel by Ui setion of sl upin
BuL .

e Toruudn and procedure ghven for Agcin Syrap (page 1301 3hs-
trutus this mothod of propaeation,

Aghtation without Hoat - Thin procews i ueod in thasy eatos whre
henl wonld eaume thi Toss of vidunble, volatile conatilaents, In rradeing
quantitien ug 1o 2000 M, 1he sucrons abonld I added to tho ngupons
aolutian s o hotle of nhoul twles the slzo roguived for the svrap, "hrin
it netlve agitation nod vapid solution Blappering the bottle i
important, a1 provents cantamination and L during e proces,
e bottie should e allowed o lin oy s side when not being agitated.
Gl v banln with muchanienl agitntora, gepocinlly adapted (o dis-
aulving af sierosn, pee el Tor mading syrups i Yo quantitio,

ik methar and . previousdy doneelbid ave wied Tor the prepata-
Liom of 1 wide varlety of propaeations that are popalarty deseribid w
syrupk, Mokt cough ayrups, for example, contnin sucroso and one or
morn nebive ingredients, Howover, thy axet composlLon ol such prod:
tigly f ol given an U dabel, Tarthornora, some of these products ar
Hstedd in Uhe USE it no direetionn nre given for their prepoation,  Tor
axnmiple, Gunifoneabn Syrap USE (rlyearyl il wyron) L otficial
bt the only known ingredients are gonifenosin (ilyuory] ganineolnte}
vl ethumod (eod e G 3% o moes tha 4%).

e P, on the other hund, givon o molhd for the proparation of
Cuocletne Phunphnte Syrop, Phis contwim codeine phosphnta (6 g), wa-
Lor for proparations (36w, ahlurofor apivit (6 mis) and sufticiesl
syrup to ko 1000 mb, T4 oun b used for (e vilied of cough, - Ancther
syrup for thin putrpeno i Codedne Linetus PO Phis ia veally o madicntoll
ayrp which posesies domuleent, wrpoetorant or sedative prul)(»r\-i(m.
Uike tho uyrup, i in colored and flavored, Tl formula for Codaine
Linetus PO i

todebne Phosphote oo Y
Corpound Turtrozine Halutien .. ... , 10wl
Bunzoic Acid Selutiun ... . 20 wml,
Chiweslopm Spieit oo M omd
Water for Propuratlons ... P 20 ml.

........ A00 ml.
T T 11t RTIY A

Loman Byrup
Byrup ...

Pirsalve Lho codeing phosphiate in U waler, add 500 mT of the iy
anied min. Add the othore ingrodiontz and suffisient syrup to [roduce
1000 anla

Yo paedintrie wag, 200 m1of this linetui s dilued with sufficiant serup
to mnke 1900 ml. 3 sugar i contrnindientad i the divt, Disbolie
Cloadeine Linelon con boosds

Codalng Phosphato o000 KA

Clirie Acid monohydrite 0o by

Laawmnt SPAFL o0 s 1 mls
Compaund Tarorazine Belutdon o000 1 ml.
Bongole Ackd Bolation ... oo 20 ml,
Chloreferm Spheit .00 0 AP A ml
Witor Tor Peeparstioms oo 20 ml.
Birtitot Selatien . ... e ER LT P

Pinolyve the codeine phosphate nnd tho citvie aeid B the water, add
) ‘mi]‘, of the norhital solution and mix.  Add the ether Tngeraddlents nnd
sulTieiont norlite) sofution Lo produee 1H0G nidw

Gorhito) Hotullon i the swoeatoning agent and gontaing ot e of atal
solls, consigting muinly of Besorhitol, T lus alout bulf the swenlening
powor of ayrings. [ the LS the FDA Boa lanad i e of chdoraform in
yrealicinng arsed eoxmotion bueaiso of l‘ﬂ])m'l[e(l corinogonicity in winingils,

Rashe tormulatiow cun bo varked omndly Lo produee e highly ndvor
tined articlon of comereo, The preseripGon-anly drag (e, eodeine
phosphate or moathadome) must, of cotivi, Hm ornitted from tho formule-
Hon but, b eerlain countries, such as Canada, o decrensed quantity of
codeine prhouphato i pormitted i an OTC eough syrap. T ndditlon to
the ingrocionts cited or Hutwd i the ofTieied compondin (o ol nquibl or
i|)(»:e|:¢.n.mn1m)_ nury cough Byrupe contain ni antihilntunino,

Minny other netive gendiouts oy, cphedring sulfuto, dieyelmine
hychroehlovide, ehlovgl hydrate or chlorpromazine hydrochlorida} ave
markoted nswyraps, ke cough ayrags, these praparations e finvored,
crdarad pnd pacommendod in Whoke instanees Wi Hhe pationt canniel
wwillow thie selic dosnge form,

Addition of 0 Modicating Linuhd 1o Syrup-This mothod b vesort.
el o in Uhone paner iy which Tuidextracts, tinclires or other liguids are
el G ayrugy Lo mediento 11 Syrups modo in (i wiy wiially devolop
preipiladen gines meohol i ollen an igredient of the Tiulds thus ““‘"‘L
e Jm vemiots ne oily sbntanees dissalved by the aleaiel proeiplitate
shon mixed with the kyrup, producity unsiglitly prepurations, A wod|-
fication of (hit procows, fraguently adopted, consiss of mixing the Muid-
cstrach or Lineturs with Ow water, allowing the mixtare to stamd o
porradt the separatiog of insoluble constinents, fillering nnd thon dis-
metving Uie misoni i Eha lilteate, 11 ik obvious thint this paeedure s Dal.
permintie when (e pracipitolad ingredients aeo the valunlslo el
nil gl

o fermuln mul procadury given for Aromntic Briodictyon Sy
LIST (pape 1301} ilusirate thin moliiod of prepuration.

Yrapsrolntlon-1 this procedure, puritiod wilor, or m: aqiemes anlit-
Lion, is permitied Lo pisi slowly Lhrough bed al eryatutline aueroso, thus
dinsnlving i and forming asyrug, A cotlon plediet is placed in the neck
of the purentitor ind the water or agueoun selution added. Ty means of
o witable wopeonk tho fow Ix regulated so that draps appont 10 npid
auemwion,  1E necessary, o portion of the lgald 1 pecyeled thirough tho
poreolntor o dissolvo oll e soeeose, Finally, sofficion purifiod waler
i ymned Lhrotgh the cotton Lo maks: the requived velutne,

T e ceenalul i waligg S o, cura in soveral particulark must,
bo axorcinesk (1) the porealalos wod phould be eylindrical or semicylin-
drienl and come-rlinped s b noars the lower orific; (2) wcoatne Keannlar
g 0. i ke, othorwin itwill coulosce Inbo o compact imasn, which
(ot Heguick emtsit, permente; (3] the purified eollon nust L Introduced
with eare

3 presned in too tighthy, te cotlon will stop the process affoatinillys if
insortoil {oo kourky, Uhe Jguid will pass Uhrough the cotton rapidly and
the filtrite will e wouk and tirbid (rom imperfect fleation); it whoutd
Vi innertid completaly within the noek of the pereslido, Aince L proLrd-
ingz eandl, insido the percolator, upy thvongh the sicroi, will pormit the Lant
prtiuas of wator to pais out at tho lower orfice withoutdismniving nil the
suerone, Jor apecitic direclions soo Syrpm (prgge 1301), The process of
percolition i applied on i commarcial scale for the maiday of official
wyrups us wWoll @ Uhosg for aonfustionary use. )

Poreulation in the prefored mothod for the proparation of Hyrup USE
(oo 1901). Tho suersss, in Uin instance, i plneed it Lo pureolitor,
l'%c)wcuwr. i wlightly muclifiect appronch must. e vsad i w diug of vogsa
1aler orfgh b o im incorporated o thiwyrap,  Foy exatnplo, wikl ¢herry
bk in firut poseclated with water; tho colleotion vossn) eontiing wicrone
(BOU 1) andd glycerol (60 mL), When the total volume is 1000 mli, 1he
poreolite in uyitatad 1o produce Wild Chorry Byrip P,

Woconat i Lo 1y ordor to fuaprove stalslity and minimize wiciobi-
al eantamination, dry syrup farmulntions vn be propared nod Purifiod
Walor USI added just prior 1o dinpmaudiyg or deo, Pewedor mixiies,
whedly gromubntecd products sud partally grasulated produdta linve Fsuugans
investignlod Tor Lhis purpnse by Rydoe

The powder mixture prepavation requiven leas i ant and energy
L prepate,  Chentical wtibility prablams are minimal, sinde po hoat o
wolvants are wed 0 the procaas and o low mebiture content enn i
abtainl it Uhe Linal product; ynforlunately, pewdor iIRIUTCE nie pron:
Lo lmogonolty probloms, I the cant of the whelly gransiatod proeduel
wlf the inredients aee fmeladod b the granudndion stage. The dvuy may
De ingorporated inte the dry produet holor geamdutinn or dissalved or
aspended in the granalating tld. - After formation, tha granulon pee
dricd and them sereonad 1o hreak down ovoesiee particies, P advan:
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SOLUTIONS, EMULEIONS, SUSPENSIONS AND EXTRAGTIVES 1820

Cagess ol grosudpted over poseder anixbores inelade Ditler apgcaianee,
ol Lo e, Tovwnr wagreogation protidems and loss dual durigg peoessing.
Partinlly granulmted mixturven ave nod Lo gain some of (i advastags o
peanudatlon withotl the disdenntages. Urinily the drg, pad athar fine
partielos, nre inelucied af e granation stage, pohagm withspme ddilu-
anta L ingredve Teow and Peduccegrogntion and dusl, Materinl seteel-
wil for mizingg withy the deted granuber would inelsde iaronelabile exeips-
piyta, el as Pavors, e Free Gowing nuderiads, such os sgars,

Proservation--Syrups should he made in guantitivs
wltich cun be consumed within a few months, excepl in s
cnses where speciol faeilition o be employed for their par-
sorvabion; a low temperature & Uhe best method, The USP
indicntes that syvups should nol be exposod Lo excessive
hent.  Concontration without super-sataration s alo a con-
dition favorable to preservation, The USE statey that wyr-
ups may contain preservatives o prevent bueterial and maold
growth such ws glyeerin, methylparahon, Lonzoie acid and
wodium benzonts, particdlmdy when the concenteation of
suerase i the syrup B low, Combinations of allkyl eators of
p-hydroxybenzoie ncid are effeckive inhihitors of yomts
which have been implicated in the contnmination of com-
morcial syrups, Any atlempl to rosloro syraps spoiled
through formenlation by heating then ansd “working them
over' s reprehensiblo,

The official syrups shoukd be presorvad in well-driod hat-
Wes, proforably those which have hoen storilized.  Theso
hottles showld not hold more than s bikely to be reguired
during 4 to & weeks and showd be Tilled completely, stop-
pored carefully and stored in u cool, dark place.

Syregs Prepared from Juiees

Blackierey, pineappie wid strawherry syrups may he pro-
pared by following the directions in Raspherey Syvup PC.
One volume of Lhe concentrated rasphoryy juieo is diluted
with 17 volumes of syrap. Black Current. Syrap PC s pro-
pared i A gimilar manner but alse can be prepoved from
hlack ewrrnnts, with certain modifications. 'I'he pectin in
the juice is destroyed with pectinme. The syrup is prepured
from 700 ¢ of wuwerose and 560 ml of clarified juice and s
preserved with sulfurous seid or sodivm inetabisulfite, The
nchelition of u dye is permitted, provided it complies with the
pertinent government regulntions.  Cherry Syrup USE iy
propavad from eherry juice by the addition of aleohal, sa-
crose and water (bage 1301,

Honeys

Honevs are (hiel tiquid preparations somewhat allied o
Lhe myrups, differing in that honey, instead of gyru, s uued
ue g base, 'They are upimportant ns a claas of preparalions
oy bt al one time, before swg wan available and honey
wns the most common aweetening sgent, thoy were used
widoly, M0 listy bwo proparations containing honey,  The
fivat, Oxymel, or “seid honey,” is o mizture of acetic acid
{150 ml.), purified waler (150 ml) ang honey (sufficient Lo
produce 1000 ml, of preduct). Squill Oxyvmel coniaing
guitl, water, ncotic ackd and honey and is preparved by a
RMCRFALIGN Procoss,

One nonofficial preparntion contning bornx (10.5 g, plyes
erin (528 g) and sufficiont. honey Lo make 1000 5 it has
Bown indleatod that this type of product ean enuse serious
Borle acid intoxication in habies. 1 should not he used in
pharntaceuticnl practice, Thick and thin sugar paastes con-
lnining Cagter sugar (very tine granular sugne), icing sugar
{(nddilive-froe), potyethylone glyeol 400 and hydropen perox-
ide {in o final concentention of 6% have heon propared
and whown to be beaelicial in the proeess of wound heading.

Mucilages

The alficint mucilages are thick, viseid, sdbosive louids,
producsd by digpersing gum mowater, of hy extracting the

mueilnginous principlen from vegetable sulatances witl wa-
tor, “I'he muciloges nll are prone Lo decomposition, showing
apprecinble deerense in viscastly on slorage; they should
never ha mado i quantitios larger tian o be used bomedi-
alely, unlesy a presorvative is addod,  Acacis Mueilage NI
¥I eontalig bengoie acid and Uragacanth Muellnge BPC
(1973 containg sleohol and chloroform water,  Chloroform
in manufmeturod products for internanl ose is bunned in some
counirios.

Acacin Mucilogo may be propared Dy phaeing 3h0 3 of

aenatn in oo graduated bottle, washing the drag with ecold
purified water, allowing it to drain and ndding anourh wann
purified water, in which 2 g of hensoie neid g hoen dis-
salved, to muke the product measuve HH ml. The botdle
then s stoppered, placotd on ity side, rotated ocensionnlly
mnd the produet strained when the acacin has disselved,

Tropacanih Mueilage BPC (1073 s propared Iy mixing
Va5 of tragaeanth with 26 mL aleohol (00%} in a dey holtle
aind then quickly adding sufficiont chloroform waler to 1000
ml, and shaking vigorously. The alechol Is used to divporae
the gum Lo prevent agglemeration on addition of the water.

Muailoges are used primarily Lo ald I suspending inselu
ble subtanees in Hguids; their cotloidal clnrseter and viseosi-
ty help provent immedinte sedimentation,  Fsamples lo-
clude suifur in lotions, resin in mixtures and oils in emul-
sions,  Both tragneanth and acoacin either are prtially or
completely insohuble in pleobol, Trygmennth is precipitnbed
fram solution by alecobol, butl acnein, o the other hand, iy
soluble in diluted aleobolic solutions, A 60% solution of
acoeia may e propoved with #0% aleohol wid w 4% salation
of nencia way be prepared oven with 50% aleohol,

Phe vikcouity of trgaenanth mueiluge is reduced by aeid,
alkali or sodium chioride, particalarly i€ the mucilage is
heated, T phows nxhnum viseosily ot pH & Acacin ik
hydrolysed by dilule mineial acids o arnbinos, galactoss,
aldobionic and gatacturonic acids,  1ts viseonity i low hat is
maintuined over g wide pld ronpe.

Rocont resoarch on muciligres includes the proparation of
mucitage from planiain and the identification of ils sugars,
e preparation apd suspending properiios of oo g, the
prepuradion of glycorin ointments wsing Aaxsend muciyge
and the consideration of varicus uma and nueibeges ol-
tainad from sevora) Indisn plants for phasmaceutioal pur.
PORES,

Severnl synthetic mucilagedike sulmtanees such ns polyoi-
nyl aleohinl, methylvellulose, carboxymethyleclulose md
rolatod substances, as described in Chapter GG, ne tsel o
mmetlago substitutes, emulsifying wind suspendingg agenls,
Mothyleahtulose (e 1306) is used widely us a bulle lnxative
wince 1L absorbs water and swells tooa hydrgol in the intes-
tine, in much the snme manner ag psyifiem ov karayi fiam,
Methyleelhdose Orpd Solution s a flavered solution of the
agent, TLmay bo propared by adding slowly the methyleol.
lalose to about oue-third the amount of boiling waler, with
stirring, wntl it fa thorowghly wetted,  Cold water then
ahowld be added nod Uhe wetlod material alowed Lo dissolve
while stirting.  The viseoaity of the solution will depend
upon the copeentration and the specifications of the molliyl
aelulone, e synthetic gums are nunglycogenetic and may
e uaed in the preparation of dinboetic syraps. Several [or-
mudas for suel syrups, based on sodiam curboxymethyleedlu-
lose, have been jropased.

Unifermly snmooth mucilyges sometimes nre diffieult b
propare due W the uneven wotting of the gums, In goenetal,
it is host. Lo une fine gum particles and disperse then willy
pood agitation inaTitile 95% aleokol or in cold water (except
{for methyleeltulose),  The approprisfe amounl of wator
then can e added with sonstant stiveing, A roview of the
chomistry and propertion of neacin and other guma how been
prepured,!!
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Wi CHAPTER 84

Jaoltes

Jolties are u class of gols in which the structural coberent
randeix containg o high portion of Yiguid, usually watar,
“Phey nro similar to muciages, in that they may be prepared
fram similnr gams, Bt thay diffor from. the laiter in having a
jolly-like consislency. A whole gum ol the heat aunlity,
eather than a powdered gmum, is desirable in order to oblain
elear propocation of uniform consisleney. Tragacanth is the
e used in the preparation of Iphedrine Bulfute Jelly NF
V11, While the speeific thickening ngent in the UST jellies
is not indicated, reference usunlly is made in the monograph
to n wiler-soluble viscous buse.  ‘Theso praparations also
may bhe formutated with waler from acacia, chondrus, gela-
tin, carhoxymethyleetlulose and simifor substinces,

Jellies are urnd s labricants for surgien! gloves, eathotors

and ractal thermometers, Lidocaine Hydrochlovide Jelly
USP is used ak 1 topical ancsthetic,  Therapeoutic vagingl
jollics are nvaitable and corinin jelly-like proparations are
uned for conirncoptive purposes, which often contain suf-
Puce-actkive agents to enhance the spormatocidal properties
of the jelly, Aromutics, such ax methyl salicylate and euca-
lyplod, ofien are added (o give the proparalion a desirable
ador,

Jollies are prone to microbinl contamination and therofore
conlain prosorvatives, oy, methyl phydroxybenzoate is used
ns A preservative in o base for modicated jellios, T'his bage
containg sodium alginate, glyeerin, caleium gluconats and
water. The epleium jons eatse n cross-linking with stdium
alginate Lo form i ol of firmer consistency. A discussion of
pals ia provided later in the chapler.

Nonaguoous Solutions

. 36 difficult to evaluate foivly the inportance of nonagque-
pus solvents in pharmacoutical processes. Thal they are
impertant in the manufncture of pharmaceuticaly s on on-
derstatment.  However, pharmaceutical prepurations, and,
in particalar, those intended for internal use, razely contain
more than mitor quantities of the orgonie solvents thal are
common to the monulacluring or analylical operation. For
pxample, industry uses Intge quantitien of chloroform in
yome operations but the solvent is of only ninoy impertance
with respect to the final product, One mbs of chloreform
dissolves in abont 200 ml of water and the solution so
formaed finds some use an a vehicle (see the section on Aro-
matie Waters), Chloreform has hosn an ingredient in a
number of cough syrups in the pant but it hes been banned in
the US by the FDA in manufactured products intended for
internal use. Solvents such ag acetene, bonveno and petro-
leum ethor must net be ingredients in preparations intonded
for internal use.

Praduets of commerce may contain solvenls such as
eihanal, glycerin, propylene glyeol, cortain oils and liguid
paraffin, Proparations intonded for external use may con.
tain ethanol, moethanol, isopropyl aleohal, polyethylong gly
cols, various others and cerlnin esters, A good example of
proparationy of this type are the rubofaciont rubbing nlae-
hols.  Hubbing Aleohol must be manulnctured in sccor
dunee with the requirements of the Burems of Aleohol, To-
hices aud Firearms, US Treasury Dept, vaing Formulg 23-H
denatured aleohol. This mixiure containg 8 parts by volume
of aectone, 1.5 parts by velume of methyl isabutyl ketone
and 100 paris by volume of ethanol, Besides tho alcohol in
the IRubbing Aleohol, the final product must contain watler,
sucrone oclancetale or denalonium benzoate and may con-
tain color ndditives, perfume oils and a suituble stabilizer,
"Phe aleohol content, hy vohume, is not fess than 68.6% nwl
not more than 71.5%. The mopropyl aleohol contont in
Lwopropyl Rubbing Alcohol can vary from 68.0% to 72.0% aud
the Finished product may eantain eolor ndditives, perfume
otls nnd suitablo stabiliners,

Although the lines hetwesn aguoous and nonagueos
proparations tend to blur in those cuses where the solvent is
waler-golubly, it is possiblo to coteporize a number of prod-
wels s nonagueous,  This section s, thorefora, dovoted to
groups of nonaguecus suiutions; the aleobolie or hydrealeo-
holic solutions (e, elixirs and spirita), cihereal solutions (eg,
sollodions), glycerin solutions (og, glycering), olesginous so-
Jutions (og, Jnimonts, oleovitamine and toothache drops),
inhalations and inhalants,

Although this list is setf-limiting, n wide variety of solvents
are used in various pharmaceutical proparations.  Solvents
such as glyceral formal, dimothylacetamide nnd glycerol di-

methylketal have haen recommended for many produets
produced by the industry. However, the texicity of many of
Uhese solvents in not well-estahlslied and, for this reason,
enraful clinionl studies should be earried out on the formu-
lated product before it is reteased (o the markotplace,

I, is ossential that the toxicity of solvents be tested uppro-
priately and approved i order Lo aveid problome:  Tor ox-
minple, the tagic Toss of life which oceurred during 1937
when disthylene glyco) was aaed in an olixir uf sulfanilamide,
Tho result of this tragedy was the 1038 Pederal Food, D
and Cosmétic Act, which requived that produets be tested
for hoth saluty and effectiveness,

Collodlons

Collodions are liguid preparations conlaining pyraxylin (a
nitrocellulose} ip a mixture of cihyl ethor and ethanol.
Thay ure applied Lo tha slkin by means of asoft brugh or other
suitable applicator and, when the sthor and sthuanol have
svapornted, leave a film of pyraxylin on the surface. ‘The
official medicated collodion, Sukioylic Avd Collodion usk,
containg 10% why of salicylic acid in Flexibls Collodion usgp
and i used m 2 keratolytio agent. in the treatment of Cors
and warts.  Collodion USE and Flexible Collodion LIST are
walerrepoliont protectives for miner culs und seratehes.
Callodion is mode fexible by the nddition of castor vil and
camphor,  Collodion has been used to Teduco ov oliminate
the side effocts of fuorouracil Lreatmen, of solar keratoves,
Vehicles other than Tlexible collodion, such as a polyacrylic
Ioge, have been used to jneorporate salieylic acid for tho
trontment of warte with less irritation,

Elixire

lixirs are cloar, ploasantly Hovored, sweelened hydronl
coholie liguids intended for oral use. They are used ws
(lavors and vehiclos such as Aromatic Blixir (ge 1302) for
drug substances and, when sueh substasees nve ineorporated
into the spocified solvents, they are classified as modicated
olfxirs, eg, Dexamethasono 1Wixir USSP md Phenobarbitn
Tlixir USP. ‘The main ingredients in elixirs ave ethanol and
water bul glyeerin, sorbitol, propylene glyeol, flavering
agenls, proscrvatives and syraps oflen are used in the prepa-
ration of the final product.

The digtinction betwoen some of the medicated syraps
aned elinirs is vot alwayg clear,  For example, Ephediine
Sulfute Syrp USP containg hetwoeen 20 and 40 mL of aleo-
ol in 1000 wl of produet, Ephodrine Blixie PC conlams
gyrup and 100 mb of ethanol in the suinoe final volume
Definitions are, therefors, inconsistond and, in seme in-
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SOLUTIONS, EMULSIONS, SUSPENSIONS AND EXTRAGTIVES 161

atances, not Loo importat with respect to the naming of the
articles of commorce,  The exach composition musl, howeyv.
ar, be known if the prosence or abseoce of an ingredion (og,
sirerone) in of thernpeutic significance or whoen nn additionat
ingrodient must be mcorporntad in the produt,

Iixirs contain ethylaleohol, However, the aleoholic con-
Lend will vary greatly, from elixies containing only o small
fuantity Lo these that contin ncaneidorble portion ag a
nocessary aid Lo solubility. For example, Aromatic Elixir
ISP cemtaing 21 Lo 83% of aleohol; Compound Benvalde
hyde Wlixir, on the other hangd, contadne 3 to 5%.

Tlixira alna sy contain glyeerin and syrup. 'These may
he ndded W incrense the solubility of the medicinal ggent. or
for sweetening purposer,  Some elixies contain propylenc
rlyeol, Claims have been mado for this solvont. as n satislnc-
tory subslitule for both ghyeerin and aleohol.  Sumner,'* in
his paper on terpin hydrato preparation, summarized the
ndvaninges and disadvantsges of chis solvent and suggested
severn! formulations with therapeatic charseleristics super-
or Lo thase of the elivir described in NI X1

One uxusl dose of tho elixie (5 ml) conlaing HH myg of
torpin hydrate.  This substanee iy ased in bronchits in
dosoes of 125 Lo 300 my s o expectorant,  Therelore, (ha
alixir in inofTective for the Wreabment of hronchitin,  Howay-
er, i1 i ured g8 a vehielo for the drugs in many commercinlly
availuble cough wyrups, These may contain dextromethor-
phan bydrobromide codeine phosplinte, chlerphenivanine
maleale, pyriluming maleate, smmonitm chlovido, creosote
and o wide variely of other drags with expoctorant mng
nnbilbinsive propertios,

Ono of Whe Tour formulations doseribod in Sumnoer’s paper
i given helow;

Pepin Rydeate oo Bkt
Orapgo O ... e . e 1 ml
Renzaldahydo 0008 i,
Borhitol Solotion 8 _. oo 000 10,0 ml
Peopvlene Glyenl ... 4.0 ml,
Aleohol . e 4%.0 ml.
Purificd Wator, o sufficlent quan.

Lity, tomnke ool PR 1T X (1Y P

Hssedve the terpin bydrale i the propylme glyeol and sorhitol
feution which Unve boen Dentad 10 50% Add the ofl and the benzal-
dehydo to tho aleohal and mix with the worpin hydrate wolution u
uhe,  Add sdlicient positied waler Lo wake e produch measure
160 mi,,

The elivir containg 300 mp of Lecpin hydrate/B ml., o
minimal quantity of wheohol and Havoring agents which ade-
quately mask the taste of propylene lycol.

Although steohol s an excellent solvent for some drups, it
does acceniunto the satine tasto of bromides and similar
it 1ooften i desirnble, therelore, to substitute some
other solvont thal is moro offoctive in masking such tastes
for pirt of the nleoliol inthe formula Tnogenoral, i tosio s o
constdoration, Uhe formulator in more prone Lo use n syrup
rather than a hydroalcohelic veluele.

An elixir may conlain water. and nleohol-soluble ingrodi-
onta, 1f guch is the cane, the following procedure is indicat-
wl:

Pimuolve tho waler-solubde ingredionta in port of the walor, Add
and solubllive the sucrans in the aquecus selution,  Trepore an
aleoholic wolution eondaining the ather ingredionts,  Add the aag-
o phase 1o the aleoholic selution, filer md make 10 volumae with
wator,

Sucroac incransos viscosity and decreanos the solubilizing
propertion of water and so mast be sdded after primary
solution haw heen offected, A high aleoholic content. s
maintained during prepavation by ndding the aqueous phase
1o L abeoholic sohuition.  Blixirs always should he Ieilliant-
Iy cloar, ‘1'hay may o sirained or fiflered ond, if nocessary,

subjected to the elarifying action of purifivd tale or ailicoous
aarth.

One of tha former officin] elizirs, Tno-Aleoholic Blizir NI
RV (page 1328), actually is o combination of fwo solutions,
one eomtaining # Lo 10% ethanol and Lhe other containing 73
Lor T8%,  Min uned ag o vohicle for various medicnmants that
require salvents of difforent aleoholic atrongths, For exam-
phe, the alcoholic stragth of the elixir (o bo used with a
singde Hguid palenicnl is approximately the sone oy that of
tho gnlenien), When different adeoholie strengths arve em-
ployed in the some praseviption, the elizir to bo asoed is the
one that produces the Beat solution,  This is ususlly the
avoerage of the alooholic strengtha of the sovoral ingredients,
For nonextractive substances, the towest alcoholio strenglh
of elixir thal will produce n elone solution should be selected.

The formula for Wigh-Alcoholic Blixle fs

Compound Ovprgo Spirkt ..o 4 ml.
L TT T 1T0Y ¢ £ I HE']

Glyeerin ... ..o oo 200 mi,
Adeodsod, o subficient quentily, to make ... 1000 ml.

This elizir, atnd many other liquid preparations intended
fur internal s {og, the dinbetic syrups thickoned with sodi-
ut earboxymethyloollulose or similar subslances) contain
snccharin, l)ur:n{f tho pust Fow yonrs, scientists hove stod-
jed the loxic effects of this sweelening agent ang of the
cyelamaten, ‘The eyelamate studies showed that the sweet.
eier could produce cancer in animals and, uw a rosult, thia
withslance was removed from g wide variety of lnmlm t4,
Similar studies have beon earvied oul on saecharin,

Cyclamantos und saccharin have haen banped in some
countries sy ingredients in mpnufactured products, Much
resereh has beon done Lo find a anfo synthetie substitute for
sucrose,  As a rosull, aepartame (methyl N{-L-w-aspartyl)-
1.-phonylaliminata), which i about 200 times sweeler than
aueroun, is boing wsed now in wany commercinl propurations
g the swoatening agent. 1L is sparingly soluble in waier and
in most stable at g pH of 4.3, Phis compound lilely will be
wred in a pumber of pharmaceutical formulations in the
fubure, !

Tocompatihilities—Since elixiry conlain aleohol, incom.
patibilitios of this solvent are ap important consideration
during formulption. Aleohol precipiiates bragreanth, noncig
and ngar from ROUBO aolutions,  Similaely, it will preeipi-
Lt many inorganic aals from similar solugions. The imphi.
cation here is ibat such substances should bo absent from
the nguoous phase or present in sueh concentyations that
there in no danger of precipitotion on standing,

If an aqeous aolution i added to an elixir, a partial procipi-
tation of ingredients may occur, 'This is duo o the reducad
alecholic content. of tha Minal propatalion,  Usually, howes-
or, the aleoholic contant of the mixiare js not sufficienily
decrensod Lo cause goparation.  Ax vehicles for tnclures awd
fluidextracts, the ofizits generally enuse o saparation of ex.
tractive patier from these products due o a reduction of the
nleoholic content,

Muny of the incompatibilities between elixirs, and the
substances combined with them, are due to the ehemicnl
charncteriation of the elixir per ae, or of the ingredionts in tho
tinal preparation, Thun, certain elixi are acid in reaction
while others may bo alkaline und will, thorefors, behave
necordingly.

Glycerins

Glycerios or glycorites sre solutions or mixtures of medici.
nad substances in pot Jews thany B0% by weight of glycerin,
Maont. of Lhe glycering are oxtromoely viseous and somo are of a
jully-like consintoncy. Fow of thom are used extensively,
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1532 CHAPTER 83

(Hyeorin is a valuable pharmacoutical solvent forming
permanent and eoncentrated solutions not otherwise oblains
able. Somo of these solutions are used in their original form
as medicinal pgonts whilo others are used Lo propare nquoous
and aleoholic dilulions of substances which are not readily
roluble in water or nleohel, Antipyrine and Benzoeaine Otic
Bolution USE was discussod proviously undar Otie Solte
tions, One of the glycering, Phenol Glyeorin PC s diluted
with glycerin to form the pharmaceuticnl preparntion, Phe-
nol Bae-Drops PG,

I'hewol Glyeorin PC

Phemnol ... i 160y
Glycorin ... 00 i e L LILNS
Iigsalvo the phenol in the glycorin.
"onsl Bur«Drops PC
Phonol Glyeorin ., e 4 ml,
Glyewrin, p sufiicient quantity,
Wmake oo 100w

Water must not be added 1o this preparation. . reacts
with the phenol to praduce o preparalion which is coustic
and, consequently, damaging to the area of application
Thia product no longer is recommendod bacause of the possi-
hility of nacrosis and perforation of the tympanic mem-
brane.  Asnoled under (Mie Selutions, glycorin alono s usad
Lo aid in the remaoval of corumen.

Sodium Bicarbonate Bar-Dropa PC may he used il wax is
o bo romoved from the ear. This preparation contnins
sodium biearbonate (5 g), glyeerin (30 mL) and purilied
water (o sulficiont quantity to make 100 ml). A plycerin
base was chosen ng the opiimum solvend, for an otic prepara-
tion in 4 sbudy invelving the stability and antimicrobial
aetivity of lumamyein sulfute slie drops,

Starch Glyeerin, an omaolliont, conlning starch (100 g,
bengoic acid (2 g}, purified water (200 mL) and glycerin (700
mlL),

Glyeoring aro hygroncepic and should be stored in tightly
chonudd containers.

Inhalations and halants
Inhaletions

These prepurations are 8o used or dosigned that the drag
in enrried into the respiratory tree of the patient.  Tho vapor
ar migt renches the alfected nren and gives prompt relief
from tho wympoms of bronehinl and nasal congestion, The
LISP deflines Inhnlations in the following way:

Thatndiong aye (!muu or solulivon of drgn administered by the nanal
or oral respitatory routo for local or aystemic effect.  [Sxatmphoa by this
Phnemacopetn are Tpinephrine Tnhalation and laappratovena] Hydee-
ehloride Tnhalation,  Nobulizers are suitihlo for the administrtion of
Fhnlatiom solutions aindy U0 thay give droplets sullichimtly e and ani-
Foerd Ji td20 00 thot e mint venchos the bronehiolos,

Anathwer proup of products, alko known s inhadations, sad sometimoes
entled insutDationg, connixly of finely powdered or tiguid drugs that, axe
enrriod indo the rospicatory passagos by e ase of wpecial dolivory ays-
Lo, such ds |)lmrmut:wl-im! aerosnly, it hold naohlution or suspmsion
of the drug inoo Bauefiod gon propullood {see Aoconola), Whon reloanet
Lhragch i naitahlo vadve and oral adapter, 4 motoved dose of the inhaka-
tion ig propelled yto the respivatery lenet of the pationt,  Pawdors also
may b n(ﬁm!niutomd hy mochoden) devices that roguire & nsaadly
praduced prowure or a deep ingpirntion by the patient, ey, Cromaolyn
Sodiun,

Solutlons may he nobubized by wie of inert gaaes,  Nobulizod sobutions
may bo hroabhil direetly fram the nelwlizer, or the nebulizer muy o
attaehed 1o 0 plostic faee mank, Lenl or itorpittont positivo-pressare
Bronthing (17P1PH) manehing.

As utated in the USP, particle size 18 of major importance
in the administration of this type of praparation. The varl-
ous mechanical devices Ut are used in conjunction with
inbulations are describod in somo detail in Chapter 104, It

has beon reported that the optimum particle wize for pene-
teation into the pulmonary covily is of the order of 0.5 Lo 7
it Fine miste are produced by pressurized serosols and
honge possess basic ndvantages over the older nebulizers; in
addition, metered aerosols deliver more uniform doses,  See
“hapter 92,

The term Inhalation is used commonly by the Inyman Lo
reprosent preparations intended Lo be vaporized with the nid
of hend, usually steam, and inhaled. Benzoin Inhalation PG
containg Bonzoin, storax mnd aleohal, The vapors rom a
prepavation centaining 1 leaspoontul of the tineture and 1 gt
of boiling water may he inhaled. The device known as o
paporizer is uod with a number of commercinlly available
preparations of this Lype.

Epinephrine Inhalntion and laoprotorenc! Hydrochloride
Inhalation are dereribod in the USPR,

Inhaluris
The USP defines inhalanty ag follows:

A specind eloss of inlwlelione Lo “inhinlants" congista (h['(lrn!{ll ar
combinations of drugs that, by virtua of Uhwir high vagoec prossuro, eon Te
carriod by i nir enevent iudo the pasd passigee whove thoy exerd thoir
offoct, The container from which the inhidan b s admtinislorael i livown
i an inhindor,

Iropylhexedrine Inhalant and Tuaminoheptane Inhalant
conist of eylindrieal rolla of suitable {ibrous matorial im-
pregnated with propylhexedring or lusminoheptone (as car-
honate), vsunlly aromatized, and contained in a suitahle
inhaler.  Propylhexedrine is the active ingrediont in the
widely used Benzedrex Inhaler. Both of those drugs wre
vaspconsbrictors weed Lo reliove pounl congestion.  Inhalors
which como in eontact with the mouth or nosal pagsages
become contaminated by hacteria, thus, they should be ro-
glricted Lo personal ua,

Ancther inhalant is Amyl Nitrite USSP which is very flam.
mable and should not ho used whera 1 may be ignited, Itis
packaged in sealed glass vials in o protoctive gause. Upon
broaling the vial, the gauze absorbs the drug which ia then
inhaled Tor the treatment of angingl puin, Seo page B43.

Liniments

Linimetsts are solations of mixtures of virious substatices
in oil, aleobolic solutions of soap or emulsions.  Thoy are
intended for external application and should be so Inboled.
They are mabhed onto the affected nrea and, Deeause of this,
were once oalled embrocations.  Dental Eninuents, which are
no longer official, are solutions of active substanees and are
rubbed into the gums,  Most dentisls question their uselu)-
nesn and, consequently, thin typre of preparation is relatively
unimportant as o phoarmaceuticnl fom.

Liniments usually are applied with {riction and rubbing of
the skin, the oil or soap base providing for ease of npplication
ond massage.  Aleoholie linimonts are used penerally for
their rubefacient, eounterirvitant, mildly astringent and
penetrating effects,  Such liniments penetrate the skin more
readily than do those with an oil base.  The oily lininients,
therefore, aro milder in their agtion but are more usaful
when massnge is roguired, Depending oo their ingredients,
such linimonts may function selely as protectivo contings.
Lintments should not be applied to skin thal i hraised or
hroken,

Many of the marketed “white" liniments are bused on the
Formulation below or variations Uhereof,

Whito Linfimont, 1°C

Ammonium Chloride ... 125k
Dileto Ammonda Solation .., ... ..., 4F ml
Olede Acid . ..o oo, B8 mll
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Turpeplina il ..o . 2600 ml
Wider for Peoparatlons oo oo W25 ml

Mix the oleic aeid with the tarpenting i), Add the dilote sming.
nin golulinon mixed with 4 ml of peovioosly wartned water md
ahyde,  Pinbve the amening chlwdde in Lo romaindor o tho
wator, nedd 1o th mimaluion and mix.

Other linimonts contain antipruritics, asttimgents, smel-
tonls or nnslgesios nnd are clussificd on the basiz of ther
netive ingredient. An example is

Cosopound Calpming Appliention PO
{Compound Calnmine Liniment)

Cnbnmine .o e TOUE
Fine Oxdde ... 0 oL fi g

Waol FPut ..o 26 ¢
Line Blonraty ..o e BHR
Yellow Soft Paraffin ... 00 0, 20f0g
Biguid TaoradTin ..oy B0

Tho powders are triturnted to g anoold goete with some of the
ligpusiel peusaffin {Edugaid Potrolatm), Phe wool 1at, zine stoarate
and yollow soft. paraftin (Petelatiem) see medod, mixed with some
of the liquid paraffin, e mistore incarpuoratod with tho bitirated
powdmrs nond Who rest of the liyuikt pueatfin addad with mixing,

Tharmatolopiste preseribio products of this type but oply
those containing the rubolacionts aro advertised extensively
and wsod by consumers for treating mingr mukeulny nches
and painy,

Teenunre of the confusion of camphorated oil (camphor
liniment} with enstor oil, which hag renulted in ingestion
and, perhaps, o poisontiy, comphorated oil has beon
Damned (rom the marked, N iy eesential Lhat these npplica-
tions be marked elearly for exdernad ase only.  (Camphort-
ed Ot presenidy in clusaifiod os n new drag by the FDAL)

Oleovitaming

Oleovitoming npe fish-lver oils dilnted with edilile vegela-
Do oil or solutions of the indiented vitamins o vitamin
conemittidas {usiaally vitarain A and I3} in fish-lveroil. 'The
duefinition is hroad ool to include o wide varioty of mar-
ledod producis.

Oleovitamin A ated 1) is official; vitamin 1) may be present,
as ergocateilorol or choleenleilerol oltained by Uhe setivalion
of erjgaslorol or T-dehydrocholoaterol or may be obtainod
from natuknl rources,  Bynthoetie vitmnin A, or a concen-
trate, may Do wsed Lo propare oleovitamin A, The stayting
maberinl for the concentrate is o lish-lver gil, the active
thgrodient being molated by maoloeutar distillation or by a
saponification and extraction procedure, The Jatter procoe-
dura i deseriod in dotail in the monegraph for Concentrat-
ot Vitemin A Solution PC.

Those vitaming are unstable in the presonce of rancid oils
andd, therafore, these preparations and, in particuiar, Qleovi-
tamin A, should e stored s omall, gt containers, prefers-
Ty under vacunm ar under an abmosphore of an inerk s,
protected feam light.

Spirits

Spirits, popularly known as essences, are aleoholic or hy-
drontcabolic solutions of vololile substances, Like the aro-
madic wators, the netive ingredient in the spirit may be o
solid, liguid or gas, The genealogiont tree for thin clans of
prepotations boging with the digtinguished pair of produets,
Brondy (Spriritus Vind Vidis) ond Whisky (Spiritis Fru-
arentd), imd ends with a wide variety of producta that comply
with the definition given above,  Physicians have debnted

i g

the therapeutic value of the former praducts ad the
no longer officint in tho compendia.

Some of these spivia are used intornadly for thoir moedici-
nal value, & fow madicinally by inhalation and a lagge num-
hor ns Plavoring agents. ‘Tha latter group provides n conve-
niend and seady means of obtaining the valatile oil in the
propor guantity,  For example, a spivit or apirit-like prepa.
vation may he used in the formudatien of iramidic waters or
other phormacentical that. reguire a distinetive flrvor,

Spivits should be stored in Light, light-resistant containers
and in a cool place. 'This prevents evaporation and volutil-
tzation of either the aleohol or the active principle.

Preeparation-—There are four clamsic mothods of preprra.
tion:

Shopile Bolutios--"Thin is the i b Dy whivh { hisngoricy o spivio
arw prapared. The foemidle aod proacedury givan For Ayanmie Anmonin
Spdrit USE Haatente this melued of prepacation,

Aromatic Aminants Spheit V510

Ammanbua Carbonnte, in transla-

CORL PR . HE N
Strong Ammonin Salution | e ELENE
Bemon O8]l oo e s 10 ml
Favvamddar Chl b ml

Nuimeg OiF ... ... e Pl
Aleohol L e 700 ml,
Purified Waler, i sl e =

tomke oo Lo IR

0fugalve Ul arvneiL v earhunnte in the slropg annds sodulion
anacl §95 m b, af pugifived wates Ty gonte agitation and allow U aotnlion
G ntand For 12 howes,  Dissodve tho il in the sleohol, contadned inon
adhiatied hettle or exlindor, and gendually sdd the npimonium carhin.
wlo walation ane enough purifiod water o gake thi produet moasore
N0 Te Sl Ve mixtoes seide inoneosl plaes foe 30 houts, secarionaily
agitaking ity Chon Glee, uning o coverat Tunned,

The upleit 16 8 venpiratory ntsalini aml in pclminigteye by inhatation
of this vapor ak veguired. Tt s markotod insodtalle 1t tighl-resiainat
contudnors ki pde avaidallo i winglo-dose gisoe visl wrapgsd ioos
roft catton anvelops,  The vial a0 byakon eisily; th cialtng avts o o
st for Lho upirdt,

Ammenium enthonate b mdxtiee of gmmonigm Dicarbonate aid
ainimonium earbmmate (NHOOONI, The cavbnniat o rosets with wa-
ter do form the corbonnte, A amrassium corlonute gofution s, e
Forw, 0 welubivg of wmmvion Biearbonele and nmpseniom earbobilein
witter,  Mowever, #odacompoms inowatar, the docaapasition grodnets
bl anmaonin, enrhon dioxide wd wator. Phe stabibity of e sppicnd i
improved by the addition of stromyg ammenin selition. Phis sepresses
U Brvelpabyaidn of smmesniem carbonete and, in thin way, deeropis the
Yoms of dlimobvdd poses.

Solution wHl Maceration. <Dy Unig procedure, the leaves of a drg
are macarated n purfiod water w oxtpet wisor soluble andtor. They
wrir exgironsoct and 1he inoist, piacerated Weavie are adaded 1o n proseribod
quantity of aleahal, Phe volntile oil G adebed W e Siltorad liaoid,
pﬂml':l’lﬂi“'- Spaleit, UST I made by thin prososs, Fogppermind Spici PC
ditTurs from S officiol produel ia that it s nsoldion of the vaba o oil in
aleshal only. The coneentration of velatile oil in the Gl product i
about the samo but the official propars ton posasyes agiroon cofer, “The
vody rvailability of anfii ehlorapiyll and ather eolering agentn had
lewd Tor Al Iroguest mugpontion That 0 more unilerm prodaet condd 1w
altninud tirough thede uue,  Howevor, thane agente eanpot be i in
praparing the ofticial wrtlele, ) ‘

Tho fermly ard procodure for Popparming Bpirit 8P (poge 791)
iMuntrate this metliod of prepueation

Chomical Roaction - Noofficil spieits aee proparord by this provess,
ISthy] piteitg in made by the action of sudivm pitrite oo mixdue of
wleobhiel nad sulfurie acid io the cold. This aubatance then bu usnd to
preparo Jibhyl Nivrite Spieil, o produst i longer official,

Distilfation- Brandy wid Whishy are mode by digtiltation,  ‘The
Jadber is dorivoet freny e Fermonted magh of wholly or portindly germic
antavet bnnblaed eveead prabus and e formar from {he Faoosled juies of
Fipe grupes.

Yavcompn bibilitios -Spivils are, for the most poart, prepa-
rationg of high nleolalic strongtly and do not bend themaebves
woil o dilution with agueous solutions or liquids of Jow
aleohalie content. 'The addition of such o solution invari-
ably enunts separalion of some of the material dirsolved in
tho apirit, evidenced by a twrbidity which, in time, may
disappear as distinet Inyoring oceurs, Salts miny be procipt.
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talod from thair agueous sohutions by the pddition of spirits
due to their lesser solubility i slesholic liquids,

Somie spirits show incompniibilities characteristic of the
ingredients they contuin,  For examplo, Aromatic Amonia
Spirit cannot be mixed with sgquesus preparations contuin-
ing alkaloids ey, codeine phowphate),  An acid-base rene-
tion (mmmonia-phosphate) occurs and, If the alechol content
of the fingl mixture is too Jow, codeino wilk precipitate.

Toothache Drops

Toothuche dropy are preparations used for tompornry re-
Hof of Loothache by application of a small pledget of cotlon
paturatod with the product info the tooth cavity.  Anesthel-

ie compounds include clove oil, eugenct or bensuesine; other
ingredionts includo camphor, ereosote, menihal and aleobol,

Those preparations no longer ave recoghizod officially,
Furthermore, dentists do not recomnond the use of touth-
nche drops i the patient hos roady accens bo adeguate dental
servicon, Tho preparations may damage the gums and pro-
duce complieations more severe than the original toothache,
However, many areas do not have adequate dental servicos
and the pharmacist will, of nocossity, handle these prepurn-
tions, and he should warn the patient of possible haznrds
mssocinted with thoir uge,

Toothache Draps NP X contning 25 g of chlorobutanol in
sufficient clove ol Lo makes the product measure 100 ml.
Another formulntion containg ereosote, clove oil, benzocaine
and alechol in a Nexible collodion base.

Emuisions

Ap amulsion is 1 two-phase system preparod by combining
two immmiscible liguide, one of which is dispersed uniformly
throughout. the other ang consists of globules that havo
diameters ogual o or groater than those of the largast colloi-
dal particios, The globule sive is erition], of course, and must
Ire auch that the system achiovos maximum slability, How-
ever, oven under the best conditions, separation of Lthe two
phasen will oceur wnltess a third subatance, an entelsifying
agent, s incorporated. The hasic emulsion must, therelore,
contain three components, bul the products of cominoreo
may congiat of a number of terapoutic agents dissolved in
sithor of the two phases,

Mast emulsions incorporale an uguecus phase inte a non-
pqueous phase (or vice versa).  However, it s possibile (o
propare omulsions that are hasieally nonaguecus,  For ex-
ample, investigntions of the omulsifying effects of anfonic
and eationie surfactants on the nonagueocus immiseiblo sya-
tom, glycerin and olive oil, have shown thal eerlain amings
and three cationic agents produced slable emulsions.  This
hroadoming of the basic definition for the term emuelsion in
recognizod in the USP,

An anuikion in o Gwo-pbnse syatom in which one Ugnaid & disporsed in
the Form of st deaplats throughoul owidor Hguid, ‘Tho f.lh'HlN?l‘Hﬁd
lquid Tw liown o e Dternal or diseontinuou phase, whora e
disporsion maodivm s kiews e the oxternal of continuous phasn,
Where il is Uho dispersad phare and nn ngucsus solalion is We comting-
an g, Hhe systom i dinignated as an oibdneownlor (/W) omulsion
and ety e ditutad sanily and wniturmly with waler, Converscly, whore
wator, or an aguoovy sofubion it the divpermed plinso, and oil, or olosgi:
nenan matorial, i the continuous phage, the system s desgnated i
waler-in-0i] (WY omubdon,

Many emulsifyvivg agents (or emulsiliers) are available,
among them the following

Natsen] Emcitying Agonts—Thewo substanees may o dovived
tram elther animal or vepetably woursen, Baamplen of those obtained
from tho fonnar bourey are gebabin, v yolk, canein, wosl fanor chlenlor-
o, Acacin, tragnenntly, chatgrug or poelin arve vepresentative of thoae
abtaisett from vegotable sourcas,  Vavlour colluloge derivatives, e,
miethyleollulone and enrbexymothyleatlulose, are vaod fo incros the
vieouity of the ngquoous phone aned taroby onhane: cmulglon aubilily,

Trinely Divided Solide-Jixamplon nro bontehite, magnoesiun hy-
draxichy, aluminues hydroxide or magnexium brinidicate,

Hynthothe Bmalwifying Agenta-~Thia group siay e sbdiviclod rur-
thot inlo the aniokic, cationic or nonfonie sgents.  Foaapbos aee, in
arder of pretentatien, sodium lavry] aulfate, bonzalkenium ehlorido o
polyethyleno giyeol 400 momonloarite.

Many of these amulsifying apents ave deseribed in greator
detnil in Chapler 66,

In NE XIIT it was mq;;f;(ml(ld thad ondy /W emuleions are
suitable for oral use hucause those nre watey-miseible and
thus their oiliness is muskod.  This compendium gave spe-
cific directiona for the proparation of smulsions using gelatin
au an omulsifying ngent. Those preparations sre based ob
aither 1ypo A or type B yolaiin,

Typo A gelatin is prepured by neid-Lrealod procuraors and
is usod nt a pH of shoud 8.2, 14 iz incompatible with anlenic
emulsilying ngents such an the vogetable gums, The follow-
inyy formuln was recommaoended:

Gelatin (Typo Ay o000 R ¥
Tarmarie Aeld .. ..o 0.6 g
Telnvor nlosdead oo

Aleohol oo G0 mk
(4 1) D P 600 mis
Tarilfiocd Water, tomake .o o0 ml

Add the gelatin end the tartarie neid to alout 300 wl, of puritivd
wator, allow Lo stand for o few minules, henl until Lhe gelntiy i
dinnolvetl, then ratse the temporaturo to about S8 and maintsin thin
temperature for abaut #0 ming Goal t 50%, add the flavor, the
wleokol und sufficient purified water (o make 500 mI,  Add the oil,
pgitnte the mixtare torowghly and poss it throvgh o homogaiiae o
a eolloid milk untit the ofl is disporsod completely and anilormly,

Phin emulaion cannot be propared by tritnemtion or by the use of
the ununl stieving doviess,

Type P gelatin is prepared from alhali-treatad procursors
and i uged at a pH of choul 8.0, 1 may be vand with other
anionic emlsitying agents hut i ingompatible with cationie
types.  I7 the emulsion containg 50% oil, b ¢ of Type I}
golatin, 2.5 g of sodivn blearhonate and sufliciont trag-
aeanth or agar should bo incorporated into the aquecas
phase to yiald 1000 mI. of produet of the required viscosity.

The emulsion type (O/W or W/O) s of lesser significancs
if the finad proparation is L e applied to the skin. If there
are na hroals in the skin, a W/O emulsion can ba applied
more evenly since the slin is covered with a thin film of
sobum. The latier substance favors the oily phase and con-
trilutes Lo the ease of application, Tho choice of mnulsion
typo will, however, depend on many oihier fagtors,  This
particularly is trua for those proparations which have hasic
commnatic charncteristics. 1L may be advantagecus fo formu-
late an O/W emulsion il enso of removal is an important
aonsidoration to the pationt.

An einuluion that may be prepared by the mortar and
pestie mothod is (he following Mineral (il Emulsion USSP,

Mbneral OB . oo o B0l
Aencin, in vary fine powder oo 125 g

Byrup ..... P R R 10 mL,

Lian 40 g

......... 00 ml,

..... 1000 yal.

Tho minoral of) and aemcia sre mixod in o dry Wodgwood mortar,
Wator (260 1) s acded and Uthe mixtare britarsted vigorousty unidl
an emaliion i formoed, A mixlure of the syeap, 50 il of pruarifingd
water and the vanillin dissolved In sleobol ix ndded in divided
portions with trituration; suffigient purificd wator is then added to
tho propor volume, the mixtara mixed woll and Dhemogonizad,
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SOLUTIONS, EMULEIONS, SUSPENSIONS ANLD EXTRACTIVES 1630

Vory few omulsions ore included now i the official com-
pendia. The PC suggests thot the Lepm “emulsion™ be ro-
strictod wo proparations, usaally O/W, intended for intgron]
uss and containg the following:  Liguid Paraifin Emuolsion,
Liguidd Paradfin and Mapgnesium Hydroside Bmulsion, Lig.
uid Poraffin and Phenolphthaloin Emulsion and Concons
trated Pappermint Fmulsion,

‘I'hin, howover, should ned lead the reader to the conchi-
sion that emulsions are a relatively unimportant cass of
pharmacouticnls, While it is {rug that fow propavations
earry the torm emlsion in their titles, they ure of groat
signitieancs ax bases for ather Lypes of preparations, purticu-
tarly i the dermstologicn? and cosmetic areas,  Aendemical-
Iy, they lusteate the importanes of the relntionship botwonn
the theory and practice of emulsion tealmology and, procti-
cally, they possoss n sumber of important advantnges aver
other liquid forms, These moy be summarived in the follow-
ng way:

Lo Lnoam emulsion, e Gsorapoutie preaperiios e the spreading nbits.
1y of tha canstitinents wre ineroased,

2 The unplonsend. taate or ador of oo il een De masked partindly or
wholly, by cinulsifieation,  Soeendary masling lechiiguus are available
ta dho formbtor but these must Be used with saudion, I Mnvorg wnd
awaetenitg mgenis are added (0 Wi enulsion, only mmmml [LEECELITIE
whuauld b vged I ovder 1o provent. the saveoa or gestrie distross st
resultn gn m"m)lmll ol e :|u|n|||[)u| of thuso,

A The shaorption and penotration of medienments s condrvolied
more easily i they are incomorated inte an vanilalon.

4, Wmtdion pelion i prolanged ol the amodtiont slfect i gronter
Vi that ohaerved with compueable preparations,

B Wator is an inexponsive diluent ok ooggoud walvent Qo the papy
s noed Navors Chit ars incorporated snlo w smnlsion,

The eflects of viscosity, surface tenpsion, solubility, parti-
clo sive, complexation and excipients on the Bioavailability
of orn! susponsions and emulkions have been dscimsed
detail by Rettig.'

"The aquecus phase of the emulsion favors the growth of
microorganisms and, because of this, 8 preservative usually
is added Lo the producl. Some of the preserviatives thnt
have been used inchude ehlorocrazal, chlerabutanal, moreu-
rinl preparations, salicylic acid, the extars of p-hydroxyben-
woie acid, henzoic acid, sodivm bonsenta or sorbic acid. The
prosorvalive should be selectod with regard for Bha ultimale
use of the preparation and possible imcompntibilitien be-
twoen the preservalive and the ingredients in the emulskion,
e, binding hetween the surface-active sgent and the presar-
valive. Low pH values of 5 1o 6 und Jow concentrations of
waler are characteriatics alao likely to inhibit microbiolop-
e prowlh in smulsions,

Moot emulsions conaisl of o nonogueous {or oil or lipid)
phage and an agueous {or waler) phase, thus some of the
preservative may poss into the oil phase and be removed
fpomn tho agqueows phase, Tt i in the agueous phase that
micronrganisma ted Lo grow.  An a rosult, waler-seluble
lreservalivos are more offective since the concontrilion of
the unbound preservative in the agueous phase agaumen o
great deal of importance in inhibiting the microbial growth,
Fatoers of p-hydroxyvhenzaic neid appear Lo be the nosl satis-
Tactory preacrvatives for emulsions. Many mathomatical
maodeis have boen usod Lo determine the availability of pre-
gervativen in omulaified systems,  However, heenuse of Lhe
number of factors which reduee the effectivenoss of the pre-
servative, a final microbiologienl evateation of the emulsion
should Le performead,

While aphoais coneorning preservation of omaluiong
deals with the nqueous phase, microorganisms oan reside
alwo i the lipid phose.  Congeguantly, B hag heen resam.
mended that puirs of presorvalives be aaed Lo ensure ades
quate coteentration in hoth phases.  Waters of pehydroxy-
honzoic acid onn he usesd to onsure appropriate concentra.
tions in both phosos because of theiy ditforenee in oil and
water solulniitios,

An amulsion cnn he dilutad with the guid thatl, conati
tutes, or is miscible with, the extornal phase. Phe diluting
ligguid, however, will decronse the viseomty of the prepara-
tion and, in eortain instancas, invert tho omuadsicon, The
Intter phenemena may ocear if the emulsifierdnewator
method (see below) s aserd o propare Use eantsion,

Preparation

"The theory of emulsion proparation in diacussed in Chap-
Lor 19, Phe following procedures are those supgested by
Griffin of gl ¥
The Formulator must st determine the physical and
chemical charactorintion of Lo active ingradient, Ha must
know the lollowing:

I Sarueturad formula

2. Melting point,

A Holuhility

4, Btubidily

B Brown

G, Spevfic elwmieal seompatibilitios

It ulgo ir noceunniy, al this stage, W decide on ihe Lype of
eontlaion requirod.  Washable emulsions are of the O/W
types nonwashable, the WA (ype. In general, O/W omul.
woNE contain over 70% walor, WO smulsions usunlly will
contain igher conconrations of obls ad waxes, ‘The prepa.
rution of cronm el oinfinont, crvalsions for fopicnl une s
given in Chapter 87,

Kxperimental formulations may be prepared by the fol-
lewving procedure

I, Group tho togaetints on the banis ol iheir woluBiliten in $he
aspeons nd nonmgueous phases.

A Thavernsdue el cypeoal smnnliion mgaieed ] cnleubile i nppros-
imate LI (hydvophite-Hpophile balunee) value,

4 Mend o low HILE emulasifior and o bigh LY anulitior (o the
enlestlider] valie, Foe experimeotal Tormulitimgs, use o higher eoneen-
leadion of smndsifier g 1030 of {lw of) phsse} e Gl rogaieed ta

preatduee o vatiafinctory produet. Bmulsilises siould, o gueneral, »-Inhlu
vhimm‘ullv. wennlosic nid suitably bew in eolor, aodoe wud taste. The
srnlsifior i soteeted on e bide of those charsetoristios, {he [SURURTIE
sepuipmint, haings oxed 10 bl the imgrodionts and the stabiline elinine-
ferintien of tha Tl product, Bmulsions should nat enplusets al oo
vempaeriiare, when Prowne gid Hinwod copeatodly or at elevaded fome
prirabiiros o ap Lo 507, Muoechnniend soevpy bopisl vation with the Sy of
equipmuenat sl G prropire tho emulaion, Tie mere the onerpy ibpul,
the Tese Wi domsnd m e epngdsdrler. Doty process aved fommalation
vierighles enn ndfeel Lhe siability of an emslnjan.

4. Dinslve the oft-solubie ingredients ond the emulsiliers v the oil.
Heat, i nocossacy, Lo approximatoly 57 (o T vver the melting polnt ol
e bughest medling ngredient ar o s maximuim fenporalure of 70" o
L

B Diskolve Wi waber-sol bl ingeadion fexeegl aeids and snlis) ina
sulFicinnt Guantity of waler,

i Meat the neuoaun e o n tompesatnre which is 39 (o 6% highor
thun that of the all pluwe,

7. Add the muoous phuuu to the cdly phiise witly wiaiCalele agital fon.

B 1P aeids o wnlia nre emploged, dissolve iom To wator and add i
mualuticn fo tha cold cmulsion,

D Fxominie the mrsulsion and make adivatents in Ui formubition if
Wi procluel s wntal o, T0 sy b vocosiary (o add move moulilion, 1o
ehunge Lo an emulsifior with o Wigghily highor or luwor BT valoe or 10
i i ptnulifier with difforent ehemical shoaraet orities,

The tochnigue of emubsificabion of pharmaceutical prepa-
rations has been doseribed by White'5 ‘1'he preparation of
an amulsion reguires work b reduee the indernad phose into
gmall droplets and dispesse them through the external
phana. This ean be accomplishod by a mortar and pesticora
higlespoed emulsifior. "The addition of amulsilying agenis
nat, only roduces Lhis work but nlse slabilizes the Gnal el
slon, Tomdnions nay be prepared Dy fouwe pringple meth-
oelu,

Additiom of Intarngd Pluwse (o 18 tornnd Phrase - Phis i osaally the
ot wnlisInelory molhod Yor preparing emulsionn ninee theve fs always
an excess ol the exteraal phane preaonl, swhivh promolen e bype of
amuhiion enired. 1 Che external phase in wider mwd e intern! prhine is
wil, the wadersolnble submlineed avo dissobasd in the water and the ofl-
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neabuble sabstaseon ixed Usoroigly i e oibe Tl oil smdstaes inadedwd
Liv portioms Lo e mggienin progaration with agitation,  Sometimes, in
,mlw (o gpivo bt Ger sheajag et Lo daseing Che preaparation, ol of the
wader ix not mixed with tho epmodsifying agont until the peimary emulsion
with the of) is formed; submoguentty, Vhe compinder ol Whe st er is addod,
An oxnmple wsing galetin Typo A s givon nhove.

Addition of the Ixterond P ta the Tnternad Phase Uiy
/W emuleion as s oxamidn, the ndetition of Hy water {oxtamnl phiga)
to the oil (internal phaned will promate the fermation of o WA emalsion
dizo to Lhe proaponderance of the ofl plage.  After furthey adeitfon o thoe
wiker, phane liveedion (o an O/W amalnden should thke place. Thin
g ] prprreinlby fiovmedal and pccosful winm hyddeaphilic ggents such
w neacin, teagacanth or mothadeotiudose are feat mivod with (he oll,
effecting cdinpersion without welting,  Waler is ncidod and, ovontaaliy,
an O/W wnabsion i formed, This "dey pum® toelmique s o rapid
metiwd for preparing wvall quantitie of snalsion, T eatio 4 part of
il ¥ purts of wter md T garl of gam provides maxinmm shoaring netion
on Lhe ofl “lnl)ull-n in the moctac, o erpilsbon Lhon cap be dilated :Ilh’,l
Lriburaled with wolar (o the appraprinte eoneostentionn. *Tho propar.
tion of Mineral O8t Bmulsion deseriberl alave i on example,

Mixing Doth Phases aftor Warming Taeh - his mothod s sl
when waxt or ofher submlangen which roguire nual(i:m are vked, T'ho
ofl-soflile emubdfving agoints, oile ond wases ara nallod angd mixed
(rorugthdy, Tho watoe wdublo iyieodionta divsolvstl i O water arg
warmod toon temperstuce shightdy higher twn W oil phase,  The wa
phamen then are mixed ned ktireed untid sokd, Por conveniones, w not
neeennity, the aguesun solotiom inaddod to the sil avixsare, *Phin nwthard
l‘l'(![]ll[!lll\ll\u‘ In vmised in 1l |)r‘(:|)m‘nh'm| of ainlinents mlnj! 1,

Alternnta Addition of Lha Twa Phasen Lo e Envalsifying
Agord-—A portion of the oil, i an /W suuliion s being propered, is
added o nft of (he ail-sotubin mnulsiiving ments with mising, then
ogunl quantity of water containing all the water-kolubde wuulsilyive
wyrontga i needoct witl aticeing until the emulsion is formed, Foarther
yrrtiuna of U oid and wiste nee adeed altornniely unti! ihe fnal praduc.
i Turpnd, The By coteontibion of (he eoslaiflng gt s Ow
oviginnl ennzision mokes the mital wwulsifivation more likoly and tw
Idgh vineosity provides offoetive sheartng sction foading toamnll dagders
in Uhe emuabsion, Thin naethekt often in usod saecomiolly with soapa,

Multiple Emubsions.-A recent innovation in epulsion
lochnolopy is the develomnent of multiple emualgions, The
digparsed phoge of these emulsions conluing even amaller
droplets which are miscible wilh the continuous phase,
T, the muoltiple emulaion may bo O/W/0 where the agque-
our phingo s between two oil phases, or W/A/W wharo the
internal and extornal agueous phases aro keparnled Ty an of]
phase, In thone systens both hydrophobie and hydrophilic
emutlsifiors are used pnd both hove an effect o the yiekd and
stoability, an noted by Florence and Whitahill"?

Tt appeans that O/W/AO emulsions are formed better Iy
lipophilic, nonionic surfetants using guwm sescia-emulsitied
simple systoms, while W/O/W mulliple emulsions wore
fonned Bettor by nonionic surfactants in o twosstage omuisi-
fieation procodurn, A specific formulation for a W/O/W
emubion may be prepared by forming the primary (W/O)
emitbsion rom isopropy] mycdstate (47.5%), sorhiton mong-
oleate (.0%) and distilled waler (100%). ‘Thie primary
onulsion (B0%) is added o o polyoxyethylone sorbitan
meomookente (2% w/u) solulion in watar. While the lechnigue
of preparing theso emulsions s more complionted, restarch
indieaton polential une of these emulsions for projonged ne-
tion, taste-maslting, imore effoctive dosago forms, parentoral
praparations, protection against the extornal environment.
wndd enmyimin entrapmont,

Microemulgions.. The conra¢ pharmuceutionl  macros
amulaions appear white and tend (o separats on standing,
Micropmulsions nre translucent or transparent, do not sepa-
ralo and have a droplel diamoter in the nanometer sise
range, The microomulsions are not always distinguishable
from micellar selutions,

Both O/W and W/O types wre poskible and may Do cone
verted, one Lo the other, by adding more of the internal
phase or by altering the Lype of emulifier.  Ad tho internol
jrhiaae is addod, the emulsion will paay through w viscoelaatic
el atage; with furiher addition, un emulaion of the opponite
tyne will ocear.

The nost obvious benefit of mieroomulsiony is their sla
hility, thus providing dose uniformity.  Usually, the emudai-

fior aloudd bo 20 to 30% of the woight o the ol used, The
W/O aystumy nre propared by blending the oiland einaluilior
with o little hoat, i reguired, and then adding the wator,
The arder of mixing for O/W systoms is more Mexiblo, One
of the simpleat mothods is 1o Dlead W ail and the emulsifior
and pour this into walor with o little ativving,  In no caso can
a microsmulgion he formed unlesy thero is a mateh belween
the ofl and amulsifior,

I the emulsifier hig been selected properly, microemulsi-
fieation will oceur alinost, pontaneoualy, loading to a satis-
fnetory and stable preparation. The details of variows prop-
arntions and the relationship botwoen microemulsions and
micollnr solutions have heon reviewed by Prince ef el®
Microomulsione comtaining hydrocortisone have been pro-
parad.

Equipment

When emulgions are propored, energy must be expended
to form an interface botween the vily and aqueous phases,
Soulaifiention aguipmont includes, therefore, & wide variety
of agitators, homaogenizers, colloid milks, jot mixers and ui-
tranomic deviees,  Griffin et ol,'" Becher! ond Pock ef ol 2
huvo evalunted the eonulsification equipmont used by phar-
raelats s deag manufaoiovers These publications, along
with journnls such e Pharmaveutical Technology, should
he consultad for further details on the uwse of sueh upporatus,

The preparatien of emualsions on o larg soale usunlly
rasghiires the expenditure of considernble amounts of encrgy
Tor heating and mixing.  Careful consideration of these pro.
somnis B Jod to the develogment of knw-energy emulaifien-
tion by vsing an appropriote emulsification Lomperature and
solective hoating of the ingredients,  'This process, deseribed
by Lin®* Involves the prepuration of nn emdsion coneen-
trate subsoguently diluted with the externgl phase ot romn
toraparature,

Agitatora-Ordinary ngitation o shuking may be used Lo
prepare the emulsion. This methad freguenily s employad
Iy the pharmaciat, particularly in the smulsifiention of cagi-
ly disporsod, low-viscosity oils, Under certain conditions,
intermittont. ehaking lo conaiderably moro effective than or
dinary continuous shaling,  Continuous shaking tends Lo
break up not enly the phase to be disporsod bul also the
dispersion medium and, in this way, inpaivs the eese of
emulsification, Laboratory shaking devicor may o sasd for
pinallaanle production.

Phe mortar md pestle are vsod widely by the prescription
pharmacist in the extemporaneous preparition of amul
gioni. This equipment has vory definite Hmitationd boacouse
e unefuiness depends largely on the viscidily of the emulsi-
Iying agentl. A morlar and pestla cannol be uset 1o prepare
wn emulsion if the emulsilying agent lacks viscidity (eg,
gelatin solutions),  These emulsifying ngents will produce
flnble omulsions only it other types of equipmont are used Lo
mix Whe bygradionta and the agent Logother,

Small olectric mixers snay be usad Lo propare emulsions ab
the prescription counter,  Thoy will suve time and poergy
and produce walisfnclory emulsions when the omulsilying
agont is nencia oF agar, Nowover, the mixers eannot be used
il the emulsifying ngent s geloting

The commeraially uvailable Waring Blendor disporses ef-
ficienlly by means of the shearing netion of rapidly rotating
blades, 1 teansfers Jargo mmcutits of enorgy and incorpo-
rates alr intg the enulsion. 11 an emuolsion first s produced
by wising o Blendor of this type, the fopmulator must remoms
bor that the emulrion characteristics obtained in the lnbora-
tory will not be duplicatod necessarily by the production-
Rize pgitators,

Production-pize agitators include highspowerod propolicr-
uhinft slirvers inmersed in o tnk or self-conlained units with
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Flg 83-2.  Stoodued stuny-typo dispersail mixer with vanedrrotor

“milging' olement and slotiod drafi-tubg Glrculating alsmaont
(courtany, Al gl

[ourtany, Atln Bagh,

propeller and paddle systems, The latter usually are con-
wirteted s that the contends of e Gk either may he
hentod or cooled daring the preduction process. BafTles
alton ave built into o ek and these nerease tho officioney of
ngitation, Two mixers manufactared by the anme ecompany
are shawn in Pl 5323 and 8343,

Colloid Mt 'The principhe of operation of the eolloid
il i the pavsage of the mixed phsos of an emululon formu-
In hotween a stotor and o Bighoapeed rator vevolving al
wpeeds of 2000 Lo 18,000 rpy, The clearanco belween the
votor and the stator iy adjustalde, usoally Trom 0,001 in
upwared,  The emulsion mixture, in passing between the
rotor nud stator, i subjected 4o o emendous shenring e

Fify 834,

%

il

Fig 83-5. Typos of rolors used I coliold mills, These may bo
smooth (for moet emulslons), serratod (far eintmornts antd vary visaous
procucts) or of viteifled stong (tor e palnts and pigoment disporsions)
(courtasy, Tri-Home).

tion which effects a fine dispersion. A colloid mil and
varioun rolars are shown in Figs B3-4 and 83-5, The oporat.
ing pringiple is the same for all, but each manufacturer
incorporatis spocific Teatures which resutl in changes in
operaling eofficioncy, The shearing forees applied in the
colloid mill may result in g temperntore ncresas within the
mmulsion. 1t may be necessary, thorelure, Lo cool the ayuip:
ment when the emulsion is being produced.

Homogenizers and Viseolizors - n thuse two types of
equipment the mixed phoses nee passed bolween o finely
pround valve and sent under high pressure, This, in oftoet,
prodiees an atomizaticn which s onhuneed by the impact
received by the nlomized mixtare m itateikes Lhe valve hoad,
Phoy aperale at prosaures of 1000 10 5000 pui and produce
gome of the Hnest dispersions oblainable in an emulsion,

Homogenizars may be used in ono of two ways:

Lo The jogrodients in the emubsion e mixed sl thon pamied
eyl the Jnmngesizer W produce thy Final praduet,

20 An emuision b propaval osome othor way atd e passed
theaugh n homngonizer fort Do purpene of decreaking the particle size and
abtnining i groator dagroe of unifoemily nnd stability,

‘Two-atage hotnogenisers are constracted su that the omul
pion, after trestment iy the fivat valve gystom, s conducted
directly to another where it reeeivos o second Lreatment, A
gingle homogenization may produce nn emulsion which, nl-
thouph its purticle size s small, has o tendemey Lo elump or
form clusters.  Bmulsions of this (ype exhibil inereased
crenming tendoncies, Thisis corcoctod by passing the emul-
gion through the first stage of homogenization at n high
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1538 GHAPTER B3

pressure (eg, 2000 to 5000 pai) and then through the second
stage at a greatly reduced pressure (eg, 1000 psi),  This
Lreaks down aoy clusters formed in the tivst stop.

For small-scale extemporangous proparation of emul
pions, the inexponsive hand homagenizer (available from
Med Times) i partioulagly uselud, T is probubly the most
efficient emulsifying apparatug available to the preseription
pharmacist, 'The two phares, proviously mixed In a hottle,
are hated pumped through the apparatus, Recirculation of
the emulsion through the apparatus will improve it guality,

A homogenizer doos nol incorporate air into the final
product.  Air may ruin on amulsion because the emulsifying
agont is adsorbed prefeventinlly at the aiv/water interface,
followad Iy an irreversible precipitation termed deneturiza-
tion, 'Fhis in partiowlarly prone to seeur with protain emul
sifying agenta.

Homopenization may apoil an emulsion if the concentrn-
tion of the emulsifying agenl in the formulation is less than
that reguired to take eare of the fvcronse in surkace aren
produced by Ltho process.

The temporature rise during homogenizalion is nof very
largn. Howevor, lemperature does play an imporiant role in
the emulsification process,  An increose in tomporature will
reduce the viscoaity and, in cortiin instancos, the interfacial
termion bolwoen the oil and the waler. There are, however,
many instances, parbicularly in the manufactuaring of cos-
metic erenms and ointroents, whore the ingredients will fail
to omulsily properly if they nre procossod al too high o
tomporaiure,  Emulsions of this type are processed first at
an alevated tomperature and then homogenizad at o fom-
perature not exceeding 40°,

Tigure 83-6 shows the fMow through the homogenizing
valve, the hoeart of the high-pressace APV Gaulin homage-
nizer. The product enters the valvo wont at high pressure,
flows through the region between the valve and the seal at.
high velooity with a rapid pressure drop nnd then s dige
charged as a homogenizod product. Tt s postulated that
cireulation and turbulence are responsible mainly for the
homogonizution that takes place.  Different volve assem-
blics, two slage valve sssemblios and oguipment with o wide
range of capacilios are available.

The Macro Thow-Master Kom-bi-nator employs o niamber
of different actions, each of which takes the ingredients o
Little further along in the process of suhdividisg droplets,
until complete homogenization rosults,  The machine is
equipped with a putop which carvies the Hquid through the
various atages of the process,  To the first stage, tho ingrodi-
ondy are foreed betwoain two apeclally designed rotors (goara)
which shoot the liguid in opposite directions in o small
chambor and, in this way, are mixod thoroughly. These
rotors aluo sol up 1 swirling action in the next chamber into

PROCACT

OO wwl-:n.‘ l

Fig 83+0,  Oparation of the hamopenizor value nusembly (Courtesy
ARY Gaullny,

which the liguid is lorced and swirled back and forth in
eddies and croaseurrets, The second slage v o pulsing or
vibrating saction at rapid frequency. The produel then
leaves this chambor, goos through o amall valve opening and
{5 dashod against the wall of the homopenizing chamber,
Prossure js applied, but it is not as groat as Lhat used in other
types of homogenizors, Preasure is conteollod aceurately by
adjusting devices on Use rond of the machine, and tempora-
turo in controllad by passing coolants through the stators,

THtranenic Devicos—The preparation of emulaions by
the use of nltraaonie vibrations also is possible.  An oscilla-
tor of high frequoncy (100 Lo 500 kHz2) is connected Lo two
clectrodes between which in placed o piezoploctrie quartz
plate. The quarts plate snd olectrodes pre inmaersed in an
oil bath and, whan the eseitlator s operating, high frequency
waves Tow through the fluid, Emulsification ia actom.
plished by simply inmersing a tube containing the emulsion
ingredients into this oil bath, Considerabla vesosreh has
heen dene on ultrasonic emubsification, particularly with
rogard Lo the mechanism of emulsion formation by this
mothod. Limited data indicate that these devices will pra-
duce stablo omulsions only with Hogulds of fow viscosity.
The mothod is not practical, however, for large-scate produc-
ten of emulsions.

Bpocial technigques and equipient in cortain instancos,
will produce superior emulsionn, including rapid cooling,
reduction in particle size or ultrasonic devices. A wide se-
loction of oouipinent foi processing both staulasions and sus-
pensiona has boon doseribed by Bisherg.®™ A number of
improvements have Bieen made Lo maalie the various procosu-
o more effective and enorgy-officiont,

(ienernl metliods are availnble for testing the instability of
emuleiona ineluding bulk chunges, contrifugal and ultracen-
trifugal studien, diclectric messurement, surface-aren meas
aurement and acceleratod-motion studies.  Low-shear rheo-
logical studies mensuring viscoslnsticlly are sugpested au the
optimal mothod of stability texting.

Suspensions

The physical chomiat, defines the word “suspension” us a
two-phase systen congiating of o finely divided solid dis-
porsed in asolid, iquid or gs,  The pharmacist aecopta this
definition and can show that a variety of dosage forms fall
within ihe scope of the procoding matomont, There is, how.
evor, o relustanee to he all-inclusive, and it is for this reasen
that. the mpin emphasis is placed on solids dispersed in
liguida. In addition, and beenune thore is o noad for maore
apoific terminology, the pharmacewticnl soientist differen-
tintes betwoen such preparations as suspensions, mixiures,
magmue, gols and lotions, In o generat sense, ench of these
proparations represents p suspension, but the state of subdi-
vigion of tha insoluble selid varies from particlos which settle
gradually on stabding to particles whieh are colloidal in
nature. ‘The lower limit of particle size is approximately 0.1

ey andd it s Lhe preparations condaining dispersod solids of
this magnitude or groater thal are delined pharmaceutically
B SUBPODIRIONH.

Certain aathors alse include liniments, and the newer
sustained-relense susponsions, in any discussion of this par-
ticulnr subject.  Tha former preparations now uavally nre
congiterod ne solutions although a number of older lini.
mends were, bn fact, suspsnsions.  The sustained-release
guspensions roprosent, 4 vory speciakized class of proparation
and, as such, are discusaed in more detail in Chapter 91
Bomme insoluble drugs also wre adninisterod in asresol form;
one example is dexpmothasene phosphate suspondod in a
propoeltant mixture of fluorachlorocarbons,  More detail on
neroyols in available in Chapter 82,

Suspansion formulation and control iw based on the prin-
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SOLUTIING, EMULBIONS, SUSPENSIONS AN EXTRAGTIVES 1634

ciples outlingd in Chaptera 19 and 20, Formulation involves
e than suspending & solid i o lguid, A knowledge of
the hehavior uf particles in Bauids, of suspending sgents nnd
of flavars and eolars i required (o produce a satislaclory
HUBPENELGN,

Rriafly, the preparation of a stable suspension dependsy
upan the apprapriate dispersion of the drug in tho suspend-
ing modium, To enaure Uiat the particles sre webled by e
dispersion modium, n surfsee-aetive agent ahould bo used,
vapecially if the disporsed phase is hydrophobie. The aus-
ponding ngent in the agueous maodium then cnn ho ndded.
Altornntivaly, the dry suspending agont. an e mixed o
oughly with the drug particles and then trituratod with the
dilvent.  Other appronches o suspension propartion in-
clude the formation of a floceulntod suspension and alao a
{loccutated preparation in a susponding vehicle. Details of
these procedures ney given in Chapler 19,

Tho most eflicient method of producing fine particles is by
dry milling priar 4o surponsion,  Suspongion equipment
such ne eolloid mills or homagenizons normally are used in
wot-milling (inished susponsions Lo rotduae particle ngelom-
ornten, Plhose machines (W #3-4) usonlly Bavo n stator and
n rotor which effects Lho dispevsion action, Hevoral mothods
of producing small uniform dry particles wre micropulveriza.
tion Haid-energy prinding, speay-drying uad controlled pre-
cipitation with ulteasound as described by Nagh

The choiee of an appropriate suspending sent depends
supon the use of the products (external or inlornal), Tacilitien
for preparation and the duration of storage.

Preparations mace extemporanecualy for internal use
may fnclade, as suspending agents, neacin, methyleelhulos:
ar other cethulose derivatives, sodivm alginate or tragnennth.

RExtemporaneous preparations of suspengions for intormal
use showing good flow and suspending propertics are provid-
ed by sodiun carborymethyledluloss 2.5%, tragacanth
1,250 andd puar gum 0.05%.  Avieet RC-581, 0 coprocipitate of
microcrystalline collulose and sodinm anthoxymethyleellu-
Jose stabilisod with hydroxypropyt methyleallulose, D
tiaen used as n susponding vebicle for prapranotol and or-
phenadrine hydrachloride dispersions prepared from tab-
lete. It also LY BRIVE N8 A ];;(!n(’.sl'nl--|)lll‘|)(m(5 hllﬂp(ﬂ‘.l(“l'l]{
apont.  Carbopol 934, 0.3% or grenter, was o satinfactary
suspentling prent for sulfamethazing 10%, maintaining o
perrament sauponsion for more thay G monthe,

Aponts suituble for external use include hentonite,
methyleellulase o athor cellulone derivatives, sodium algi-
fte or tragaeanth,  Agents which may require high-speed
souipment. mnd which are suitable for intornal or exteenal
uge inchude alurinum magnesium silicntes and earbomer, ™

Preparations such as those mentioned above possess cor-
tain advantmges over ofher dosago forms, Seme drugs are
imsoluble i nll ncceptable modin nod, therefore, must be
administered aa a solid, nonsolation dosage forw {tublet,
capsude, ole), or s nsuspension,  Because of its liquid ehar-
acter, the lagt proparation nsures some uniformity of dowage
but does present some problems in maintaining a congistont
daunge regimen, IHangrovable taates con bo covered by us-
ingt 0 nuspension of the drug or 1 dovivative of the drag, an
axample of the lalter biging ehlormmphenicol pabmitate.
Suspensions prepared o ion-exehange reslis eomtaining
an fonie diug enn he used not only to minimize the taste of
ihe drag but alse to product o prolonged-aciion product,
sines the druy is exehanged slowly For other lous within the
pastrointestipal tract.

Suspensions also ave chemically more wiable than sola-
tons, Thin prreticuluarly v important with cortain aplihiol
ics, and the pharmaeint ofton s callad on (o prepare such o
suspension jugt prior 1o disponsing the medication,  In sddi-
tion, o susponsion is an idend dosage form for patients who
have difticulty swallowing tublots or eapaules, which is par

veularly importint in administering drugs to children, An
nblernate method to onhanee complinnee includes flavored
nystalin “popsicles” which can be prepared by freesing a
sugpension of the digg so thnt U Gete s ioproved during
the treatiment of orsl candidiasis,

Sugponsions should possess corlain hasic propertio, T'he:
dispersed phase shonld settie slowly and be redispersed
roadily on shaling,  They should uot cake on selfling and
the viscosity should he sueh thnt o prepartion pours easi-
Ly, A with 1l donsge forms, thare should e no gquestion us
o the chemical stalility of (e susponsion,  Approprinke
proservatives should be incorporated in order to minimize
microbjological contamination. The suspension must be
necoplnbie Lo the patient on the hasix of Ha taste, color mad
cosmutic qualitios (ologance), e laller (wo factors being of
particular impoertancs in preparations intended for extornn
[N

Gale

Pharmacoution) lerminology ix, 1 best, confusing and no
wwo suthaors will classify geln, jetlies, magmas, milks and
mixtures in the same way, The NI deseribed {Gels as n
apecial clusy of phurmacentical preparnbions bul conaidermd
Jeflios under the sume heading,  The latter preparntions
usunily contain water-soluble active ingredienls nnd, there:
fove, are considered in anothar part of this chapter, The
LisP definilion for Gels s

Chedn are senisnlid systonm ol either sinpensions made wp ol ninalf
inorganie puriicles or farge arganie moleenlon indor e titod by u i
i, Whora 1o ol mass consists of o etworl of wanll diserat pardeles,
the ol i clansified as n Lwaspluo gystam e, Aluminum Fdrogide
Gotd, o tane phane systenn, 37 ha partiele size of Qe dinpesed phase is
yolatively Lirga, Hue gol mans nenotimes Ty oleeesd ooas o nugon fog
Bemtonite Muonn), Dosh goboud mngni may b ibisolropie, fonming
wetinulitla on shanding and beeoming Tiguirt on agitation.  Fley should
b sl bdute ure to e omogoneity socd stinuld he lnbelod 10
(st afToat.

Biryrlo-phiso gols conind. of arganie mneromobpeudon divtriluled uni-
formly theoughout o liguit sueh i wmanner that no apparvent B
wrion oxiet botweun (e dinprnd mneromoleoulos and the llgnid. Sin.
|(|(.'-H|1l|rlﬂ may ho siile from synihetic maeromolaenlon top, Carbisiuoer)
ok Fren mdyrad jronss G, TRt ). Phe latter propaemtiom wlsi e
callod] weilngea,  Althoush Whose gobe nra wminonly wgueous, aleohint
wenel ity D wsod as Ui contiouons phase, Far examgle, mineral nil
o he combined with w polyebiviee resine by form an oleaginoas sint.
mond o,

The UST states that eael 100 g of Aluminum Hydvoxide
(el containg tho eguivalond. of not leas than 3.6 and nolmore
than 4.4 ¢ of aluminunt oxide (Alda), in the form of alumi
num hydeoxide and hydrated oxide, and it may contain
varying quantities of basic fluminum enrbonate wad bigar-
bonate. *1be el itaelt usually is propared hy the interaction
of o solulle aluminum qall, sucl az o chloride or walinte, with
wrnonia solution, sodivm carbonate or bicnrbonate, 'The
resctions which occur during the preparation are

JC0,% 4 BH,0 -+ AHCO 4 BOH™
[AIFLED)™ A AOH™ v [ANHLO)(O1Y] 4 31,0
SHCO,” o+ GO 4 O OO,

"The physical and chemicnl propertion of the el will be al-
{ected by the order of addition of reactants, pld of precipita-
tion, temporature of precipitation, congentiation of the rene.
ants, the renclants urod and the conditions of nging of the
precipitated gel.

Aluminum Hydroxide Gel in goluble in neidic (or very
utrongly basie) media, The mechanism in acidic media is

Aluminum Hydoside Gab A 3H,0 -+ [AKH,0h(GH), 3
[ALH 01" A H,07 -+ (AL, 0M),) + 11,0
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1640 CHARTER 03

[ALHL0) (OHD,)" + H,0" - JAIH, O} (O + 1,0
[AIH, OO 4 HOF - [AH0)" + H,0

Tt is undikely that tie lasl reaction given proceads (o comple-
on. Sinee the aclivity of the gol is controlled by its insolu-
hility (solubility will decrense with sn ineroase in tho pH of
the gustric media), there is no acld rebound,  Furllior, since
n cerbain guantity of insoluble gel always s available, the
neuteadising capability of the gel extends over a considerable
period of time.

Alumninum hydroxide gels also may contain peppermint
oil, glyewrin, sorhitol, sucrose, saccharin and viirious prosers
vatives. Sarbitel improves the acid-consaming capacity,
apparently by mhibiting n secondary polymerivation that
tekes place on aging. i addilion, polyels such as mannitol,
rorhitol nndd inositel have beon shown Lo imprave the stabil-
ity of aluminwm hydroxide and aluminum hydroxycarhosn-
ato gels,

Aluzminum Hydroxide and Bollndonnn Mixture 1°C

Boladonna TIetes oo v e, 100 m).
ChloroTersn Splelt oo o oiiiiii i 30 mi
Alunminum Hydroxlde Gelle ..., 1000 ek,

Lt whould be noted, howaever, that the addition of other drups
(g, antibivtics) 1o the gel may vesull in g loss of the aclivily
anticipated for that active ingredient.

Generally, if fofl. undisturbed for soma timo, pels may
become semisolid or pelatinous,  With somo gels, small
amounta of water may separato on slanding,

The singlo-phase gels are being used more freguently n
pharmacy and cosmelics becauso of sgveral properties:
semisolid state, high doegres of clarity, case of application
and aase of removal and uso, The gels often provide a fuster
reloasn of drag substanca, indepundent, of the wator solubili-
ty of the drug, as compared Lo eronms and ointments,  Some
drugs usaed in medication gols inchude veea, hydrogen perox-
ide, ephedrine sulphate, arythromycin and povidene-iodine,

Gels may be usod s lubricants for catheters, hases for
pateh testing, sodivm chloride gols Cor electrocnrdiography.
fluoride gols for topical dental use nnd (or intravaginal ad-
ministration (prostaglandin-I; gal).

Gels can bo prepared from o number of pharmaceatioal
ugents such s frngacnnth 2 o 5%, sodivwm alginate 2 to 10%,
petatin 2 to L15%, methyleellulose 2 to 4%, podium curboxy-
methyl-cellulose 2 (o 5%, carbomer 0.9 lo 5% or polyvinyl
alcoholn 10 to 20% a8 noted by Carter¥  Other geliing
agents include methylhydroxyethyl cellulose, polyoxysth-
ylena-polyoxypropylona, hydroxnyorhyl collulose and gelatin,
tols prepared from nonpolar matorialy such as magnesium
ronp-hydrovarben and hydrocarbons ave being inveatigated.

The poreontages above indicate the soncentration ranges
of the gelling agent.  ‘Phe lower-percentage proparations
may be used ns fubricants and the higher-percentage propa-
rationy ns dermatological hases. Some of the gelling apents
are availablo in difTerent graded indieating the viscosity at a
definite concentration, ko genorsl, high-viscoaity grades re-
sult in gols at lowor concentrations,

aela vocently have Dewsn propared in adhesive form in
order to increage the contaet thimo of tho activoe ingredients,
wutch an insulin with the oral and npsal mucoan, leading (o n
decronse in plasma glucoso, 'Phis systom nlko has beon ins
vastigntod an i vaginal dosage form for eorvical enneer and n
topical dasage form for aphthous atomaditis.

Preservativas should be incorporated mio the gols, ospo-
¢lafly those prepared from naiural wourcas.  Approprinte
prosorvatives, depanding upon use md the gelling agent,
inelude the parabans at ahout 0.2%, bhenzaic aeid 0,29 (if the
procuet is aeidic) and chlorocresed O.1%.

The preparation of o few gel baves is given holow;

Hodhum Alginate Gel Base

Aliem ATinne oo 2 Lg
Glycerin . ..., .. P 10k
Muothyl Hydvoxyhonzoato, .. ..o o0, 2y
i woluble culeium salt
{ondeiwm or gluconate) oo (A4
Purtfied Wator, to molo .o, 100 L
"Plve sonclivgyy aliginite bu wottod by aomortar with lycorin, whieh aida the
tuporsfon,  "T'he prosorvative is dinsetvad in about 40 mlL of water with
the aid of hanat, allowed 16 cond and e endeium wnll peledod, which witl
ineresye Uio viseasity of Lho preporation, ‘I'his aedution e siiveod in n
hijeh vpoard wlireer pied the sodivm sl chndoglyeorin mixure acteleed glow.
Iy while wtireing, ondl the propacation s homogeraous, *Phe propara.
tion sliuld be stored io a bty sealed containgr in g wite moands jur or
fuih,

Carhomer dolly

Corhopol 934 . ..o v e 2
Triothanelwmine ............. P 1,03 mL
PArbOME o 02y
Puarificd Water, temald .. oooncooocn 100wk

"The parabiena aro disnotvod o 85 mb of water with the mid of hoat and
wlloweie] to cond. Tl Carbopol 034, 0 commareial gende ol cashomur, is
nelded in umall wwennty Ly O solution waing o high spesd stirror and,
nlier o smooth dispersio iv slstained, the proparation is allowod te stand
pormitting ontenpped alr 1o voparate, Thon the geding agent, triotha-
nolaming, fn nddod, dropwise, atirring with o plastic apafula 1o avoid
entrapping nir wod the remeining walor incorporated,  Other concentrn-
Liana af cardoror can ho used Lo Prepare el CRuing O SURPEEIoNG,

The USP lists a numbar of gels:  Sodium Flueride and
Phasphorie Acid Gel for application Lo the teeth to reduce
crvitios, Belamethasone Benzoato Gel and Fluocinenide
Gel, anti-inflammatory corticosteroids, Toluaftate Gel, an
antifungal agent and Tretinoin Gel for the toatment of
aene, Rofer o the spocific monographa in this text for more
information.

Lotions

Lotions usually are liguid suspensions or dispersions in-
tended for extornal application to the bady, Thay may ba
prepared by triturating the ingrodients to a smooth paste
and then adding the remaining liguid phose cautiously,
High-apead mixors or homogenizers produce better disper-
piong and, theraforg, are the tools of choiee in the prepara-
Lion of lavgor quantition of lotion. Calamine Lotion USP s
Lhe Qassie exnmilo of Lthis type of preparation and conslaty
of lnely powdered, insoluble solids held in more or less
pormanent suspension by the presence of suspending agmmy
and/or surlace-active agenls, Muny investigniors have
studiod Calnmine Lotion and this has led to the publication
of many formulaiiony, each possessing cerlain advantages
over Lhe others but none satiafying the collective nocds of all
dermatologisty,

Phonolated Culamine Lotion USD containg 10 ml of fig-
uefied phenol in sullicient calamineg lotion Lo make the prod-
uch mensure 1000 ml,  Pormulations containing Avicel I
(hydrated misrocryatniling cellulose, FME) and carbuoxy-
methyleellulose rettle loss than the ofticial preparations,

Salamine Lotion

Caluming ... it e e By
TG ORI o i vy
Glyeerin .. ..., -3 11
Avicol RGel. ..o e O 33
Cnrboxymothyleellulose ..., e 2y

Calaivm Hydroxido Bolutlon, » mlf‘f|~
ciemt quantity, Lo mals .ooociiai i e MIRE

Mix 46 g of Avieal 11 with 85 g of wader with anuitahle luctrie mixor,
This gal in vaed in the properation of the eolinine lolion, Mix Lho
caloming and the zine oxide with the glycerin, the gel aad tho eorboxy-
methyleellwlonn,  Add sifficion caleinm hydroskle solwtion o make tho
praduct moasure 100 ml.,

PFIZER, INC. v. NOVO NORDISK A/S - IPR2020-01252, Ex. 1013, p. 349 of 408



DKumar
Sticky Note
None set by DKumar

DKumar
Sticky Note
MigrationNone set by DKumar

DKumar
Sticky Note
Unmarked set by DKumar

DKumar
Sticky Note
None set by DKumar

DKumar
Sticky Note
MigrationNone set by DKumar

DKumar
Sticky Note
Unmarked set by DKumar

DKumar
Sticky Note
None set by DKumar

DKumar
Sticky Note
MigrationNone set by DKumar

DKumar
Sticky Note
Unmarked set by DKumar


SOLATIONE, EMULBIONS, SUSPENSIONS ANC EXTRAGTIVES

To prepare Phenolated Orlamine Lotion ndd 1 ml of

Liquefiod Phenol during the mixing stape.
Suspensions also muy be fovmed by chemien] intaraction
in the liguid, White Lotion i an example,

White Lotion

Linme SR v e g
Sullfuraled Potagh .. i araaaaes 0y
Puxified Wator, asulTicind quantily

fomalo ..o S L1 BTIT

Drismelve Ui zisze sulfinde sl o wndfurited potash separntedy, each in
G0 ml, al pueificl water and filtar eoehe solation,  Add slowly the
sulfurated potash wbaling (o We zine sulfaio solution with eenstan
atireing, 1Toan add the renuived ot of puritied water, amd mix,

Sullurnted polaah is o sobid of variable composition Tt
winndly b5 deseribed oo ]Sy K.5,05  The chomionl rapetion
which oceurs when sulfurglad potash solution is sdded Lo Lho
sine sullnde

ZnS0, - TR0 4 K- 1K,8,0, » Zn8 + 8,
150, 4 BE,0, 4 TH,0

This Jotion must e prepaved {resh snd does pet contdin
surpending mrent,  Bentonile Magma has been used in some
formulations.  Coffman and Hoyek™ inedude o detailed dis-
eugsion of the chemistry and the problems invalved in the
proparation of u suitable product,

The UST vecognizes o oscsond wype of lotion, These nee
emulsions of the (/W iypo stabilized by o surface-netive
agent. Menuy! Benzoste Lotion is an example,  Bome lo-
Liona are clear solutions and, in (net, the netive ingredient of
ona official lotjen, Dimethisoguin Mydrochloride Lotion
LS XX o water-aolublosubstonoee, Howevor, onounofTi-
cial formulation for thiy lotion lists dimethisoguin hydro.
chloride, menthol and zine oxide s active ingredients and
Lhe preparalion thus hecomes o suapongion. Several lotions
are listed in the USP and contain, for example, antibiotios,
sterolds, kerntolyUes and seabicides.

A Tormuln for hydrogortisone lotion is given in the PCL

Hyivoeurtizone Lotion

TEwdd oy tigoma, sr wllenline prsedaoe VL g
Chloroeranol ..o 0000 hii g
Holf-omulsiying momedonrin oo oo RLXIN
Glyeoral, oo, 6y

Poraficed witer, Treshly hodled pod cooled o anake 10000 33

Ty pruguice Ui bage, thi ehlorarrono! in ismalvod i g8 mloof
witer with the aid of gontle head, the sell - omulsifyingg monme
toarin is arlded and the mixture hented 10 60° wilh stirring vatil
complatoly dinpurad. The hydeocortizeny i tritusntod with the
plycarol pad the tritueation s then incorporatod. with sliveing
into the warm hawe, allvwed 1o cond while aliveing, then added (he
remnineor of (he waler sl pised,

Lations usunlly are applied witheat friction. Even so, the
insoluble matter showld bo divided very fincly,  Particlos
approsching eolloidal dimeasions are more soothing Lo in-
{Tnmed arcas and effoctive in contact with infectod surfaces
A wido varioty of ingredients mny he added wo the prepnrn.
tion Lo produce belter disparsions or to secontuate its cool-
{ng, soothing, drying oy protective propertios. Bentonite sa
pood example of a suspending agent. used in the propanion
of lotions,  Methyloelwlose or sodium carboxymethylesllu-
teste will Toanlive and hold the netive ingredient in contact
with We alfocted site. A formulation contisining glyeerin
will heep the skin moist For n considerable poriod of tme,
Tha drying msd cooting effecl may be aceentuidod by adding
aleohol to the formuala,

Dermatologints freguently prescribe Jotions containing
anesthetics, nnlipraritics, mn.imapl-i(:a, aslringents, |;c=.1'mi--
cidug, profectives ar sereening mponta, 1o be used i Lreating
or proventing various typos of skin diseases nnd dermngitia

1641

Antibistamines, Denzeeaine, ealnming, vosorein, sioroids,
sulfue, wine oxide, hotamethosone devivativos, snlicylie weid,
satTtower ofl, minoxidil and sireanivn oxide are ingredionts
common i unafficial lotions,  In ey slances the cos
mabic anfrocts of the Totion are of gronl ioportaney, Moy
lotions comparo hadly with cosmelic proparabiony of o simi-
Jar pature.  The manufneture of fine Totions Lo meet tho
apeciplized needa of 1the dormatologist provides the pharma-
olad with an excellent opportanity Lo domanstrate his profes-
sional competence,  Reeend oxtonsive stadies on lotions, i
deneribad by Harb,™ will assint, the pharmacist do nddain this
roal,

Lotiong tend Lo sepurate or slyatify on long standing, and
they regguiive a label direeting Uil thay he shaken wel before
ench wse, Al lotdons should be lalreled “For Txlermal Use
Only."

Microorganisms may grow v eerlain fotions i1 no preser.
valive is included,  Care shouled e talen (o nvoid contami-
ynddig the lotion during preparadion, even i proservative is
freuent.,

Magmas and Milks

Mugmaa and milks are sgueoum suspensions of inseluble,
inorganic drags and differ from prels mainly in that the sus-
ponded particles are langer,  When prepaved, they are thick
and viseous and, beeavse of this, thaere is no neoed o acdd o
auspending agent.

Bentonite Miygaa USE is prepared by simplo hydralion,
Twao procodures ara given in the compondium for the propa-
ration of this product.

Magimns alto may be prepared by chemion] renction,
Magnesiwm hydreoxide ix propared hy the hydeation of mag-
nesium oxide.

Mg+ 11,0 Mg{QH),

Mille of Magnesia USE is a suspension of mapnesium hy-
drexide comtaining 7.0-8.5% Mg{OID)y 1L has an unplens-
ant, atkaline taste which v be miasked with 0.1% eiteie seid
(o reduce atkalinity) sud 0.06% of o volatile oif or o blend of
volatile oils,

Milk of Bismuth contuing bismuth hvdroxide and bismuth
subtnrhonate i suapengion in woter. 'The Magma is pre-
pared by reacting bismuth aubniteate with nitrie ncid and
wmtmonivm carbonate with ammonia solution and then mixe
ing the reaulting two solutions.

T'he: following renctions ooear durlng Lhe preparation of
the minggm,

(NHLLG0, - 2N - OO0

NHy + HyO = NH, - OR

0T - GO e (30,00,
BIO' 4 QM7 - IBIO(01)

H the insoluble substance is proeipitated fresh by mixing
hot, dilute solutions, Urere ia only slight sedimentation o
atanding. This charactoristic of magming somadimes is en-
hanced by passing the product tiough i eolloid mill

¥or the most part, magmes nnd milks are intended for
intornni use, although 3entonite Magnu is wsed prbuarily as
asusponding agend. for insolable substaneons o, Millc ol Mag-
nesin USE and Dilydroxy Aluminum Aminoncolnbe Magma
S, either for loeal aphlication or for internal vae,  All
mogmn reguire o “Shalo Well™ label, Freeaing must be
avoided.

Saveral antimicrohial preservntives have boen tesled in
liguid antueid preparations for theie stability and offective.
nesy, sueh ng henzoie acid, chlorhexidine, moethylparaben,
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1642 CHAPTER 83

propylparaben, sorbic acid, propylene glycol or elhanal. It
waa found that a combination of methyiparnben and sorhie
acid was naperior to the parabens akone,

Mixtlures

The officipl mixtures are agueous, liguid preparations
which contain suspended, insolublo, solid substances and
are intended for internal vse. The insoluble substance does
ot make the mixture very viscous, and the particles may ba
held in auspenaion by using suitable suspending or thieken-
ing agents, This class was introduced originally to secure
uniformity in the formulas of certain woll-known and largely
used proporalions. Freguently, the tern mixeure v applied
Joosely Lo nguecus preparations of every deseription. The
torm shake mixtire i ued ofton for liquid preparations
which contain insolublo ingredienta and, therefore, must be
whaken before use. The USE doms not rocognize the term.
The Lerm suspansion now is used to doseribe a number of
aimilar prepusations, The PC uses the term mixtures and
includes suspensions in this catogory, for example:

Ammonium Chloride Mixtoes PG

Armmnium Chiovide ... 100 g

Aromntic Ammonin Solatfon, ... B0 ml,
Liguoriee Liguid Bxteast, oo 100 mlL
Witor, for proparations 1o oo neeeo... 1000mL

1 should he propasmd rocently.

The Lo mixture oceurs in the expression dry mixture,
which may be used 1o deserile many U8 produets, in par-
ticulur, antibiotic powders for orsl solutions which are de-
seribed on page 1627,

The peetin and the trogacanth in Kaolin Mixture wilh
Peetin (page 796) act as suspending agents. At allernale
formula, based on Veogum (Vanderbill) and sodivm earbox-
ymethylcettulone, has leon proposed by Kalish,*

Knoltn Mixture with Pectin

VORI 0o vv e e vr et nr s 088
Sodinm Carhoxymothyleotlubose 00000000 0228
Purdfied Water. ... .o covviiiiiiinairaiiaies TOIZE
Mawedin ..o v ITDOR
| LTI N | R P 0.44 ¢
SAceBMrI Lo e e g
Glyeerin o..o000 0 e e L0 R

Add the Vtguin and Ui nedium earhoxynsetbyleslluloso to the walir
with gontinuoun ativeing,  Add, with mixing, the kaolin, Mix the peetin,
wreeharin and glyveerin and add Lo Lho saspoion. A pranntvative snd
flavoriag sl mny he ndded 1o the product,

Phe inselulle material in mixtures musd be n o very tinely
divided state and uniformly distributed throughout ihe
preparation. This is accomplished with colloid mills, spe-
cind methods of precipitation and suspending agents, Thore
are thres madn reasons for having the insoluble substances in
as fine a stote of subdivision as posaible.

1. “The mote nearly Lhe colloidnl state i nppronchod by protectiven,
atteh an nokin, mnggmeshon Ceisilicate or magnuiinm phospliata, the e
netive they heeome nn adnorhantn and protectives whon in contact with
Intlumed surinees,

4, fnoly divided paeticlos ave mmpended wore teadily and sotido ont
much more slowly then Insge particlos, thus enabling the patient to
abtaln wrdfoem doves of suspondod subatances.  Homogoneous mistures
are desivablo epoginlly when administering medicalion to fort nn etan-
1y dfutributod, protactive contiig on the pastrointortinal tract,

3. ‘Tho paladability of muny prapatntions i onhanced by te une of
colloftlal suspanding agants,

Mixturos centuining suspended material should have o
nEhinke Woll” Label affixed to the container in which they are
dispenaed,

Mixtures, ineluding suspensions, ure subjeel 1o contui-
nation by mieroorganisma that remain viablo and nre 4 po-
tential health hazaed during the period of use of the prog-
ucts, Survival tismes of organisms depend on the preservas
tve uaed, A kaolin pedintric mixture thal containg hanzoic
ncid kills organismes rapidly, wherans organismes mirvived for
more than n woelk in n magnesium trisiliente mixture that
contained no more than n trace of peppermint oil, as notod
hy Westwood

Oeensionally, it is nocessary to prepare suspenaions from
grushed tablols, A poncral formutla for this purpose is giv-
en.

Muothyleetlnlose 20 ..., ... T 0.76
Paxabens . ..o P e [N
Purified Wator ..o i e k1
Propylone Glyenl oo o 2.0

Bimpde Syrug, Lo maltt o0 FOLL0

Al oxtemporuneous suspension of cimetidine tablots
which retnined its potency al 40° aver 14 duya in:

Climotiding 300 tablety .00 LRV
CYCOTII e i 1 ml.
Bimple Syrap, tomake o0 Lk

The tablots nre teitieated to a fine powder using a mortar,
the mixture s lovigated with the glyceriy, simple syrap add.
od, mixed wall, placed in a blendor until smooth and then
rofvigerated,

Satisfuctory suspensions have been compounded from di-
azepam nblsts and propranelol hydrochloride tablots, and
they possess chemient stability for 60 days and 4 months,
respectively, at room temperature of wnder refrigeration.
Froguently, since the drug may he soluble, it is the exeipi-
onts which are being suspended.

A comprohensive chocklist of susponsion formuilations hay
heen reporlod in the literature by Bcheer,™

Ofticlat Suspenslons

T"he VST places particular emphinsis on the tenm suspen-
gion by mroviding spocific delinitions fer a variety of oral,
parenteral and ophthalmie preparations formulated in such
away that an ismelulle substance is suspendod in a Hyuid at
somo stago of the manufacturing or dispansing process. The
[ISP definition beging as follows:

Sunpenslons are preparations of finely divided, undisgolvod drigy
digpurszed in Hguid vohiclos, Powders for suspengion ore prapurntion of
finely powdered duugs intondad fap sppomnion in lguld vehicles.  An
axinnple of the raady-to-dse Wpe in Trisulfnpyrimidings (eal Suspras
sfor, by wiiigh the Owee rulfupyrhmidines are alrendy suspandud in o
Hlguid flivarod vehicle in a form soitable For oral ndimiminteation,  Vetra
ayeline for Orul Suspension i finely dividid {otrieyeling mined with
maspending and dinporetog agents, S Drtended Lo be congtityttad with
th prescribod volame of purifiod water and mixad holura it is digpraoc
by the pharmacisf, for oval administration o (i pstieml,

Naither this definition ner the monographs give specific
directions for the prapuration of the suspension, althuugh
pharmacopeias uanally pormit the addition of suitable fla-
yoring agonls, sspending agents, prosefvativen and enrti-
flod colar additives. Ome procedure for the proparation of
the commonly usod ‘Trigulfapyrimidines Oral Susponsion i
given below.

Prisalfupyrimidines Oral Susponuion

Voo, . oo e e 1.00 &
Byrap UBE .o s it g
Radium Citrate ..o oo e CO0TRE
BaEndIisim o ovvrinnnrn i A6 g
BulfmernZIO . e e 264k

Butfamolthasdne , . ..o bbid g
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SOLUTIONS, EMULSIONS, SUSPENSIONS AND EXTRACTIVES 1543

Adld the Yoogam, slowly and with voniinuoun wlisring, to Lhe sy
Ingorproratit the pod jom eitrate o Uit Veogam-syrap nistars. Promix
the witfn drugzs, adet b the wyrup, stiv nd homogenize,  Add safficlont
Bt chtete neteh o wdjust the pld of the praduct fo fdi A prowsesntive o
o Mawaring agent sy o added Lo the produet.

Methada of progartion Lor thoso formuletions which con-
win severnl active ingredionts and are produced in Jarge
qumtitios tend e b more complex than thal given abavy.

Muny formulitiona Tor suspensions nee glven in the PC
under Mixtims,

A properly propured suspension has o number of dosirable
properties

i 'The mtspendod maloriat slould nat e e pagidly.

i, Dapetieben that doosette shanli pot Toem o bued ol mud oasily
whoulel bo resunprendod unifsrmly on shaking.

W : ) Y .

A Pl sanprnsion shiodd poug feely o the confaier.

Iasoluble powders that do nol disperse evenly throughoul
the suspending medium, whoen shaken, should be powdered
finely nnd lovigntod with a small mnotnt of an agent such s
glyeerin, aleohol or  portion of the disperaion of the sus-
pending agent. Tha other ingredients ave incorporatod winch
the remainder of the dispursion of the saaponding ngent is
incorporated gradunlly hy tvituration L produee the appro-
priuto volume,

Suspengions intendod for parenteral or ophthalmic use
wlso are described in the USE, Por a discussion of these
suspensions, see Chapier B4 and 56,

Extracts

Extraction

Bxtraction, as the Lerm iy usod |)lmrrr1m:@l,ll-i(‘.nliy. involvod
the separation of medicinaily active porlions of plant or
andmal tssuos (rom the mactive o ineet components by
wking selective solvents in standard extenetion procedures.

Tha products so obtained from plants are relatively im-
pure liguids, semisolids or powders intended only for erab or
extornal use, These ihchule elonmes of preparations known
ai dococtions, Infugions, (Tuidextracts, sincluros, pilular
(somigolid) vxtracts and powdered extracly, Buch prepara-
tions papularly have been called galenienls, aftor Galen, the
2l century Grock physician, For additionnl information
concerning extraction and extenctives, see RPS 15, Chapter
84,

Fstrnetion condinuss o he of cingiderable interest. in order to ehitodo
impraved vielts 67 drigs dowived Fronn plont sod animal sowreoes, P
oxanple, fipeasl vxeretion of digitnlis itlyeonides Yaw boen carvied oul.
using 1 pulsating, porforstod, botton miumn. Other techniques {nehsde
wlbensnnion, rotary-Cilm evaporalore, lguid wond nnpereritical carhon i
oxide, hydrodistilintion, lguld vheomaturaphy, mulliplesolvent es-
fenetion, conmtorenrrent extraction and ravitation dynamiss

b this dincuision we are canecissd primaeily with bisie oxteelion
pracedures for erde deagi 1o olstuin the Wiarrapentienlly desdrablo por-
Wan and ofiminate the inerl muterial by treatment with o soloetive
godvont, Jnown as the manatraum. Bxbeaction dUToes Teom selution in
thi. the presenes of troluble midter is il'!l]"il!‘\l in the formaor rocess.
e peineipal mothods of exbraction wre moectabisn, peecolalion, diga.
Lon, irfunion and decoetion, Tha gundity of the findshed proeduct can Iy
enhanced by standardizing primary extroeds wid carrying oul analytiead
nivrysr during produetion oy the rew materinly, nlermedinle peaduein
wnd manafetieiag proveduros,

The proceswes of particular importanee, insofar aa the
UST is coneernad, ave those of maeerniion and percolation,
Mgt pharmacopoins refer Lo such procosson fur extraction of
active principles from erude deags.,

Mugabntion.-1n thiv process the eelid ingredlionts are plucod in o
stopperad cemtainge with the whaoly af the solvent. aned albowead Lo staasd
for n poriod of ol lenst 3 doyw, with froquent agitnbion, anlil solulile
multor i dimselved, e miktaro then is strainod, thy mare (Bhe damp
wolied maaterinld prosyodd sod the coubingd Houids darifiond by fttion or
by docantatien, after standing,

Porcesdnlion - Thin is the procodure mued moni l‘rutl\‘l:‘-nl.iy i oxtracl
the aetive ingrodiontn in tha proposution of lincturos and Nakloxtracts.
Cptpin apoeific procedurnd dotailn wre provided in tho U, which
whould be consulied for nueh idarmatio, 1o tha PO onesal procedure,
0 |N|l‘t‘l)l!ll()l' (n norrow, (:IN\(J-\M]IHPHCI wimbd apen ab hih wnedn) i v,
Pho solid ingrediont(s) are nohdenod with st apprapriste gncant af the
wpecifiod menatrunm ad allowod o stand for apprgsimadely o be i oo
woll-closed container, after which tho drag mas s pocied into the
peroatubor. SotTleimmt memtrnm ioadded 1o saturido Ure mm ane U
tap of Tha pereolitor Incioked.  When the tauid is alaud L dip froi e
nock (hottom) of the pevealutor, thy outded is eloaed,  Additional men-
whenw i nelded Lo grive n ehallow Tnyver aliove Ehe wogs, nnd G mistoen
it llewa] Lo macerats n the elosed percolstor for 34 e, The ootlet of
Lhes porealator thon is openet and the liquid contnined thoroin wliowoed Lo
drips wlowly, additiona! mopstronm Leing added an raguived, umil tha

poralide mensures about Uhroegquartons of L rogpuired valupe of thi
findeherd produel. Tho e s prossed and tho oxpresssod Tiguid i added
1 thy pereolate, Sufficient metmtraum b addod Lo prodoce the ro.
e vol i, and the mixed Hauid elirifiad by Sration or by nHowing
il Ao sl and thon decinting,

Digostion. - Phis ia a form of mneerntion in which geatfe head s o
during the prooss of extroetion, T i e whon madsrtoly elevated
temporatare iy neol |.)I)j(,)(:|.'u)lluhlu and the sodvent efTicieney o thi e -
alranm i ingerossed thoreby.

Fnfunton--An mtusion B a dilute solution of the remdily saldlle con
atituonia of crude drups. Prowls infumions are prepaeed by macoerabivg
thar dewg Cor i shor L period oF lime with either eold or hastling water, 1S
official componbia fuwe nol iveludid infosions for rome lime. - Anegain:
il s Comesntridec Coaposnd Continn bntusion B3I V07,

Poevotion-This onee-populnr procems exbicts wittor-golublo gl
Dratut-a bl eonntitaonts from cradi drags by hidling in satee for 125 min,
couting, ulraining and paing mafficient eold water theangh the drag to
pradies e veagualred voiunmeg,

Extractive Preparations

Aller o solution of the activo constituents of a orade dig
fa oltainod By macerntion or pereolation, i may e ready for
use as o medicinal agent, as with certain tinetros or Nuidex-
tructs, of i omay hoe processed further to produce o solid or
sumisolid extrael.

War a diseussion of rextng and oleoresing obtained by sols
vent. oxtraction of plant exudatos see Chapter #, undor
Pland Keweatos.

Tinctures-—'Pinctures ave delined in thoe UST ag being
aleohalic or hydrontesholie solutions prepared from vogeln-
hle muterials or from chemical substances, an exnmplo of the
Intdor boing Todine Tincture.  Traditionally, linctures of
potent vegotable druga esaentially roprosent the activily of
10 of the drug in ench 100 ml of tinclure, Lhe potoney heing
udjunted followingg assay,  Most other tinatures of vegotnble
drugs represent the extractive from 20 g of the deag in 100
ml. of tneture,

Tl VST spocifically describes two geneval processes for
preparing tinetares, one by pereolntion dosiguatod ns Pro.
ceas P, nne the other by maceration, as Procoss M. These
utilize the mothods deneribed under fBxtraction.

Process 17 includes o modification so that. tnetures that,
roguire naeny for sdivatment to upecified paloney thos mny
he teated bolore dilution o fingl volwne, A tineture pro-
pared by Progess 11 as moedified for sssayed tinctures is
Relladonna Tincturoe.

Examples ol Goctures propared by Process M are Com-
pound Henzoin Tincture and Sweet Orange Peel Tineture
{the latter containg the extractive from B0 g of sweel orange
peel in 100 mLoof tincture),

Fluidextrneta--1he USE defines fuidestenew ag heing
liguid praparations of vegalable drogs, contnining aleohol as
f solventt, or as 4 proservative, ar both, so made that eneh mi
gontaing the therapeutic conatituents of 1 g of the standard
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CHAPTER 83

drug that it rapresents, While the LIS sintes that pharma-
gopoinl fluidextracts are made by percolation, the official
compendin praviously have deseribed general procodures for
three percolation methoda used in malking fluidextracts,

Proves A i i porcolation method that can ho modifled for fuides-
Lracts that muat De askayad,

Procons 15 in an alleenative for Trocens A in which pereolation is
comductod on & colusin of deug much greater in lenpth B in diamotor,

Pracass 1 s uned for proparing fuldextricty wi&{) hoiling wator an the
onstem, aleehol helng addad as u projrvitivo t the euneentratod
sereoloto; this is tha procedure used for proparing Cnscar Sagpenddn
Fludextract.

The AP and £C use the designation Liguid Extracts for
fluidextracty,

Extracts—Rxteacts are defiped in the USP au concen-
trated preparations of vegetable or animal drugs oblnined by
removal of the active constitients of the respective drugs
with atiitahle menstrun, evaporation of atl or nearly all of the
golvent and adjustment of the residunl masses or powders Lo
the preseribed standarda,

Three forms of extracts are recognizod:  semiliquids or
liguids of syrupy conslutency, plastic maases (known as Pl
lar or solld extracts) and dry powdors (known as powdered
extracts),  IExtracts, ms concentrated forms of the drugs
from which they ore preparad, are used it g variety of solid o
sarnisolid dosage forme, The USP atatos that pihular ex-
tracts and powdered oxtracts of any ona drug are inter
changeable medicinally, but aach has ity own pharmaceuti-
enl ndvantoges. Pilular extracts, so-called hocnuse they are
of n consistency to he used in pill masaes and made into pills,
are puitod capocially for use i ointments mud suppositorios.
Powdered oxtracts are suited better for incorporation into o
dry formulation, an in capsules, powders or tablets,  Semi.
leuid extracts, or extracts of 4 syrupy consistoncy, may b
used it the manufacture of somo pharmpesutical prepari-
tions,

Most oxtracts are prepared by extracting the drug by
pereolation.  The percolate i concentrated, gencrally by
diatillation under reduced prossure. The use of heat is
avoided where possible becausa of potential injurious elfect
on aclive constituents,  Powdered extinets which are made
from deugs that contain inactive oily or fatly malter may
have to be defatioed or prepared (rom defatled drug.  For
diluents that may be used Lo adjust an extract to preseribed
standards, see the USSP

Pure Glyeyribiza Tixtract USP is an example of a pilular
extract; Belladonng Bxtract USPE and Hyoseyamus Extract.
PO are examples of powdered extracty {the formor iy pre-
pared algo s g pilular extract and the latier as a liquid
oxlroel},
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CHAPTER 84

Parenteral Preparations

Kenneth [ Avis, Dic

Erneritus Mrotessorn, Phormocautics
College of Phacmuoey

Unlversiry of Tennossoe, Memphls
The Bealth Selence Conter «
tAomphls, TH 38143

Dosage forms of drugs are designed (o make it possible to
introduce a drug into the body of 2 human or animal patient.
Since the well-being, or even the life, of the patisnt may be
afTectad, the dosage form must be designed and prepargd in
u manner intended Lo promote the safety of the patient.

Soncurrently, it is essential that the dosage form comph-
ment ar enbiance the therapeutic effectiveness of the drug.

Porentera] (Gk, para enteron = heside the intestine) is the
route of administration of drugs by injection under or
through one or more layers of the skin or mucous mem-
branes. Since this route circumvents thoese highly efficient
protective barriers of the human body, exceptional purity af
the dosage form must be achieved, The processes used In
preparing it must embody good manufacturing practicos
that will produce and maintain the requirad quality of the
product. New developments in process techuology and
quality control should be adopted as soon as their value and
relinbility have boeon established as a means for further im-
proving the quality of the product.

History!

One of the mout significant cventy in the beginnings of
parenteral tharany was the first recorded injection of drugs
tto the veirm of living animalg, in about 31657, by the archi-
tect Bir Christophor Wren,  From such a very crude begin-
ning, the technigue for intravenous injection and knowledge
of the implications thereof develoned alowly during the next
century and & half. In 1855 Dr Aloxander Wood of Idin-
burgh described what was probably the first suboutaneous
injection of drugs fov therapeutic purposes using a true hy-
podermic syringe.

The latter half of the 19th century brought inereasing
concern for safety in the administration of parenteral solu-
tions, largely because of the work of Robert Koch and Louls
Pasteur. While Charles Chamberland was developing hoth
hot-air and steatn sterilization technigues and the first bag-
terin-retaining filter (made of unglazed porcelain), Stanis-
laue Limousin was developing o suitable container, the ull-
glass ampul.  In the middie 19202 Dr Florence Seibert pro-
vided proof that the disturbing chills and lever which often
followed the intravenous imjection of drugs was coused hy
potent produets of microbial growth, pyrogens, which could
be aliminated from water by distillation and from glassware
by heating at elevated temporatures.

Of the recent developments that have contributed to the
high quality standards currently achievable in the prepara-
tion af parenteral dosage forms, the two that have probably
coniributed most are the development of HEPA-filtered
laminar airflow and the development of membrane microfil-
tration for solutions. The former made it possible Lo
achieve ultraclean environmental conditions for processing
sterile products, and the latter made it possible to romove
from solutions by filtration bhotl: viable and nonviable parti-

cles of microbial size nud smaller. However, many other

developments in recent. years have produced an impressive

advance in the technology associated with 1he safe and reli-

abla preparation of parentern] dosage forma. The [oliowing

list identifios o few of the events which have contributed lo

that developtant.

1426 Parenterals were accepted for inclusion in the fifth
adition of the National Farmulary.

14938—The practical application of froeze-drying to elinical
materials was accomplished hy a tenm of sclentisls at
the University of Penmaylvania,

1838—The Food, Drug and Cosmetic Acl was passed by

Congress, establishing the Food and Drug Admins-
tration (FDA).

1944-—"The aterilant ethylene oxide was dizcovered.

1940-—"T'he Parenteral Drug Association was organized.

1861--The cancepl. of laminar airllow was developed by W/
Whitfield.

1962 The FDA wag suthorized by Congress to establish
current good manufacturing practices (CGMP) regu-
lations.

1985....Total parenteral nudrition (TPN) wis developed by
84 Dudrick.

1972-.The Limulus Amebocyle Lysale test for pyrogens in
parenteral products was developed hy JF Cooper,

Adminisiration
Injections may be classified in five general categories:

1. Solutions ready for injection,

U Dry, solible products ready Lo be combined with o solvent just
yrior to Whe,

3 Buspensions ready for injection.

4. Dry, insotuble preducts roady 1o be conalined with o vehicle just
prior Ly e,

5. Bmulsions,

These injections may be administered by such routes as
intravenous, subcutaneous, intradermal, inlyamuseular, in-
tranrticular and intrathecal. 'The nature of the product will
determine the particolar route of administration that may
be employed. Conversely, the desired route ol adminfstra-
{ion will place requirements on the formulation. For exam-
ple, suspensions would not be administered direatly into the
Bood atrenim hocause of the danger of inweluble particles
blocking capillaries. Solutions to be administored subceutn-
neously roguire strict attention to tonicity adjustment, oth.
erwige irritation of the plentiful supply of nerve endings in
this anatomical srea would give rise to pronounced pain.
Injections intended for intraccular, intraspinal, intracister-
nal and inlrathecal administration require the highest puri-
ty standards becavse of the sensitivity of nerve tissue to
irritant and toxic subatances.

When compared with other dosage forms, injections pos.
yoss select advontages. 1Fimmediate physiological action is

1549
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1646 CHAFTER 04

paeded Trom p drug, it usually can be provided by the intra-
vinous infection of an agueous solution,
the formulation or snother route of injection cun ba used to
alow Lhe onact and prolong the action of the drug. The
therapeutic reaponse of a drug s controlled more readily by
parentaral administration since the frregularities of inteati-
nal ahgorption are civoumvented.  Also, since the drug nor-
mally is administered by a professionally trained person, it
confidently may be expected that the dese was actually and
aceurately administered, Drugs can be administered paren-
terally when they cannot be given orally because of the
uneongcious or uncoaperative state of tha patient, or hecnuse
of innetivation or lack of absorption in the inlestinal tract,
Among the disadvantages of this dosage form are the re
gquirgmont of asepsis at administration, the risk of lssue
toxicity {bom loeal irritation, the real or payehologicnl pain
factor and the difficulty in correcting an error, should one bo
made. In the latier situation, unless a direct pharmacologi-
cal antagonist in tmmediatoly available, correction of an er-
ror may be impossible. One other disadvantage is that daily
or {requent administration poses diffieultios, cither for the
patient to visit a professionally {rained person or to learn to
inject oneself,

Parentaral Combinations

Hinee there is a degree of discomfort for the patient with
each injection, a physician frequently wilt seek Lo reduca this
by eombining more than one drug in one injection, This is
encountered moat commonly when therapeutic ngents are
ndded to large-voluma solutions of eleclrolytes or nulrients,
commanly called “1V additivos,” during intravenous admin-
istration. Since these are pguecus solutions, there is a high
potential for chemical and physieal interactions. See Chap-
ter 86, The pharmacist s the professional best gualified to
cope with these incompatibilities. However, in the past,
these have been handled largely al the patient's bodaidoe by
the nurse and physician, Only recently has it been recog-
nized that this professional area is the proper function of a
pharmacist and has been 3o slated by the Joint Commigsion
on Accreditation of Hospitals,®

Asg pharmacists have assumed increasing responsibility in
thia area, awareness has developed gradually of the wide-
spread oceurrence of visible, as well as invisible, physical,
chemicn] and therapeutie incompatibilities when certain
drugs are combined or added to intravenous fluids,

The development of a precipitate or a color change when
preparations are combined is an immedinte warning that an
alleration has vesurred. Such a combination should not be
administered to the patient beeause the solid particles muy
ovclude the blood vessels, the therapeutic ngent may not be
availuble for absorption or the drug may have boen degraded
into toxic substances, Moreover, in other instances,
changes not visually apparent may have oceurred which
could be egqually ar more dangerous to the wollare of the
patient.

The alimost inmimerable potential combinations present. a
complex situation evan for the pharmacist. To aid him in
muking rapid decisions concerning potential problems, a
number of charts have been compiled basod on the visible
changes that may be observed when two or more prepara-
tions are combined. However, the advent of data storage
and relrieval syatems using computers has provided a means
to organize aud gain rapid access readily to such informa-
tion. The valuo of such information is Mmited by such
factors a8 frequent chianges in commercial products, varia-
tiong in order of mixing or the propertions in the mixture,
dilferences in concentration of enel ingredient or variations
in thoe period of time that the combination is held before vse.

Modiflentlon of

As atudios have hoen undertaken and more information
har been gained, it has been shown that knowledge of vari-
abie factors such as pH and the ionic character of the active
eonatituents aids substantiaily in understanding and pre-
dicting polential incompatibilities, inetic studies of rone-
Lion rates may be used to describe or prodict the extent of
degradation, [Jltimately, a thorough study should be un-
dertaken of each therapeutic agent in combination with oth-
er drags and 1V fluids, not only of generic but of commercial
preparations, from the physical, chemical and therapeutic
aspects.

Tdeally, no parenteral combination should be adminis-
tered unless it has heen atudisd thoroughly to detormine its
effect on the therapeutic value and the safoty of the combi-
netion. However, such an ideal sitbation does not and may
never exist. Therefore, it in the reaponsibility of the phar-
meeiat to ba as familiar as possible with the physical, chemi-
c) and therapeutic aspects of parenteral combinations and
ta exercise tho heat possible judgment as to whether or not
the specific combination extemporaneously prescribed is
suitable for use in a patient. A service to pharmacists has
been provided through reviews of this subject.*

General Requirements

An inherent requirernent for parenteral preparations is
Uhal they be of the very bosi quality and provide the maxi-
mum safely Tor the patiend, Therefore, the pharmacist,
heing respensible for {heir preparation, must use his skills
und resourceluliess al the highest level of efficiency to
nchieve this end. Among the areas requiring dedicated at-
tention are the following:

. Possession and application of Jugh moral and professioual ethics.
Bt the thought of using infevior technicues or ingrodients in o manu-
facturing process must nol be counteninesd.  The proper attitude of the
putson responaible for the prepaeation of the product i its mosl vital
ingrodient.

2 The pharmaceution] training veceived must br usod Lo tha fullest
meanure. Fhe chullesges Lo thix nowledge bank will be many and
varied,

o Spocialized Lochiigues will be recquived lfor the manalaclure of
aterile proparationa, employing (m with wlortpess wnd sound judy-
mgit. These st Be sabjected Lo eontingous eritieal roview for Taally,
aminsions und improvenenty,

A, Ingrediunts of the highest quality eldainable must be used, At
times, ingrodionts may require speeisl purification beyond thnt of the
commercial supply. This normally will require that eost factors e givon
second !Jlu(:u i impartance,

5 ‘The sinbility and effvctivonoss of the product must be establishad
with substpntinling data, either from ariginal or publishod sourees
This must toke inte aceount process varintions sd differenees i ngre-
dient epoeifications {rom one production site 1o anothon,

& A well defined and controlled progrum muasl bo established 1o
gaaare the guality of the prodoct aned the repetition of valid production
procedures, This involves the evaluntion of wb ingredients, vigilant
comtrola of all atapes in the production procedures and eareful ovaluation
of the finlabed produd,

Injections or other sterile producty rarely are prepared in
the community pharmacy becauss of the lack of adequate
facilities and traived personnel vecessary to prepare a roli-
able and safe product.

In some hospital pharmacies injections are prepared from
raw materinls for research purposes or in the early phases of
clinical studies. In most hospital pharmacies aseptic pro-
cossing often is used for adding commercially svailable par-
enteral drug products 1o IV solutions for an individual ps-
tient. Increasingly, hospital pharmacies or independent
unilg are dispensing parentorals for the home care of pa-
tients. Since the products dispensed most frequently are to
provido the total parenteral nubrition (TPN) requiretnents
of a patient, and these are excellent nutritional preparitions
for microorganizms as well, stricl requirements for sterility
musl be met in prepacation and packuaging,
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The proparation of the vast majority of injectable prad-
uets uaed clinically oecurs in the highly technologically ad-
vanced plants of the pharmaceutical industry. The opora-
tioms ara subject to the oversite of the Food and Drog Ad-
ministeation (FDA) through the application of the Current
Good Manufacturing Practices (CGMPs) Regulations®
These regulations are dincussed more fully in Chaplor 107,
While the oversite by the IFI2A has encouraged strongly the
achieving of the easential high quality of parenterals Loday,
the parentoral industry has taken the lendership and initia-
tive in the extensive technological development and im-
provement in the quality, safety, offectiveness and admiis-
trative proficioncy of parenteral dessge forms in recent
Voars.

Goneral Process
The preparation of a purenteral product may be consid-
ered to encompass four general areas ns Tollows:

PARENTERAL PREFARATIONS 1647

i, Procurement and selection of the compenents and contsinera,
% Production facilitios and proceduron.

& Quntrol of ganlity,

A4, Packaging and laboling.

The components of the product Lo by procured include
vehicles, solutes, containers and closures, 'The stops consti-
tuting production include maintaining facilitics and equip-
ment, preparing and controlling the environment, eleaning
the containers and equipment, preparing the product, filter-
ing the wolution, filling containers with the product, sealing
the containers aud sterilizing the product. The control of
quality includes the evaluation of the compoenents, valida.
tion of equipment and procesaes, determination that the
production hag been executed within prescribed require.
raents, and perlormanee of necossary cvaluative testa on the
finished product. The final avea of packaging ond labeling
includes all steps necessary Lo identify the finished produet
and enclose il in such manner that it is galely and properly
prepared for sala and delivery to the wser,

Components and Containers

Esntnblishing specifientions to insure the qualily of each of
the components of an injoction i3 an esaential first step.
These apeeifications will he coordinated with the require.
maonts of the specific formulation and necessarily will not be
idontical for a particular component if used in several differ-
ont formulations.

The most slringant requirements normelly will be encoun-
tered with agueous solutions, particularly if the product is to
be sterilized at an elevated {emporature whore reaction rates
will be accelerated greatly. Modification of aqueous vehi.
cles to include & glycol, or replacement with a nonagueous
vehicle, usually will reduce reaction rates. Dry proparations
pose relatively few reaction probleis but may require defin-
itive physical apecifications for ingredients that must have
cortain aolution or dispersion charscteristios when » vehicle
in added.

Containers and closures gre in prolonged, intimate contact
with the product and may relesst substances or remnove
ingredients from the product, While not usually considered
a part of & container, administration devices are 8 part of o
conlainer system and their effect upon the product must be
assganed cven though the contaet periad is usaally brief,

Vehicles

Since moat liquid Injections are quite dilute, the compo-
nent present in the highest proportion is the vehicla. A
vehicle normally has no therapeutic activity and is nontoxic,
However, it is of grent importance in the formulation since it
prosents to body tissues the form of the active constituent
for absorption, Absorption normally occurs most rapidly
and completely when a drug is prosented as an agueous
solution, Modification of the vehide with water-miscible
liguids or subatitution with water-immiscible liquids nor-
mally decreases the rate of absorption. Absorption from a
sugpension may be affected by such faclors as the viscority
of the vehicle, its capocity Tor wetting the solid particles, the
solubility equilibrium produced by the vehicle and the dis-
tribution coofficient hetwesn the vehielo and agqueous body
syslems,

The vehicle of greatest importance for parenteral prod-
ucks is water, Water of suitsble quality for parenteral ad-
ministration must be prepared either by distillation or by
roverae osmoais.  Only by thess means is it possible Lo sepm-
rate adequately various liguid, gos and selid contaminating
pubstances from wator,
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Preparation of Waler

In general, 4 conventional still conalsts of a boiler (evapo-,

rator) containing vaw water (distiliand), a source of heal to
vaporize the water in the evaporator, a headapace above Lho
level of distiltand with condensing surfaces for refluxing the
vapor and thereby refurning nonvolatile impurities Lo the
diastilland, o means for eliminating volatile impurities before
the hot water vapor is condensed and a condenser for remov-
ing the heat of vaporizstion, thereby converting the water
vapor Lo a liquid distillate. )

T*he spacific construction featurea of a still and the process
spocifientions markedly will affect the quality of distillate
obtained from o still, 'Those required for producing high-
purity water, such as Water for Injection USE (WI'), must
be considerably meore stringont, than those requirad for Puris
fied Water USP. Among the [actors that must be consid-
erad are:

1. Thequality of the rusy witer wilt affect the quality of the distilate.
It may bo neconsary that the raw water be first soltened, delonizod vr
Lrented By reverse osmonis to obinin o finet distillate of adeguate quality.

2. 'Ihe sine of the pwnporator will nffect the efflofency. [t should ‘}JU
Inrge enough to provide a low vaper velocity, thus reducing the enleain-
ment of the distilland either as & flm on voper bubbles or as separatn
droplets. ) . o )

5. The baffles (condenaing sufness) determine the effectivenuss of
rofluxing, 'They showld bi: designed to remove officiently the entrain-
mant at. vptimal vapor velocity, collecting and returning the heavier
droplets contaminated with the distiliand. ) _

4, Redigrolving volatite impurition in the distillate reduces ity purity.
Tharefore, they should he separated efficiently from the hol water vopit
and oliwinnted by sepirating them to the drain or venting e Lo the
itmosphero. )

&, Contamination of the vaper and distillate from the metal parts of
tho sl oan ocour.  Presgnt standards for high-purity stills aze that ali
purls contacted by the vapor or distillate should be contructed of metsl
conlod with pure tin, 304 or 316 stadoloss slee] or chomically resistunt
Flasg,

The design features of a atill also influence its efficioncy of
operation, relative froedom from maintenanee problems or
extent of automatic operation. Stills may be constructed of
varying size, rated according to the volume of distillate that
oan be produced per hour of operation under optimum con-
ditions. Only stills Gesigned 1o produse high-purity water
may be considered for uso in the production of WEL

Conventional commaereial atills designed for the produe-
tion of high-purity water, such as shown in Fig 84-1, are
availnhie from sevaral supplicrs (AMSCO, Barnstead, Cor-
ning, Finn-Ayue, Vaponics).

e

IS
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1548 CHAPTER 84

Fig 04-1.
avaperalor; @ high-purity bafflo unit, G condenser; D¢

High-purity still and soaled water-storago systen. Al
stornpe
tank with ultraviciet tarmp; £: control panel {oourtesy, Clba-Geigy).

Compression Distillation—"The vapor-compression
atill, primarily designed for the production of large voslumes
of high-purity distillate with low consumptiion of energy and
water, is illustrated diagrammatically in Fig 84-2, Toutart,
the feed waler is heated in the evaporator to boiling. The
vapor praduaid in the tubes is separated from the enfrained
distilland in the separator and conveyed to n compressor
which compressus the vapor and raises its temperature to
approximately 224°F, Tt then flows to the steam chest
where it condenses on the outer sutfaces of the tubes con-
taining the distilland; therely the vaper is condensed and
drawn off as s distillate while giving up its heat to bring the
distilland in the tubes 1o the beiling point.

Vapor-comprausion stills are available in capacities from
50 Lo 2800 gal/hr (Agua.Chem, Barnstead, Meco).

Multiple-Effoet Stills-.The mulliple-effect atill also is
denigned to congerve energy and water vaage.  Dn principle,

iii
arrecy
[
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- YL oW Ao, | 30,

1 SRR AR5 T

L BB AL A

I RN AT
TR LI L, SANH KL
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vapor-compression stllf,

Fig B4-2,

il iz simply » serias of single-effect stills running at differing
pressures, A series of up to seven effects may be used, with
the first elfoct oporated at the highest pressure and the last
effect at ntmospheric pressure. Steam from an exlernsl
source in used in the first effect (o goncrate steam under
pressure {rom raw water; it is used as the power source o
drive the second affect. The steam used 1o drive the second
offect condenses as it gives up jta heat of vaporization and
forras & distillate. This process continues until the last
effect when the steam is at atmospherie preasure and must
be condenaed in 4 heat exchangor.

The capacity of a multiple-effect =till can be increased by
adding effects. The guality of the distillate also will be
affactad hy the ivlet stean pressare; thus, o 600-gal/br unit
designed 1o operate al 115 psig stoam pressure could be ran
al approximately 5% paig and would deliver about 406 gal/hr,
These stills have no moving puris nnd operate quietly. They
are nvailable in capacities from whout 50 to 7000 gul/hy
(AMSCO, Barnstead, Finne-Aqua, Vaponics).

Reverse Osmaosis—Reverse osmuosiy has been added by
the UST as a method suitable for preparing WEFL  As the
name suggests, the natural process of selective pormeation of
molagules through a semipermeable membrane soparating
two aqueous solutions of different concentrations is re.
versed, Prossure, usually between 200 and 400 paig, is ap-
plied Lo overcome osmotic pressure and force pure waler to
permeate through the membrane.  Membranes, uauatly
composed of cellulose esters or polyamides, are selecled o
provide an efficient rejection of contaminant molgeules in
raw water, The molecwles most diftficult to remove are amall
inorganic anes such as sodium chloride. Passage through
twoe membrusss in gories is sometimes used to incresse the
efficiency of removal of these small molecules and Lo de.
swoaso the risk of wtructural failure of o mombrane to ramove
othar contaminanis, such as bacteria and pyrogens. For
additional information, soe Reverse Osmosis in Chapler 77
(including Fig 77-14) and Water in Chupters 66 and 83,

Currently, extensive vatidation is continaing (o detormine
whather, in fact, this method is capable of consistently pro-
ducing high-purity water of a quality equal or supexior to
that producible by distilation. Reverse owmosis aystems
are available in a range of production sizes, (AMSCO, Aqua-
Chem, Fin-Aqua, Meco, Millipore, ete).

Water for Injeciion ISP

"T'his 14 n high-purity water intended Lo bo used s o vehielo
for injectable preparations, Sterile Water for Injection LISV
{SWIE is describod in a separate monograph and differs in
that it is intended as a packaged and sterilized product.

Storage—If WIFl cannat be used immediately after it is
produced, the USE permits atorage at room temperature for
a period not exceeding 24 hr or for Jonger perieds at o tem-
perature tuo high or too low for micrehial growth te oceur,
Therefore, WFI vsually s collected directly from the re-
verse-osmosie unft. or 4 atill in a closed system designed to
prevent recontamivation of the water and to hold it at a
congtant tomperature of 60 to 80°C.  The systemn may range
from a relatively small single storage tank with o drawoff
spout (Fig 84-1) to o very large system holding several thou-
yand gatlons of water. The siainless-steel tank in auch a
system uaunlly is connected o o welded stainless-steel dis-
wribution loop supplying the various use sites with a continu-
ously ciroulnting water supply. ‘The tank is provided with a
hydrophabic membrane vent filler capable of excluding bac-
terin and nonvinkle particulate matier, Such a vent filter iy
necopanry Lo permit changes in pressure during filling and
emptying. The construction materinl for the tauk and eon-
nocting lines is wsnally olociropolished 316E stainloss steel
with heliare welded pipe. The tanks also may be lined with
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plass or a coating of pure tin,  Such systery are vory caretul
ly designed and construcied and often constilute the most
costly installation within the plant.

When the water cannol be vsed at 80°, heal exchangers
must be installed to reduce the temperature al the point of
use. Bacterial retentive filters should nat be installed in
such systems because of the risk of bacterial buildup on the
filiers and the consequential relense of pyrogenic sub-
stances,

Purity—The USP monographs provide standards of pu-
rity for WL and SWFL A few of these standards requiro
commnment.,

SWPFI must meet the requirements of the UHDP Stevility
Test, but WL noed not since il in (o be used in & produet
which will be sterilived. Both must meet the reguirements
of the USPE Pyrogen Teal (page 492),

The limits Tor total solida varigs in the two monographs.
The larger the surface area of the glass container per anit
volume of water, the greater the amount of glnss constituents
that, may be leached into the water, particularly during the
vlevated temperature of steam sterilization.

The WFI monograph stipulotes a maximum of 10 ppm of
total solids. This is generally considered to be much too
high to agsure a quality of water that permits the stable
formulation of many drugs. A relatively few metallic fong
present often ean render o formulation unstable,  There-
fore, it is common practice to sot a limit of 0.1 ppm or less of
ionic contaminants expressed as sedium chloride,

Tonie contaninant level is not the anme as total solids; the
former is 8 measure of only the ionic content, while the latter
is & measure of the undissociated constituents as well. The
ionic content of water can be measured very easily by neans
of a conductivity meter which Irequently i used as an indi.
cator of the purity, The resulta are exprassad in one of three
torms:  as sodium chloride jonsg, ay resiatance in chms or
magohms or as conductance in micromhos.  Ohms and mhos
have o reciproeal relationslip Lo esch other, but they are
related Lo ppm sodium chloride by ap experimentally deter-
minad curve. To give one point of comparison, 0.1 ppm
andium chloride is equal to approximatedy 1.01 megohms
and (.99 micrombos. Tt should be mentionad that eonduc.
tivity monsurements give no direct indication of pyrogen
content, since pyrogens are undissoclated organic com.
pounds,

WET may not contain an added substance, SWFI may
contain a bacteriostatic agent when in contriners of 30-ml.
capacily or leso,  This restriction is designed to prevent the
administration of a large quantity of a bacteriostatic agent
that probably would be toxic in the accomulated amount of a
large volume of solution, even though the concentration was
low.

Types of Velicles

Aqueous Vehicles—Certain agueous vehicles are recog-
nized officially because of their valid uvse in parenterais.
Often they are used a8 wotonic vehicles to which u drag may
he added at the time of adminjatration. The additional
osmotic effect of the drug may not be enough to produce oy
discomfort when administered. Thess vebicles include So-
dium Chloride Injeetion, Ringer's Injection, Dextross Injec-
tion, Dextrose and Sodium Chioride Injection wnd Lacinted
Ringer's Injection.

Water-Miscible Vehicles—A number of salvents that
are miscible with water have been used as & portion of the
vehicle in the formulation of parenterals, Phess solvents
are used primarily to effect the solubility of certain drugs
and to reduce hydrolysia, The most important solvents in
this grougr are ethyl aleohol, polysthylene glyeol of the liguid
yeries and propylene glycol. 18thyl pleohol is used porticu-
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larly in the prepuration of solutions of cardiac giyeonides and
the glycols in solutions of barbiturates, certain allaloids and
certain antibicties. Such preparations usually are given in-
tramuacularly,

These solvents, as well as nonagueous vehicles, have been
reviewed by Spiegel and Nosowarthy.®

Nonagueous VehiclosThe moat important group of
nonaguecus vehicles are the fixed oils, The USP provides
specifications for such vehicles, indicating that the fixed oils
muat be of vegetable origin o that they will be metabolized,
will be liquid at room tempeorature and will not become
raneid readily. The VST also specifios limita for the degree
ol ungaturation and free fatty aeid content. The ofls most
commonly used are comn oil, eottonseed oil, peanut oil and
pesame oil, It should be noted that the official monographs
for some of these oils provide for groater Jatitude than the
specifications required for the use of tho oil as & vehicle for a
parenteral.

Fixed oils are used particularly as vehieles for certain
hormone preparations.  These and other nonagueous vehi-
cles, such as ethyl oleale, isopropyl myristale, and henuyl
henzoate, may be used provided they ave safe in the volumae
administered and do pot interfere with the therapoutic offi-
cacy of the preparation or with i response to prescribod
pasays andd Lesta, The label also must state the name of the
vehicle wo that the user may beware in case of known sengi-
Livity or other reactions to it

Solutes

The requirements for purity of the medicinal compound
uged in an injection often make it necessary to undertake
special purification of the usual chemienl grade available.
In o few instances, 4 special parenteral grade of a compound
is available, for example, ascorbic acld freed from all traces
of copper contamination, As a genaral rule, the best chemi-
cat grade oblainable should be used. [t should be obvious
that if a fow ppm of jonic contaminants in WFI may cause
stability problems, a similar Jevel of contrmnination in the
solute itsell may, likewise, cause stabitity problems. Metal-
lic eatalysis of chemical reactions in one which s encoun-
tered Mroquently.

Othor factors to be congidered with rospect to the quality
of golules include the level of microbinl and pyrogenic con-
tamination, solubility charactaristics as detormined by the
chemicat or physical form of the compound and freedom
Trom grosm dirt.

Added Substances—The USE includes in this category
all substances added to a preparation Lo improve or safe-
guard its quality, An added substance may

Bifeel solubility, os dota aodium bongeate in Caffeine and Sorlium
Benzoate Injeation,

Trovide patient comforl, s do subsinnees wdderd to make o solution
ipatonic,

Bishunce the chemicat stabitity of o selution, us do antioxidatts, nery
panws, cholubing ayrente and Dulloe,

Praserve a propuration sgainst the growlls of microrganisns, The
Lerm prosorvadive” somutimos is appliod only to Useme substances which
srevent tha growth of micreorganising Us o preparation.  However, such
trmitod v B inappropriate, being botter uped for all substanees Lhat act
o rotard or prevond the chemiel, physiond er hiologheul degrudalion of a
prepurnd ion,

While added substances may provent a certain reaction
From leking place, they may induce others, Nol only muy
vinible incornpaiibilities oceur, but hydrolysis, complex-
ation, oxidation and other invisible reactions may decom-
pose ar obherwise innctivate the therapeutic agent. There-
fore, ndded subatances must be selectod with due consider-
ation and investigation of their effect on U total formula-
tion.
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1560 CHAPTER b4

Antimicrobinl Agents--The USE states thal antimicro-
bial agents in bacteriostatic or fungistatic concentrations
maust he added to preparations contained in multiple-doese
containers, They must be present in adequate concentras
lien at the time of use o praveni. the multiplication of
micraorganisms inadvertently introduced into the propara-
tion while withdrawing s porlion of the contents with a
hypodermic needle and syringe, Ameng the compounds
most froquently employed, with the concentration limit pre-
seribad by the USP, are:

TPhenylmareuric nitrate and thimerosal €.01%,
Benzethorinm chiloride aad Benzabianivm chlorlde 0.01%,
Thenol of aresol 0.5%.

Chlorohutanal 0,6%,

The above limil is rarely used for phanylmercuric nitrate,
most frequently being employed in a concontration of
0.002%. Mothyl p-hydroxybenzoate 0.18% and propyl p-
hydroxybenzoate 0.02% in combination, and benzyl aleohol
2%, aluo are used frequently.  In sleaginous preparations, ne
antibactorial ngent commonly employed appears Lo bo affocs
tive, However, it has been raported that hexylresorcinol
.5% and phenylmercuric bensonte 0.1% ave moderately bac-
tericidal,

Antimicrobial agents must he studied with respect to com-
patibility with all other components of the formula. In
addition, their activity must be evaluated in the total formu-
la. It is not wncommon Lo find that o particular agent will be
effective in one formulation but ineffective in another, This
may be due to the effect of various components of the formu-
la on the biclogical nclivity or availability of the compound;
for example, the binding and inactivation of eaters of p-
hydroxybenzoic acid by macromolecules such as Polysorbate
#) or the reduction of phenylmercuric nitrate by sulfide
residues in rubber closures, A physical reaction encoun-
tered is that bactericstatic agents sometimes ure remdoved
from solution by rabber closures.

Buffors are used primarily to stubilive o solution against
the chemical degradation that might occur if the pH changey
appreciably.  Buffer systems employed should normaslly
have as low s buffer capacity as leagible in order not o
disturd significantly the body baffar systems when injected.
Tu addition, the buffer range and ofTect on the activity of the
product must be evaluated cavefully. The acld salts most
frequently employed as buffers are citrates, ncctates and
phosphates,

Antioxidants are roquired frequently to preserve prod-
ucts because of tho ease with which many drugs are oxidized,
Sodiwm bisulfite 0.1% ia used most frequently. The wae of
sulfites has been reviewed by Schroeter”. Acetone sedium
bisulfite, sodium {ormaldehyde sulfoxylate and thiourea
also are wsed wometimes. The sodium salt of ethylenedi-
aminetetraacetic acid has been found to enhance the potivity
of antioxidants in geme cases, epparently by chelating mes
tallic ions that would otherwise catalyze the oxidation reae.
tion.

Pyrogens

Pyrogens may be anlicipated contaminanty in crude
drugs, such ns anlibiotics produced by fermentation, or they
may be present as unexpected and unwanted contaminantsy
in o finished product ag a result of inadvertent contamina.
tion during processing,  The formor must be eliminated
during the purification sieps of the drag. The latter can be
oliminated best by praventing their introduction or develop-
ment during the process.  In genoral, the prosence of pyro-
gens fn a finished product is indieative of preparation under
inadequately controllad clean conditions.

Pyrogens cause o fobirile ronction in human beings,  Other

symptoms include chills, pains in the baek and legs and
malaigze. While pyrogens are rarely fatal, thoy produce aig-
nificant discomfort for the pationt. On the other hand,
pyrogens hove been shown to induce a general nonspecific
resistance to microorganisms and, on this basis, have been
used therapoutically, Recent findings indicate that bacteri-
al pyrogens, when introduced into the body, stimulate the
production of an endogenous (Jeukoeytic) pyrogen that
caumas the Mumiliar physiological reaponses,

Pyrogons ave products of the growth of microorganisma.

The mosl potent pyrogenic substunces are produced by
Sram-negative haoterin (endotoxing), bul Gram-positive
baetaris and fungi also produce pyrogenie subslancos of lasa.
er polency, Chemically endotoxing have been shown to be a
phospholipid attached to o polysoccharide carrior.

Pyrogens can he destroyoed by heating at high tempera-
tures. The recommended procedure for depyrogenstion of
glassware and equiprrent. is heating at a temperature of 250°
for 45 min. 1t has heen reported that 650° for 1 min ar T60¢
for 4 hr likewise will deatroy pyrogena, The usual sutoclav-
ing cycle will not doso.  Hoeating with strong allali or oxidiz.
ing solutions will destroy pyrogens. It has been claimad that
thorough washing with detorgent will render glassware pyro-
wen-free il protected during manufacture and storage [rom
heavy pyrogenic contamivation, Likewise, plastic contain-
era and devices must be protecled from pyrogenic contami-
nation during manufacture and storage sinee known ways 1o
destroy pyrogens will affect the plastic adversely. It hay
been reported that anion-exchange resing will adsorb pyro-
gens from water and reverse osmosis will eliminate them.
However, the most relinble method for their elimination
from waler is distillation.

A method that has boen vsed for the removal of pyrogens
from solutions is adscrption on adsorptive agents.  Howaev-
er, sinee the adsorption phenomenon alse may cause selec
tive removal of chemical substances from the selulion and
the filtrate may be contaminated with the agent, this moth-
el has limited application.  Other in-process methads for
their destruction or elimination include acleetive extraction
procedures and enreful henting with ditute alkali, diluto acid
or mild oxidizing agents. In each inatance, the method must,
b studied thoroughly to be sure it will not have an adverse
offoct on the constituenis of the product. New develop-
ments in ultrafiltration now male possible pyrogen separa-
tion on a molecular weight basis and the process of tangen-
tinl flow incrensingly is making Jarge-scale processing a reali-
Ly,
Sources of Pyrogens—Pyrogens may onhtor a prepara-
tion by any means that will introduce living or dead microor-
ganigma. DPerhaps the greatest potential souree of such con-
tamination is the water used in processing, Although prop-
er distillation will provide pyrogen-free water, storage
conditions must be such that microorganisms are bot intro-
duced and subseguent growth is prevented.

Another potential sonree of contamination is equipment,
Pyrogenic materinls adhers strongly to glass and other sur.
faces, Residues of solutions in used equipment often be.
come hacterial cultures with subsequent pyrogeniec contarmi-
nation, ¥ven washed equipment loft wei and exposed to the
almosphere may contain sufficient nutrients for microor-
paniam growth,  Since drying does not destroy pyrogens,
they may remain in equipment for long periods,  Adequate
waghing greatly will redoee s subacquent dry-heat freat-
ment will render contiminated equipment suitable for vse,

Tha solute may be a source of pyrogens.  Solutes may bo
cryatallized or precipitated from aquecus liquids containing
pyropenic contamination, In the process, pyrogens may ba
trapped within the particle layers. In such cases the soluio
must be purified by recryatallization, precipitate washing or
ather menns of eliminating pyrogens.
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The manufacturing process must be carriad out with groat
care and as rapidly as possible to minimize the risk of micro-
binl contamination, Prolorably, no more product should be
prepared than can be processsd completely within one work-
ing day, including steritization.

Containers

Containers are an integral part of the formulalion of an
injection and may be considered n component, for there iy no
container that is totally insoluble or does not in some way
affect. the liquid it contains, particulardy if the liguid is
aqueous, Therefore, the selection ol o contriner for 4 par-
ticular injection must be based on a consideration of the
cormposition of the container, as woll as of the solution, and
the treatmant to which it will be subjected.

Table I provides a gencralized comparison of the throe
computibility propertio--lenching, permention and adsorp:

formulation of aquoeous parenternls.  Marther, the integrity
of the container/closure gystem depends upon u wories of
charactoristics which determine the effectiveness with
which it achioves ita role. There considerations have heen
reviewed by Morton.®

Plastic

Thermoplastic polymers have been established as packay-
jng materialy for sterile preparations such as large-volume
parentarals, ophthalmic solutions and, increasingly, for
mall-volume parenterals. For such use {o be acceptable a
thorough understanding of the characteristics, potential
problems and advantages for use must be developed. One
thorough review of these factors relative to pharmaceuticnls
has Leen preparad by Autinn? He stated that three princi-
pal proflem areas exist in using these materialy; namely,
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1. Pormestion ul vapors and other maoleculen in either direction
through thi watl of the plastic cottuiner.

2. Laaching of constituents from the plastie into the produet

4. Horplion (nbsorption andfer adserption) of drog moleculu or ooy
o tho plastic motarial,

Permeation, the most extensive probilem, may he trouble-
gome by permitiing volatile constituents or selected drug
moloctloy to mj(_mm; through the wall of the container to the
outsicdo and therely he lost. The reverse of thia also may
aceur by which oxygen ar other molecules may permeate to
the inside of the container and cause oxidative or other
degradation of suseeptible constituents, Leaching may bea
problem when certoin constituents of the plastic material
migrate into the product. Phia potential problem often may
be controlled by careful formulation of the polymer mixture
with a minimum of additives. Serplion seems to he a limit-
ed problem in the packaging of parenterals and is found
mont commonly in assoviation with polynmides such as ny-
lon.

Cme of the principal advanigges of using plastic packaging
materisls in that they are not breakable as is glass; nlso, there
in #t subsiantial weight reduction. The flexibility of the low-
density polyethylene polymer, for ophthalmic preparations,
makes it poasible Lo squeere the side wall of the container
and diacharge one or more dropy without introducing con-
tamnination into the remainder of the product. The flexible
bags of polyviny] chloride or seleet polyolefing, currently in
use for large-volume intravenous fluids, have the added ad-
vantage that no air interchange is required; the flexible wall
simply collapaes sy the solution flows out of the bag.

Most plastic materials have the disadvantage that they ave
not na clear as glass and, therefors, inspaction of the contents
in impeded. Inaddition, many of thess materials will soften
or melt under the copditions of thermal sterilization. THow-
aver, catelul selection of the plastic used and control of the
autoclave cyele hag made thermal sterilization of some prod-
uets possible, large-volume parenterals in particular,  1th-

Table I—Comparative Compatibilily Propoerfies o! Containar Materlals

Lonehing Parwoiton
Adszorpilon
Patantinl Patehial {soinclive)
Extant Loachablon Gxtant® Agonts Extant®
Gilass
Borosillonte 1 Allnling earth and 0 N/A 2
loavy motal oxides
Soda-lime ) Alladine earth and 0 N/A &
heavy metal oxidos
Flyatic Folymers
Polyethyiene
Tow density 2 Plagticizerns, f Gusek, watar vapoT, 2
antioxidants other moleeulos
High density 1 Antioxidantls i Gagus, walo) vapor, b
other molocules
PVC 4 HC, especipily plas- i Cinnes, erpocially 2
ticizors, mitioni- water vapor and
dants, other atabi- other molecules
fizors
Potvolefing 2 Antioxidants 2 Cionen, water vapor, 1
other molecuies
Dolypropylene ] Antioxidants, A Cuson, Waler vapor 1
Jubricants
Rubbor Polymors
Nalural and G Haavy motal sulls, 3 Gawos, walor vapor a
related aynthatic lubricants, rodue- '
ing agents
Butyl 3 Hoavy metal salis, 1 Cinsos, witler yapor 2
lubricanly, rodug:
ing ngents
Silicono b Minimal 5 CGinpun, walar vapor 1

o Approxtmate seale of 1o 5 with *1° as Lhe kevest,
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14582 CHAPRTER 84

vlene oxide or radiation sterilization may be employed for
Lhe emply container with subsequent aseplic filling.  How-
ever, careful evalustion of the residues from ethylene oxide
and Lheir potential loxic effect must be underiaken,

Recause of the ralatively new use of plastic materialys for
packaging sterile preparations, considerable investigation ia
atill required concerning potential interactions and other
probiems that may be encountered. For further details sec
Chapter B0

(lass

(iaes is employed as the container material of choice lor
most injections, 14 is composed principalty of silicon diox-
ide with varying amounty of other oxides such as sodium,
potuasium, caleium, magnesivm, sluminum, boron and iren,
The hasic structural network of glasg is formed by the silicon
oxide tatrahedron. HBoric oxide will enter into this strue.
ture, but most of the other oxides donol, The lalfer are only
locacly bound, are present in the network interstices and are
relatively free to migrate. These migratory oxides may he
loachod into a solution in contact with the glass, particudarly
during the increased reactivity of thermal sterilination. The
axidee thue disgelved may hydrolyze to raise the pH of the
golution, catalyse reactions or enter infe reactions, In a
manner as vel uncertain, some glags compounds will be at.
tacked by solutions and, in time, disledge glase Oakes into
the solution.  Disturbing resctichy such ag thess, howover,
can he minimized by the proper selection of the glasy compo-
sition. 1"

Types-The USP has sided in this gelection by providing
a classification of glass; namely,

lypl., 1, o Borosdticato gliss,

['wpe 11, 0 aoda-lima treated glnss,

'l,‘ypc l[l w sada-linne glagm,

NI a soda-lime gelass ot suitablo for contoiners For parenterals,

Type 1 gloss is compesed principally of ailicon dioxide and
horie oxide, with low levels of the nonnetwork-lforming ox-
ides. It ig o chemienlly resistant glass {low leachinbility} aleo
having a low thermal coefficient of expansion,

Typey I1 and 11T glass compounds are composed of rela-
tively high proportions of sodium oxide and calciur oxide,
This makes the glass chemically less reaistant. Both types
mell ul a lower Lemperature, are sasier to mold into varions
shapes and have a higher thermal coefliciont of axpansion
than Typel, While there is no one standard formulation for
plass among manufacturers of these USE type enlegorios,
Type Il glass usually has a lower concentration of the migra-
tory oxides than Type T In addition, Type T1 bas been
treated under controlled temperature and humidity condi-
tions with sulfur dioxide to deallkalize the internal surface of
the container. Whilo it remains intoact, this surface will
increase substantinlly the chemieal resistance of the glass,
However, repeatsd exposurea to storilization and alkaline
detergents will break down this dealkalized surfoce and ex-
pone the sodn-lime compound.  Therafore, Type IT glass
containera may be eonsidered to be of relatively yood chemi.
cal restatance for only one tee.

The gloss types are determined from the resalts of two
USE tests: the Powdered Glass Test and the Water Attack
Test. The latter is used ondy for Type I glass and is per-
formed on the whole container, because of the dealkalized
surface; the former js performed on powdered glass, which
oxposcs inlernal surfaces of the glass compound., The re-
sults are based upon the amount, of alkali titrated by 0.02 NV
sulfuric acid after an autocluving cyelo with the glaws sample
in contact with a high-purity distilled water,

Care must be used in seleating the ghass typo Lo be tred for
a particular injectable product,  In genoral, Type 1 glags will

he suiteble for all products, although suifur dioxide treat-
ment i sometimes vsed for & further increase in resistance,
Because cost must be considered, one of the other less axpen-
sive typos may he neceptable, 'l‘y]:-L 1) glaws muy be suitable,
for example, for a solution which s buffered, has a pl below
7 or is not. reactive with the glass, "Fype 111 glass usunlly will
he suitable principally for anhydrous lquids or dry suh-
glances.

Physical Characteristios--Examples of the physical
shapo of glass ampuls and vials are illustrated in Fig 84-3.
Ciorpanercinlly available containers vary in size from 0.5 to
1000 mL. Sizes up Lo 100 ml may be obiained as ampuls
and vials, and larger sizes a8 hottles, The latler are used
mostly for intravenous and icrigating solutions,  Smaller
sizes nre also available as cartridges.  Ampuls and enrtridyes
ave drawn (rom glass tubing. The smuller vials may be mude
by molding or from tubing., Larger vials and hotlles are
mude only by molding, Containers made by drowing tubing
wre generslly optically closrer ond have a thinner wall than
molded containers (sec Pig 84-3). Molded containers are
uniform in external dimensiong, stronger and heavier,

LEasy-opening ampuls that permit the user 1o break off the
tip at the neck constriction without the use of a file are
marketed under the namos Color-Break (Kimble) and
Score-Break (Wheaton)., An gxample of a modification of
container design to meet a particular nood 8 the double-
chambered vial, under the npme Univial (Urdviel), designed
Lo contadn a feene-dried produdt in the lower and sulvant in
the upper chamber, Qther examples are wide-moulh am-
puls with flat or roundad bottoms 1o facilitate Lilling with
dry materinls or suspensions, and various modifientions of
the cartridge for upe with disposable dozage unita.

Glass containers must be slrong enough to withstand the
physical shacks of handling and shipping and the pressure
differentiala that develop, particularly daring the autociave
sterilization cyele. They must be able to withatand the
thormal shock resulfing from large temperature changes
during procesaing, for example, when the hot bottle and
econtonts aro exposed to room air at the end of the steriliza-
tion cyelo. Thevefare, o glass having a low coefficient of
thoermal expangion is necessary. The container also must be
transpacent Lo permil inspoction of the contents,

Preparationsg which are light-sensitive must he protocted
by placing them in amber glass containers or by enclosing
flint glans containers in opague cartans Inbeled to remain an
the container during the period of uge,  Silicons coatings are
sometines applied to containers to produce a bydroephobic
surface ag a means of reducing adherence of o heavy, costly

Hr

Vaorious typas of ampuls and multiple-tose vials for
paranterals (courtesy, Kimble),
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gusponsion or the friction of a rubber-tp of a syringe plung-
ur.
The size of gingle-dose containers s limited to 1000 mL by
the USE and multiple-dose containers to 30 mL, unless
stated otherwise in a particular monograph. Mulliple-dose
vials are limited in gize to reduce the number of punetures
for withdrawing doses and the accompanying risk of con-
tominabion of the contenls.  As the nmme implies, single-
dose conlainets are opened with aseplic enre and the con-
tents used at one time.  These may range in size from 1000-
mls bottles to T-ml or Jess ampuls, vials or syringes, 'The
integrity of the container is destroyed when opened so thal
the container ¢annot be closed again,

A multiple-dese container is designed 2o that more than
one dose can be withdrawn au different times, the container
maintaining a seal botween uses. [t should be evident that
with full aseptic precautions, including sterile syringe nnd
needle for withdrawing the dose and disinfection of the ex-
paeed surface of the closure, there in still a substantial risk of
introducing contaminating microorganismes and viruses iinlo
the contents of the vind, Because of this risk, the USP
requires that all multiple-tose vinls must contain an anti.
bacterinl agent,  Fowever, there i3 ne effective antiviral
agent available for such wse.  Therofore, i spite of the
advantage of flexibility of dosage provided the physician by
n multiple-dose vinl, the greater safely of single-dose, dis.
posable administration wnits has enused their use Lo incrense
vapidly during recent years.

Rubher Closures

In order to permit infroduction of a needle from a hypo-
dermic syringe into a multiple-dose vial and provide {or
resealing as soon as the needle is withdrawn, each vial is
soated with o rubber dlasure held in place by an aluminum
band. Figure 84-4 ilustrates how this is done. This prinei-
ple also is followed for single-tdose containers of the eartridge
Lype, exeept that there iw only a single introduction of the
needle Lo wake possible the withdrawal or expulsion of the
conlents.

Rubiber closures are composed of several ingredients, tho
primary ones being natural rubber (Gatex), a synthotic poly.
mer or a combination of these. Other ingredients inelude o
vuleanizing agent, usually suifur; an accaloralor, one of sev.
cral aclive organic compounds such ns 2-nereaptobenzo.
thinzole; an activator, usually zine oxide: fillors, such as
carbon black or limestone and various other ingredients such
s antioxidonts and lubricanta. These are compounded to-
gether and then valeanized in the desired shape, making use
ol molds undey high pressure and temperature.

Rubber closures must have sufficient elasticity Lo provide
a snug fit between them and the lip and neck of the vial and
must spring bach Lo elose the hole made by the needle imma-
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Fig 84-4.  Extorded view of sealing compenants for a muttipla-dose
vial (Gourtesy, West).

diately on withdrawn)l. "Thoy musi not. be go hard that Lhey
are highly resistant to the insertion of the needle, and they
must not fragment s the hollow needle passes through
them. Ideally, they should be completely nonreactive with
the sotution and ity ingredients and should provide # com-
plete barrier to vapor transfer, 'Phese qualitios ave not per-
feelly met by any rubber compound pow available, 1 i,
therefore, exsential o determine the compatibility and per-
formance charaeteristios of each mbber compound te be
usod, !

In addition Lo the physical tests of elasticity, hardbess,
feagmentation and vapor transfer, closures should be ex-
posed to the product for prescrilied periods of me ol desig-
nated temperature and humidity conditions.  The effect on
the product of extractives from the rubber compound or Toss
of ingredients from the produet 1o the dosure should be
determined analytically. Physicochemical and toxteologi-
cal tests for evaluating rubber closures ave deseribed in the
USE,

The physical shapo of some Sypical elosurcs may he sean in
Tig 84-4, Maost of them have o lip and a protruding (lango
that oxtends into the neck of the vial or bottle. Many disk
closures are heing usad now, parlicularly in the high-speed
packaging of antibiotics.  Slotted cosures are used on
freeze-dried producis lo make [0 possible to insert the elo
gure part way into the neclo of the visl during the drying
phase of the cyele. Purtial insertion provides some protee-
tion from contamination while permitiing water vapor to
escape from the drying product,  The plunger Lype is used to
seal ome wnd of o eartridge. At the time of use, the plunger
expels the product by a needle inserted through the dosure
at the distal end of the eartridge.  Intravenous xolullon
closures aften have permanent holes for adapters of admin-
fatration sets, irvigating selution dosures usuadly are de-
signed lor pouring.

Production Facilities

A product having components of the best quality guickly
may become fotally unaceeptable if the environmment in
which it is processed is contumingted or if the manutactur-
ing procedure is not earried oul properly. Therelore, the
production facilities and the procedure used iy processing
the product mmust meet standards adequate for the task,
The nearer these standards approach perfection, the belter
and safer should he the preduct.

Arrangemont of Arao

The produstion aren can be considered in terms of five
functional aress:  the eleanup aren, the sompounding area,
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tho aseptic aren, the quarantine area snd the finishing or
pacliaging aren. Al of these should be designed and con-
structed for clenning ease, appropinte enviremnental con-
trol, efficient operation and personnel comfort. The extra
requirements for the aseptic ares are degigned L provide an
cnvironment where, (or example, an injection may be ex-
posed to the environment for g briel period during subdivi-
sion froms o bulk contalner 4o the individual-dose containers
without: hecoming contaminated.  Contaminants such as
dust, lint and microcrganisns normally are found floaling in
Whe nir, bying on counlers gnd other surfucos, an clothing and
Iody surfaces of personnel, in the exhuled breath of person-
nel nnd depodited on the floor. The design and control of un
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Fig 845,  Floor plan of an aseptic fllling area with Its service area (courtesy, Wyeth).

mweptic aren is directed toward so reducing tho presenoe of
these contaminants that they are no Jonger a hazared to asep-
tic filling. Although the nseptic area must be adjacent to
support arews 5o that an efficient flow of componenis may be
achieved, barriers must be provided to minimize ingress of
contaminanis to the aseptic aren.  Such s bartiey may be o
sealed partition, often glass-paneled for greater visibility
and light. Apother lype of barrier is an entranceway
through security doors that requires passage through an
airlock go degigned that hoth doors cannot be opened st the
same time. [Fipure B4-6 shows an arrangement of aseptic
filling rooms with adjacent support areas,

Flow Plan-In general, the eomponents for a parenters
produet flow from the stockroom, either to the compounding
aren, ns for ingredients of the formula, or to the cleanup area,
s for containers and equipment.  Seo Pig 84-6 (or n progess-
flow diagram. After proper processing in these areas, the
components flow into the socurity of the aseplic area for
(illing of the product in appropriste containers, From there
the product passes into the quaranting area where it is held
until all necessary tests have heen performed. It the prod-
uct s o be sterilized in its final container, the passage
normally is interrapted after it Jeaves the aseplic area for
subjoction to the sterilization provess. After the results
from all tests are known and the product has been found
effoctive and safe, it passes to the finighing area lor final
labeling and packaging. There are sometimas variations
from Lhis flow plan to meet the specific needs of an individ-
ual product or to conform to available facilities, Autemated
operations convey the components from one ared Lo another
with little or no handling by operators.

b b ASEPTIC 1y
COMPGUNI- FlLLING QUARANTINE
NG AREBA y
AREA STOHAGE
an 4 A ] 1
| LA ¥ i) s
PACKAGHN
CLEAN-UF | g TERILIZATION S Lswrmo
Jooamea i I
FINISHING

Flg D46, Procestlow diagram.

Cleanup Aren-—Tha cleanup area is conatructod Lo with.
stand moisture, steam and delergents.  The ceiling, walls,
and loor should e constructed of impervious materials oo
that moisture will run off and not be held. One of the
“gpray-on-tile” finishes with a vinyl or epoxy sesling coal
provides a continuous surfaee lree Crom all holes or crevicea,
All such surfaces can be washed at regular intervals o keep
thesn thoroughly clean, These areas should be exhavsted
adeguataly 8o that the heat and humidity will be removed
for the comfort of personne),  Precautions must e taken 1o
prevent the acoumulation of dirt and the growth of microor-
waniamsg, especially in the presence of high humidity and
beat, In this srea preparation for the filling cperation, such
ny npaambling equipment, is undertaken,  Adequals sink
and counter space muost be provided. While this nrea doss
not need 10 he asoptic, it must be clennable and kept clean
and the microbial load must be monitored and controlled,
Procautions algo must be taken to prevent deposit of parti-
clos or other conlaminants on clean containers and equip-
e,

Compounding Area-In this area the formula iy com-
pounded, Although it is not essential that this arca be
ageplic, control over it should be more stringend than in the
cleanap ares. For exanmple, means may need to he provided
to contrel dust generated fvom weighing and compounding
operations, Cabinets and counters should, praferably, be
conatracted of stainless steel. They should it snugly to
walls and other furniture 4o that, thero are no cateh areas for
dirt to nccumutate. The ceiling, walls and floor should ba
constructed similar to those Tor the cleanup area,  Pigure 84-
7 illustrotes such an ares locabed adjacent 1o an asepic
{illing aron.

Aseplic Area

Thig area reguires somstruétion featuren designed for
maximum security, ‘Ihe ceiling, walls and Boor must he
sealed so that they may be washed and sanitized with a
diainfectant, as noeded.  All counters should be construeted
of stainless atsel and hung from the wall so that there are no
logs to accumulate dirt where they rest on the foor. Alllight
fixtures, utility service lines and ventilation fixtures should
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g 84-7. View from e sorvice aren with pipeting machina and
stack-bollle relalned oulzlda of the aseptlc fllling drea {courtesy,
Wyeihj.

he rocessed in the walls or ceiling to eliminate ledges, joints
and other locations lor the scewmulation of dust and dirt.
At much s posaible, tanks containing the compoundod
produet ghould rempin outside the aseptic filling aroa and
the product Ted into the aven through hose lines,  Figure 84.
B shows sueh an aresngement. Mechanical sguipment that
must be located in the aseptic area showld be housed ag
completely as possible within a stalnjess-steel cabinet in
arder to seal the oporating parts and their dirt-producing
and acewmulating tendoneles from the aseplic environment.
Mechanicsl parts that will contact the parenteral product
zhould be demountable so thal they ean be storilived,

Pargommel entoring the aseplic area should enter only
through an airock, They should be attired in storila cover-
alls with aterile hads, masks and fool covers. Movemont
within the room should be mininal snd in-and-out move-
ment rigidly restricted during o filling provedure. The re-
guirements for room preparation and the personnel may be
relaxed somewhad if the product is to be sterilized in o sealed
container, Some are convineed, however, that, it is bettor to
have one standard procedore meeting the most vigid require.
ments,

it
bt
Hrbthr

Flg 84-8,  Produet filtration from the aseptlc staging room through a
pofl Into the magptie filling room (Gourlesy, The Unlversity of
Tannessos College of Pharmacy),
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Air Claaning

The air in these arens can be one of the grentest sources of
contaimination. It need not be, however, hecnuse sevoral
melhods are available for providing clean air that is essen-
tally {ree from dirt particles und migroorganisms,

o provide such air, it must be clenned thorowghly of all
contaminants, This may be done by o serles of treatments.
Air from the outside tiral in passed through aprefilier, usual-
ly of glass wool, cloth or shredded plastic, to remove large
purlichs, hen it i treated by passage through an electre
atatic pracipitator (Suppliers: Am Alr, Blectro-Air
vant). Such a unit induces an electricnl charge on particles
in the air and rernoves them by attraction Lo oppositely
charged plates. 1he air then passes through the most effi-
cient cleaning device, & HEPA (high efficiency particuiate
air) filter having an efficiency of at lonst 99.97% in removing
particles of 0.3 cm and larger, hased on the DOP (Diocty)
phibalate) test (Suppliers: Am Air, Cambridge, Envirco,
Flanders).

For personnel comfort, air conditioning and humidity
control should be incorporated info the system,  Anollior
syaton, Lhe Kathabar system (Surface Combustion), cleans
the air of dirt and microorganisma by washing it in an anti-
septic solutiem and, at the same time, controls the humidity,
The clonn, aseptic air is introduced into the aseptic srea and
mgintained under positive pressure, which prevents outgide
wir fretn rsbing indo the aseptic aren through cracles, Lempo-
rurily apen doors or other openings.

Launinav-Flow Environments-The required environ-
muental control of aseptic areas has heen made possible by
the use of lamingr-flow onclosures.  Laminar airflow jro-
vides 8 total sweep of a conlined nrea because the entire body
of air moves with uniform velocity along parallel lines, origi-
nating through s HEPA filler occupying one entire side of
the confined nren.  Therefore, it bathes Lthe total area with
very clean air, sweoping away contaminants,

The wrrangement lor the direetion of airflow can be hori-
womlal (see Fig B4-9) or vertical {see Fig 84-10}, and may
invelve a limited area such as o worklbench or an entire room,
The effective air velocity is considored 1o be 90 & 20 fi/min.

It must be borne in piind thatl any contamination htro-
duced upstream by equipment, arms of the operator or leaks
in the filter will be blown downstesam,  Tn the instance of
harizontal flow Lhis may be to the eriticn] working site, the
face of the operator or aeress the reom,  Should the contam-
inant be, for axample, penicillin powder or viable microor.

HE#A FILYER o PROTECTIVE SEREEN

. PRE FILTER

HLOWER

Fig 84-9.  Horlrontal kaminar-How waorldhench {courlasy, adaptalion,
Sandlad.
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PRE-FILTERS HEPA FILTERE

BLOWER

PLASYIC CURTAIN

(&

FLGOR

g 54410,  Vertical laminartow portaldie room with squipmant and
aputators (courtesy. adaptation, Sandia),

ganisms, the danger is apparent. TFor operations involving
guch contuminants u vertical system i mueh more desirable,
with the air fowing through perforations in the countertop
or through return louvers at floor level, where il can be
directed Jor decontaumination. Vertical Qow has been rec-
ommonded for sterility-testing procedures,

Laminar-flow environments provide weli-controtled work
areag ouly if proper precautions are observed,  Any air cur-
rents or movements exceeding the velocity of the HEPA.
filtered nirflow may intradues contamination, as may cotgh-
ing, reaching or other manipulations of operators,

Therefore, laminar-flow work areas should be protected
by heing located within controlled environments.  Person-
nel prefernbly should be altired for aseplic processing as
described helow. All movenents and processes should be
planned enarefully 1o pvold the introduction of conlumina.
tion upstream of the eritienl work area. Checks of the air-
streem should be performed inltially and at regular inlervals
to be sure no lesks have developed through or around the
HEPA filters. 'T'hix can be done most effectively with alge-
tronic purticle counters (Buppliers:  Air Technigues, Cli-
met, Mel One, Parlicle Measuring, Royeo),

In the manufaclure of parenterals, conventional clean-
room facilities frequently are supplemented by vertical lam-
inar-airflow modules suspended abeve critical sites, such as
filling lines. ‘These critical operalions thereby are hathed
with HEPA-filtered air (o provide extra protection for the
product,

Lanminar flow of HEPA-filtered air should meet the stan-
dard for a Class 100 clean room as defined by Federal Stan-
dard 209C,% which stales that such an environment coniaing
no more than 100 particles per eu £t of 0.5 em and Jarger sive.

“onventional clean rooms would be of a lesser degree of
alonnliness, such as Class 10,000, defined on the snme hasis.
T'his standard has brought order into defining clean rooms
and provided a common basig for thelr deseription.

Workhenchas and olher types of laminor-flow enclosures
ara mvailable from severnl copumercial sources (Suppliers:

Air Control, Almos-Tech, Baker, Controlled Knsironment,
Envireo, Flanders, Germfree, Luminatre, Liberty, Vecs,
Waober),

Uitraviolet Radiation

Ultraviolet (LY} light rays have an antibacterial action,
thereby producing a disinfectant action on directly irradi-
ated surfaces. Bince these rays cannot peneleate most ma-
terials, only 8 surface effect is produced, with the principal
pxeoption being limited penetration through air and pure
water, UV light rays travel in straight lines only; therefore,
objects in the path of the light beam will cast shadews with a
resultant lnck of irvadiation in the shadow area.

UV rays are britating to the skin and, particularly, the
eyes of human beings, Therefore, personnel in the aren of
iveadintion must be protectad from direct exposure,

UV Yumnps may he installed so as Lo provide either direct or
indirect rndintien, Direct irradintion of o voom when per-
sonnel are not present is a valunble means of reducing the
haclerial cound on working surfuces and floors, Lamps in-
atatled above hend level, so thal personnel prosent are not
irradiated, con ireadiate cirealating air o redace the micre-
hial level continuously during processing.

Local frradiation may be useful in heot-type fixtures, over
filling and other process operations, within large storage
tanks or in any place where additional protection from con-
tamination is neaded, provided any product prosent is not.
affected ndversely by UV rays. UV lamps usually are nal
employed i comjunction with lamipar-flow facilities be-
cauke the HEPA-{illered air sweeps exposed surfaces cloan
and the air itself flows 1oo Fast for adequate Jethal irvadintion
of microorganisms lreing carvied i the air stream,

The best practical source of UV light rays is the old-
enthade mercury vapor lamp. ‘This lamp emits a high pro-
portien of radiation al the 263.7 nm wavelength. A special
glass 15 nsed for the whe o that the rays will pass 1o the
outside. Thiy glagy gradunlly will change tn erystal strace
Lure with use 5o that passage of Lhe rays is gradustly reduced.
Sueh lamps, therefore, rarely burn out as do visilila-light
lamps but gradually reach an emission level which is inefloe-
tive, These lamps also must be lept clean, for dusl and
grense will lower the effective amission drastically, It gener-
ally ig stated that an irradiation intensity of 20 pw/em? ia
vaquired for eflective antibactarial aclivily.

Maintenance of the Aseptic Aren

Tmportant, aspects in the control of environmental eon-
tamination in the aseptic uren are houselweping and mainie-
nance. "Phasa should not be done in 1 haphazard manner iy
the genersl maintenance erews, but rather by crows given
special instruction and under the supervision of personnel
trained in the care of such areas, Tn geneeal, cleaning and
maintenance should be done after the completion of the
day’s worl with an interval of quietude before the beginning
of another aseplic operation.  With the advent of lnminar
flow of MI3PA-filtered air the rigors of cleaning have been
reduced winee the clean airflow continuously “aweeps” the
area clean, All maintenance equipment. should be selected
{or its effectiveneus and fecedom from lnt-producing ten-
dencies and should be reserved for use in aseptic areas only.

Personnél

Pornonnel selectod Lo work on the preparation of & pAren-
teral product must be neat, orderly and ralinble. They
ghould bein good healt: and free from dermatologicnl cemdi-
tiona that might incroase the microbia) load, If they show
symptloms of 1 hend cold or gimilay Hlness, thoy should not
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Flg 84-11. Approprigte untiarm tor operadors antering an aseptle
flitinp room (courtesy, Abbott).

be permitted i the aseptie area until their recovery in com-
plete, They must receive inlensive Instruction in the prinei-
ples of wseplic processes. They also must be made (o appre-
ciate the vital part that every movement they make has in
determining the reliability and safety of the final product.
Bupervisors should be sclected with particular care, They
must be individaals who underatand the umque reguire-
ments of asoptic procedures and who are alile to obtain the
ful) prriicipation of other employees in fulfilling these exact-
g reguirements.

The attire prescribed for personnel varies from one manu-
facturing Tacility to another,  MHowever, uniforms should bo
freshly laundered for each day.  for use in the aseptic ares,
uniformy showld be sterile.  Usually fresh, sterile uniforms
should be used after overy hreal period, or whenover the
individual returns Lo the sseplic area,  Tnsome plants thix is
not rogaived IF the product is to be sterilized in its Tinal
container.  'The uniform usually consista of coveralls for
hoth men and women, hoods to campletely cover the hair,
faee magks and Dacron or plastic hoots (P 84-11), Sterile
rubber gloves also may be required for most nseplic opora-
tiots, proceded by thorough serubbing of the hands with a
disinfeetant soap.  In addition, goggles may be required 1o
complele the coverage of all skin areas. The uniform is
designed to confine the contaminants discharged Irom the
body of the operator, therehy prevesting their entey into the
product envirenment,

Dincron or Tyvek uniforms are used usaally, ara offective
barriern to discharged hody particles (viable and nonviable),
are easentially lint-free and are reasonnbly comfortable. Afr
showers are sometimen direcled on personnel entoring the
processing area to blow loose lint from the uniforms.

Environmental Control Tests

In apite of the elaborate precautions taken by pharmaceu-
tical manufacturers to provide sutisfnetory conditions for
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the proper pruu(-:x;nh]g of p;-n‘@nl‘.m‘nlﬁ. the air may beconie
laden with Laeteria or other particles with subsequent con-
tamination of the producl. T monitor thia condition, sait-
able environmental control tests should be performed at
regular inforvals,

Buch tests gonerally are desipned (0 measure gither the
particles in a volume of sampled air or the particles that are
sottling or have sotiled onto surfaces. A volume of gir mea-
sured by an electronic particle countor will detect all parti-
cles and not differentinte between viable and nonviahle
oneg.  However, becanse of the nead to contrel the level of
microorgamisams i the environment in which sierile prod-
uels are processed, it also is necessary Lo detect viable portd-
clag, which usually are less in mumber than nonviable ones,

Lacations for sumpling should be planned to revead poten.
tia} contamination levels which may he eritical in the contrel
of the environment. Por exnmple, the most critical process
step is usundly the filling of dispensing containers, 8 site
obviously requiring monitoring.  Other examples include
the gowning roomn, high-traffic sites in and out of 1he filling
aren, the penetration of conveyor lines through walls and
sites pear the inlet and exit of the air gyatem.

Tha size of the sample should be targe coough (o olilain g
meaningful particle count. At siles whers the count, iy ex-
pected 1o be low the size of the swnple may need 1o he
imcreased: for example, in Class 100 areus, Whyte and Ni-
ven, W augpest that the sample should be al least 30 cu [L and,
probably, much more. 'They also suggest that settling plotes
should be exposed in Class 100 areas for an entive fill (up to 7
Lo 8 hr) rather than the more common 1 hr.  Howaver,
excamsive dohydration of the medium mual he avoided, par-
ticularly in Lthe path of Taminer-flow air.

To mengure the total particle contend in an air sample,
electronic particle counters are available, operating on the
principle of the measurement of light seatterad from parti-
cles ns Lhay pags through the cell of the optical system (Sup-
phiers: ATH Climet, Met One, Particle Measuring, Royeo).
Thexe imstramants not only count particles but also provide
a sivg dislribution based on the magnitude of the light scat-
tered from Lhe particle,

Several airanmpling devices are uned to ehiain a count of
mictoorganisms in o measured volume of air, A slit-Lo-ngar
(5TA) samplor (Mattson-Garvin, New Bronswich) draws by
vaeum o measured volume of air through a narrow opening
causiiy the air to Impact en (he surface of a slowly rotating
nutrienl agar plate. Microorgunismy adhere {o the surface
of the agar and grow inte visible colomies which are counted
as eolony forming units (CTPU), sinee it is nod known wheth-
er tha colonies arise from a single microorganism or a cluster,
A contrifugal spmpler (Rintest} pulls air inlo the sawpler by
means of i rotating propeller and slings the air by centrifugal
action against a peripheral nutriont agar styip. The advan-
tagos of this unit are that it can be disinfocted easily and i
portable so that it can be hand-carvied wherever needod.
T'hese two methods are used quite widely.

Ancther volumeteie air samplor in an open-faced filler
holder (Gelman, Millipore, Nuelepore, Sartorius), 'The air
sample is drawn throngh the filter membrane in the holder
by means of 8 vacoum, the volume being controlled by
moons of a Hoiiting orilice.  This deviee can be used for
obtaining either a totad particle count or a count of CFUs,
depending on whether the memlirane is subsequently placed
on o m:'umﬂ(:up(-: glide and examined under the microscope
for particles or placed on nulrient agar medium and incubat.
ed for the growth of CFUs,

It showld be noted thal most vegetative forms of microor-
ganiams will be dehydrated and killed by the dohydrating
affect of the airstresm; therefore, the CPUs would arise
principally fron the growth of spares. Another dovies ks tho
liquid impinger. An air smmple is drawn into the orifice of

R o R e
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the sampler by vacuum through a limiting orifice and hub-
Dled through a dilute nutrient medium or sadine. The objec-
tive i Lo wash microorganisma oud of the air bubbles and
into the liguid medium which then is filtered through a
membrane filter, the membrane plased on the nutrient agar
medium and incubated, This method is somewhat maore
complex, but it is used in aerobialogy 0% a reference methoed.
Vegetative microorganisms are lhely Lo survive hecause of
the relatively soft impingement i the liguid.

A widely used method for mierobiological sampling con-
aigts of the exposure of nutrient agar culture plates to the
settling of microorpanisms from the atr, This method is
very simple and inexpensive to perform butl will detect only
those arganismes which have sottled on the plaw; therefore, it
foes not measure the number of microorganivmg in a mea-
sured volume of gir.  Novertheleas, if the conditions of expo-
sure are repented constslontly, a comparison of CFUs at one
samplitg site from one time o anothoer can he menningful.

The level of microorgunisms on surfoces e be deter-
mined with nutrient agne plates having a convex surface
(Rodne Plates). With these il is possible to vol] the raised
agar surkace over flat or iregular surlaces to be tested, Q-

Production

Cleaning Gontainers and Equipmeni

Tontainers and equipment coming in contact with paren-
teral preparations mast be cleaned meticulously, 14 s obvi-
ous that if this were not so, al} other precautions to prevent
contamination of the product would be useless. It also
should bo obvious thet even new, unused containers and
equipment will bo contaminated with such debris as dust,
fibers, chemical films and other materisls ariging from such
gourees as the atmosphere, cartons, the manufacturing pro-
cess ancd human hands,  Much greater contamination must.
e removed [rom previously used contuiners and equipment
hefore they will be suitable for rause.  Bguipment should he
rogserved rigidly Tor ose only with parentaral proparations
and, where conditions dietate, only for one type of product in
arder to reduce the visk of contamination,

A variety of muchines are available for cleaning conlainers
for parenteral products. These vary in complexity from &
sinplo-jet tube for hand rinsing one inverted contpiner al a
time with distilled waler, to complex, automatic washors
capable of processing severat thousand containers an hour.
The seleetion of the particular Lype will be determined largo-
ly by the physical type of containers, their condition with
respect to contarsination, and the number to be processed in
a glven period of time.

Characteristies of Muchinery—Rogardless of the type
of ¢leaning machine selected, cerfain fondamental charad-
torstics usually are required.

Lo P liguid or air treatment must boe introdioged iy suel a munnor
that it will wheile the betiom of the inside of the inverted cuntainer,
spread in all directicon and smoothly Gow down the walls and out the
opening with o swoepdog notion.  'Thy prosaure af the jul wlrowm ghould
b sy that there is mininod splashing, and the tlow sheuld bo such that
it ean loave thn container aponing wil.!)\()ut aecrmuababing und producing
turbulenee ingide,  Splanhing imay prevend cloaning all acoas, and turlu-
fenco may rodepaonit loosoned dobris, Thorefor divect introduction o
the jol, albeam within the containor with eontrol of its flow is requived.

27 Tha containar must feceivie o conoarront outadde rinse,

A The eyelr of treatmont should provide for @ plinned aepquenco
altorsating very het and eool treatments. “Phe Minal treatmont should b
an effertive riame with water of o quadity ogquivelent 1o W

4, Al metal prris coming in contact with the comtainers and with thi:
trontmonds should be constructed of ilninbess sterd ov sine othar noneor-
rording and noncontaminating materisl.

Treatment. Cycle—The cycle of treatments to be em-
ployed will vary with the condition of the containers to be

ganisms will e picked up on the agar and will grow during
subaeguent incubation,

Results from the above tesis are very valuable to keep
cleaning, production und guality-control personnel apprised
of Lthe level of contamination ina given aran and, by compari-
gon with baseline counts, will indicate when more extenaive
clonning and sanitizing is needed.  The resulls also may
sarve to detect environmental conttrol defeets such as failare
in air-cleaning equipment. or the presence of personnel who
may be dissominating large numbers of hacterin without
appurent physionl ill effects,

Another test which is much more abringent, is the [illing
and sealing of sterile trypticase soy broth in slorils contain:
ers under the same conditions used lor an aseplic [l of o
product, o “medin ill.” The entire Jot then is incubated and
examined subsequently for the appearance of growth of mi.
croorganisms which is indieative of contamination from the
environment, the process, the oporators or the squipment,
It alao may be uged as a measure of the efficiency of a
particular operator. Since this s o “lotal slerility test,” it s
the beal indiention of the effivioney of the aseptic 1illing
roess,

Procedures

cleaned.  In general, loose dirt can be romoved by vigorous
ringing with water, elergents varely are wsod for now con.
tainers because of the rialt of Jeaving detergent residucs
Hewever, a thermal-shock sequence in the gyele usually is
wmployed Lo aid, by expansion and contraction, loosening of
debris that may be adhering to the contniner wall. Some-
times only an air rinse is used for now containers, particulat-
by if vaed Tor o dry powder, Iy all instances the final vinse,
whether aiv or WEE, must be ultraclean so that no particulate
residues are left hy the rinsing agent.

Containers previously used cannot be roliably cleaned and
the cost of attempting to do so s probibitive. Therefore,
nermally, only new containers are used for parenterals. Im-
provemanty have beon made in maintaining their cleanliness
during shipment from the manufacturer through tight, low-
ghedding pacloging, including plastic blister packs.

Muachinery for Containers - The moachinery availahle
For elenning lunge numbers of containers embodies the above
principles bul varies in the mechanies by which it is accom-
plished.  Tn ane approach, the jet tuliey nee arvanged onarme
lilke the spokes of » wheel, which redate around o center post

Figg 84-12.  Rotary ringor {Cozzoli) in o clean anvironment provided
by vertical faminal airfiow within a curtained enclosure (aourtegy,
Cibn-Goigy).
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through which the treatimensts are introduced,  An operator
places the unclean containers on the jef tubes as they pass
the loading point and ramovos the clean containers as they
complete one rotation.  Such a machine is pictured in Fig
84-12. Another machine has a row of jet tubes across a
conveyor belt. The belt moves the row of conlainers past
the trentment stations and discharges the clean ones on the
oppodite end of the maching, preferalily through awall into a
clean room. Two operators are required for this machine
{Fig 84-13). A cabipet-type washer permits loading the
containers on a rack of jet tubes. The rack is pushed inside
the eabinet during the cleaning eyele. This type of machina
(i 84-14) permits hondling a variely of sizes and fypes of
conlainers quite casily, but the number of containers han-
dled in s given poriod of time is relatively amall,

The disaclvantage commaon Lo all of the above types of
machines is that thay regquive the individual handling of each
container for Jonding and unloading, A type which over-
comes Lhis disadvantage is the rack-loading washer, Racks
are prepared to it over the open ends of ampuls or vials ag

i
i
i
i
i
i
i
i
i
i
i
H
i

Flg 04-13.  Conveyor rinser (Cozzoli) discharging clean vials In a
preparation ared (courtasy, Scherlng),

i al i
e

Flg 84-14.  Cabined washer (Eetter Built) being londed with amputs
{eaurtaty, The Uslversity of Tennessoc College of Phanmacy).
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they are found in shipping eartons.  Inverting the carton
permits the containers to be transferred from the carton to
the washer without, handling them individually, A battery
of jet ubes is armngad to enter each container positioned in
the rack. The clean containers may be removed in the racl
and transfurred to n box for dry-heat sterilization and stor-
age (see Fig 84.15). More details of the industrial washing
of glassware have beon piven hy Anschel M

Handling after Cloaning-The wel, clean conlaingrs
must be bandled in such o way that, contamination will not
be reintroduced. A wetl surface much more readily will
colloct contaminants than will a drysurface. For this reason
wel, rinsed containers should be protected, such as by a
laminar flow of clean air until covered, as within a stainless.
sieel box (see Wigs 84-12 and 84-16), In addition, microor-
ganisms are more likely to grow in the presence of molsture,
Therefore, it is preferable, if not required, thatl containers be
dry-heat. sterilized in 2 stainless-glee) hox that will protect
them from contamination during storage after sterilivation,
Doubling the heating period generally has boen considered
10 be ndequate also to destroy pyrogens, bul the actual time-
temperature conditions required must be validated. 10y

St

Flg 04«16, Gontinugus automatic llag oparation for vials fom a
rotary finser through a storilizing tuanel with vartieal minar-plrflow
protection of clean vials (courtasy, Abbott).

e e S RS
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1500 CHAPTER 84

proved shat starilization is nol essential, the containers pref-
erably should be filled immaodiatoly with product,

Increases in process roles have necessitnted the davelop-
ment of continuous-line procesaing with a minimum of indi-
vidual handling, still maintaining rdeguate control of the
cleaning and handling of the containers, Fig 84-16 shows a
gontinuous automatic-ine operation from feading the une
washed container into the rotury ringer to passingg it throwgh
the drying and sterilizing tunnel. The clesn, wet containers
are protected by filtered laminarlow air from the rinser
through the tunnel and until they are delivered Lo the filling
line.

Clesures—Rubber closures are coated with hibricant
from the molding operation.  In addition, the rough surface
and eloetrortatic attraction tend to hold debris,  Aluo, the
surface “Bloom™ from migrated inorganic conatituenis of the
compound must, be removed, The recommended procedure
calls for gentle agitation in a hot solution of o waler softener
such as 0L5% sodium pyrophosphate,  The closures are re-
moved from the solution and rinsed several Limes, or contin-
uously for o prolonged period, with water and finally with
filtered WEFL "The singing is to he done in o manoer which
will fhush nway loosened debris. The wel elosures then are
sterilived, naually by sutoclaving, and atored in closed con-
tainers until ready for vae. At times this step 1s carried oul
in n golution of the hasteriestatic agent to be used in the
produet, i1 order (o equilibrate the rabber closure with the
agent. ‘:ubwquem loas of the agent from the solution lo the
closure is then less fikely to occur. If the closures were
immersed during sutoclaving, the solution I drained off
hefore storage to reduce hydration ef the rubber compound.
If the closures must be dry for vse, they roay be subjected Lo
vacuum drying at s temperature in the vicinity of 100°,

The equipment. usied Tor washing large nambers of clo-
aures s usunlly an agitater or horizental basket-type auto-
matic washing machine. Because of particulate generation
from the abradivg action of these machines, some heat the
closures in kettles in detergent solution and follow with
prolonged flush cinsing. The final rinse always should b
ultraclean W¥I,

Fquipmeat-The deiails of certain preseribed tech-
nigques for clenning nnd propuring equipment, as well as of
containers und closures, have boon presentod clsewhere, b
Here, n few points will be amphasiaed.

Allequipment. should be disassombled as much as possible
to provide nccess o internal steactares, For thorough
clesning, surfaces showld be serabbed thoroughly with a stiff
brush using an effective delergent, paying particalar alten-
tion to joints, erevices, serow threads, and other structures
where debris i3 apt o cotleet. Bxposure to a stremn of clean
steam will aid in distodging residues (rom the walls of sla-
tionary tanks, spigots, pipes and similar structures.  Thor-
ough rinsing with distilled water should follow the cleaning
stopa,  Large stationary tanks, such as those shown in Pig
#4-1%9, should be protected as much as possible from con-
tamination after cleaning but should be rinsed thoroughly
again with distilled water prior to reuse.

A relatively new coneept for cleaning tanks, piping and
associnted attachments s called cloaping in place (CIP),
Such an approach invoelves dexigning the systor, nermally of
plainloss steel, with smooth, rounded internal surfaces and
withoul, erevices, That is, for erample, with weldod rather
than throaded connections. The cleaning is accomplished
with the scrubbing action of high-prossure sproy balls or
novrtes delivering hot detorgent solution from tanks captive
to the system, Thorough rinsing with WFI follows and is
aceomplished within the same system,  Such a process s
olten automated and muy be computer-controtled. '

Rubber tubing, rubber paskets and other rubber parts
may be washed in o manner such ar deseribed for rubber

Fig Dau1Y,
showing mestaning access ievel (courtosy, Abbotl),

Largn stainless-stool W@nks for product preparation

clonures, Tharough |inaing of tubing musat be done hy pass-
ing distiDed waler through it. However, due to the relative-
ly porous nature of rubber compounds and the diffeaity in
vemoving all traces of chemicals from previous vse, it iy
congidered by some inadvisable to rouse rubber tubing,
Huhbber tubing must be letl wel when preparing for sterilivza-
tion by autoclaving.

Product Preparation

"The hasic principles employed in the compounding of Lha
product do not vary from those used routinely by qualified
phormncists, However, selocted sapoets will be mentioned
for emphasis.

Al mensuremaents should be made as accurately as possi-
e and should be checked by a second qualified parson.
Altheugh most liguid preparations ave made by volume,
where poseible they ghould be made by weight, with the
woight cxperimentally detormined from a preseribed vol-
wme. This method s more aceurate since no consideration
need he given to the tempernture of the components, In
addition, measurements by weight normally con be per-
{i m‘m(:d more accurabely than thase by volume,

tare must be taken that nquipmem i not wet enough 1o
significantly dilute the product or, in the case of anhydrous
pmducu;, to cause s physical ingompatibility, The order of
mixing of ingredients may affoel the produet significantly,
pmtu_,u]m]v those of large volume whers attaining homoge-
neity requires considerable mixing time.  For example, the
adjustment of pld by the addition of an acid, even though
diluted, may cause excessive loeal reduation in the pH of {he
praduct so that adverse offects aro produced before the acid
ann be dispersed throughout the entive volume of product:

Paronteral dispersions, including colloids, emulsions and
suspensions, provide particulsy probloms,  Parenteral
emulsions have boen reviewed by Singh and Ravin'™ In
addition to the problems of selieving and maintaining prop-
er roduction in particle size wnder nsoptic conditions, the
diupersion must be koptl in a uniform state of susponsion
throughout the preparative, transter and subdividing opera-
Lo,

The formulation of a stable product i of paramount im-
portance. Certain aepects of thig have been mentioned in
the discussion of components of the product. Bxhaustive
coverage of the topic is not possible within the limita of this
texi, but further coverage is provided in Chapter 76. 1L
should be mentioned here, however, that thermal stariliza-
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tion of parenteral products inereages the poassibility of chom-
ical reactions.  Such reactions msy progress Lo completion
during the period of elevaled tomperature in the antocthore,
or he initinted ot this time bul continue during subsequend
storage,  The sssurancs of allaining product stability re-
guires o high order of pharmaceution] knowlodge and re-
aponsibility.

Fillvation

After a product has heen compeunded, it muat be fillerod
if il is a solution.  The primary obyjective of filration is Lo
clarify o solution. A high degree of clarification is ermed
*polishing” o solution.  This ferm is used when particubite
matter down Lo approximately 2 an in size i removed, A
further step, removing particelate matier down Lo 0.2 pmin
sive, would elimiuate microorganisma atd would accomplish
“aold® sterilizotion. A solutlon havimg o bhigh degree of
clarity eonveys the impresaion of high quality and purity,
desirable characieviatios for a purontoral solution,

Fillors nre thoughl to funetion by one ar, usuaily, o combi-
nation of the following: (1) sieving or sereening, (2) entrap
ment or impaetion and (3) electrosiatic atbraetion. When o
filter velnings particlos by sieving, they are retained on the
purface of the flter,  Entenprent occurs whan a particla,
smatler than the dimensions of the passageway (pored, be-
comes lodged in a turn or impacted on the swrface of the
possagewny, Ttlectrostatic attraction enuses particles oppo-
site in charge to that of the surface of the filter pare Lo be
held or adsorbed to the surface. Tt should be neted that
increasing, prolonging or varying the forcee behind the selu-
Liom miay tend to swaep particles initinlly held by onbrap-
ment or alectrostatic charge through the pares and into the
filtrate,

Todoy, membrane filiers are wsed almost exclusively for
porenteral solutions.  Their particlo retention effe
Mow rate, nonreactivity nnd disposnble charactor
justified their use bo the miclasion of most other Ly
maogt common membranes are composed oft

Collulose vstee (Suppliorss oo, Gelman, Milpare, Sactoriue,
Nehlvichery,

MWylon (Suppiier: Pall).

[Polysulfone (Bupplioest (el Millipore),

Pulyearhonate Chuppliors Nuelopore).

bhul, other materials are being uaed, including Tellon and
othor plastic polymers.  They wre available as flat wem-
Liranes or pleated into eylinders to inereade suzfnce nrea and,
Lhua, flow rate. Baeh Tlter in i bolder shanld be teated for
intogrity before and after use, particnlarly it it is being used
1o eliminate microorganisms, While mambrano filters are
dispusable, and thus disearded after use, the holders must ho
elenned thoroughly between uses,  Increasingly, clean, siere
ilee, prefested, disposable sssomblies Tor smadl as well ag
relatively lurge valumes of solutions are becoming available
commercinlly. Other charaetoristics of those filters, impar-
tant for o full understanding of thelr use, ave given in Chap-
tor TH.

Filling

Phuring the lilling of containers with a product, the most,
stringont requireraents must be exercised o prevent con-
tamination, particularly if the preduct ing heen sterilized by
filtration and will not be sterifivod in the final container.
Under the fablor conditions the process usanlly is called an
“areplic filL? During the filling operation, the product
munt be transferrod from a butk container and subdivided
into dose containers, This operation oxposes the produet Lo
the enviranment, cquipment and manipulative technigue of
the operator until it can be sealad in the dose confniner,
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Thersfure, Lhis operntion is carried out in the aseptic filling
aren where maximum protection is provided,  Additionad
protection may e provided by flling under o blanket of
VA filtered laminar-flow air within the aseptic aroi.

Napmally, the eompounded product s in the form of ei-
thar i liguid or a solid. A lgquid isonore rendily subdivided
uniformly and introdueet into & container having o narrow
mouth than iy a sotid, Mobile, nonsficking liguids pre cone
sidernbly enaier to transfor and subdivide than viscous,
aticky liguids, whieh require heavy-duty machinery for vaps
id ])r()du(:ti(m Tikiny.

Although many deviess are available for filling containers
with liquida, certain charncteristics are fundamental to them
all A menns is provided for repetitively forcing s mensured
volume ol the lguid thepugh the orifice of & delivery tube
which is introduced into tho container, The size of the
doelivery Lube will vary froin it of about o 20-gauge hypo-
dermic needle Lo a tube Y in, or more in dinmeter, The sise
roquired is determined by the pliysical characieriatics of the
liquid, the desired delivery speed and the inside diameter of
the neek of the container, The tihe must. enter the neck and
detiver the lHaguid well into the neck 1o eliminate spillage,
nllowing sufficient. elearance 1o permit air Lo Jeave the con-
tainar my the oguid enters, 1'he delivery tube should be as
Jurge in dismeler s possible in ovder o reduce the resisbane
o the How of the liquid,  For smallor volumes of Bguids, e
delivery usually i5 oblained from the stroke of the plunger of
i syringe, foreing the lguid hrowgh a two-way valve provid-
ing for alternate filling of the syringe and dolivery of mobile
liguids, A sliding piston volve would be used for heavy,
viscous lHguids, Other mechanisms inchide the turn of an
auger in the neck of a funmel or the oscillation of a ruliber
diaphragn,  Por bavge volumes the quantity deliverod usunl-
Iy is mensured in the container by the level of D1l in (he
container, the force required to transfer the liguid being
provided by pravily, a prossure pump or 8 vacuum pump.

‘The nartow neck of an ampul limits the cearance possible
hatwenn the delivery tube and the inside of the neck, Singe
adrop of Jiguid novmally hanpgs at the tip of the delivery tube
after o delivery, the neek of an ampul will be wel as the
delivery tube 1w withdrawn, unless the drop s rolracted.
Therefore, (Hling machines should have a mechanizm by
which this drop cun be drawn tnck into Uhe lumen of the
tube,

Binee the liguid will he in intimete contact with the parts
of the machine (',ln'u‘)ugh which it {lows, Lthese must b con-
strueted of nonresctive materinly such ag borosilicate glass
ar stainiess sleel.  Tn addition, they should easily be de-
mountable for cleaning und steriluntion,

Hoenuse of tha cancern for parliculate matlerm injoetahle
praparations, a final filter often s inserted in the systom
hetween the filler and the delivery tube.  Most frequently
this iy 0 membrane filter, huving o porosity of approximately
1 pm and treated 1o lave & hydrophobic edge. This is
necessary Lo reduce the risk of rupture of the membyane dug
to filling pulsations. 1t should he noted that. the insertion of
the e st this point should eollect all particulate malter
genernted during the process, Only that which may he
found in mndeguately camed containers or picked up from
axposure 10 the envirenment after prssago through e fingl
filter potentially remain g contaminants,  IHowever, the
filtay does cushion ligquid ffow and reducos the officency of
drop retraction from the end of the delivery tabe, sometimos
rnling it difficult Lo control delivery volume as precisely ns
would be possible without the flter.

Liguids--The filling of a wmndl number of containers may
b accomplished with o hypodoermie syringe and peedls, the
ligguicl hoing drawn into the syringe and forced through the
needle into the containgr, A device Tor providing preater
wpaad of filling 18 the Cornwall Pipol (D & Co). This has a
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g6z GHAPTER B4

twosway valve between the syringe and the needle and o
means Tor setting the sleoke of the gyringe so that the same
volume will be delivered each time. Clean, sterile, dispos-
uhle assemblios (Suppliers: Burron, Pharmaseal) operating
on tha same prineiple have particular usefulness in hospital
phiarmacy oporations.

Machanically operated instruments substitule n motor for
the operator's bhand in the previous devices described.
PMhereby, o much faster filling rate can be achioved. By
carolul ongineering, the atroke of the syringe con be repoated
precisety, and so, once o particaiar setting has been ealibrat.
od Lo the dalivery, high delivery precision is possible. How-
ever, the speed of delivery, the expansion of the rubber
tubing connacting the valve with the delivery tube, and the

rapidity of nedion of the valves can affect the pracision of

dulivery, A {illing machine employing a two-way valve as-
sembly is shown in operation in Fig 84-7. Ona employing a
piston valve is shown in Fig 84-18, Stainless-steel syringes
wre reeprired with viseous liquids becavse glass syringes are
not strong enough to withstand the high pressures developed
during delivery.

Whan high-apaed filling rates are desired bul neeuracy
and precision must be maintained, multiple filling units are
often joined together in an electronically coordinated ma-
chine, such ng shown in Fig 8419,

Muosd, hijgh-speed fillers Lor large-volume solutions use the
bottle us the messuring device, transferying the lguid either
by vaguura or positive pressure from the bulk reservoir to the
individual unit containers, Therefore, a high accuracy of Till
is nol achievablo,

The USSP indicates that each container should be fillad
with o slighl exeess ol volume and gives a table of such
sugpesled oxcoss.

Saolidy—Starile solids, such ag antibiotics, are more diffi-
cull. to subdivide evenly into conlainers than are liquids,
The rate of How of solid material is slow and irregular,  Gven
though & container with n larger diameter opening is used to
fucilitate filling, it is difficult to introduce the solid particles,
and Lhe rigk of apillage is ever-present.  The accuracy of the
guaniity delivered eannot be controlled as well as with lg-
uids. Bocause of these factors, the tolerances permitied for
the content of such containers must he relatively largo.
Bupgested toleranees can be found in the USP.

Sorme sterile solids are subdivided into containers by indi-
vidual weighing, A acoop ususlly is provided o ald in ap-

g #4-70,  Fllibg imaching ampioying o pleton valve and a siaintass-
steol syringe {courtesy, Cozzoli).

W M

Fig 84-19.  Four-pum liguid filler, with & gonvayor ling for vials
protected by | vertlcal laminar aliflow and plastic curtaln: note thae
autemiatic  stopparing maching on e gt within tha curtaln
{oourtesy, Atbott).

proximating the quantity required, but the quantity filled
into the container finally is weighed on o balanee, This iz a
slow process. When the solid is oblginable in a pranular
form so that it will flow nsore freely, othar methods of filling
may be omploved, I genecs], these involve the measure-
ment and delivery of & volume ol the granular materiat
which has baen calibrated in terma of the weipht desired, Tn
tha wmachine shown in Fig 84-20 an adjustable cavity in the
ritn of o wheel is filled by vacuum and the contents held by
vacuum uniil the cavity is invarted over tho container. The
aolid material then s discharged into the container by the
uge of sterile air,  Another mnchine omploys an auger in the
stem of a funnal at the boltom of a hopper, The granular
material is placed v the hoppor. By controlling the sive of
the nuger and s robation, & regulated volume of granualar
material can be delivered [vom the funnel stem into the
contaiper. Huch a machine ia shown in Fig 84-23.

Fig B4-20,

Accolil vacuum powder fillar (courtosy, Parry),
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Fig D421,

Augartype powder tler (ourtesy, Chasoelogemzn),

Sealing

Ampuls Filled containers shoull e sealod as soon as
porrible (o preven the conteniy from hoing contaminated hy
the enviromment.  Ampuls are sealed by melting n poriion of
the glass neck, Two types of seals are employed normally:
tipssealy (headseals) or pull-seals,

Tipeseals are made by mehing enough glass at the tip of
the neck of an ampul to Torm a head and close the apening.
These con be made rapidly in a high-temperatare pas-oxy-
gen Tlame. To produce a uniform bead, the ampul neck
mustk he heated evenly on all sides.  This may be accom-
plished by means of burners on oppasite sides of stationary
ampuls ar hy rolating the spul inoo single Have, Care
must he tuken to properly acjust the flame temperatare and
the interval of heating to oltain complete closing of the
apening with o heed of gloss,  Bxcessive heatiog will result in
the exponston of the pases within the ampud against the solt
hend senal and cavse o bubble @ form. 1t bursts, the ampul
it no Jomrer sealed; iP5 does not, the wall of the hubble will
Do thin and fagile,  Insefficent hesting will leave an open
capillary through the center of the head,  An incompletely
nanled ampul is called a “lealker,”

Pull-soals ave made by heating the neeh of the mmpul
Jrotow the Ly, leaving enough of the tip for grasping with
forceps or other mechanieal devices, Tho ampu) Bs rotated
in the Hame from a single burner. When the jlaum has
soltanad, the Lp is proaped Mondy and pulled quickly awny
from tha body of the amnpul, which continues Lo rotete, 'Phe
amald capiflary (uhe thus formod i fwisted closed. TPull-
pientisngg B slower, ot the seals are more sure than Lip-sealing,
10ige B4 2% whows 1 moehine coanbining the steps of filling and
pull-gealing ampuls,

Powder ampuls or other types havitg a wide opening must
he acnled by pull-sealing,  Were thoese sonled by tip-sealing,
the very Iimyge bead produced woatd indueo glass strain with
atibsaguent Meacture ot the junciare of the bead and neck
wall Fracture of the nech of anyaulis during sealing also may
ogeur i wetting of the nechs oceurred ot the time of filling,
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Fig 84-22.  Autoratic filling and puth-sealing of ampuls (courtesy,

Cuzzoll).

Alko, wol necks inerease the froguency of bubble formation.
If the product in the ampul is organic in nature, wob nocks
aluy will result in unsightly earbon dogposits from the heat of
sealing.

I order to prevent decompasition of u produet, it issome-
Umes necoasary to displace the aiv in tho apace above the
product i the gmpul with an ineet gas, TPhis s done by
nteoducing o slream of the gua, such ax nilregen or carbon
dioxide, durimg or alter filling with the product.  Tmimedi-
alely thereafter the ampul ig sonled hefore the gas ean dif-
fuso Lo the outside,

Viads and BotdEos-—Thano are seaded by clowing the open.
ing with a rubber closure stopper). This mest e aceon-
pitshed ng rapidly as possible after lling mud with ressoned
care to prevent contamination of the confents, The large
apening makes e inlvoducticn of contmmivation much coas.
ter than with ampuls, Therefore, s covering should bo pro-
vided for such containers except for the minimal time vee
guired for {illing and for the actoal infroduction of the rub-
her closure.  During the latter aritical time the open
containers should be protected from the iggress of contami-
nation, preferalily with a blanket of HISPA-filtored laminar
airflow. In Fig 84-19 the automatic conveyorized procedure
is helng porformed under vertical laminar aivflow within
plastic side curtaing,

The closure must i the mouth of the container snugly
enough so thad, Ha elasticity will permil adjustment 1o slight
irvepulaeitics 1n the lip and nocle of the contodner, Tlowever,
it must, nol, it so snogly that it is difficult to introdues ito
the neck of ghe container.  Closures may be inserted asepti-
anlty with storile forceps or directly with hands encased in
sterite rubber gloves, When rabber elosures nre to be insert-
ot wechanically, their surfaee is often halogennted or treat-
e with silicpne 1o mpke thern ensicr Lo insert. Thus, it 18
passibile o convey the closure through a shute (o the place
where it ik poritioned over g vial and thon inserted by a
plunger or some other pressure device.  An example of such
a mechanicenl device s shown in iy 84-28. Mechanieal
stoppering has been developed {o moet the need for high-
speed production,

Rubber closares are hold i place by means of nhuminm
caps, The caps cover the elosure and are crimped under Lthe
fipr of the vinl or bottle 10 hotd tham in place (nee: I 84-4),
The elosure cannot be removed without destraying the aju-
minum enp,  Therefore, an intuet aluminem cap s proof
that the closure has not been remaved intontionally or unin-
tentionally, Such confirmalion is necessury o assure the
inteprity of the contents an o aterility and obher aspects of
gquality,

The aluminum ¢nps axe so desiigned that the outer Tayer of
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CHAPTER 34

1584

Fig 84-23,  Machanical device for Ingerting rubber Glosures in vials
(courtesy, Parry).

double-layored eaps, or the conter of single-layered caps, can
hoe removed to expose the center of the rubber clogure with-
out disturbing the band which holds the closure in the con-
tainer. Rubber closures lor use with intravenous adminis-
tration setaoften have a permanent hole throwgh the closure,
In such cases, a thin rubber disk overluyed with a solid
aluminum disk is placed between an innot aned otter alimi-
num cap, thereby providing a seal of the hole through the
osure, These are called driple-tayored luminum eaps.,

SBingle-Tayered aluminum caps may be appliecd by means
of & hand crimper known ay the Farmpress (Suppliors:
West, Wheaton), Double- or triple-layoved cops reguire
groater force for arivaping tharelore, heavy-duly mechanical
crimpers (oo Mg 84-24) are required (Buppliorss Coseoll,
FPorey, Seidenader, West, Wheaton),

Applying aluminum caps to vlalﬂ nt the Und ol lhu
|recass no (courtasy, AbBOLE.

Flg &4,

Starilization

W henover poseible, the parenteral product should be sier-
ilized after heing sealed in its final container (Lortninal steril.
ization) nnd within ay ahort o time as possible after the filling
and sealing have been completed.  Sinco this usually ine
volves a thermal process, dua consideration must, be given to
the effoct of the elevaled lemperatare upon tho stability of
the product, Muony products, hoth pharmeceutical and hio-
logical, will be affocled rdversely by the elevated tempera-
tures requirad for thermal sterilization,  Such praducls
must, therefore, be sterilized by s nanthermal method,
Mosl thermolainle solutions miay he sterilized by filtration
vhrough bagteria-retaining (lters, Subroguently, all cpers-
tiona masl be carried out in an nseptic manner so that con-
tarpination will net be introduced into the filuate. To per-
form such an aseplic j)mo(-du)o is difficult, and the degree of
its aceomplishment, s n}wnyﬂ uncerlain,  Colloids, oleagi-
nous solutions, suspensions and emulsions that are thermo-
labile may roguive o process in which cach componont is
slerilized and the product is fonmulated and processed wn-
dor aseptic conditions,  Becnuse of the overspresent vislof a
momentary or prolonged lapse in aseptio sonteol during an
aseplic process, and Lthe dangerous condition that could re-
sult, sterflization of o product in its final container is pre-
ferrad, if possible.

Some of the newer nonlliermal methods of sterilization
are finding important application to components of injes-
Ligns ond administration deviees, Certain dry solida such us
penicflling streptomyein, pelyvitaming and certain hormenes
are being sterilized effectively by jonized radiations withoud
acverse effocts,  Catgut sutures now are being sterilized
routinely in the finel pockage by this method., Administra-
tion sots, dispesable nocdlos and syringes and other plastic
nnd stainlesy.steel equipment and components are heing
storilized by ionizing radiations and hy gaseous ethyleng
oxide steribzation, Generally speaking, however, neither of
these methads may he used for liquid preparations withoul,
rdverse effects on the product, and gaseous storilivation
cannot be used where o glass container or other Impervious
barrier prevents the gas from permeating the matorigl

Pry-heat sterilization may be employed for o fow dry sol-
ids that are not affected adversely by the high temperaturas
and for the rg,-)]ut;ive]y l,(‘mg hoagting period required.  This
method 15 applied most effectively to the sterilization of
glageware and metalware.  After steritizadion, the equip.
menl will be sterile, dry and, it Uve sterilization poeriod is tonp
anonh, pyrogen-freo.

Saturated steam under prossure (zaloclaving) is the most
commonly aged and the most effective method for the steril-
frntion of aguoeous liguids or substanees thal con be roached
or panutraled by stonm,

IMgure 84-25 shows liter containers of golution being load-
od inlo an autoclave for steritization, 1t is ineffective in
anhydrous conditions, such ag within a sealed ampul con-
taining o dry solid or en mthydrous oil,  Sinee the tempera-
ture employed in an nutoclave is lower than that {or dry-heat
slerilization, equipment made of materials such as rubber
and polypropylene may he sterilized i the {ime and tem-
porature ave controlled carefully. As mentioned previously,
gome injections will e affected adversely by the elevated
temperature required for wutoclavimg  For some products,
such ae Dextrose Injection, the wse of an antoclave designed
to permit a rapid rise to sterilizing temperatuce sl capid
cooling with water spry affor the storilising hold-period will
minke il pogsible Lo use this method, Other products that
will not withstond avtoclaving temperatures may withstand
marginat thermal methods such az tyndallization or inspis-
sation. These methods may e rendered more effoctive for
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gonte injections by the inclusion of a tueterioatatic agent in
tho product.

It should be shvious that all materials subjocted to steril-
ization must, be protected from subseyuent contamination to
maintain their sterile stale.  Therelore, thoy must be
wrapped or coverad so that microorganisms may nol gain
access when remaved from the nutoclave, BEguipment and
supplios ave wrapped most frequently with paper and tied or
sealed with special autoclave tape.  The wrapping must per-
mit penclration of steam during autoclaving but screen out
microorganisms when dry. A doublo wrapping with lint-
free parchment paper designed for such use is probably best,
Bynlhetic fiher cloth such as nylon or Daceon also may be
ased Tor the inner wrapping, The openings of equipment
subjected Lo dry-hent sterilization are often covered with
silver-aluminum foll or with metal or glass covers.  Cellu-
lose wrapping materials are affectod adversely by the high
tempoeratures of dry-heat steritivation.

The olfoctivencss of npy sterilization technigue must be
proved (validated) hefore it is employed; controls then being
satpblished to show that subsequent processes repead (he
conditions proven fo o effective. Since the gonl of steriliza-
tion s 1o kil microorganisms, the ideat indicator to prove the
effectiveness of the process is & biological one; resistant
gpores.  However, many feel congiderable hesitation about
using biological indicators (BIs) during the processing of
products because of the inherent risk of inadvertent con-
tamination of the product or the environment.  Also, it hos
heen found that the resistance of spores may vary from lot to
Jot, thareby possibly giving fulse indications of reliability,
However, today commercially prepared Blas ara eatablizshed
an relinbls for use In conpmetion with physicial-parameter
meesurement for validating and monitoring sterilization
processen.  Such physical-parameter monitors include re-
cording thermoecouplhes, color-change indicators and melting
indicatora, 'This type of confirmatory evidence is an essen-
tinl part of the sterilization record for a product.

Fuethar datails coneerning methods of sterilization and
their applieation will be found in Chapter 78, In addition,
the USP provides suggestions concerning the sterilization of
injeations and related maforials,

Freeze-Drying
Irreaze-drying (lyophilization) is a process of drying in

which water is sublimed from the product after it is frozen,¥
"M particular advantages of thia process are that biologicals
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and pharmaceuticals which are relatively unstuble in ague-
o salution can he processed and filled into dosage contain.
ers in the ligquid stato, taking advantage ol the relative ease
of processing a liguid. They ¢an be dried withoul olevaled
temporatures, thereby eliminating adverse thormal effects,
and stored in the dry state in which there aro relalively few
slability prohlems.

Furthor advantages ave that these producta are often more
goluble and/or more rapidly soluble, dispersions are sidali-
lzod throughout their shelf e and products subject 1o
degrndation by oxidation have enhanced stability because
the process is carried out in a vaculm,

Howover, the incrensed (ime and handling required for
processing and the cost of the equipment limit the use of this
process Lo those producta which significantly have enbanced
stabilily if stored in the dry stale,

The fact that ice will subline st pressures helow 3 torr hae
been a long-catablished laboratory principle.  The extensive
program for freeze-drying human plasma during Workd War
1 provided the impetus for the rapid developmont of Lhe
process,

Freeve-drying essentially consints of the following:

1o reozing an agneons produet ol p temperniare below it eoteetic
fembataturo.

% Pyneualing the chamber, usually below 000 tore (100 g Hyd

3. Bubliming ico on o eold condenaing surfnes nt o tempetaiurs bolow
that of the produst, the condeasing surface being within the cham i or
in a connocting chumbor

4. Introducing heat to the produst upder contrellid canditions,

therehy providing ehorgy for sublimution at o rate designed to keep the
produet tamporatsre bulow s putectic temperature.

Figure 84-20 shows such o system. The produet may be
frozen on the shelf in the chamber by circulating refrigerant
(usually Freon, ammonia or ethylene glycol) fram the com-
pressor through pipes within the shelf. After freezing is
eomplete, which may require several hours, the chamber and
comdenser are evacuated by the vacuum pump, the condena-
or surface having been chilled proviously by circulating re-
frigerant from the large comprossor,

Heat then is introduced from the shelf to the product by
olectric resistance coils or by cireulating hot waten, silicone
ar glyeol, The process continues until the product in dry
{usunlly 1% or less moisiure), leaving a sponge-like matrix of
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1864 CHARTER 84

the solids originally presont in the produst, the inpul of heat
heing controllad go ns wol Lo degrade the product,

For moat pharmaceuticals and hiologieals the liquid prod-
uet i wlerilized by filtration and then filled into the dosage
container aseptically.  The eontainers must remain open
during the drying process; therelore, they must be protectad
from contamination during beansfer from the filling ares (o
the freoze-drying chamber, wlkile in the freexe-drying cham-
her and at the end of the drying process until sealed,

The chambers may be equipped with hydraulic or rubber
diaphrogm internal-sloppering devices designed 1o push
slotted rubber closures into the vials to be sesled while the
chamber is stil} evacunted, the clesures having been partiaily
inaertod immediately after filling so that the slots were opan
to the outside.

If intornal stopporing is not available or contaivers such as
nagruls are used, filteved dry air or nitrogen must be intro-
duced to the chamber at the end of the process to eatahlish
ntinospheric pressure,  Then the containers must be re-
moved and sealed under aseplic conditions. I the preduct
i very sensitive to molsture, the envirommental humidity
plso mual. be controlled until 1t s soated.

Factors Affecting the Process Ravo—-The greater the
depth of the product in the container, the longer will be the
drying process. Therefora, s praduct to be frozen by placing
the container on a refrigerated sholf (plug freezing) should
be filled to a planned, Hmited depth. I a lorge volume of
soludion must be processed, the surface srea may be in-
cransed and the depth decreased by freezing the selution on
a slant or while rotating the container on an angle (shell
{reewing) in a liquid refyvigerant bath, such as dry ice anl
aleohal,

The actual driving foree for the process is the vapor pres-
aure differential between the vapor at the surface where
deying of the product s sceurring (Lhe drying houndary) and
that ol the surface of the jee on tho condenser, The lnbter is
deotermined by the temperature of the condenser og medified
by the insulating effect of the nccumulated jce. The former
is dotermined by o number of factors, insluding

1. 'The rate of heat conduction through the container and tha Crozon
winterial, holly vanadty eelatively poor thermal conductors, to L dryby
houwndary while maintaining all of the praduet below ity outoctic lam-
perature,

2. Theimpeding effaet af the inereasing dopth of deiod, porows prod-
ual alove Lhe drying hl.wl.uuhlry-

4. Tho teniperature and heal eapavity of tho ahelf sl

Thin may be visualized by reforring o Fig 84.26.

The passageways betweon the produet surface and the
condensar surface must be wide open and direct for effective
operation.  Therefore, the eondensing surfaces in large
freeve-driors are uaually in the spme chamber ag the produet.
Fvacuation of the system is necessary to reduce the imped-
ing alfect that sollisions with air molesulen would have on
the prasnge of water molecules, However, the residual pres-
sure in the system must be greater than the vepor pressure of
the foe on the condenser or tha ice will he vaporized and
pulled into the pump, an event detrimental to most pumps,

The amount of solids in the product, their particle size and
their thermanl conductonce will affoct the rate of drying.
The more solida present, the more impediment will be pro-
vided Lo the eacape of the water vapor. The smaller tha
particle size, particularly the exystal size of the ice, the fagtor
the drying generally will be. 'The poorer the thermal ¢on-
clucting properties of the solids in the product, the slower
will bo the rate of heat transfer through the frozen matarial
Lo ihe drying houndury.

"The ate of drying ie essentialty slow, most often requiring
24 hr ar longer for completion,  'The sctual time required,
the rate of heat input and the product temperaiures thal

may be used must be determined for sach product and then
raprodueed carelully with sucesssive processos,

Fuctors Affecting Formulotion—The setive constilu.
ent of many pharmaceuticnl products i present in such a
gmall quantity that if (reeze-dried alone its prosonce would
be hard to detecl visually, Thereflore, exciplents are often
added to ingrease the amount of solids.

Same gonaidor it ideal for the diied-prodiet plug to ocea-
py easentinlly the same vohune as that of the original solu-
tion.  To achieve this, the wolids content of the original
product must be between approximately & and 26%. Among
the substanced found maost useful for this purpose, usually as
a combination, are sodium or potassium, phosphates, cibric
ackd, tartarie acid, gelatin and carbolydrates such ss dex-
tross, mannitol and dextran,

Fach of these substances contribules appearance charae:
teristics 1o the plug, such as whether dull and spongy or
aparkling and cryatatline, firm or friable, expanded or
shrunlon and uniform or striated.  Therefore, the formula-
e of a produet 1o be freczosdried must include consider-
ation not only of the nature and stability characteristios
required during the liquid state, hoth freshly prepared and
when reconstituted before usoe, but the chatacterislics de-
sired in the dried plag.

Modifications in the Process and Bgquipmoent--In some
instances 4 produet may be frozen in o bulk eontainer or in
trays rather than in the finat contaiver and then handied asn
dry solid. “T'his may be desivable when lirge volumes of a
product are processad.

Heat may be introduced to al] sides of the product by
radigtion from infrared sources, rather than only from the
bottom #s with conductive beating. While this generally
increases the vale of drying, there are at Joast two major
disadvaniages 1o rdiant heating of pharmucouticals; thoue
are (1) multiple containers produce shadowing with resul-
tant blockage of the radiations and (2) the dried material on
the outside of the frozen product muay e seorched easily by
the heat na deying progresses,

Whan large quantities of material nre processed it may be
desirable Lo use gjection pwmps in the equipment system.
These draw the vapor into the pump and ceet i to the
outside, thoreby elimivating the need for n condensing sur-
face. Such pumps are expensive and usually proctieal only
in large installations,

Available freeze-driers (Supphers:  Kowards, PUS, Hull,
NRC, Stokes, Virtis) range in size Drom small laboratory
unitg Lo large industrial models such as the one shown in Fiy
84-27. "Their selection requires consideraiion of such fac-
tors as:

Flg 8427,

Asaptic loading of fravza-driar (Gourtesy, Upjohn),
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The Liay area required.

The vislssne of waler Lo be removaod.

Whother or nel nsepiie processing will be involved.

T internal stoppering required?

Wil i be Teaezora Do used for initinl froezing of the produel.
Tho degroe of autamalic eperation dosired,
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Other faclors involved ia the selection and use of cguipment,
atp sonsidered in the literature.!?

Mrggro-drying is now heing usod for research in the preser-
vation of human tissue and is finding increasing application
in the food industry. Progress on new developments is be-
ing made i both the process and the equipment,

Quality Assurance and Control

The importance of underiaking every possible means to
assure the quality of the finished product cannot bo overems
phagized, Every component. and step of the manufacturing
process must be subjected Lo intense scrutiny to be confident
that guality is attained in the finished product, The respon-
wihility for achiaving this quality s divided sppropriately in
concept and practice into Quality Assarance (QAY and Qual-
ity Control (QC), QA relates to the studies made and the
plans developed for assiring quality of a product prospoee-
tively, QO embodios the carrying out of thess plens and
imeludes all of the tests and evaluations performaed to bo sure
thal quality bas been achieved in aspecific Lot of product,

The principles for achieving quality are basically (he snne
for the manufacture of any pharmaceutical, These are dis-
cussed in Chapter 82, Duriug the dizcussion of the preparas
tion of injeclions, mention was made of numerous quality
reguirements for compenends and manufeeluring procesaes,
Here, only cortain tests charnetoristionlly applieable to the
finishod parenteral products will be discussed,

Starllity Test

All los of injections in their final containers must be
teated for sterility. The USP preseribes the reguiraments
for this tesl for official injeetions. The FDA uses these
roguirements ag a gpuide for testing unofficial sterile prod-
ucts, The official test has acknowledged limitations in the
information that it can provide. Therefore, it should be
noted that this teal, is not intended as a thoroughly evalua-
tive test for a produel subjected to o sterilization method of
unknown effectivenesg. It is intended primanly as o check
Lesd on the probability that a previously validated steriliza.
tion procedure hag heen repeated, or to give asaurance of its
continued offectiveness, A discussion of aterility testing is
piven in Chapter 78,

11 should be noted that o “lov” with rospoect to sterility
testing is that group of product confainers which has been
subjocted Lo the same slerilization procedure.  For contain.
ary of a product which have been sterilized by sutoclaving,
for gxample, a lof would constitute those procossed in a
particular sterilizer oycle. For an aseptic filling operation, a
lot would constitule all ol (hose product eontainers filled
during a period when there was no change in the filling
assembly or equipment and which is no longer than one
working day or shilt,

Pyrogen Test

The presence of pyrogens in parentaral preparations is
ovoluated by a qualitative fever rosponse test in rabhbile,
The USE tests are described in Chapter 27. Rabbits ave
uged as test animals beemuse they show a physiological re-
aponse Lo pyrogenic subatances similar to that by man.
While n minimum pyrogenic dose (MPTY), the amount just
aulfigient Lo ¢auwe n pusitive USP Pyrogen Test response,
sometimes may produce uncerlain Lest esults, a content
aqual to a fow timos the MPTY will loave no vncerlainly.
Therelore, the test is valid and has continuaed i use since
introduced by Seibert in 1923, Ttshould he understood Lhat
not all injections way he subjected to the rabbit testl since

the medicinal agenl may have n physiological effect on the
test animal such that any fever responge would be masked,

A new test for pyrogens recently hag beon necepled, not
only for n-process control for pharmaceutical products but
alao for relense testing of such products and for devices. s
anin vitro test based on the 1;(ellin[; or color development of §
pyragenic preparation in the presenge of the lysate of the
amebocyles of the horseshoe eraly (Limulus polyphemus).
Thoe Limulus Test, as it is called, s simpler, more rapid and
of greater senmitivity than ihe rabbit test®  Allhough it
detects only the endotoxic pyrogens of Gram-negative bue-
Leria, this probably will not limit its use signifieantly since
most environmental contaminants gaining entrance to ster-
ile products are Gram-negative. The loat has gained in
atature to the point that antomated technigues have heen
developed, ™

Parliculate Evaluation

Particulate malter in parenteral sdutions long has heen
reeognized as unacceplable since the user could be expected
Lo conclude that the prosence of visible dire” would suggest
that the product is of inferior quadity. 'Today, it is recog-
nized that the presence of particles in aolution, particularly
if injected intravenously, eon be harmiul, While data delin-
ing the extenl of rigk and tho effects produced still are
limited, it has been shown that particles ef lint, rubber,
tnsoluble chamicals and other foregn maller can produde
emboli in the vilal organs of animals and man,® Further, it
has bean shown that the development of infusion-phlabitis
may ba related Lo the presence of particulate matler in intra-
venous fuids

The parlicle size of particular coneern has not heen elearly
delingated, hut it has been suggested thal sinee erythrocytes
hve o digmeter of approximately 4.5 pm, particies of more
than 5 wm should be the basis for evaluation, This is a
cansiderably smatler particle than can be seen with the un-
aided eye; approximately 50 pim 15 the lower limit unless the
Tyndall effect is used whereby particles as small as 10 um
cart be seen by the light seattered from them,

The USPE specifios thal good manufacturing practice re-
quires ¥hat each final container of an injection be subjected
individually to a visual inspection and that containers in
which visible particles can be seent should be disearded,
This 100% inupection of a lot of produet is designad o pre-
vent the distribution and use of parenterals which contain
particulate matter that may be harmful psychologionlly or
organically Lo the participant. Therefore, all of the product
units from n production line currently are heing inspecied
individually by human inspectors under a good light, baffled
against rellection into the eys and againat a black-and-while
background. This inspection is subject to the limitation of
the size of particles that can be seen, the variation of visual
acuity from ingpector Lo inspector, their emoetional state, eye
girain, Tatigue and othor personal foctors thal will affee,
what faseen.  Howavor, it does provide s means for elimingai-
ing the few units which normally contain visible particles,

Sinee it in vecognized that visual inspection will not detect
the presence of particles smnllar than approximately 50 wm
in gizn, the USP has established a microscopic test method
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for idontifying particles in large-volume intravenoud solu-
Liona and has set lmits of not more than B0 particles/ml. of
10 pom and larger in size and not more than 5 particles/ml of
25 o and larger in size, This method consista essentinlly of
[iltering @ measured sample of selution threogh o membrane
filter upder ultrnelean conditions and then countling the
particles on the surface of the filter using oblique light,
undar a micrescope, at both 40X and 100X magnification.
These standnrds are boing met roadily by the latige-volume
parenteral solutions currently being muanufnciured in the
5.

Maore recently the USP extablished standards for small.
volume parenterals to he given inlravencusly, using an elec.
tronic inatrument that counts and measures che size of pard-
cles by means of a shadow cast by the particle as il passes
through a higheintensity light Deam (Suppliors: Climet,
HIAC), The limits prescribed are not more than 10,000
particles/mL of 7 10 um in size and not more than 1000
particles/mD 2 26 pm in sive. These specilieations wore
developed on the premise that as many as fve such producty
may be added to o 1-1 bottde of a larpe-volume paventera)
und five products should not contribute more than the over-
all limits of particles proseribed for o largo-volume parenier-
al, Whether or not these standards are realistic toxicologi-
cally han nob been established; rather, the objective of the
compendium is to establish apecification Hmits that would
engourage the preparation of clean parenteral selutions, par-
tigularly Tor those (o be given intravenously,

It also should be realized that adminiatration sets and tie
tochnigues used in the hospital for preparing and adminis-
tering intravenous infusion fluid may introduce substantinl
amounts of particulate matter into an otherwise clean salu-
tion. Therefore, the pharmaceutical manufneturer, the ad-
minigtration set manufacturer, the hospital pharmociat, the
nurse and the physician must share responsibilities for mak.
ing sure that the patient receives o clean intravenous injec-
tion.

The USE methods for counting and sizing particulate
matter in intravenous solutiong nre not the only methods
available for sueh determinations. A namber of electronic
parlicle eountors ave avaitable that use the light-seatlering
principle to count particles in a liquid sample (Suppliers:
Climet, Met One, Raveo), There also s an instrument avail-
able which counts particles and sizes Uem by mausuring the
affect on the resiptance belwaeen two eloctrodes as the partis
cles pass hetween them (Supplier:  Cowlter). 1t is abvious
that only the visual inapection ean be used [or in-line evalua-
tion of every container produced commercinlly, Al of these
methods require very stringent, altraclean preparation tech-
nigues to nesure rensonable ueeuraey in counding and sising
only Lhe particles in the solution, sather fan thoss that may
have been introduced inndvertently during the sample prep-
aration or the testing procedura,  Purther, these test proce.
dures are destructive and, therefore, ean be performed only
on samples of the production lot.  Further information may
be found in o review articlet

Leaker Test

Ampuls that have been sealed by Fusion muat be subjected
Lo o Lest to determine whethsr or not a passageway romaing
to the outside; 1f 8o, all or a part of the conlenty moy lonlk 1o
the outside and apoil the package, or microorganisms or
other contaminanls may enter.  Changes in temperature
during storage cause expangion and contraction of the ampul
ang contents, md will accentuate interchange if a passage-
wity oxigts, even if microscopic in wive.

This Lest usually ix performed by producing a nagative
pressuro within an incompletely senled ampul while the am-
pul s entirely submaerged in a deeply colored dye solution.

Most often, approximately a 1% methylene bDlue sohulion is
cmployed. The test may he performed by subjecting the
ampuls 0 & vacuum in a vacuum chambaor, the ampuls being
submerged in a dye bath throughout the process.  Anothoer
procedure frequently employed is to simply autoclave the
amputls in o dye bath, A modification of this is to remove
them Trom the autoclave while hot and quickly submerge
them in 4 coo) bath of dye solution.  Afier carefully rinsing
the dye solution from the outside, color from the dye will be
vinille within a teaker. Lenkers, of course, are discardad.

Vinls and bottlos nre not sulijected to a leaker test bocnuae
the sealing mntorial (rubber stopper) is not rigid.  There-
fore, resulls Mrom such a test would be meaningless,  Howoy-
er, evacuated bottles containing o liquid may he chackad lor
a sharp "click” gound produced when struck with an imple-
maent such wg a robber mallet.

Safety Test

The NMational Istitwbes of Health requires of most hiolog-
ical products routing sufoly testing in animals, Undeor the
Kefuuver-Harpis Amendmaonts bo the Fedoral Food, Drug,
and Cosmetic Act, mos{ pharmaoceutienl prepoarations are
now required Lo e tested Tor safoly,  Beoause it 38 entirely
possible for a parenteral product to pass the routine sterility
Lasl, pyrogen deat nnd chemicn] analyses and still cavse unfa-
vorghle reactions when injocted, o salety test in animaly is
essontial to provide additional assuranee that the product,
dons not have nnexpected toxic properties. Safely fesls in
animals nre disctuzsed i detail in the TSP,

Packaging and Labeling

A Tull discussion of the paclaging of parenteral prepara-
tions in Beyoud the scope of this text. It is esasential, of
course, that the packaging should provide ample protection
far the product agninst physical damnge from shipping, han-
dling and storage as well as protecting light-sensitive maleri-
nls from ultraviolet radintion. An extensive review of this
subject has heen pulilished 2

Packaging-—The USP includes cartain requirgments for
the pacloaging and stovage of injoations, se follows:

Lo Fhe vedume of joction i singled conloinors i delbsod s Lhay
which it specifiod for parenteral administration at eng (e and xlimit-
wd 10 volume of 1 1.,

2. Parontorals ntended Tor intraspinnl, intracistormal or poridural
wddministration are puchared only finsinglesdose contatnems,

W Unbess an individual mommzraph specifive wtherwkse, oo multiple-
dose gombaingt shall contain a volume of injection more than sulfeioni o
permit the withdrowasl and administention of 3 ml.

Injoctions prekaged for use s irrignbion solubions or for hueofit.
Lention op ¢lnlysin ave exempl from tho inrt\rnlng requiramons rululmu
ly poekaging,  Contniners for injoctions packmged for uie nd homofiltra-
ton or irrigativn scelutions may e desiimed s omply rusdly ansd may
contain o velitme in excens of 1 1.

G, Injoutions imtended for volerinory we sro nxempt from the pack-
aging and slorage roquirements concorning the limitalion 1o sipgle-dosg
cvdningey pid Lo volumo of multiple ddose containers.

Laboling-—The labeling of an injection must provide the
physician or other user wilth all of the information needed to
assure tho safe and proper use of the therapeutic agent.
Since all of thiy information cannot be placed on the imme-
dinte container ad be begible, iLmay be provided on aceem-
panying printed matter. General lnheling requirements for
druga are discussed in Chapter 107,

A restatement of the labeling definitions and raqguire-
nents of the USP for Injections I ne follows:

The torsn “tabobing™ desigaaaten oft Inlels o othesr weitlen, printed or
yraphic matter upon an immnedisle container or wpoen, or fo, sy paciage
o wiapper iy which it is enclosed, with the exeeption of (he onler
sl contaimee. T teem “lubsl” dosignalod thit, part of (e labol-
ing uppint the dmowsclindy contninee.
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The labal alatses the name of the preparalion, the peremto content
of drug of # liquid proparation, the smount of active ingrodient of a dey
priparation, the volume af Heuid 10 bo ncdded to pregtare an injection or
susponsion from o dry preepavation, the route of adminisieation, o state-
ment of atorage conditions nod an expiration date. Also, the bl must
indicnte Cho name of the manufacturer or disteibator and enrery s sdentd
tying lot number.  The lot pamber iy cnpable of providing accoss to the
complete munufactiring history of the gpecitic package, including each
Bll]l"(! manufneturing stop.

Theconlainer labol is 5o arromyed that a sulTiciont seen of 1he eontain-
wr remaing uncovered Tor its full Jength or cireamioremes (o permit,
inspeetion of tho conlents,

T label muat state the name of the vebicle and e proporticns of
each congtituent, if it is & mixturg Wie namas snd proportions of all
substunees added to incregse atability or usofulnoss snd the expiration
dnte whare required by the individual monograph,

Propursbioos lbulad for use sk dinlysin, Demofiitrnlion or irtiation
solutions musl moel the roguirements for Injeesions other than those
relating by volume and alko must hmr ul 1 tabal slatemonts thal they
ars not intended for inlravenous injoetion,

Tnjectinns intended for volerinary e are so laleled,
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CHAPTER 85

Introvenous Admixtures

Salvatore J Turco, PharmD

Piotessor of Pharmocy
Tomple Unlvesity Schoct of Phoimacy
Phlladeiphia, PA 19140

It has been estimated that 40% of all drugs administered in
hospitals are given in the form of injections and their use is
increasing. Pariof this increase in parenteral therapy is due
to the wider use of intravenous fluids {IV fluids). In the last
decade the use of IV fluids has doubled, inerenging from 150
million units to 300 million units annually, Not only do IV
fluidas continue to serve as the means for fluid replacement,
electrolyto-balance restoration and supplementary nutri
tion, but they aluo are playing major roles as vehicles for
administration of other drug substances and in total paren-
teral nutrition (TPN). TPN fluids are finding greater use as
the means of administering other drugs because of conve-
nience, the means of reducing the irvitation potential of the
drugs and the desirability for continuous and intermittent,
drug therapy, The techaiques lor providing TPN parenter-
ally have improved steadily in the last decade, and such use
is increasing markodly, The use of IV fluids for these pur-
poses requires the compounding of specific intravenous ad-
mixtures (parenteral prescriptions) to meet the clinical
needs of a given patient. However, the combination of drug
substanees in an IV fluid can promote parentoral incompati-
hilities and give rise to conditions not {avorable for drug
stability. A new area of specialization has been created for
hospital pharmacists who can develop the expertise to pre-
pare these solutions—recognizing their compatibility and
stability problems and the potential for contamination—
and participate in the administration of the solutions. The
complex compounding of an order for TPN requires know-
ledgeable personnel capable of making accurate calcula-
tions, compounding and having aseptic technique. The par-
enteral prescriplion is becoming increasingly important in
hospitols. Centralized admixture programs are now found
in 70% of the nation’s hospitals having 300 beds or more,
Equipment available for administering IV fluids has become
more sophisticated, and has made possible increased aceura-
cy of dosage and led to the development of new concepts and
methods of putrition and drug therapy.

Intravenous Fluids

Large-volume injections intended to be administered by
intravenous infusion commonly are called IV fluids and aro
included in the group of sterile products referred to as large-
volume parenterals. These consist of gingle-dose injections
having a volume of 100 mL or more and containing no added
substances. Intravenous fluids are packagod in containers
having a capacity of 100 to 1000 ml. Minitype infusion
containers of 26(-mls capacity are available with 60- and
100-mL partial [ills for solution of druge when used in the
“piggyback” lechnigue (ie, the administration of o second
sglution through a Y-tube or gum-rubber connection in the
administration set of the first intravenous fuid, thus avoid-
ing the need for another injection site). In addition to the
IV fluids, this group also includes irrigation solutions and
solutions for dialysis,

Intravenous fluids are sterile solutions of simple chemi-

cals such as sugars, amino acids or dlectrolytes—materials
which easily can be carried hy the circulatory system and
nssimilated. Prepared with Water for Injection USP, the
solutions are pyrogen-free. Because of the large volumes
administered intravencusly, the absence of particulate mat-
ter nssumes a aignificant rols it view of possible biological
hazards resulting from insoluble particles. Absence of par-
ticulate matter or clarity of 1V fluids is as important ab the
time of administration following their manipulation in the
hospital as it is at the time of manufzcture of the injection.

Limits for particulate matter occurring in IV [luids, or
large-volume injections used for single-dose mfusion, are
defined in the USP. This represenis the first regulatory
atlempt to define limits for particulate maiter in paren-
terals, Limits also apply to multiple-dose injections, small-
volume injections or injections prepared by reconstitution
from sterile solids. The USP defines particulate matier as
extraneous, mobile, undissclved substances, other than gas
bubbles, unintentionally present in parenteral solulions.
The total numbers of particles having effective linear di-
mensions equal {0 or larger than 10 um and larger than 26 um
are counted, The IV fluid meets the requirement of the test
if it contains nol moere than 50 particles per mIL which are
equal Lo or larger than 10 am, and not more than 5 particles
per mL which are equal to or larger than 25 xm in linenr
dimension,

Intravenous fluids commonly are used for a number of
clinical conditions. These include

Correction of disturbances in electrolyte balance,

Correction of disturbanees in body fluids (fluid replacement).
The means of providing basie nulrition.

The basis for the practice of providing TN,

Use as vehicles for other drug substances,

In hoth of the latter two cases it has become common prac-
tice to add other drugs Lo certain IV fluida to meet the
clivical needs of the patient. tJaing YV fluids as vehicles
offers the advantages of convenionce, the means of reducing
the irritation potential of the drug and a method for continu-
ous drug therapy, However, the practice requires thal eare-
ful consideration be given to the stability and compalibility
of additives present in the IV ffuids serving as the vehicles,
This approach also demands airict adherence to aseptic
Lechniques in adding the drugs, as well as in the administra-
tion of the IV fluids. These procedures are discussed Inter
in the chapter. ‘The IV fluids commonly used for parenter-
als are shown in TableT,

Many disease states result in electrolyte depletion and
loss. Proper electrolyte concentration and balance in plas-
ma and tigsues are critical for proper body function. Klec-
trolyte restoration and balance are achieved most rapidly
through administration of IV fluids. Required electrolytes
melude sodium and chloride ions, which in normal saline
more closely approximate the composition of the extracellu-
lar fluid than solutions of any othex single salt; potassium,
the principal intracellular cation of most body tissues and an
essential for the functioning of the nervous and musecular

1670
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INTRAVENQUS ADMIXTURES 1571

Table |-~Fiulds Used Commonly for IV Use

tnjoction Concontration (%) pH Thozapolc Use
Aleohol
\v!t,h Dﬁ/W“I . [ 4.5 Sedative, analpesie, calories
with DB/W in NSS# [} Sedative, analgesic, calories

Amino Acid (Synthetic)

Aminosyn H (Abboti) amT

FreAmine TH (MeGaw) 8.6

Travagol (Buxier) 3.5; 6.5, 8.5
Ammonium Chloride 2.14
Dextran 40

in NS5 34

in DA/W 10
Dextran 70

in NSS 8

inD5/W [
Tlexirore (Ghucose, DS/W) 2,550
Dextrose and Sodivin Varying conen of doxbrose

from §-20 with varying
eonen of sodivnm chlo-
ride from 0.22-0.9
Invert Sugar 5, 10
(Fructose and Dextrose)
Lacteted Ringer's
{Hartinann's)

Chlaride

NaCl 0.6
KCl 0,03
CaCla 0.0%
Lactate 0.3
Mannitol b
alao in combination with 10
dextrose or sodium 16
chloride 20
Multiple clectrolyte
golutions

varying combinations of
electrolytes, dextrose,
fructose, invert sugar

Ringer's
NaCl 0.86
Kl 0,03
CaCl, 0.033
Sodiwm Bicarbonate 5
Sodiwm Chloride 0.45; 04k
36
Sodium Laclate 1/6 M

Sterile Wator for Injoeetion

Fluid and nutriont reptonisher
5.25
6.6
6.0
1.5-6.0 Metabelic atkaloids
Priming fluid for extrecor-
[ poreal circulation
Priming {luid for extracor-
poreal eivculntion

b Plasma volume expander
4 Plagimn volume expander
3.46-6.05 TFhaid and nutrient roplonishor
3565 Phoid, metrient and cleclrolyle
replenisher

40 1Muid and nutrient replonisher
6.0-1.h Systemic alkalizer; fluid and
electrotyte replenisher

5.0.7.0 Qamotic diuresis

5.5 FMuid and electrolyle
roplacement

5.0-7.5 Fluid and electrolyte

replenisher

8 Metabolic acidosis
4.5-7.0 Fluid mnd eleetrolvie
replenisher
Fluid and electrolyte
replenisher
5.5 Dilvent

G373

@ {% Daxirose iv water,
# Noymat Saline Solution.

gystems as well as the heart; magnesium, a9 & putritional
supplement especially in TPN solutions and phosphate jon,
fmportant in a variety of biochemical reactions. 1n addition
to the number of standard electrolyte fluids shown in Table
1, a large number of combinations of electrolytes in varying
concentlrationa are available commercially. Some of these
elactrolyte fluids also contain dextrose,

Dextrose Injection 5% (D5/W) is the most frequently used
IV fluid, either for nutrition or fluid replacement. 1t is
isotonic and administered intravenously into a peripheral
veiny 1 g of dextrose provides 3.4 cal and 1 1, of D5/W
gupplies 170 cal. The hody utilizes dextrose ata rate of 0.5 ¢
per kg of body weight per hr. More rapid administration
can result in glycosuria. Therefore, 1 L of D&/W requires
1, hours for assimilation. The pH range of D6/W can vary
from 3.5 t0 8.5. The wido range permitted is due to the free
sugar acids present and formed during the sterilization and
stornge of the injection. 'To avoid incompatihilities when
other drug substances are added to Dextrose Injection, the
possible fow pH should ho considered in using it a8 & vehicle.

More concentrated solutions of dextrose are available and
provide increasad calorie intake with less fluid volume. Be-
ing hypertonic, the more concentrated solutions may be iryi-
tating to peripherval veins. Highly concentrated solutions
are administered in a larger central vein,  Other IV {luids
used for intravenous admixtures and providing calories in-
clude solutions containing invert sugar. ‘Thare is some evi-
dence that fructose, unlike dextrose, may be used in diabetic
patients; the 10% injection is hypertonic and provides 375 cal
por L. Invert sugar consists of equal parts of dextrose and
fruciose; it is claimed that the presence of fruclese promotes
more rapid utilization of dextrose.

Intravenous fluids containing erystalline amino acids can
provide biologically usable amino acids for protein synthesis
(Chapter 51). Protein contribuies to tsste growth, wound
repair and resistance Lo infection. ‘T'he protein requivement
for the normal adult is 1 g per kg per dny; children ond
patients under slress require greater amounts. Attempls
are made Lo maintain o positive nitrogen balance, indicating
that the protoin administered is being utilized property and
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1572 CHAPTER 85

not broken down and eliminated through the urine as ereati-
nine and urea, which are normal waste prodacts, Ina posi-
tive nitrogen balance patienls are tuking in more nilrogen
than they are eliminating. Tn a negntive nitrogen balance
thera is more nitrogen hoing eliminated through the urine
regularly than is being administored intravencusly. This
irveans that Lissucs are continuing to be torn down and repair
is not necessarily nking place. Amine Acid Injection can
afford the total body requirements for proteine by the proce-
dure known as TPN (discussed below) or be used for supple-
mental nutrition by peripheral administration. Inn addition
to the amino acids, these nutritional injections also may
contain dextrose, electrolytes, vitamina and insulin. Fat
emulsion (Intralipid, Kabi Vitrum AB; Liposyn 11, Abbott
and Travamulsion; Travenol) sometimes is used coneur-
rently but usually administered at another site.

Packaging Systems

Containers for intravenous fluids must e designed to
maintain selution sterility, clarity (freedom from particulate
matter) and nonpyrogenicity from the time of preparalion,
through storage nnd during clinical adminigtration, Con-
tainer closures must be designed to facilitate insertion of
sdministeation sets through which the injections are admin-
istered, at o regulated flow-rate, into suitable veins. v
{luids are available in glass and plastie containers; the latter
may be made from either a flexible or semirigid plastic mate-
rial, IV fluids are supplied in 1000-ml, 500-mL and 250-
L sizes in addition 1o 250-ml, capacity containers pack-
aged with 50 or 100 mL of DB/W or Sedium Chloride Injec-
tion for piggvback use. IV flaids in gluss containers are
packaged under vacuum, which must be dissipated prior to
use. For fluid to leave the 1V glass container and {low
through the administration set, some mechanisin is neces-
sary {0 permit air to enter the container. Current flexible
plastic aystems do not require air introduction in order to
function. Atmospheric pressure pressing on the container
forces the fluid to flow,

All glass and plastic containers are single-dose and should
he discarded after opening even if not used. Intravenous
fiuids are packeged with approximately 3% excess fill to
allow for removal of air from the administration set and
permit the labeled volume to be delivered from the contain-
er. The containers are graduated al, 20-mL increments on
gcales that permnit the volume in container to be determined
githor from an upright or inverled position, Glass contain-
ors have aluminum and plastic bands for hanging, while
plastic containera have eyelet openings or plastic straps for
attachment to IV poles.

Table {l—IV Fluid Systems

Sourco Contalner Chivactaristlcs

Baxter (ilany Vacuum
Air tube

Baxter {Viaflax) Plastic Polyvinyl chloride
Flexiblo
Nonvented

Meliaw Gloss Vacuun
Air tube

MeCGaw (Accumed) Plastic Polyolefin
Semirigid

Abbott Glasg Vacuum
Air filtore

Abholt (Lifecare) Plostic Polyvinyl chloride
Ilexibie
Nonvenled

« Part of ndminisirudion set,

Fluida for IV use are available from three sources; all
provide both glass and plastic containers. The glass-con-
tainer systems of Baxter and McGaw are similar, The char-
f}:;teriat.ics of current. packaging systems are summarized in

able TL

Administration Sets

Administration sets used to deliver fluids intravenously
are sterile, pyrogen-free and disposable.  Although these
sels are supplied by different manufncturers, each for ity
own system, they have certain basic components. These
include a plastic spike to pierce the rubber closure or plastic
seal on the 1V container, a drip (sight) chamber to trap air
and permit adjustment of flow rate and a length (150 to 450
em) of polyviny) chloride tubing terminating in a gum-rub-
ber injection port. AL the tip of the port is a rigid needle or
catheter adapter. An adjustable clamp (screw or roller
type) on the tubing pinches the tubing to regulate flow.
Sinee the gum-rubber port is setl-sealing, ndditional medica-
tion can be added to the IV system at these ports of eniry.
Class containers that have no air tubes require air-inlet
filters degigned ns part of the administration sel (Abboti).
See Figs 85-1 to 85-6.

Administration Procedures

In the administration of IV fluids, the primary I'V contain-
er provides for fluid replacement, electrolyle replenishment,

e G0 ke

/!
Air
vanl — Dripy \\ Needia
chamber udaplor
] e Injeciion
Bite
e Clamp
- Tubing
iy

Fig 85-1. Pasts of basic administration sets,

Target area
{for IV sptke)

Solid rubber

Stopper

{cannot ha penawnated
by noodie}

- =

1000 mL

250 ml capacily
(Plggyback)
{tg 856-2. Abbott IV glass container. Tha air venting Is provided

through the air filter Iocatad in tha spike of the administration set.

Sae Fig 856-1.
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Safely
- Seal
Addihive
injaciion Vani

frort (Mot a hote) Hale

Administralion k \s?
Spke Hole T -2 4
NG

V-Q ~

Prungiure Proof
Sea! (Adgminum}

Lolex
Oiaphrogm

i
)
1000 mb- HOO ML 250 mLCapacily
{Piggyback)
Fig 85-3.  Baxter and MoGaw glass containars.  The plastic air tuboe

aliows the air 1o enter the boltle as the fluid is infused it the patiant.
The spike of the adivinisteation set is not vented.  See Fig 85-1.

drug therapy or nulrition; the (Juid can De infused over a 4-
to 8-hr period, In some cases an 1V fluid is infused slowly
for the purpose of keeping the vein open (KVO). This will
allow additional drugs to be administered when required.
The primazy 1V {luid also can serve as a vehicle for other
drugs to be administered, thus hecoming an intravenous
admixture (JV drip) and resulisin continuous blood levels of
added drugs once the stendy state has been reached.

In preparing an 1V {luid for adminisiration, the following
procedure i3 used.

i et
and bl volwe

.. Spike
hadtplin

fur Fittgr oS
(pocinwt
reteolive)

g
Chipmber

Vanted
Sat

Fig 866,
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Actdinive
port

Additive
port

Spike

Adhlive
port

Spike
Fig 86-4.  {A) Abbott (Lifocare) polyviny chioride fiexible container;
(B) Baxter (Viaflex) polyvinyl chlorkle floxible confaings; McGaw
(Aceumed) potyolefin semirigid container, front and sido views.
These containers taka nonvented administration sets. See Fig 85-1.

Non-Vanted Non-Ventad

Sat Yot
o
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tube -
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Setting up & primary 1V fluid for adminisiration.
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1574 CHAFTER 85

1. ‘The spike adapler of the administyation set s insertad into the
stoppor or seal of the IV container, See g, 85-5,

2. The IV (huid is bung o n stend at Hedside and aiv is purged from
the administration sel by opening the clamp unti) fuid comes out of
needie. The tubing is then clamped off, Sec iy 85-5.

3. The venipuncture is made by membor of the 1V team, floos nurse
or physicinn,

A, The infusion rate is adjusted by slowly opening and closing the
clamyp unlit the desired drop rate, viewed in the drip chamber, is ob-
tained. The swsual running Lime is 4 to 8 hr (ustually 126 mL ave delivered
in 1 he). Drugs such os hipasin, insulin, lidecaine or dopamine may be
present in tho IV drip, When potent drugs ore present, the Mow rates
will vary depond on the clinienl condition of the patient. Sels are
calenlnted to deliver 10, 15, 20, 50 or 60 draps per mls depending on the
manufacturor. Seo Fig 855

Intermittent administration of an antibiotlic and other
drugs can be achieved by any of three methods: (1) direct
intravenous injection {IV bolus or push), (2) addition of the
drug 1o a predetermined volume of {luid in a volume-centrol
device or (i3} uge of n second conlainer (miniboltle, minibag)
with an alrendy hanging IV fluid (piggybacking).

Direet Intravenous Injection-—Smalt volumes (1 to 50
mL} of drugs are injected into the vein over a short period of
time (1 to 5min). The injection also can be made through a
resealgble gum-rubber injection site of an alrendy hanging
IV fiuid. 'This methed is suitable for a limited number of
drugs but too hazardous for most drugs,

Volume-Control Method—Volume-control sets provide
a means for intermittent infusion of drug solutions in precise
quantities, at controlled rates of flow, These units consist of
calibeated, plastic, fluid chambers placed in o direct lne
under an established primary IV container or more often
atiached to an independent fluid supply. In either case, the
drug Lo he administered is first reconstituted if it is a sterile
solid and injected into the gum-rubber injection port of the
volume-control unit. It is then further diluted to 50 to 160
ml with the primary fluid or the separate fluid reservoir.
Administration of the total drug-containing solution re-
quires 30 L0 60 min and produces a peak concentration in the
blood followed by a valley if the dosage is discontinued, The
following volume-conlrol sets are available commercially:
Soluset, Abbott; Buretrol, Baxter and Metriset, McGaw.

The procedure for setting up an intermiltent 1V infusion
with a volume-control set is as follows:

Volume-control sot,

Fig 85-6,

1. Using aseplic technique, the spike of the volume-control sel is
ingerted into Lo primary 1V fluid or a separate fluid container. Soee g
45-8.

2. Airis purged from tubing of the volume-conirol set by opening Lhe
clampys until fluid comes through,

3. The clamyp is opened above the cndibsated chamber and it is filled
with 25 te H0 ml, fuid from the primary IV container or separate {luid
container,

4, The clamy is dosed above the chatmber,

5. 'The medication is injected througl the gum-rubber port of the
volume-control unit,

6, "Phe clamp above the chamber is opened to complete the dilation
1o the degired volume (56 to 150 b}, then cosed,

7. Tlow commoncos when the clung beiow the volume-conteol unit is
apened.

Piggyback Method—The piggyback method (Figs 85-7
and 85-8) refers to the intermittent IV drip of a second
solution, the reconatituted drug, through the venipunciure
site of an established primary 1V system, With thig setup

Stide
T glamgy

Gum ruhber
injechion port

Volume conlrol

5 or 100mL chambes

f. v floid

Filer ar
volve

dnp
chamber

Fig 85-7. Plggyback method:  he iarmittent adminigiration of a
socond solution through the venipuncture site of an established
primary 1V system,

s

Fig 85-8.  Plggyback administration setup.
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the drug ean be thought of as entering the vein on “top” of
the primary IV fluid, hence the designation “piggybnete.”
The piggyback technigue not only eliminates the need lor
another venipuncture, but also achioves drag dilution and
peak blood levels within a relatively short time span, usually
30 te 60 min.  Drug diludion helps to reduce Drritation, and
early high serum levels are an impor{ant. consideration in
serigus infection requiring aggressive dreug therapy, These
advantages have popularized the piggyback meihod of 1V
therapy, especially for the intermitlent administration of
antibiotics. In using the piggyback technigue, the secon-
dary unit is purged of air and its needle inserted into a Y-
injection site of the primary set or into the injection site at.
the end of the primary set. The piggyback infuston is then
started.  Once it iz completed, the primary fhid infusion
will be restarted. See Fig 85-8,

Primary IV administration sets are available that have a
built-in check valve for use in piggyback administration,
When the piggyback is connected 1o one of these sets and
started, the check valve automatically closes off the primary
infusion. When the piggyback runs out, the check valve
automalically opens, thereby restarting the primary infu-
sion, The check valve works hecause of prossure differ-
ences.  'T'o achieve Lhis difference, the primary container is
hung lower than the secondary bottle by means of an exten-
sion hanger. See Fig 85-9,

Manufacturers have introduced minibotiles prefilled with
various antibiotic products; cach conlainer is provided with
a plastic hanger for direet suspension from an IV pole as the
pigeyback solution is administered through the resealable
gum-rubber injection site or Y-type facility of an existing 1V
system. Reconstitution of piggyback units requires only the
addition of a small volume of compatible diluent. Since
recongtitution and administration proceed from the same
botile, no drug transfer is involved, wo transfey syringes and
additional 1V containers are not. pecessary.  Prefilled drug
containers offer significant advantages to hospitals, Time-
saving, less potential for error and contamination and conve-
nience are oulstanding qualities of this type of packaging.
The need exists in hospitals for these Lypes of innovative
packaging to help alleviate the critieal nursing shortage and
reduce the error potentinl. Tt is a significant event that druy
manwfacturers and intravenous fluid manulacturers have

Piggybatk
[Mini-Bottla}

Extonsion
hanger

Chack valve
{Closcup}
Chock valve

Fig #5-9. Piggyback administration selup with checlk valva in

primary set.
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combined efforls to achiove optimal packaging for hospital
use,

Partial-fill containers available for piggyhacking are 250-
ml capacity infusion boitles or bags underfilled with 50 or
100 ml DS/W or normal saline. The drug to be adminis-
tered firsy is reconstituted in its original parentera) vial and
then added by needle and syringe (o the partia)-fili contain-
er. 'The needle of the piggyback delivery system is inserted
into the Y-site or gum-rubber injection port of o hanging
primary infusion sef.  Flow of the primary intravenous fhuid
is stopped while the drag solution in the partiai-fill contain-
or is administered (30 Lo 60 minutes). After the drug solu-
tion hos been infused totally, the primary fluid flow is recs-
tablished.  When the next dose of drug is reguired, the
piggyback procedure is repeated, replacing the prefitled par-
tial-fill container,

Mechanical-Blectronic Infusion Devices—Gravity 1V
administration systems see affected by many variables
which tend to alter the nceuracy of the system. These in-
clude variations in the size of the drip-chamber ovifice, the
viscogity of the solution being administered, plagtic cold
flow, clamp slippage, final filters, variaiions in the patient’s
blood pressure and body movements, ¢lot formation, pres-
sure changes in IV containers rate of flow, temperature of
the 1V flaid, changes in the needle, and other factors such as
kinked tubing, extravasation and changes in the height of
the 1V container.  Flow in traditional gravity 1V systems is
controlled by manual clamps (elther serew or roller clamps)
which can provide congiderable discrepancies in volume de-
livery. These factors have promoted the development. and
use of mechanical-electronic infusion devices to control
maore accurately the administration of 1V fluids. This group
of devices includes infusion controllers and infusion pumps.

Infusion eontrolers count dropa electronicnlly or extrude
volumes of fluid mechanieatly and electronically, Having
no moving components, controliers are less complex than
pumps, being usually less expensive and baving Lewer main-
tenance problems.  Infusion controllers are gravity-lype
systems, butl the control is regulnied automatically rather
than manually. In addition to increasing the accuracy of
delivery, electronic equipment may be able to detoct infiltra-
tion of air, empty containers and excess or deficient flow.

Infusion pumnps do not depend on gravity to provide 1he
pressure required to infuse the drug. Pressure is provided
by an electric pump that propels a syringe, a peristallic or
rolier device or a cassette.  Most pumps are volumeltric in
that the delivery is measured in millilitors rather than drops.

The quality of patient care has improved with the use of
infusion devices. Wow rates can be maintained, therefore
parenteral and enteral putrition can be conducled safely,
In addition, accurate drug therapy ean be nccomplished with
adults and children and “runaways” of TV fluid administra-
tion can be eliminated.

Final-Filter Dovices---Particulate matter in IV fluids
and IV admixtures can originate from many sources. 1t can
result from the packaging components of the 1V Nuid, from
admixture incompatibilities, from manipulation in prepar-
ing the admixture and even {rom the administration set
ilself, Ceoncern for particulate matter led Lo the design of
final-filter devices for attaching Lo the end of the tubing of
the administration sel. ‘hey afford a final fiktration of the
1V fluid before it passes through the needte into the vein.
‘T'he deviee consists of a plastic chamber containing a mem-
brane or staintess-steel filter having porosities varying from
5 o 0.22 wm,  Air lock ean be a problom with membrane
tilters. When wetl, membranes with a porosity of 0.22 um
and 0.45 un are impervious to air ot normal pressures and air
in the system eauses blockage. Tn order to prevent this, the
filter housing mual be purged completely of uir prior to use.
Newer designs bave nir eliminators.  Using final-filter de-
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1576 GHAPTER 85

vices increnses medication cost but reduces the biologieal
hazards associated with particulate matter,

Although considerable information is availahle concern-
ing the clinical use of membrane fillers in entrapping partic-
ulate matter and microorganisms, little information exists
describing drug absorption by the filter. Literature on a
limited number of drugs and filier materials indicates that
drugs administered in low doses might present a problem
with drug bonding to the filter.! Solutions containing min-
ute dosages of drugs, 5 ing or less, should not be filtered until
sufficient data are available to confirm insignificant absorp-
tion. Drugs not recommended to be filtered include all
parenteral suspensions, blood and blood products, ampho-
teriein B, digitoxin, insulin, intravenous fal emulsions, mith-
ramycin, nitroglycerin and vincristine.

New IV Delivery Sysatems—

Frozen Premixes—Underway by Baxter is the delivery to
hospitals of frozen drug products packaged in polyvinyl
chloride contuiners. These are atored in a freezer in the
houpital’s pharmacy, thawed and used when needed.

Faapak/ADS-100 System~-Xli Lilly supplies & non-PVC
plastic piggyback container, named Faspak, which contains
the dry, powdered form of certain drugs (Keflin, Kefzol,
Mandol and ampicillin) which, upon reconstitution with the
appropriate diluent, allows direct administration of the di-
luted drug. This avoids a transferring step that normally
takes place when reconstituting a powdered drug, To help
in the reconstitution slep, a specialized dilution pump
named the ADS-100 system is supplied. The package de.
sign eliminates the need for transferring between containers
alter reconstitution, and the Faspal acts as a final delivery
container.

Abbott/ADD-Vantage System—Introduced in 1985, the
Abbott. ADD-Vantage system has two parts: a plastic IV
bag sold by Abbott that is filled with solution and a separate
glass vial of powder or liguid drug sold by a pharmaceutical
manufacturer. The vial is encased by a plastic cover that is
removed prior to use. The user locks the vial holding the
drug into u chamber at the top of the plastic bag and mixes
the drug and solution by externally removing the stopper on
the vial,

Nutrimiz—A Dual-Compartment container is available
from Abbott. This container allows for long-term packag-
ing of amino acids and dextrose mixtures.

IVAC-CRISwThe IVAC-Cris (Controlled-Release Infu-
sion System) is a disposable adapter designed to infuse re-
constituted injectable drugs directly from the manufactur-
er's aingle-cose vial. The CRIS adapter avoids the need to
transfer drug doses to piggyback secondary containers and
also eliminates the need for a secondary IVset. Tho adapter
has a primary spike that is inserted into the TV fluid contain-
er and a secondary spike that receives the drug vial. The
vinl spike has two fluid paths: one admits IV flaid from the
primary container into the vial; the other drains drug solu-
tion into the drip chamber of the TV get. A lwo-position
valve allows IV fluid to {fow directly from the primary con-
tainer to the patient or pass through the vial to deliver the
drog. A& pm in-line filter eliminates particulates,

To operate the CRIS adapter, the drug vial first is recon-
stituted with an approprinte diluent. With the valve dial in
the vertical (primary) pesition, the spike shield is removed
and the vial is attached immediately to the CRIS spike. The
valve dial is then turned toward the vial, directing the flow of
primary (luid into the vial of drug solution. "The incoming
fluid dilutes and displaces the drug solution into the drip
chamber, through the primary set and into the patient. Af-
ter the dose has been delivered, the vial remains on the spike
antil the next dose is required. Flow rate can be adjusted
using n roller clamp, electronic pump or controller.

Mini-Infuser Pumps for Intermittent IV Drug Deliv-

ary—A novel concept in intermittent drag delivery, intro-
duced several yenrs ngo, was the Bard -Harvard Mini-Infuser
System, ‘This instrument was designed for the administra.
tion of antibiotics and olher medications delivered intermit-
tently in 40 min or less, This battery-generated, Hghtweight
inatrument uses standard disposable syringes and microbore
disposable extension sels. Different models are available,
depending on volume-to-he-delivered selection, This in-
atrument provides accuracy, constant Mow, convenience and
safety for intermittent drug delivory.,

Introduced and designed for intermittent IV drug deliv-
ery, Becton Dickinson's 360 Infusor allows drug delivery
intermittently over 60 min or less in a volume dilulion of up
o 60 ml.,

Implentable Devices—The Infuse-A-Port {Pharmacia
Deltec) was developed to satisfy the need for repeatoed access
to the peripheral or central venous gystem or direet place-
ment into an artery for regional therapy. This device may
be used to withdraw blood, in addition to its use for bolus
injections and short-term infusions. The Infuse-A-Part re-
quires a specinl needle to allow maximum life of the self-
gealing injection port.

Tha Infusaid Model 400 implantable drog delivery syatem
is designed for long-term therapy in the ambulatory palient.
With a 47-ml usable drug volume, it delivers a precise,
continuous Tlow Lo a selected organ or site via 2 soft, nontrau-
matic, nonthrombogenic silicone rabber catheter,

Intravenous Admixtures

When one or more sterile products are added toan IV fluid
for administration, Lhe resulting combination ia known as an
IV admixture. To maintain the characteristics of sterile
products, namely sterility, freedom from particulate matier
and pyrogens, it is imperative that they be manipulated in a
suilable environment using aseptic technigues,

Environment-—Proper conditions for aseptic handling
can be provided by luminar-flow hoods {(see Chapters 78, 84).
Within a laminar-flow hood, air filtered through a HEPA
(high efficiency particulate air) filter moves ina paralle] flow
configuration af a velocity of 90 fpm. HEPA [iltera remove
99.97% of all particles larger than 0.3 ym. Since microbial
contaminants present in air usually arve found on other par-
ticulates, removal of the latter results in a flow of air free of
both microbial contaminants and particulate matter, The
movement of the filtered air in a laminar-{low configuration
at a velocity of 90 fpm can maintain the area free of contami-
nation. Tho flow of air may be in either a horizontal or
vertical pattern. In the former case the HEPA filter is
located at the hack of the hood and the air Mows to Lhe front.
In vertical flow the air pagses through the HEPA filler local.-
ed in the top of the cabinet and iy exhausted through a
grated area avound the working surface of the hood. Re-
gardless of the type of laminar air flow, the hood must be
operated and maintained properly in order Lo achieve n
satisfactory environment for the preparation of parenteral
admixtures.

The hood is situated bost in a clean area in which there is
litile iraffic MNow past the front of the hood. The inside of
the hood is wiped down thoroughly with a suitable disinfec-
tant and allowed to run for al least 30 min before starting
manipulations, It is important to remember thai, the lami-
nar-fow hood is not » menns of sterilization. It only main-
taing an area free of microbial contaminants and particulate
matier when it has been prepared, maintained and utilized
properly by operators having proper aseptic techiigues,

Before working in a laminar-{low hood the operator wash-
ea his hands thoroughly and scrubs them with a suitable
disinfectant. Some laboralories may require gowning and
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using sterile gloves. Sterile gloves can be an assel but there
ia always the problem that they can give the operalor a false
genge of security.  Gloved hands can become contaminuted
as oasily as unploved hands. Additives and 1V fluids {o he
used in the preparation of the admixtuare, along with suitable
syringes, ave lined up in the bood in the order they ave to e
uged,  The containers must be clean and dust-free. They
are inspected for clarity and [reedom from eracks. Opera-
Lors are encouraged to use alighting device for inspecting 1V
fluids for particulate matter and eracks, "Fhe Hghting deviee
should permit the container to be viewed against hoth a light
and a dark background during inspection.  H the IV fluid is
packaged in plastic containers, pressure is applied to assure
that they are sealed properly and do not leak. Some lahora.
tories disinfect the confainers prior to placing them in the
hood.

In working within the hood the operator works in Lhe
center of the hood, with the space between the point of
operation and the Mller unobstracled. I the flow of air is
blocked, the validity of the laminar flow is destroyed.  Arti-
cles are arranged within the hood in a manner to prevent
cloan air from washing over dirly objects and contaminating
olther objects thal must remain sterile.  The working area
must be al least 6 inches from the front edge of the hood.  As
the operator stands in front of the hood, his hody acts as a
barrier 10 the laminar air {flow cousing it to pass around him
and create backfiow patierns which ¢nn carry room air into
the front of the hood.

Liaminar-flow hoods must be maintained and evaluated
periodieally to insure that they are functioning properly.
The velocity of air fow can be determined rowtinely using a
velometor. A decrease in the air flow usually indicates a
clogged BEPA filter. Soeme laminar-flow hoods are
equipped with pressure gauges indicaling pressure in the
plenum behind the filter; in these hoods pressure increase
also can indicate o clogged filter.  Settding plates can be
exposed within the hood for given periods of Lime Lo detler-
mine the presence of micrabial contaminants.

The best way to determine the proper functioning of a
HEPA [lter is Lo use the diocty] phthalate (DOP) test using
the vapor at room temperature. DO vapor (particles of
~0.3 um) is allowed Lo be taken up by the hood through its
intalie ilter. If the HEPA filter is inlact and properly
installed, no DOP cm be detected in the filtered alr stream
wsing o smoke photometer. Certification services ave avail-
able through commoercial laboratories; the HEPA filters
within Jaminar-flow hoods should be evaluated every ¢
months.

Additives-—The additives are injections packaged in am-
puds or vials, or sterile solids; the latter are veconstituled
with & suitable diluent before addition to the IV fluid. A
fresh, sterile, disposable syringe is used for ench ndditive,
Before removing a measured volume from an ampul, the
container is wiped with adisinfectant solution, I the ampul
is seored, the top can be snapped off; if not scored, an ampul
file must be used. A sterile syringe is removed rom its
protective wrapping. The syringe needle with its cover is
separated from the syringe aseptically and may be replaced
with a sterile aspirating needle.  Aspirating needles usually
are mado from clear plastic and contain a stainless-steel or
nylon filter having a porosity of 5 pm. The filter will remove
lags particles and other particulates from the injection as it
is drawn up (rom the ampul into the syringe. The aspirating
needle is replaced with the regular noedle. The exact vol-
wne is calibrated and the injection is ready to be added 1o
the IV fluid (see Fig 85-10). 1In the case of additives pack-
aged in multiple-dose vials, the proteciive cover is ramoved
and the exposed target aren of the rubber closure disinfect.-
ed. A volume of air, equal 1o the velume of solution to be
removed, is drawn up into the syringe and injecied into the
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Fig 85-10.  Placing an additive Inte an 1V fluid with filration hrough a
membrane filler (courtesy, Millipore),

air space above the injection within the vial. This facilitates
withdrawal of the injection. The solution is drawn into the
syringe, the exact dose is meaysured and the injection is ready
to he added to the IV flaid.

Certain injections are light-sensitive and protocted
against photolysis by the container packaging, The manu-
facturer may use amber glass, individual container wrapping
or an amber plastic cover.  Many hospital pharmacists use
aluminum foil as a protective wrap for light-sensitive drugs
during thelr administration.

In the case of druy substances having poor stability in
agueous solution, the drug is packaged as a slerile solid,
either dryfilled oy lyophilized. The diluent recommended
on the labeling is used to reconstitule the powder; the proper
quantity of solution then is removed for addition o the TV
fiuid, When large volumes of diluent are required {or recon-
stitution, as for Keflin 4 g, a sterile needle is placed through
the closure Lo vent the container and facilitnte addition of
the diluent. Tn order Lo increase the efficlency of TV admix.
ture programs, a limiled number of hospital pharmacis(s
have found it convenient 1o Meeze reconstituted druygs, par-
tiecularly antibiotics. 'The stability of reconstituted druys is
somewhat limited. In some cases stability is limited to only
a few hours; in many cases, however, reconstituted solutions
v be frozen and thawed at the time of use. Tn the frozen
form the stability of the antibiotic solution ean be increased,
In n number of instances the stability in the frozen form is
lmown and supplied by the manufacturer. Reporis have
been published on the frozen stability of cortain drugs.
However, it is unwise to freere drug solutions without ade-
quale stability studies for guidance.  In those cases where
published information is available, close adherence must be
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1578 CHAPTER 85

ohserved as Lo freezing temperature, storage conditions and
packaging.

There is an increasing awareness of the potential hazard to
pharmacists handling antineoplastic drugs? Altheugh the
evidence is not conelusive, it appears Uhat measures should
be taken Lo minimize unnecessary exposure.! “These precau-
tions include the use of vertical laminar-flow hoods for the
preparation and reconstitution of these agonts, the wearing
of gloves and masks by the personnel, special labeling of the
containers Lo insure their proper handling and disposal and
periodic blood studies of personnel involved in preparing
admixtures of antineoplastic agents.

The procedure for placing an additive in an IV fluid will
vary depending on the type of IV fluid packaging system
being used by the hospital. The packaping syatoms have
been deseribed in Table 1T,

Abbott Glass Containers (g 85-2)

[. Remove the aluminwm tear seal exposing the solid-rulbor cesure
with a targel circlo in the center.

2, Wipe the closure with suitable disinfectant.

3. Insert the needle of the additive syringe through the target ares.
The vacuum within the bottle drass in the solution,

4. Gently shake the bottle after oach addition,

5. When completed, cover e elosure with n plastic proteetive cap if
it i% not Lo be ased immedintely,

Baxter and MeGuaw Ripid Glass Containers (g 85-0)

§. Remove the aluminwn tear seal and the sluminum dise covering
the lntex diaphragm.

2, Upon exposing the dalex diaphragm, note that the latex cover is
drawn in over the openings in the rubber dlosure.

3. The larger of the two holes receives the administration set, the
other is the air vent. The trinngle-shaped indentation can serve ns the
wite for injecting the additives ns well ag the opening for the administra-
tion ret,

4. Wipe the diaphragm with o suitable disinfectant and pierce the
latex cover to place additive inte bottde, The vacuum within tho bottle
will draw additive from the syringe. 1o nol remove the diaphrogm or
the vacuum will dissipate.  ICwill be removed al tho time of administra.
tion prior Lo the insertion of the adesinistration set.

5. (lently shake the bottle alter each additive,

6. When completod, cover the bottle with a plastic additive cap if the
administration set is not Lo be inserted immediately.

Baxter and Abboll Plastic Containar (Fig 85.4)

1. Remove the additive port profeetive sleove and rub the gum-
rubbor plug with a suitnble disinfectant.

2. Additiver are placed in container by plercing the gum-rubber
cover aver the additive port.

3. After cach addition, mill the conlainer Lo insure adequate nixing.

4. Contaivers do not eantain a vaeuum, hut vacuum chambers are
available for use in conjunction with the Nexible plastic container,

5, Protective additive eaps are available if the administration el is
not ingerted immediately,

MoGawe Semirigid Plastic Container (Fig 85-4}

1. Remove the additive porl protective covering and rub the gum-
rubber plug with & suitable disinfectant,

2. Additives are placed in conlniners by piercing thie gum-rubber
over the additive port,

4. After each nddition, shake the container gently Lo insure adoyuate
mixing.

4,  Containers do not contain o vaenum,

Parenteral Incompatibility—When one or more addi-
tives are combined with an 1V fluid, their presence together
may modify the inherent characteristics of the drug sub-
stances present, resulting in a parenteral incompatibility.
Parenteral incompatibilities have been divided arbitrarily
into three groups: physical, chemical and therapeutic. The
latter is the moat difficull to observe because the combina-
tion results in undesirable antagonistic or synergistic phar-
macologic activity, For example, the reperl that penicillin
or cortisone antagonizes the effect of heparin and produces a
misleading picture of the anticongulant effect of heparin
represents a therapoutic ncompatibility. Physical incom-
patibitities ave obaerved most ensily and can be detected by

changes in {he appearance of the admixture, such as a
change in color, formation of a precipitate or evolution of &
gas. Physical incompatibilitios frequently can be predicted
by knowing the chemical characteristics of the drugs in-
volved. Forexample, the sodium salts of weal acids, such as
phenytoin sodium or phenobarbital sodium, precipitate as
free acids when added Lo intravenous {luids having an scidic
pl,  Caleium salls precipitate when added to an alkaline
medium. Injoctions that require a special diluent for solubi-
lization, such as dinzepam, precipitate when added to aque-
ous solutions beeause of their low water solubilily.

Decomposition of drug substances resuiting from combi-
nation of parenteral dosage forma ia ealled a chemical incom-
patlibility, an arbitrary classification since physical incom-
patibilities also result from chemical changes. Most chemi-
cal incompatibilities result from hydrolysis, oxidation,
reduction or complexation and can be detected only with a
auitable analytic method.

An important factor in causing a parenteral incompatibil-
ity is a change in the acid-base environment,?  The solubili-
ty and stability of a drug ray vary as the pH of the solution
changes, A change in the pH of the solution may be an
indication in predicting an incompatibility, especinlly one
invaolving drug stability, since this is not necessarily appar-
enl physically. The effect of pH on stability is Hustrated in
the case of penicillin, The antibiotic remains active for 24
hr at pH 6.5, but at pH 3.5 it is destroved in a short time.
Potassium penicillin G contains a citrate huffer and is bulf-
ered at pH 6.0 to 6.5 when reconstituted with Sterile Water
for Injection, Pextrose Injection or Sodium Chloride Injec-
tion. When this reconstituted solution is added to an intra-
venous {luid such as Dextrose Injection or Sodium Chloride
Injection, the normal acid pH of the selution is buffered at
pH 6.0 to 6.5, thus assuring the activity of the antibiotic.

While it may be impossible to predict and prevent all
parenteral incompatibilities, their occurrence can be mini-
mized. The IV admixture pharmacist should be cognizant
of the increasing body of literature coneerning parentoral
incompatibilities. This includes compatibility guides pub-
lished by large-volume parenieral manufacturers,®? com-
patibility studies on individual parenteral products by the
manufaciurer and published with the product as pari of the
laheling, the study of the National Coordinating Committee-
on Large-Volume Parenierals,® reference books' ! and liter-
ature reports of studies with specific parenteral drugs.!
The pharmacist should encourage the uso of as few additives
as possiblo in IV fiuide since tho number of potential prob-
lems increnses ns the number of additives increnses, Physi-
cians should be made aware of possible incompatibilitics and
the pharmacist can suggest alternate approaches to avoid
the difficulties. In some instances, incompatibilities can be
avoided hy selecting another route of ndministration for one
or more of the drugs involved.

Quality Control—Xach hospital should have wrilfen
procedures covering the andling and storage, use in prepar-
ing admixtures, labeling and transportation of IV fluids to
the floors. In-use clarity and sterility tests should be de-
vised lo agsure that IV admixtures retain the characteristics
of sterility and froedom from particulate matter, ‘Praining
and menitoring personnol invelved in preparation of IV ad-
mixtures should be dene on a regular basis.’? The efforts of
the hoaspital pharmacy shouid be ne less than those of the
industry in following Current Good Manufacturing Practice
Lo assure the safely and officacy of these compounded medi-
cations.

Total Parenteral Nutrition

Intravenous administration of calories, nitrogen and other
nutrients in sufficient quantities Lo achieve tissue synthesin
and angbolism is callad tolal parenteral nutrition (TPNLY
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Originally, the term hyperalimentation was used to deseribe
the procedure, but it is being replaced by TPN, the Iatter
being more descriptive for the technigue,

The normal calorie requirement for an adult is approxi-
mately 2500 per day. i these were to be provided totally by
D5/W, approximately 15 L would be required. Each liter
conlains 50 g dextrose, equivalent to 170 calories. However,
it is only possible (o administer 3 or 4 L per day without
causing fluid overload. To reduce this fluid volume the
concentration of dextrose would have to be increased. By
incrensing the dextrose to 26%, it is possible to administer
five times the enlories in one-fifth the volume, D25/W is
hypertonic and cannot be administered in large amounts
into a poripheral vein without sclerosing the vein,

Dudrick developed the technigue for administering Auids
for TPN by way of the subelavian vein into the superior vena
cava where the solution is rapidly diluted by the large vol-
ume of bloed available, thus minimizing the hypertonicity of
thesolution. For administration of the TPN fluids, a cathe-
ter is inserted and retained in place in the subclavian vein,
TPN is indicated in patients who are unable to ingest food

INTRAVENOUS ADMIXTURES 1579

due to carcinoma or extensive burns; patients who refuse to
eat, ng in the case of deprossed geriatyics or young patients
sulfering from anorexia nervosa and surgieal patients who
shoudd not be fed orally.

The preferred source for ealories h TPN fluids is the
carbobydraie dextrose. Both fat emulsions and alcoho) are
caloric sources, but they are not used in TPN fluids, In1V
fluid kits commorcially availabie for the preparation of TPN
solutions, DBO/W is provided. On dilution wilh amino acid
injection, the resulting dextrose concontration is approxi-
mately 26%. 11 is this concentration that is adminisiered.

The souree of nitrogen in 'FPN (luids is erystalline amine
ncids (Aminosyn, Abbott; FreAmine 111, McGaw; Travasol,
Travenol). ‘The erystalling amino acid injections contain all
the essential and nonessential amino acids in the L-form.
For optimum utilization of amine acids and for promoting
tissue regeneration, the nitrogen-to-calorie vatio should be
1:150. Calories are needed to provide energy for the metaly.
olism of nitrogen,

Bleetrolyte requirements vary with the individual patient.
The sloctrolytes present in Amine Acid Injection are given

Tabie ll—Typlcal IV Orders {Parentoral Prescriptions)

Proscription Gomment

Prescription Commant

1]
NS5 1000 ml.
126 mL/hr

Sodium Chloride Injection
(Normal Saline Solution)
1000 ml, is Lo be
adminiatered at a How rate of
126 mb per he, 1¢will
require approximately 8 he,

K

00 D6 + N8S +
Vitu 12 hr

Dextrose Injection 5%, 1000 mL,
eontaining 0.9% sodium
ehloride and container of
vitamin B complex with
vitamin C is to be
administered over n 12-hy
periad,

K
500 D5 + %NSS

VO

Dextroso Injection 6%, 500 ml.,
containing 0.45% sodium
chloride is to be administered
at s flow rate to keep the vein
open (KV0Q), The Mow rate
will be approximately 10 ml.
per 1 hr.

Ll
1000 cc 16 + H#,NSS
Add 1 amp Vits o
each + 100 mg
Thinmine
[Gach to run 6 hr

Dextrose Injection 5%, 1000 mi.,
containing 0,45% sodium
chloride, the contenta of one
ampul vitamin B complex
with vitamin C and sutficient.
volume of Thismine
Hydrochloride Injection to
give 100 mg thiamine, in Lo be
administered over a G-hy
period {approximately 170
mb per hr). Additional
orders of the same can bo
nnticipated.

b B
1000 ce 126 + 1HNSS

+ 20 migg KCI

Dextrose Injection 5%, 1000 ml,,
is to be provided containing
0.45% nodivim chloride and 20
mlqg potassivin chloride.

6 K
1000 Hyporal 4 10

NgCl+ 10 KCL+ 5
MgSO' LI {{]
hapulin

One L of the hospial's basic
T'PN solution is to be
provided with the addition of
10 mldg sodivm ehlovide, 10
mlg potassium chlovide, b
mBy magnesivm sulfate and
10 units regular zine insudin,

7.

8.

.

&

1000 ¢e Fyperal
(FreAmine) 4 40
mBq NaHOOQ, + 30
mig KCL+ Vits
517 Reg Insulin to
ran 80 ce/hr

One L, of the hasic TPN solution,
FroAmine 11, is to be providad
with the addition of 40 m)iq
NaHCQ;3, 30 mig potassium
chloride, the contents of one
congainer vitamin B complex with
vitamin C plus 5 units of rogular
zine insuling I¢ iy to he
administercd at the tlow rate of
80 ml, por hr {approximetely 12
br).

B
1000 Hypera) 4 40

mltg NaClt + 10 KCt
4+ 10 Insulin + 10
Cal Gluconnte

One L of the hospital's hasic TPN
golution is to be provided with
the addition of 40 mEq rodium
ehloride, 10 mEq potassium
chloride, 10 units regutar singe
insulin and 10 ml. Calcium
Glueonate Injection.

K
Keflin 2 g 4- 100 ml.
IDyW g6 hr

Cephalothin, 2 g, is reconstituted
with Sterile Water for Injection
and added to a minibettle
containing 100 ml Dextrose
Injection 8%, This dose is given
every 6 hr using o piggyback
technigue with a flow rate
reguring 30 1o 64 min for
delivery.

[}

Gentamicin 80 mg
VP13 g 8 hr

Gentamicin, 80 my, is added toa
minibot{le containing 100 mL
Degtrose Injection §%. This dose
is given every 8 hr uging the
piggyback technique (FVPB) with
# flow rale reguiring ot loast 80
min (ot Joss than 1 mg por min).
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1560 CHAPTER 8%

on the label and must be taken into consideration in deter-
mining the quantities to be added. Usual electrolyle con-
centrations are required {o full within the following ranges:
sodium, 100120 mEq; potassium, 80-120 mBEg; magnesium,
B-16 mEg; calcium, 5-10 mIiq; chioride, $00-120 mlig and
phosphate, 40-80 miq. 1L is better to keep a 1:1 ratio
between sodium and chloride ions, i adding potassium,
the acetate sall is preferred to the chloride. ¥ the combina-
tion of caleium and phoesphate ions exceeds 20 mliq, precipi-
tation occurs.

In addition o the electrolytes, the daily requirement, for
hoth waler-soluble and fat-seluble vitamins may be added,
usually in the form of a multivitamin infusion concontrate.
Iron, should be ndministered separately from the TPN flu-
ide. Trace elements such ns zine, copper, manganese and
jodide are a concern only in long-term cases and can be
added when required.

The Parenteral Prescription

The physician writes an admixture order or parenteral
prescription on a physician’s order-form localed on the pa-
tient’s charl. A copy of the order is sent. Lo the pharmacy for
compounding. Tt includes the patient’s name, room num-
ber, the intravenous fluid wanted, additives and their con-
centrations, rate of flow, starting time and length of therapy.
The order is talien by the technician, nurse or pharmacist fo
the pharmacy. Orders may be telephoned to the pharmacy;
verification with the original order is made on delivery of the
admixture. 1V orders usually are written for a 24-hour they-
apy period; the patient's chart is reviewed and new orders
are written on a daily basis. The order may be for multiple
contniners, in which case the containers are numbered con-
secutively. Unlike the extemporaneously compounded pre-
geription, additives are added without regard to final volume
of IV fluid. The prescription iz checked for proper dose,
compatibility, drug allergies and stability. Additives usual-
1y are given an expiration period of 24 hours from the time of
preparation,  Drugs such as ampicillin may require shorter
expiration periods.

The clerical work for the admixiure is prepared, This
includes typing of the label and the proparation of the pro-
fle worksheet, The profile sheet is filed so that the pharma-
ciat will be alerted when subscquent containers are due lor
preparation, Charging the patient’s aceount ean be done
from the profile worksheet. ‘The label includes the patient’s
name, room number, bottle number, preparation date, expi-
ration time and date, intravenous fuid and guantity, addi-
tives and quantities, total time for infusion, the milliditers
per hour or drops per minute and space for the name of the
nurse who hangs the container. The label will be affixed to
the container upaide down in order that it can be road when
hung.

The admixture is prepared by the pharmacist or a super-
vised technician, In handling sterile products, nseptic {ech-
nigues as tliscussed previously must he observed. When
completed, a plastic additive cap is affixed before delivery Lo
the floor. The labal is applied and checked with the original
order. The emptly additive containers are checked to con-
firm the additives present. The admixture is ingpected for
any color change or particulate matter.

The completed admixture is delivered to the floor. 1Fit is
not to be infused immadiately {(within 1 hour), it is stored
under refrigeration; if refrigerated, it must be used within 24
hours, 'The nurse checks {or accuracy of patient’s name,
drug and eoncentration, IV fluid, expiration date, time start-
ed and clarity. The infusion of admixtures may run ahead
or behind schedule, necessitating that the pharmacist modi-
fy the preparation of continued orders. Rxamples of TV
orders are shown in Table IEL
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CHAPTER 87

Medicated Applications

Ltawrence H Diock, PhD

Protewusos of Msanmacpuics
Buquesne Universty School af Miprmacy
Plnsturei, PA §5302

The application of medicinal substanees Lo the skin or
variouy hody oriftces is a concepl doubtlens as old as i
ity. The prpyrus records of nnciont gypl describe u variety
of such medieations for external use, Galen describod Lhe
uee in Romat Llimas of a forerennor o teday’s vanishing
CTOUINK,

Madieations aro npplied in a varioty of forms reflecting the
ingenuity nnd seientific imagination of pharmacists through
the centurien.  New maodes of drug delivery have beon dovol-
oped to remedy the shorteomings of onrlier vehiclos ar, more
vecently, o optimise diug delivery,  Convorsely, some oxter-
nal medications hove fallen into disuse bocrase of changes in
the practico of modicine,

Madications are applied to the skin or inserted into body
orifices in Liquid, seminolid or solid form, Ophthalmic oint-
ments and topiesl serosol products will not be discussed in
this chapter. Ophthalmic wse inposes unusual particls sizo,
vincosity and storility specifications that, roquire separate,
detailed discussion (see Chaplor B8), The complexity of
pharmaceutical neroso) systems neecasitoles heir inclusion
alaswhoro (doa Chapilor 92),

Epidermat and Transdormal Drug Delivery
The Skin

The shin often has been reforred to as Uhe largest of the
body organs:  an average adult’s wkin has a surface area of
about 2 m¥ It s probably the Tienviest organ of the hody.
s accessibitity and the opportunity il affords Lo nintain
applied preparations intact for n prolonged time have result-
al in ity incroasing use as & roude of drog administeation,
whether for loeal, regional or systamic effocts,

Anptosically, human skin nay be deseribod as a stratifiod
organ with thrae distinel tissue layers:  the epidermiy, thoe
dermiy and the subcutancous fat lnyer (Fig 87-1),

Epidermis, the outermont skin layer, comprisnes stratiliod
squamous epithelinl cells. Koratinlzed, flaltened reminanta
of theue actively dividing epidermal eells accumulate at the
wlin surface as o relatively thin region (about. 10 pm thick)
tormad the stratum corneum, or horny fayer, The horny

DTRATUM CORNE Ukt iy
BTMATUR LUGHRAIM s
SYIATLM ormmu.ﬂsuﬂ_"/‘,.\_ .

ARTLRY -
SEAACLOUE AR

ALY FOLLIRE s \
HUBCUTANLGUD TIBRUE
¢ AL
$ ANROSE LRI

EWE AT OLAND et : ; ?‘
FARILLA OF HAIN mme—-Ls Sl _{"3
i

Fig 07-1.  Vaorllcat aection of human skin,

layer i itsolf lnmellur with the keratinized eolln overlapping
one another md compromed into aboud 16 leyers,  The
region behaves as n tough but flexible coberent mombrime,
The siratwm eornoum slso v markedly hygroscopie-——far
mirro & than other kerntinous materials sach as hair or nails,
Tmmersed in water the isolated siratum corneum swolls Lo
aboul three times i original thickness, abuerbing about.
four Lo five thnos its weight in water in the process, The
stratiun corneum functions as o protoctive pliysieal and
chemicnl barvier and is ondy flightly permeable to water, 14
retards water Joss from underlying tissues, minimizes ultra-
violed light poneteation and lmits the entkance of misroor
gondamn, medications and toxic subetonces rom without,
The siratum cornoum s abraded continuously,  Thus, it
tends to he thicker in roglons more subject Lo abrasion or the
bearing of waight. It regeneration is provided by vapid eoll
divigion in the baaal cell layer of the epidermis,  Migration
ar displucement of dividing cells towards tha skin surfaco is
nccorpanied by differentiation of the epldormal cells into
Inyers of flaf, Inminatod platos, as noted above, An aeidic
Il (pH ranging between 4.0 and 6.5, depending on the area
Lested) made up of omulsified Hpids covers the surface of the
Atratum cornsun,

The dermin apparently is a gol steueture involving o fi-
brouw protein matlrix embedded in o amorphous, collsidal,
ground substance,  Protein, including collagen wvd elastin
fibers, s oriented approximatety parallel to the epidormis,
The dormis supports and interacis with the spidermis facili-
tling it conformation to underlying muselos and bonaes,
Rlood vessols, lymphatics and nerves are found withis the
dermis, though only nerve fibers rench beyond the dermal
ridges or papillae into the garmisative vegion of the opider.
mig.  Sweat glands and hair follickes extending from the
dermis through the epidermin provide discontinuitios in an
otherwise unifoom integuiment.

The subeutanscus Tt Jayer sorves as o cushion for the
dermiv and epidormin, Collagenows fibers from the dermin
thrond hotweon tho aceumulations of tat colls praviding a
contiection hetwoen the superficia) skin Lyvers and the suls-
cutoneous luyer,

Huair Felicles and Swont Glandy - Tumau skin iwsprine
kled liborally with surfaco openings extending woll lnta the
dermis, Hair {ollicles, togother with the sehacenus glinds
that empty Into the folliclea, make ap the pilosehaceoud uuit.
Apvering and ecerine sweal glands add 16 the total,

Pilosobnesous Unit--Human hair conuiuts of compacted
koratinized cells formed Dby follicles.  Selmeoous glinds
ampty into W follicls sitos to form the pilosehnsoous unit.
‘The hair follicles are surroundad by sensory nerves; thus, an
important function of hwmat hair 8 sonaory,  Hiaman hair
varies enormously within the same individual, even within
the same specific body aren. Individual hairs ean vary in
microscopic nppenrance, diamoter, culicle nppenance und
oven presenee or absence of medolla,

Sebuacaous glands are similar anatomically and funetisnals
Iy but. vary insize and activily necording to loeation, Popu-

1500
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Tabte I—Composition of Sebum

Gty Parcant wisw
Triglycoricdos Wb
Waox Ruinrs 2.0
Hyualone [$X]

Sholastorol 1starm 1.0
Cholestern L0

Intlon in the scalp, face and anogonitnl nress may vary from
400 1o D0/em?. Fewer than 100/em® are found in other
au‘:mﬂ. Hobueooud glands are richly supplied with blood vou.
Hzls.

Sebaeeous cells synthesizg and acoumulate lipid droplels.
Thia aceumulation resulls in enlargod cells which fragment
ta form sebum, Sebum is made up of » mixtare of lipids,
approximately ns shown in Table L

The wehacoous gland, containing sebwn, cell debris and
microorganisms such as Propionihacterium acnes, is cone
nected Lo Lhe pilosebacoous canal by o duet of squamous
epithelium, When access Lo the surface is blocked and bao-
terin multiply, tho result, is the comedo of acne.

Sebum prosumably functions as an emellient, although
Iigman onco staled i wis usoless, Montagna suggests thad,
stbum functions as a pheramaons to provida the luman with
a distinetive aroma,

Swent Glinds---Swoal glands are clagsifiod as apocring
and ecerine, Apoerine glands nre seeretory but are not noe-
canirily reapanaive Lo thermal stimulation,  Such glanda do
not produce sweat 1o the normal sense of the ward, Apo-
cring glands, bowever, often ara aswociated with coerine
swenal glands particularly in the axilla,

Iloorine swont glands are coilod secretory glands, equippad
with a blood supply, extending [rom the dermis to the epi.
dermal surface.  Feerine swoal glands function 1 regulate
hent exchange in man.  Ag such, thoy are indispensnble Lo
survival,

About 3 million eccrine glands are thowght to be distribul.
ed over the human hody. Distribution varies from less than
108 to more than 300/cm?.  Gland counts afler thermnal stim-
wlation do not always agree with anatomical counts,

Drug Effects and the Exient of Perculaneous Drug
Dolivory

Dirugs ara applied Lo the skin to alictl one or more of Tour
peneral effects:  on offect on the ekin surfaes, an effect
within the stratim corneum, a more deep-sonted effoot ro-
quiring penetrodion inlo the epidermis and dermis or o syse
lemic effect, resulting from delivery of sufficient drug
through the epidermis and the dermis to the vasculalure to
produce therapoutic systemic concentrations,

Surface Effects—An nctivity on the skin sarface may he
i the form of a film, an aclion againat surface microorgan-
jsms or u clennsing offoct. Filin formation on the skin sur-
(uce may be protective, of, nzine oxido croam oF a sunscreet,
Fitms may be somewhal osclugive aned provide o molstariz-
ing offect by diminishing loss of moisture from the skin
surfaco. In such instances the filin or (ilm formation per se
fulfils the objoctive of product design. "Phe action of antimi-
crobials agninst surface flora requires more than simple de-
livary Lo the site.  ‘The vehiclo munt Teilitate contact be-
twaon the surlnee organisms and the aotive ingrodient,  Bkin
cloamers emgdoy soaps or surfoctants Lo facilitate the re.
moval of superficial soil,

Stratum Cornenm Bffects-~Drug eifocts within the
Btl‘ﬂtul)] COICINT arg agoen with eartam N“'IHC!‘(‘.‘:UI'IQ; thl.‘lI'llihl.‘J-
bangoie acid is an oxampla of o sunseroening agent which
both penetrates and ig substantive to sbrstum corneum cells,
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Bkin modsturization tnkes placo within the stratum eor-
neum.  The dry ouler cells are hydrated by surface filma,
The incrossed rmoisture rosults in an apparent softoning of
theskin. Kerntelytic ngonis, such as salicylic aeid, act with.
in the stralum corneum to cause n broudup or sloughing of
gtratumn cornoum cell aggregater, ‘This i partioalaely im-
portant in conditions of abnormal steatum corneum such i
peoriasis, a discase charnetorised by thickened sealy plagues.

The stratum corncum alao may sorve 4 a reservoir phase
ar dopot wherein topically applied drug nccumulates due to
partitioning inte or binding with skin ¢componants, This
intoraction can limit tho subseguent migration of the peno-
trant unless the interaction eapuetty of Lhe stralum corneum
is surpassod by providing excess deag,  1xamples of drugs
which exhibit aignificant skin interaction include honzo-
caing, seopolamine and corticostoroids,

Lipidermal, Dexmal, Local and Systemic Bffects—The
penelration of a drag inte the viable epidormis and dermis
may he diffiealt to achieve, s noted above,  Bat, once trana-
epidermal permontion has cccurred, the continund diffusion
of drug into tho dermis is dikely to result in drug transfor into
the microcirculation of the dermis nid then into genoral
circulation. Nonetheloss, it is possible Lo formulale drug
dolivery gystetns which provide substantinl localived deliv.
ary withoui achieving correspondingly high systomic con-
centrations.  Timitoc studies in man of topical triethanoln-
mine salicylate, minexidil and retinoids demonstirate thae
potential of this ppproach.

Unwanted systemic offects stemming from the inadver.
(ent tranadermal penetration of drugs have heen reported
for a wide variety of eompounds (eg, hexachlorophene, lin-
dane, corticosteroids) over the yooars, With the commereinl
introduction of transdarmal droy delivery uystema lor geo-
polaming, niteoglyeering clonidine and 174-estradiol, trans-
dermal panoleation s being regarded inereasingly as an ope
portunity rather than a nuisanece.

Percutancems Alsorplian

Poreutaneous almorption involves the transfer of drug
from the skin sueface into tha atratiim cornsum, under (he
negin of & concentration gradient, and ity aubsgogquent diffu-
sion through the stratum corneum and underlying opider-
mis, hrough the dermis and into the miceocirenlation, The
akin behaven s o passive bareier 1o ditfusing moleeoules,
Bvidence for this inchsdes the faet that the impermenhility
of the alin persisls Jong after tho aleds Bae Doon excised.
Farthormore, Piclk's Law is obeyed in the vast majority of
instAn Gek,

Melecular panolration through the various regions of the
skin s limited by the diffusional resistanees encounted.
The total diffusional resistance (Nu0.) to permeation
through the skin has bean deacribad by Chien as

Rnif{u = le * Rl‘# + H,Jrl!
where It iy the diffusional resistance and the sulmeripis sc, @
and pd rofer to the stratwm cornoum, epidermis and papils
lary layer of the dermis, respociively. In addition, resis.
tosee to transfer into the microvasoulaturs limity the sys-
temic dolivery of druy.

By and largo, the groatest resistance Lo ponetration is met
in the steatum corneum, ie, diffusion through the slratum
corneumn tonda to be the rate-limiting step in perculaneous
absorption.

The vole of hair follicles and sweat glands must bo consid-
ored; however, as 8 general rale their effzet s mininised by
the relntivoly small Cractional areas oveupiod by these np-
pundages.  In the very ontly stages of ahsosplion, transit
through the appendnges may be comparatively large, partic-
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warly Tor lipid-solulshe moleeules and Uhose whose perme.
ation through the stratum corneum is relatively low.

The stratum corneum can bo regarded ax o passtve diffu-
sion membrang but ot an inorl systemy; it often has an
affinity for the applied nubstance, T'he adsorption isalherm
ia frequently linear in dilute concenlenlion ranges.  The
corrolation hetwem external and surface concentrationd i
given In torma of Uhe solvent membrang diatribution coeffi-
cient Ko The integratad form of ek’ Law {8 given an
5w KD,

oo
Kb

K,

where K, fs the pormeability coeflicient, Ji i the steady
state Mux of solule, (1 o the concenleation difference of
solithe across mombrane, & i the mambrane thickness,

. 4
. palute sorbiod per co of Wesug C
K,, is the - 20iut sorbed por cc of ssue ., S o

solute in nolution per ee solvent, &

D is the average membruae diffusion cooflicient for solut,

Permonbility exporiments have shown thu, the hydrated
atratum cornem has an affinity for bolh lpophilic and
hydrophilic compounds,  The bifunctional solubility urines
from the filament-matris ultrastruclare of the ketalin,
which allows agqueous and Hpid regions to coexist. ‘Phus,
altempts to predict permeability conatants from oilnvater or
solventawator partition coeffigients have had Hnited gue-
Lens,

The effact of regional vaciution on skin permesbility can
be marked,  Kligman suggests that (wo species of horny
lnver be recognized:  the palme and seles, adapted for
woight-boaring and friction; and the body homy layor,
adupted for Noxibility, impormenbility and sensory diserimi.
nation,

Overadl, datn suggend, the following order for diffusion of
simple moleevles throvgh the alin: plantar > palmar >
dorsum of hiand > serolal and postauricular > axillary >
seabp = arms, lops, trunk, Blectrolytes insolution penetrate
the skin poorly.  Tonization of a wealt eloetrolyte substan-
tnlly reduces its permeability, e, sodium saficylnie perme-
ates poorly contprred with aalisylic scid,  Nonetholoss, the
doveiopment, of ionlophorelic dovices in recont yenrs may
minimize this problesm with jobic penetranity,

in Vitra and In Vivo Studies

Clossically, poreatancoud alsorplion has been studied in
wive using radionctively labeled compounds or hy in pitre
technigues uning excised human skin, A diffusion cell re-
quently used for in pitro experimonts is shown in Pig 87-2.!
In Usls systom the intact skin or the epidermis s trented oo
semipermonlike membrane separating two fluid media, The
transport rat of i particalar drag s evaluated by introdue-
ing the drug in solution on the stratum corneam side of tie
“mombrang,” ihen meassuring ponotralion by periodic sam-
pling and anatysis of the fivid neross the skin membrang.

More recently investigalors have recopnized thal trang.
porl acrosy an immorsed, fully hydrated atratum corneum
may nob repronent the absorption systom or rale obrorved in
in viveo sludies, Percutaneous absorption neross  fully hy-
drated stratun cornom may bo nn exaggeration. I may be
more representative of enhanced absorption that ia seen
aflor in vivn skin s hydrated by ocelusive wrapping,

Uning noparsted epldermal skin mounted in dilfusion
colls, Sehguploin and Roas” varked the atmosphore nbove the
alin strip by use of Drierita to simulate dry eonditions and

s T3

~— Sampling
Part

Skineartms
gt Riﬂﬂ"'"rm‘

— Quttiow
Tampariture Watar
Joukat - Bath
e iyl vw

Fig B7-2.  &chamatio roprosentation of diffuslon gedl.  Top o open
te amibalent aboratory anvirommant.

wutled paper strips to sinulate the offect of occlusion and
chaorved marked reduction in pentctration of cortisone un.
der dry conditions but, groaily enhanced penetration on hu-
midifying the stratum gorneum (see Pig 87.3).°

The siodies of Schouplein and Ross,* and of Prang,! dem-
cuntrale that in pitre studies of percutaneous almorplion
under controlled conditions are relovant to in ivo druy
pehattation, As atated by Franz, “whonevor a question iv
pshad reguiring only nqualitative or directional nnswer, tha
in pitro tochnique nppears perfoctly adequate.”

Relevance of Anitnal Studices

Any evaluation of a atudy of percutaneous abworption in
priimals must tako ¢ognizance of spacies varinbion, Just au
percuianeos nheorption iv men will vary considerably with
skin site, so will nbsorption in varicus animal species.  Bare
ek el aff inveatdgted peroutancous abeorption and found a
doerensing order of permonbility, thus, rabbit > rat » swino
=man. They studied the in pioo absorption of radioactively
lahelod haloprogin, N-acetyleyaloineg, tentosterona, cafloine
and hutter yollaw; their results with teatosterano, shown in
Fig 87.4, illustrate the penetration differonces obsoervid with
differant nniima) sking,

Subsequently, uslog a similar in vivo technigue, Wesler

250 ¢-
DRIERITE (0}
200k
(1]
o
3
5 180[-
g
i
o
x
= ooy NO BRIERITE (W)
5
a
]
]
PRIERITE ( Ql

1
& B W 1 20 26 A0 an
Daye

Fig 87.3.  Chango In corllsone pensiration by alternately drying (D}
and hurtlditylng (W) the steatum SoEnaum,”
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Flg 87-4,  Paroutonoous absorptlon of testosterono jn rals, rabbits,

swine and man for § dayu after applloation.*

and Mailnch® tvestigatod the percataneous abaorption of
henzoie ackd, hydrocertisone and teatoslerone iy tho rhesus
monkey, Radionetively tngged compaunds were applied to
the ventrsl surface of the forearm, and absorplion was quan-
tified on e basis of radicactivity oxercted in dhe uring for
five days following application, The inveatigaters conelud-
ed that the percutanemm penetration of thase compounds in
the rhesus monkey in sirailor to that in man, and rogardod
the data as encouraging beenuse of the similarity.

Stougliton® perlormed frn eitro stadiod uaing animal alting
Using a varlety of compounds and a diffusion-coll apparatus
he concludad that the skin of the hairless mouse or the baby
rat i useful for sereening for absorplion or epidermal re-
BPONYE.

Tt ahould be stressed agnin that pereutaneous abserption
studies in animals, either in ofva or ik sitro, only con he
uwseful approsimations of activity i man,  The effect of
species varialion, sito varipbility (aboul which litdle is known
in animals), skin condition, experimmital variablos and, of
maojoy importance, the vehicle, musl be kept in mind.

Dreug Testing in Anfmauals

Dirag testing in anfmals is a charncteristic of new-drug
developmant, and the teating of dermaiological products or
drugs in animals is no exeeption, Soch leating typically may
Lakte three forms Animals may bo used {o ostimale the
salety of a drug product or substanee; animal skin may be
pubstitated for homan skin for a apecilic mensurement, o,
percutancous nlsorption; animal skin may bo vaed g a dis-
ease model to dimulale an equivalent, human eondition,

Animals have beon used 1o detest contact pensitization,
mensire anlimilotic drag aclivity, measura pholotoxicity
and evaluate the comedogenic and comodolytic polential of
subsiances, In each of these test procodures, bo it a safely
test or arsny modal, the animal is considaered o aubatitute for
i, Tt is, therefore, important 1o vealizo thal (he animal is
not man, even thowgh man is the ailbnate test animal, Ani-
mnl-teRting presents the inveatignior with unique sdvan-
tages; lngk of apprecistion of the virisblen Wvolved cou
destroy thene advantogen.

Mershon and Collaban? recorded and illustratod the cons
siderations involved in selecting an animal test modol. They
intarproted the rabbit irritancy dats of several i llwuahuuim‘a
and impressively visualized difforont possible interpreta-
tions of the differbig reaponse botwoeon vabbit and man,
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Table I--Aclativa Potency of Anti-inflammatory Agants?

___Topleal amtl-infammatory proncy

Human
at-air VIIGERNEIFR G
Compound adumi assny asgiy
Dinxamathagung Tah 41 1028
Dexnmethorene 21 nealale 119,34 (B86.9.100) 10--20
Prednisolone 244 ().51-"1.78) 1.4
Produisalane 21-neetate [ (L.O6-7,70) k]
Betanethasone @73 (16,7-141) 4-5
Balnmothasons 21-acetinle 10720 (876-1174) TH-30
Flugrometholone LTI (YRR HH Y K040
Fluromtholone acetale 2188 (9186011
Fluprednianionn S1LE {1A8-76,1) 4.0
Fluprednisolono neetute gl (26.6--147)
Hydrocortisone 1 1

L) = % ponfilunge limita

While the ultimate system for catiblishing therapeutic
oificney is man, there arve spacific animnl test modoels that are
recogiized 1o be valuable as prehuman-use sereons predie-
tive of drug aetivity in humans, For example, the rat-oar
panay mud the granwlema-pouch procedure in rats aro recog-
nized procedures for the eatimation of steroid anti-inflam.
matory netivity,

Lorenzettit inbulated the potency of various topicnl sto.
roids, comparing the sat-enr-edemi agsay with polency mea-
wured in humans using the vasoconstrictor procedure of
Btougiton and MeKenzio; the results are given in Table 172
Animal ausny madels of this kind, porticularly the stercid
anti-mflommatory asays, are most ugelul as preliminary
netivity sereens The simplicity, safety and ropreducibility
of the vieoconstriclor praay in humang recommend i, over
any eerrosponding animal procodure,

In Numero Maodels

In recant years, tn remaro modeling or computer ginula-
{ion of percutaneous abaorption has baen adlvoculed as alink
hetweon in viere and in ofoo studios. A numbor of rolatively
gimplistic dermatopharmacokinetic models have heon de-
velopad that do provide the Tormulator with some insight
into transdormal drug delivery, in spite of the }Jmlnuu al and
physicochemical complexity of drug transpert ito and
Uhrough the skin, By and large, these models nre analogous
to the clamicnl pharmacokinetic modals which have been
omploved to asoss in bivo drug uplake and disposition,
Some of the dermatopharnacokinoetic models proposed dif.
for from mors clagsically eriented models in that drug trans-
port in the vehicle and in the epidormia, particularly the
stealion cornouns, s modeled in accordance with Plekiog
diffusion, "Thus, the formulalor can anlicipate the effeet of
variablen such as the thicknosd of the applied (vehicle)
phage, atterations in drug partitioning belween the vehicle
and the atentum cornsunt and the frequency of reapplication
on the overall sppesrance of drug syatemicnally as o funetion
of time following Lopical application,

Dosage- Frrrem Deulgn

More than 35 yeurs age Lang wnd Blank pointed oul that
sufficient, thought ravaly in given o the fanction which the
vehicle performs and to the physicochomical charactoristios
of the bass, Those investigators wero not discussitng optimi-
zation of drug nclivity in today's meaning of the tarms, ‘Thoy
emphosized that the typs of skin, application aite, lesion
type and physicochomicai aelion of the bose are imporiant
congidaralion.

T mny (i not most) clinical situations the rate-limiting
slep is ponetration of the drg neress the skin barrier, e,

]
i
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1600 CHAPTER 87

pereutaneous penstration through the skin alone,  Ditfusion
of Uhe drag from its vobicle, althangh depondent on the same
diffusion parameters, should not be unknowingly the rate-
limiting step in pereutaneous absorption, Such u rate fimi-
tation or contrel may, of courne, be an objective and the end
point of gpucific drug oplimization, hut inappropriste for.
mulation cun reduee substantinlly the effectiveness of a Lopis
el druy substance,

In the formulation of o vehicle for topical drag applicatien
many fnctors must bo considered.  Drug stability, specific
product wee, site of application and produet typs must be
combined in n dosage form which will readily relense the
drug when placed in conluel with the skin.  Furthor, the
rolense charaeteristios of the vehiclo are dependent on the
phynical-chentieal properties of the apeeific drug substanes
1o he delivered o the skin. A vehicle oplimized for dolivery
of hydrocortisone may be quile inappropriate for delivery of
a different steraid,

I Higuehi discussed (1960 to 1961) equations doseribing
the rate of rolease of aolid drugs suspended in ointmoent
bases. Ontronga eb al, i sovies of publications, discussed
the signiticnnee of vehicle composition on the perculaneous
abaorplion of Muocinolong acetonide and fleocinalens deoto-
mide 21 -acetato Fluocinenide) (see g §7-0),10 Those invens.
Liggators used propylone glycol/isopropyl myristate partition
conflicients, in eftro (human) skin penetration und finafly in
oo vasoconstrictor studios to evalunte formulntion vari-
ahles, They concluded that.

“In gonarpd, an ofTienciour (opaead gl preparation ie one in which {n)
e concentration of Qiffasible drag i the vehicle far o piven lobsled
streglh b cptimined by onsuring thet nl) of 1he drog i i selution, ()
the frinbmum mmount of sibvont ik wsed Lo ditsalun tie drag eomplotoly
and vl mudniain u favorable partition eovflicient and (e} the vehicle
cotpononts affeet the pormeoshdlity of the steatwm carnenins In o fovor:
able monnor,”

The effeet of propylene glyeol coneentration on ir vivn
vasoconstrictor nctivity is ilustrated strikingly in Fig 87-5,
Laken from Oxlrenga of ol

Haperimental work of the kind desoribed by Qutrenga el
al™ provides w means of oplimizing drug relense Trom a
vahicle and penctration of the drug into the skin, This is o
hoginning. 'T'he formulator must proceed to develop a total
composition in which the drog is slable and causes no irrita-
tion Lo sensitive slkin arens,  Safoly, stability and offective
preservative officacy mustk be combined with optimanm drug
dolivery in the tolal formulation,

Optimization of drogs other than steroids may he ap-
pronehed by direet in pive ussaya,  Tayers of the sbratii
corneurn can he removed or slrippod succossivaly nway by

o Flyatinglong Acatonide
# Fluocinonlde

70

]
2

Sites Respanding, %

1 i i

20 /0 1] 80
Fropylane Giyeol, Y%

Eig 07-5. I vivo raspongn g o function of vehlele composition {(24-

hour vasoconatriction), '

the repeated application and removal of celluluse adhexive
tnpe alrips. Tho penetration nlo the skin, ns well w the
offect. of additives on p-aminobanzole acid, were studiod by
Lorenzetti through analysis of individun) skin strips. The
vanudts provided o profile of akin penetration und visualized
the effoct of additives, Similay exporiments have been enr-
vied out uaing Denwayl peroxide,  Ponetration per se, as well
as the effecl of additives, con be mensured by chemieal
s of indivichaad tope steips following application of a
je guandity of drag or drug product.,

Factors Affecting rug Almsorption

Iy the Toregoing it hos hoen seen Lhat drug-release from it
vehicte in o function of concentration, solulhlity in the vehi-
cle and partition coeffiviont betweon the vehicle and the
receplor sile, Pereutaneous absorplion of o drug also can bo
enhanced by the use of occhuive teehniques or by the use of
so-¢alled penelration enhancers,

&hin Uydreation and Tontporatwre--Oceluding the skin
wilh wraps or impevmeable plastic filin auch an Saran Weap
prevants the loss of surfacoe water from theskin, Sinco woter
i absarbed readily by the protein components of (he skin
the oeclusive wrap envses greatly inereased levels of hydia.
ton in the stradum corneumn,  ‘The concomitant swelling of
the horny Inver ostensibly doeronnes protein network dennity
and Uhe diffusional path length, Ocelusion of the skin sur-
face alse ingrepacs shin temperature (<2 1o 3°) resulting in
inerensed molecular motion and skin permontion.

Hydrocarhon bases which aeelude the skin to a deyres will
bring nhout an inerease in deug penctration. However, thiv
offect in trivial compnred with the affecly seon with a Lrue
occlusive skin wrap,  Ooelusive tochniyues are useful in
aame clinical situationn requiring snti-inflanymatory activi-
ty and ocelnsive wrappings aro used moest commaonly with
ateraids,  Since sleroid nelivity can be enbanced o onor-
woualy by skin occlusion il is possible W dopress adrenal
function unknowingly, Kaely in the 19608 MeKonvio dem-
onsfrated that ponetration of steroid could be inereased 100
fald by use of oeclusion. The FDA requires Ltho followiny
label staloment:

1F mstonaivi aroms nee treated or i1 the seclusies technigue is usad, the

possilnlity exints of increnseh aystomic absorgtion ef the corica araid
ant suitalde procsutions should ba taken,

Tramdernal delivery ayalomy, with their oeelusive bacl-
ing, can effoct incroased pereataneous abrartion as a rosult
of increased skin temperalure and hydrtion.

Peneteation Enhanoers--This term har been wned to
deseribe substanees that facilitate absorption tirough the
wkin. While moat, matorials have n direet effect on the per-
moeahility of the skin, other so-eallod onlancers (o polyols,
sueh as glyeerin and propylene ghyeol) nppenr Lo augment
percuthnectn absorption by increasivg the thermaodynamic
activity of the ponctrant, thereby incronsing the effective
ereaping tendeney and concentration gradient ol the diffus.
ing species.  Peneteation enbancers with a direct. effect on
ukin permenhility include solvents, surlactonts and miscelln-
noous chemicals suel as uren pod N N-diethyl-matolugmido
{T'able 1T The mochaniom of action of tose enhancars
i5 complox ninee these subetances alse may increase pene-
trant solubility,.  Nonetheless, the predominant effoct, of
these enthoncers on the stralum corneunt ig cither Lo inereage
ity dlegres of hydration or divrupd its Hipoprotoin mateix, In
aither aas, the not resull is o decronse in resislameo Lo pone.
Lranbdiffusion. {Tho formulator shoutd note thot Wy inelu-
sien of n penetration enhancer in a tepical formulation man-
duten additional testing and evaluation to onsure the al-
seneo of enhaneer-related ndvorse effecty,)

Foremonl simong the solvents which affeet shin perneabils
ity in wnlor,  As noled nbove, waler in s factor even for
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Tabla it—Ponotration Enhancere’

Suluepts
Waler
Aleohaly
Methanol
Hithanal
E-propanol
Al methyE nulfoxicdos
Primethyl aulfoxide
Deeylmobhyl suifuxido
T'trndocylmethyl sulfoxide
Pyrrolidlones
2. Pyrrotidone
N Muothyl-2-pyrrolidone
N2 Hydroxvatlivt)pyrrolidone
Lauraeaprim
Migcellaneoun solvents
Acolonge
1 motliyl nuelamide
Disd iyl Foemaanicle
Tetrubydrofuefuryl nleohol
Amyrhipahies
Aunionde warfaciants
sadionic mirlactants
Anpholevic surfietnnis
Nonionie surfietinin
Ity acids and aleah ol
Miseelloneous
Uren
NNyl ieluamide

o Aclaptesl from Ret 11,

anhydrous transdermal delivery systems due to Lheir oeelo-
wive nature. Due to its safoly and efficacy, woter has beon
deseribed pa the ultimate peneteation enbancer.  Qther sol-
vouds inctude the clamde enhancer, dimethy]l pulfoxide
(DMSO), which is of Himited utility bocause of its potentinl
peular nad dermal toxicity, s objectionable tnste ond odor
(s conssguonce of it absorption and subsequent biotrans-
formution) and the need for coneentrations in oxeons of T
Lo promote sbsorption,  Analogs of DMSCO suel as deeyl
methyl sulfoxride nee usad curvontly in some topicn] formula-
tionn.  In conlrast, with other solvents, Inurocspram (1-
dodecylnzaeycloheptan-3-one; Azone) hax been zhown io
function effectively at low concenteations (Z5%), Further-
muore, Azong's effeet on skin permonhility persis(s long afler
o single application due apparently o ity prolonged reten-
tion within the stratum corpeam.

Suriactants, long recognized for their nhility to alter mom.
Lrane structure and fmetion, con have nsubstantial effect.
on skin permonbility. ' Fowever, given the brritation potm-
tda) of surfuctantys applied chroniendly, their utilily as pene-
tration enhancers is limited, '1heir offect on pormenbility
may be complicated further by surfactant-monomer agyros
gotion 1o form miceton and Lhe coneomitant solubilization of
the permeant.  As the impaet of surfaclants on skin perme.
ubility of a penetrant is problematic, the offect of their inclu-
sion in a formulation should he evalunted ueing approprinte
i witra and In vivo sludies,

Stratum Cornoum Barvior Efficaey and Dexrmal
Cloarance-—Hven though in vitre studies of percutaneous
tennnport may refloet the resistance of tie skin to dray ditTu-
gion, thero is no wity sueh ktudies can charactorize adequato.
1y the transfer of diffusing drug into the microvasentnture of
the dermis and s sulsequent transfer inty gonoral tireula.
Liv,

Chrislophers and Kligman'™ svaluated the dermal "clesr-
ance' of #Na from the midback skin of voluntoors follewing
the intradermal injeetion of *Na as normal saline solution,
The dermal “elearanees,” cxpressed in torme of the hall-life
for disappenrance of radionctivity, are plotted in My, 87-6.7%
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Fip87-6.  Darmal clearnnce of 7Na in young oo agod sutjocts after
ttradormeh Injeation {dala Fronr Ret 13}

Similar rosully were obtnined with disappoenrnnce of shkin
{luorercence nfter intradermal injection of kadium Mumresce -
in. 'The data are indicative of markedly doelayed dermal
clenranee in the aged.  This may roflost, in part, o decresse
in ulder subjects v dermat eapillary loop density, o decresse
in the mte snd/for oxtont of dernal bload porfusion orF an
inerepse in roalstance Lo transfor inlo the capillaries.

On the other hand, Christophers and Kligman®™ demon-
strated norensed it oitrg wkin pormention by sodium fluo-
rescein in the strotum ¢omeurn excised from young and old
gubjocts (Fig. 87-77), Thus, the stratum cornoum of oldey
rubjeets muy offer less resintanco ko the penotration of Lopi-
eolly appliod drogs.

(iven the substantin intersabjoct variations that oceur in
diffusional resistimee and in dermaol cloarance, it s ol sur.
prising that in bivg studies of poreutaneous absorption often
demonstrate marked differencon in systemie availahility of
druga.  Furthermore, the tendemcy o émploy normol,
henithy, young adults in suel atudies may not provide data
that is indieative of drug permention through the akin of
older sulijocts or pationta, 1L would seom that mors comypre-
honsive studios of poreutanoous abrorption as s function of
afre are warrantod,

Cuatancouws Biotrrnsformition- Cotabolic enzyme ae-
tvity in the viable epidermia in substantinl,  In feet, the
vinble opidermin v metabolically more active than the dor-
mis. I o topicatly applied divg s subject to biotransfor.
ninlion during slin pormeation, loenl and systemic bioavail-
abitity can be alfocted markedly, Ensymatic nctivity in the
alin, or {or thal. matler in systamie fluids nond tissues, can be
taken advanbage of Lo [acititate pereutaneous absorption,
Sloan and Bodor," lor oxample, syothosized T-aeyloxy-
mothyl derivatives of theophylline which diffuse through
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the skin fur more efficiently than theophylline itsell (Fig 87-
A1) but which are hiolransformod rapidly to thesphylline.
Thus, theophylline delivery (o systemic eirenlation can he
enhanged subetnntially.

Further Considerations for Transdermal Drug Delivery

In order for » drug Lo qualify as o candidato for aystemic
dolivery after topical application, it must setiafy require-
monts in addition to exhibiting good skin permeation,  Sue-
consful candidates for tranadermal drug delivery should be
nemirritating and nonaetnitizing to the skin, Sineo relotive-
ty Hetle drug may reach systemic eirculation ever a relatively
tong Lime, drug candidates should be relatively potent drugs,
In addition, the limitation to relatively potont drags enn onge
probloms of formnilalion sinee 16 amount of druy that can
be incorporated in the formulation may be limited by physi-
cochemical conalderations such oy solubility.

fontophoretic Dreug Doelivery through the Skin!h1é-.
For nome poorly absorbed {fonic) compounds, paresteral
adminiatration appears to be the only vishle option for vo-
plonnl or systemic delivory s chemicnd penctration en-
huncers (sae Table HIY often do not function well for these
compounds.  Oiven the mereased risk of adverse reactions
assoviated with the use of such enbancers, e inerensed
ovaluation of iontephoratic doviees for the enbancenant, of
topical drug delivery bos boen of great intevest, Tontophore-
tie drug delivery implies Lho delivery of fonie drugs into the
Body by means of un electric currant. While the steatum
cornoum forms the principal barvier to eloctrical conduetiv-
ity due, in pard, Lo s lower water content-—Lho alin b
aclg au b eapneitor, Thus, bologienl tasues such im the skin
provide for a roactive electrient cireuit.  Tonie transport
through the skin in the prosence of & unilorm electric ek
can be deseribed, in part, in accordance with the Nernat-
Planck aqualion

whore J; is the Mux of iong aeross the membrane, O s the
concanlration of ions with valence, z, and electran chargo, ¢,
dCfedx tn the concenlration gradiont, B is tho eleetric field, &
in Boltzmmann's constant and 7 s the absolule Lomperature,
Thus, the ionie fux is the sum of the fluxes that arise from
tho eoncentration gradisnl and the electric fiald, Given the
complexity of the skin’s composition, the thickness of the
stentuin corneum and the oceurrence of glectroommicdic ef-
foets, the Nemst-Planck equntion is only a tirsl approxima-
tion of the overall trapsdormal fux of o solute.  Faraday's
Liaw

m““!"

furthor characterizes the iontephoretic flux {7 in Lernts of
the cureent { (in amperos) and its duention ¢ {in sec), the
tenneforence numbor popamater & pid the Favaday conslant
F. Additional fnetors that influence the rate and extent of
jontophoratie dolivery through the skin include pH and jonic
wtrengih of the drug solution,

Although ionlophoretic fechnigues have been shown to
inereane pereutancous absorption of ionivnble or ionie drugs
(including lidocaine, alicylates and peptides and proteing
such na maalind markedly, the clinjeal anfoty and officncy of
drug delivery systems omploying iontophoretic technology
have yet to he evaluatid Dally.

Ointments

Ointmants are semisobid preparalions intended for oxtor-
nal application Lo the skin or mmucour mombranes; usually,
but not. always, they contain medicingl substances,  The
fypos of ointment bases used s vehiclos for drugs are seloct-

ed or designed for optimum delivery of the drugs and also to
contribule amollioncy or othor quuosi-medicinal gualities,
Ointment. propertios vary, sinee they nre dosigned for specif-
ic uses, onso of ppplication or extont of apphcation.
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The official definition of ointimont in its prosent form wny
introduced in tha USEP XV in 18566, The definition is broad
and encompagsas potealatum, is, olenginous banes, emulsion
hugea-——eilher waler-in-oil (W/O) or oil-in-watet (0/W)
und the so-called wator-anluble base,

In unofficial tarima, aleaginous Boses are doseribed ns oint-
monts, but emalsion busos may be termed creatns or lotions.
Tiither of thene containing barge amounts of solids i formed o
prate. Al of these subelasses are definod officiatly as oint-
menis,

Pharmaceutical nuthors have a penchant for dofiniog
“idonl” preparadions g, Uie iden] base, the ideal vehidle and
au on, In progticn, of coursy, Whore is pe such thing.  Ap
individusl cannol bo all things to alt people; neither can an
oiptment base be ideal for adl drigs, adl situntions or all wking,
for that matter. An cintment baae funetioning as o druy
vehicle should be optimized for o specific deug and, imofar
s possible, for epecifie dinpase statos or skin conditions,

It i, of eourse, peasible to define coropin specific reguire-
ments for an ointment. base 1o he usod Tor extemporaneous
compounding. Such a base should be popirritating, easily
romovable, nonstaining, stable, nen-pH-dependent and
widely compatible with a viriety of medicoments,  When
one adds the stipulation that the base munt releass Lthe smmo
variety of medicaments, the implavsibility of such defini-
tiond boeomes evident,

Clussification wid Properties of Obriment Buases

The USE recopnizes four general clagses of ointment
hases, horeundar categrorized into tive classes for the purpone
of inclienting more definftively some differencos in the prin-
cipal proportios ol the bises,

Hvdroemrben Banos ((,)lmluhll.vml)
Fxample: White Fetrolpium

| I T U

2 Qoelupive

3 Nonwotor-wishalie

4. Mydeophobic

R ﬂrmmy
Abworption Banor (Anhydrous)
Fxmnplen: Hydrophilie Potrolatum: Anhyideous Fanodin

1, motliont

9, Oeelitva

4 Almorh waler

4. Anhydrous

L Greany

Fmulnion Bnnon (W0 'Typo)
Fgamples: Lanolin, Cold Cronr
1, Waoltient
2 Oechunive
de Contalbit widor
A, Bome abmorh ndelithonnl water
b Giroasy

Emulsiun Bason (O7W Typo)
lxampla: Hydrophilie Gintment,
1. Walar waslinhiln
% Nongroasy
% Can be diluted with wator
4. Nonoccluniva

Waler-Solulde Danew
Fxamplo: Pelyothylene Glyeol Ointnmnt
1. Hlauatly unhydrous
2. Water-sotuble and warhable
1 Nongeeasy
4, Nonoeelunive
fi TdpidTroe

The selection of the aptimum vehicle from Lthe clissificn.
tion above tsy peqgitite compromison so often encounterod in
drug formulution. For exnmple, stability or dray activily
ntight be superior in a hydrocarhon base, however, accoept-
ability i diminished beenuse of the grensy natura of tho
base, The water-solubility of the polyuthytone glycol bases
may be atteactive, but the plycolis) may be irvitating to

1603
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troumntizgd tusue,  Drug activity and pereutaneous abs
sorption may be superior whon vsing o hydrocarbon huso;
howevor, it may be prudent lo minimize peroutanacus ab-
sarplion by the uss of o less ovelukive bose,

Ointment Bases
Hydrocarben Bases

Hydrocarbon hanes are usually pelrelatum per se or polro-
Iatam modified by woxon or liguid petrolntum o change
vikeorily ehnrgetoristion.  Liguid potrolatum gelled by the
addition of o polyothylone resin alko is considered a hydro-
carbon ointment base, albeil one with tiusual viscosily
characteristion.

Hydrocarbon ointment bases are classified an oleaginous
hauer nlong with Iansen prepirett frotn vopotabio fixed oils or
animal fits. Bases of this ype include lard, bonsoinated
Jard, alive oil, cottonaoed oil and other oils,  Such basos are
omaltient but generally rogquive addition of antioxidnniy and
olher preservatives. They are now largoly of histovie nter-
[N

Potrodatum USP is o tastelens, odorbess, unetucus matorial
with o melting ramge of 38 e 60%; it color ranges from amber
Lo white {(when docalorized).  Petrolalum often is usod ox-
ternally, without madification or added medication, for ita
omollisnt qualition

Petrolatam used o nn olnbmaent hose hag o high degree of
compalibility with o varioty of medicaments, I3nses of this
type are occlusive and nearly anhydrous and thus provide
optimum slability for medicanents soch ag antibiotios,
The wide melting tange permits some latitude in veblde
seloction ad the VSE permits addition of waxy materinls as
an aid in minimizing tempoeature effects,

Hydroearbon hases, being ocelusive, incrense skin hyd.
Lion by reducing the rate of lows of surfuce waler, Busoy of
this kind may be used solely for such o sldn-moisturizing
affoct, ey, white petrolowm jelly asnoted ahove, Skin hydrn-
tion on the other bapd may inevonse drag activity, Studics
have indiented (hat steroids hove incroased aolivity, as mon.
sured by vasveonatriclor offects, when applied Lo tho skin in
u hydrocarbon vohicle, Steughton consistently found the
stme storoid more active whon applied in a pelrolatum vehi-
cle than when applied in a cream (ie, O/W emulsion) vehicla,

A golled minersl ofl vehicle represints o unique addition
e this elags of Baser comprisod of relined natural products.
Liguid petrolaluns may he gollad by addition of a polyuthyl.
ene, When approximalaly 8% of low-denaity polyethyleno i
addod, the mixture honted and thon ghockcooled, s soft
uncluous, colorless matorial resembling white petrolatum is
produced, The muss maintaing unehanged consstoncy over
a wide temporaluro range. 1 neither hardens at low tem-
peratures por melts at reasenably high temperaturen. s
uselul working ronge fs betwonn —16Y and 60°, Excosnive
heat, e, ahove 890°, will destroy the gel structure,

On the basin of i oltée stadiod, deags may B rolossed
faster frem the gelled minera) ol vehicle L from conven-
tiona] patrolatun,  "Thiv quicker raloaso has Boon attributed
1o sagior migration of drog particulates through w vehicle
which i oasentindly a liguid, compared with petrolatam,

Dospite the advantages hydrocarbon or olenginows vehi-
clen provide in torms of atability and emolliency such bases
huve the considerublo disndvanluge of greasbuess.  The
gropsy oF oily nuitarial may stain clothing and ia ditfieult to
remove, In tarms of patient nceeptance, hydrocarbon bason,
i, nintmentts, rank woll below antulsion bases such pg crears
und lotions.

Abworption Bases

Absorption basos are hydrophilic, anhydrous materials or
hiydrous hases hat have the ability to absorh additionnl
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water, Tha former are anhydroun hoses which absorb water
10 bovome W/O omulsions; the lotter ave W/O emulsions
which hive Lhe ability Lo absorh ndditional water, The word

abporption in this connotation refem only te Lhe ability of

the buse to abaorh wiler, Foth typos of hase are exempliliod
by Anhydrous Lanolin and Lanalin Phe former is conver(-
ed to tho Jatter by the addition of 30% water, The Intter in
turn will absork additional smounts of waler,

Hydrophilic Petrolatam USE i an anhydroud absorpiion
base,  The W/O amulsifying property is conforred by the
inclusion of choleatorol. This composition ix o modifieation
of the eriginal formualation which contained anhydrous lang-
lin, The lanclin wae deleted beeanse of reports of allargy;
cholestorol was added,  Inchusion of wtoaryl alcohol and wix
add to the physical chiaractoriatics, particalarly firtaness and
hoat stability.

Mydrophilio Fatrolitim 1P

Chotostersl v oov e
Hiearyl Aleohol .
While Was oo i e as
White P'otrolatany .

o e o e e e s

3000

Mell the stenryl aleohnl nod white was fogetior oo Aleam th, hen
ad] tha choloatoral and stir untll it completely disnoleon, Adel tho swhite
pedrabataty and mix, Remsve from the bach, and sGroandil the mistie
vongenls,

Lanolin is u complex misture of substances, s ability (o
absorh water s probnbly o charactoristic of the mnteria)
ruther than a single component.  'The chemistry of funalin
s heen studicd in detail,  Sueh stadies hove resulted fn tho
introduction of a large varioly of lanolin derivatives and
separated fractions.  Availublo now are lanolin wleohols,
dewaxed lnnoling, acelyloled lanoling, elhexylated lanolins,
hydrogenated lanoling, lanolin estors and othar producta,
Mast of these derivatives have heon produced for specific
purpones, such as improved emalsification charaeteristios or
L recduee nliergie renctivily,

The apecilic compounds responsible for laolin allergy
romain unknown; however, the greator portion of fanolin
allorgeny reaide in the wool wax aleobols fraction, Thun,
fractionab sepoaration to obinin, for example, the soscniled
lepuzd lanodins sulstan tinlly reduces the incidence of allorgic
reaclions. Givon the plethorn of lanolin fraciions, derivi-
tiven, modifications and levels of purity, it i quite possible,
aven likely, that lanolin-sensitive individuals can wolerate
spoetfic lnnolin producta,

Alwarption bages, partienlarly the emulsion bases, imparl.
oxcellent omolliency and a degree of veelusiveness on apphi-
eation. The anhydrous types ean e used whon the proesonce
of water would cavse stability problema with spoeifie drag
subsianeos, og, antibiolics. Absorption bases also ote grensy
when applicd and gpe diffieult to romove.  Both of these
properties are, however, less obvious than with hydracarbon
lnses.

Sommercinlly svailable abrorption bases include Agua-
phar (Beiersdorf) and Polysorb (Fougera), Nivoa Cremm
{(Befersdorf) iv a hydrated emollient base,  Absorption
Lasod, oither hydreus o anhydrous, ave saldom used as vehi-
clow for commaercial drug prodocts, "The W/O emuluion sya.
Lo is morte difficult to deal with than the more conventional
O/W uyatems and Lhere is, of course, reduced patient aceeps
inneo hovause of grensiness,

Water-Remuooable Bases

Water-washnable bases or omulsion bases, conimonly res
Terrad to as creams, represont the most contmonly used type
ol pintment bare, 13y far the majority of commaorcial derma-
wlogic drug products sre formulated inan amulsion or

cream base,  Bwulsion boacs are washable and removod
capfly from slin or clothing. Fmulsion buses con be diliuted
with wator, although sueh additions are uneommon,

As a resull of advances in synthetic commetic chemistry
the formulator of an emulsion base can be foced with o
bewlldoring varioty of salections.  Fortunately, the emulsion
bse can be subdivided into three somponens parts, dosiy-
nated as the oil phase, the omulsifior nnd the agueous phare,
The medicinal agent may be included i one of these phasos
or added Lo the ferned amalsion,

The oil phase, somatimes called the ntarnal phase, is
typically made up of potrolatum ancd/or liguid petrolatum
topethor with one or more ef the higher-meleculnr-waight
aleoholy, such as cety! or slearyl aleohal,  Stearic acid may
be inchuded if the einulsion s o be basad on a goap formad in
situ, o, triethanolnmine wtonvale, A caleualated oxcons of
wtaaric acid in such o formulation will praduce s pearleseont
appearence in the finished product.

Moy drug-dolivery vehivlus, simplifind systomy are in ordor
to minimize component interactions, either physienl or
chensicnl, and, of course, to minimize coat,  Hydrophilic
Oimtment. UB12 is o typical envudsion base, The composition
is an Lollows:

Fevdraphilic Oialmoni LS

Moedhalpmealon ., oo o e Coa
Propylpneaben .
Sovhium LaarylSulfite, oo
Pronylene Glyeol
.qhmr_\/| Alvahel ., ..
White Potralmum ...
Frurifiod WiHer oo

T make nhont.

(W40 1
(RN

Mel( the nbwar @ladealiol and the white petralatui ona stoam bath,and
wira (o shout 76Y. Add the auhor ingeedion s, previomly disotved in
Lho walier sl warmed to 757 il alir (hae misiure unddl it congands,

Btearyl ateahol and petraletum comprise an oll phase with
the proper smoothness and eomfort Tor (he skin, Stearyl
nleohol also gerves o an adjuvant erulsifier, Petrolataim in
the ofl phase also contribules Lo the water-holding ability of
the overall formulation.

A unee at the cosmetic Werature and sueh volumes as
the Cosmatic, Taitotry and Fragrance Assoclation’s Cosmel-
i Ingredient Dictionary impresses one with the enarmous
number and variety of emulsion-hase componoenty, partioy-
larly vil-phace components. Many of these substancos im-
prart dubtle hut distingt chinracteristion o cosmetic enukion
nynlemy, White deairable, many of these charaeteristion are
not really necessary in drug dosoge forma and dolivery sys-
tams.

The: arpiseous phase of ah enolsion base usually, but net
wlways, exceods Lhe oil phase in volume, The agqueous phase
aontaina the proseyvalive materinks, tho emulsilier or a part
of the emulsifior systom ond humeetant, The Jast 35 usually
elyeerin, propylene glyeol or n polyethylenoe glycol. The
humectant normally i included to minimizo water loss in
the finished composition. Humopotants slso add (o averall
phyaleal produet neceptability.

The acpaeous phose conliing the preservativols) which are
included to contrel migrohial growth,  Proservatives in
amulsion Bt usaally ineludeo ane of mare of the following
mathytparabon and propylparaben, honeyl aleahol, sorbic
aeitd or quaternary ammonism compounds,  Propylene gly-
col in suflicient concentration nlae can lunction ny n presor-
vative, The general subject of prosorvabives and presovn.
tion is digcussed elsowhere in this chapter,

The agueous phase also conlaing the water-salulye com-
ponants of the emulkion system, together with nny additions
al stabilizors, antioxidonts, butlers, ete that may be neees-
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sary Lo slability, pH sontrol or other considerations nssoei-
atod with agueous systems,

Tivg emulsifier or emulsifier syslem in a croam Formula-
tion is o major consideration. The eppulsifior may boe non-
jonie, anionic, cationic or amphoteric,

Anionie Bmualsifiers—Sodium inuryl gulfute, the emulsi-
fier in Hydrophilic Ointment, 18P, i« typical of this closs,
The netive portion of the emulsifier is the anion (lauryl
pulfate ion).  Similar anionic semulsifiers include soaps such
s triethanolamine stearate,  Sonps, of course, nre slkaline
and, honee, incompatible with acids,

Sodivm lauryl sulfite and other anionic surfuetanty of it
type are more aeid-stuble and perinit, adjustment of the
anadsion pld to the doesivable acid rmpge of 4.6 to G5, Ap
anionic emulsificrs are ingompatible with eations, the over-
all produact composition must be kept in mind.

Depending an the chemicnl type and concentration, sn-

ionic surfactants may he irvilaling in certain silvntions, 11 .

has beon reported thal perentaneows absorption of cortain
drugs, notably steroids, may be enbanced by the use of an-
onie compoeunds such as sodium Lanry] sulfole.

Cationie Lnvalgifiers-Cationic compownds are highly
surface-uctive but are used infrequently as omulsgifiors, The
cation portion of the moleaule iy gonerally o guaternary
anmonium salt including (usually) a fally aeid derivative,
e, dilauryldimethylsrmaoniung chloride. Catlonics may be
irritating to the skin and evon, and they have a considerable
range of incompatibilities, including anionic mntarinde,

Nonionic Emulbsificrs—Nonionic emulsifiers show no
tendency to jonise in solulion, This advantage resulis in
oxcollent pll and electrolyte compatibilivy iy such emul-
stons,  Nondonie emulsifiers vange from lipophilie 1o hydro-
philic. The usun) emulsifier systam may include both a
lipephilic and hydrophilic mambey to produce s so-called
hydrophilic.lipophilic balance (or HLIB),

Miuay nonionie surfactants nve tha result of condensation
of efhylons oxide groups with a long chnin hydrophabic
compound. ‘The hydvophilic characteristios of the conden-
sation product are controlled by the number of (wsunlly)
oxyethylene groups (QCMLCHY), Wxamples of nonionic sar-
factunty are given in Table TV.1Y

Emulsions containing nonjonic emulsifiers usually are
prepared by dissolving or dispersing the Hpophilie compo-
nent in the il phase and the hydrephilic component in the
nqueous phase, The two phases then ave heated separatoly
and combined as deseribed on page 1534, The noniomice
emulsifier contont of an emulsion may total as much ag 10%
of the total weight or voluma.  BEemulsions based on nenionie
omulsifiers are genorally low in irvitation potentinl, stable
and have excellont compatibility charactoristios,

Soaps and delergents, io, omulsifiers, have, overaill, a dam.
nging effect on the altin, Both anionic and cationic surfac-
tants can cause damago to the stradum cornoum in direet
proportien to concentration and duration of contact. Non-
ionie surfactants appear Lo have much less offect on the
giralum corneun,

Aftor the proper aclection of ingredients the emulsion base
i formod by heat and agitation. The oil phase is melted and
heatad 1o 759 in o containgr equipped with a varinble-speed
agitator, Tha aquoous phise with the omulsifier nddod is
placed i a second container, components are dissolved and
tho whole heated to 76% or slightly in excess. ‘The ngueous
plinse Lhon is added slowly with continuous stirring o the oil
phase. The first addition should he carried out slowly bul
cobtinuoualy with thorough bt careful agitation, e, the
omulaion should nod be agitaled at a rate that incorporatos
oxcoas nir.  Progressively slowoer stirving should be contin-
ued during addition of the aguocus phase and until the
tamparature roaches about 30%, Medicingl agents vaually
are added after e emulsion has formed and much of the

MEDICATED APPLICATIONS 1608

Tablo IV-~Nonlonie Emulsiflara’’

Typn Expmplos

Polyorvethyleno fatly aleohol
athers
Polyoxypropylene fatly ateohol  Propoxylated oley] aleohol
athorn
Polyoryothylono futly acid ostors  Polyoxysthylone stenrate
Polyaxyothylons sorbitan fatly Polyoxyethiene sorbitnn mon-
acld eatera unteatale
Borbilan fatty neid ostors Horbitan monontonrate
Patyoxyathyleng glyeol fatly aeid  Polyexyethylone giveal imono-
oslers Alenrnte
Polyol Fully acid esters Clveprvl monoatearats
Propylene glycol nonostoaate
Ethoxylatod lanolin devivatives Bthoxylated lanolins
Tithoxylatod cholestorol

Palyoxyothylone iyl aleohol

agueous phase hos been added,  Dirag substances Irequently
are added an dispersed concentrates in aguoeus suspension,
Colors and dyes are similarly added as congontrates, Colors
yomelimes are gmployed Lo distinguish different concentra-
tiona of the same drug product.  Fragrances, if any, are
addod after Lthe formed emulsion has cooled Lo ahout 352,

Weater-Soltble Boses

Seluble ointment basgoes, ag the name implios, sre made up
of soluble components, or may inglude gelled agueous solu.
tiong. The lattor often are referred to as gals, and in recent
yoars have heen formulated specifically to maximize deay
nvailubility.

Mujor campotents, and inseme instances the only compo-
nenty, of water-aoluble bases are the polyelhylons glycols,
Thesa are liguids or wasy solids identified by nuimbers which
ave an approximate indieation of moleoular weight.  Poly-
othylene glyeol 400 o a liguid superfieinlly similar to propyl-
ane glyool, while polyethylone glyool 4000 is & waxy solid,

Palyathylene glyeols hove the general chemical formula

HOCHACH,0GH ), CHLOH

They are nonvolatile, water-soluble or water-misgible come
pounds and chemically mort, varying in moleculur weight
from roveral hundred Lo gevern] thousand, Tateh tests have
shown thad those compounds are innocuous and condinuons
use has confirmed their Jack of irritation,

Polyethylene glycols of interest as vehicles include tho
15600, 16O, 4000 and GO0 produets, ranging from soft, waxy
nolids (polyethylene glyveol 1500 is similar o petrolatum) to
hard waxes,  Polyethylene glycoel GO0 is o hard wax-like
matarinl melting al 58 to G2%; it is nonhyproscopic,

Palyethylomo glyeols, particularly 1500, ¢on be ukod as a
vehiele per ser however, hatter rosuits often nre obtained hy
wning Mends of high- and low.moleculpnroweight glycols, as in
Polyothylene Glycol Ointinent NI,

Polyethylone Giycol Ointmont N1

Folyethylens Glyent 3300, 0001 Lo a00 g
Polyathylowe Glyeot 400, o0 00 g

Hont the two ingrodionts ona wator bath o G5%, Allow te eanl aid wtiy
unldl contganted,  ¥a firmer ]Ji'n]l(ll‘(ll‘i()i\ fr dvsieed, veplace up Lo 100 of
tha polyethylome glycol 400 with an eguaal amaunt of paiyethylens ghyeol
RR0H0.

Mot 0 6-26% of a0 aquanus solwtion s te he incorporatod in paly.
wihyleno glyool olntment, raplace G0 g of tho polyethvtone glyeol 3160
with an egunl nmounl of sienry] nleohal.

The waler-selubility of polyethylone glyeol vebicles doms
nod insure avadlahility of drugs contained in dhe vehicle. As
hydrated stiabum coreum s an imperbant el in drog
penetration, the use of polyethylong glyeol vohicles which
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1008 CHAPTER 07

are anhydrous and nonocelusive actually may lindor peren-
taneons absorption due to dehydration of tho stralam cor-
newn,

Aqueous ol vebicles eonlaining water, propylens and/or
polyethylene glyeol, and gelled with o carbomer or acallulese
derivative, also are classed as wator-solublo bases, Bases of
this kind, sometimes reforred Lo ag gols, may be formulated
Lo optimize delivery of i drug, particularly steroids,  Insuch
n preparation propylene glycol in used as a steroid solvont ou
wall as an antimicrobial or preservative.

Gelling agents usad in these proparations may be nonionie
or anfonic.  Nonjonics include cellulose dovivatives, such ns
methyleellulose or hydroaypropyl methyleelluloso, Thous
derivatives form gels whoen disolved in water but also exhibe
it the churacteristic of reverss solubility. The celluloses are
watdad, fo, dispareed in hol water, and then vooled Lo effect
solution. Sodium carboxymethylcellwlose iy an ionie form
of collulose gelling agent. It Is conventionally soluble, and
1ot hoat-insoluble.

Carhopol 834 is a white, [ufTy, powdoered polymeric acid,
dispersible but insoluble in water, When the acid disper-
sion is neutralived with a base o clear, stable gel is formad.
sarbopol 934 is physiologiently inert and is not a primary
irritant or sengitizer.

Anather gelling agent i3 colleidal mpgnesium aluminum
giliente (Veegum), 1L s an Inorganic emualgifior and sus.
pending agent, as well as a gelling agent.  Veegum dinper-
siona are compalible with wleehols {20 Lo 30%), acetone and
phveols, U frequoently is employed an a gel slabilizer, rather
than as the sole gelling agent.

Hodium alginate and the propylene glycol estor of alginic
acid (Kelecolodd) slao are satisfactory gelling agpents,  Sodi-
win alginate ig & hydrophilic colloid that functions satis{nelos
rily between pH 4.5 and 10; addition of caleiam jons will gl
fluld solutiona of godium alginate.

Preparation

(intment. praparation or manufaciure depends on the
type of vehiclo and the guantity to be prepared.  The ohjec-
tive s the same, jo, to disporse uniformly throughout. the
vehicte o finely subdivided or dissolved drug subatance(s),
Normally, the drug materials are in fincly powdered form
bafore being dispersed in the vehicle,

Incorporation by Levigation

The prepuration of small guantities of ointment by the
pharmacist, ie, one to sovoral ounces, can he accomplished
by using a spatula and an sintment tile (either porcelain or
glass), ‘The finely powdered deug material is levigated thor-
oughly with a amall quantity of the base to form a conean-
trate, ‘Phe concontrate then is diluted geomotricully with
the remaindar of the base, Such a procedure iu useful par-
ticularly with petrolatum or olonginous banes,

If the drug substance is wator-soluble it ean be dissolved in
water and the resulting selution incorporated into the vehi-
ale using o small quantity of lanolin i the boue is olenginous.
Gionorally speaking, nin amount of aphydrous lanolin ogual
in volume to the amount of water used will suffice.

When ointrents are made by incorporation in quantities
o0 large to be handled with a Lile and spatula, mechanical
mixars ave used, Hobart mixers, pony miners and others of
the type usually aro used for Lhis purpose.  The drag sub-
slunee in {inely divided form ustinlly is ndded slowly or siftad
pnto the vehicle contained in the rotating mixer., When the
pintment. §s uniform, the finished product way be processed
through a reller mill to assure complete dispersion and re-
duce nny nggregates.

This procedure may be modified by preparing and milling

it
i e
i i

iiehi
T

i
b bd AR 4 A
i

Ht
4
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Flgy 879,

b1
T T e e e s e

Fig 07-10,  Qvtmsnt manufacture and paekaging {courtesy, Owen
Laborataries),

n concentrube of the drag in s portion of the base, The
coneantrale thon is dispersed in he balance of the vehicle,
using o mixer of nppropreinte size.  Qceasionally, the base
pany bo melted for gasior hondling and dispersing,  In such
cowoy Lhe drug i dispersed and the base slowly cooled using
continuous agitation o maintain disporsion,

Imaulsion Products

Medicated creams and lotions nee propmrod by means of a
twasphase heat systen.,  The oil-phaso ingredients are com-
hinad in a jackeded tanl and hoatod Lo alout 7H*, AL this
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tomperature the ol phase ingredionts are licuefied and ani-
form. In & separale tank the agueous-phase ingredients,
including the emulsifior, are honted Logether to wlightly
above 75% The aqueous phase then is added Lo the oil
phaao, slowly and with constant agitation.  Whon the emul-
sion in formed the mixwre is allowed to cool, maintaining
slow agitation.

AL this slage in the procoss the medicinal ingredients
wsnally are added ns a concentrated slurry, whioh usually hos
heen milled to reduce any parkicle agprogaton, Volplile or
aromatic materialy gonerally ore added when the Hinighed
cmulsion has eooted to nbout 36°. At this point additional
water may be added to compensale for any eveporative
losses occurring during exposure and teansfor at e higher
temparatitres of amulsion formation,

While the product remnins in the tank in bulk, guality-
control procedures are performed, ie, for pH, aclive ingredi-
ante, ote. [f control rosulls are satisfnctory the produoct is
fillad inlo the appropriate containaers,

Proseroatives (i Ointment Bases

Antimicrobinl presorvativo substances are includoed in
aintment formulntions to maintain the potency and integri-
ty of product forms and to protect the health and safety of
the consumer, ‘The USE addrossens this subject i its mono-
el on Microbiological Attributes of Non-Stgrila Pharma-
ceuticnl Products, The signitiennce of microerganisms in
nonstertle producta should be evaluated in terms of the use
of the product, the nadure of the product and the petential
hamare tothe uger, “The LUSE suggentn that products applied
{opically should be free from P eeruginose and 5 awreus,

The stlributes of w idead preservative system have beon
dofined by various authors as

1 Wffoetive al relntively low coneentrobivng agained o braud npoe
trumn or wiriety of microetaaionm which could couse tlinease or progiuet
tdeteriorution,

2 Soluble in th reguired soneeslration,

% Nonboxic and nonsennitidng pl o concenirations.

4, Compalible with iyiealients of the Formudntion and paeltago cont-

%,
lmf?.”“l."‘ruu From objoctiomnble odors and colors,
6, Stable over uowido ipectruin of vonditionm,
7. Dnexpemiive.

N proservative or progorvative systom reoets these ideal
critorin, In Tact, prescrvative substances once considered
most aceeptablo, i not ideal, now have heen questioned.

MEDICATED APPLICATIONS 1007

Methyiparihen and propylparaben, pacond nnd third only Lo
wator in frequeney of e ip cosmalic formulations, have
been asaocinted wilth allergic regetions.

Use of parabens ns presorvatives in topieal products began
nearly o halfecentury ago,  Awimal testing indicated that
thoy virtually ure nontoxic and the compounds, usiolly n
combination, becamo nearly ubiguilous as prosereatives 0
dermalologic and cosmetie products, 1o (968 Schorr was
umong the fivat in this couniry Lo expross congern abuut
contact sensitization to parabens,  Other investigators have
voieed similar concerns,

Tapienl parabens do not appear Lo constitute a significant
hazard to the public hasad on their low index of senaitization
and low overall toxicity.

Alternative proservation substances availuble for use in
ointmant. bagos, Logether with comments an possibile limite-
Lioma, are given in Table VJI* 1L is prohahly sonsible to note
that, with few exceptions, most of these compounds-«in
confrast to the parabena-——do not have a half-contary history
af uas nor have had extensive pateh-tonting oxporiments
curried out,

Following seloction of proservative candidates and propa-
pation of product prototypes, the efficacy of the preservative
aystom must be evalupted, A voriety of methods to aecom-
plish this hove heen proposed.  The avgnniam challenge
procedure is currently the mosi, acceptable,  In thiv proco-
dure the Leat-product Formuiation is inoealated with apecific
levels and Lypos of microorganisms, Preservative efficacy is
evalunted on the basis of the nwmber of organisms killed or
whose growth is inhibited as determined during o specific
sampling schodule. Critical to the organism challonge pro-
cedure nre the selection of challenge microorganivms, the
level of organisme in the inocutum, the sampling schedule
and datn inbetpretation,

Variations of the organism challenge procodure have usu-
ally contored avound ihe seloction of organisms, the chal-
longe schodule, use of o rechallonge and standards of affec-
tiveness, o, cidal activity required rather than statie or in-
hibitory aclivity.

Table VI gives the challonge ovganisns and other eriteria
unod in sevoral preservative challenge procodures.

Tn addition to efficacy in terms of antimicrohial effects,
the preservalivo syston st be assessed in terms of chomi.
cnl and physienl atability os n funetion of time,  This often i
done using antimicrobial messuremonts in addition to
chomical analysis,

Tahle V—Topleal Proservatives;  Geneflts and Risks

[RECTITET

Lirnitatlere rolative (o s in cakmotic/
darmatoleglenl termulalom

Guaternary mmmonium conpoantls

Organie moraurial compounds

o) isnetivated by numarous ingredionts including anionts, nonionies i prodping

) potontially toxic and may sonsitis the skin

by limited use in formulnbions tmod nede of By the gy

Pormaldehydo

a) volndile compound with an objectionable odor

H} irritating Lo the akin
¢} high chomienl renativity

HMulogenated phenols
hwachlorophans, pechloro-fore sal (POMC)
p-chloroam-xylonol (PCMX)
dichloro-mexyleno! (DCMX)

Sorbic acid
potagsit sovbm e

u) objectionable odor
b ofton itsetivalod by nonionics, anionics af prototim
o) limited gromenagative snybretorinl activity

&) pH-depondent (ean be used only in formulalions belew the pif of 8.6 to T.0)
b) higher coneenteations are oxidized by sunlight vesulting in produet thiseotoration

¢) limbued imtihactorial aetivily

Bennic avid
sodium benzonte

) pHedopendent (mited to uwe i formulations with pH of .6 o leax)
) roplaced by nower antimicrobials bocnuse of its limitad antimicrobial netivity
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1806 CHARTER &7

Table Vi-—Pragoervative Effectiveness Toat Procedures

LGP ¥y

CTEA FiaA

S ourous

B oonll
Pagruginnaa
Calbivans

A nigar

Challonge
IMCEOONEANIHINE

8 avretes
K eoli
I neminasa

8 aureius
I eoli
P aeruginusa

Callivany 1 ety

A niguer I mudtaporans
P lutetm Kichsiella

I aulrtitin S ndreaveens

(" albizany
A ttper

1% 081 X 108
Colls/mi. or g

08-1,2 % 100
Coedla/ml o g
rechallonge 1-2.0
* 10% vogatative colls

1% 100 Qells/ml

or gm

Sumpling nehodulo 0,7, 14, 21, 28 days

0, 12,7, 14, 28 days woelly intervals

Bacteria < 0,1% survival by
14th day.

Yeant & moldn ab or helow
inittal concentration dur-
ing firat b4 daws.

Mo ineronae in o
aouids Tor ausiindor of
28-chiy survival

Standards

Yopotative cells < 0.00%
wurvival In 28 days

O albicans < 1% wievivid

A niger < )% survival

Bagad on intonded
LIsgr

Ranhablengo 0.1% survival
in 26 days

Sately, Safety Testing and Toxlcity

Safoly is defined s the condition of being safe from un-
dergoing (or causing) injury. Snfety §s not absolute but
musl be taken in the context of conditions of uko, 'Toxicity
relers 1o & speoific substance or produst and the advere
offeet on a syatem caused by such a substance or product
seting for o given paried of time at a specific dose level,

Ointmoent boses may cause irritant or allevpic renctions,
Allergic reactions nre usually 1o o spocific base component.
Irritant reactions are more frequent and more important,
henee a number of test procedures have been devised to Lost
for freitaney lovels, both in the animal and in man. The
consequences of apecion differonces and specificity must he
included in the evaluation of animol-Lost resulis,

Probubly the most common irrilancy meonsure is U
Diadza dermal irritation test in rabbits,  In this procedure
the teat matorinl is applied repeatedty to the clipped skin on
the ralibit’s back. The test material may be compared with
ono ar mere control materiads,

Lind-pointy are dermal erythema and/or edema, Xy as-
signing numerical seores for erythama and odema, mathe
martical and statistical treatmeont of resulls i possible.

In the lumon, o variely of test procedures are used to
meanisre frvibianey, sensitization potential and phototoxicity.
Amonyg the mosl common sre the following:

21Ty Comulutive Teelintion Study

T Ui tont Uhe tost emmpound {s applied dally 1o o same sito on (e
ek o volar forearm,  Tend, matorials ave appiiod undor occtuslve taw
ninel weoran are vend dally, The tesd npplication and acorisg s ropentod
daily for 21 days or wntil ivritation |)I'n(;llt!l1}l o predotarmingd maxinium
ook, ypical erythema seores are

0 w no visiblo renction

1 = mild erythema

2w inlenue erythoma

3 = iptenug orylhmna with ooty

4 = [nfense orythoma with edemn md vesiculnr orosien,

Usually, 24 sabjocts are useed i Ui tost, Fowar sulijocts and a shorter
appliention tme In days ave variunta of the L.

Benito-Ahelansii Hopeat-Ineelt Paeeh 'Teat

Phiin tesd in dowiened Lo measare the polontin o cauke sonsitization,
o test dlxo provides s monmre of fvilancy polentinl. 1n the sl

procodure the test, saatarial or wultabie dilution is wppliod undor ocedu:
wion Lo Cha snime aite, Tor 10 allornate-day 24D periods, Pollowing o 7-
duy rest poriod the tosl matoclal i appliod menin (oo fradh wite for 34 he.
Tho challonge sites are vead on removal of Uie pateh il eain 24
lader, Tho Ond iyt hmn sinte i wied, At poned of 100 individuobs iy
GO,

Elgmnn Moximbzation Test

Thuin tond. b it 10 dolect the contact sensitizing polontint of s produet
ar materinh, e teat ranteriad is applive andor occlusion te the snime
wito Fon 48-Tir poriods,  Prior to ench expasure (e site may b protrontod
with n yalution ol soadiom Inueyl wadfate indor oeclusion, Followinga 10-
cuy interval the teal materind snin e applivd to g diffurontaile for 48
under occlusion, 'The elallenge kite may he trontod briofty witd wrodi-
um Juuryl aullade solation,

Pho Moximizntion test i of shorter durntion mad makos wse of fewer
tost subjocts Cthan the Braise Shelanski toat, The use of endiugs lauryl
aulfnte an i Aetreatmant incroases the ability to detect woalker nberjions.

Thase test methods are adeguate 1o delect even wenk
irritants and wenl contact sensitizers.  Positive resulis,
however, sulomationlly do not disgualify the use of a sub-
steenee o unsale, The nelund #uk of ude depends on coneens
tration, period of uge and skin condition.  Benzoyl peroxide
in tess such ax the Draize Shelapski and Maximization s
potent sonsitizer, yot the incidence of sensitization amaong
nene patienls s low,

Packaging and Labollng

Qintmonts wsually are puckaged in ointment jars or in
metal or plastic tubos of a convenient sizo.  (Hntinent jars
are availahle in one-half to 16-0z aizes; labes from .0
cupacily (often ophthalmic) to 4-ox nnd on ocension greater
enpacilies,

Ointmont Jars-—Straight-sided serew cap jars of glaas or
plastio are available.  Clenr, om besr or opague jrloss containe
ors nre used, as well ns white, opagus, plastic, usually high-
density polyethylena, jars, Motnl or componition plastic
tops are available, with a variety of innor Bners 1o assure o
dunt- and wirtight closure,  Liners are ugunlly paper or plas.
tic Inminates or dises ghued of atherwise fitted to the closuro,

Qintmont jars are filled moechunically to semewhat less
than cnpacity 1o minimize contacl betweon the ointiment und
the cap or cap-liner. Qintment jazs hund-fillod by the phar-
mpeist also should be finighed to avoid contael betwoen the
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ointmenland enp, This can be necomplishod quite readily
by uhitHud nge of o fexiblo wpatads, The spatula i foveod
neross ihe aintment jur while depressed shightly inta the
ointoront. "Fhe rosull is a conicat deprasion thal is eathedi-
eally aceepinble, Much of the same resulis can be aceom-
plished by dopressing the spatuda inte tha eenter of the Fithed
Jar and geadualty rofating the jur yminsl the stabionary
spatula, Small points perhiaps, hut e woll spens to avaid
having part of the ointmoent-jur contents removed inadver-
tently By tho cap whon the patient opens the

Ointment Tabes. (intment tabos made of tin or alumi-
mum, or of on increasing varicty of plastic matorials, are
availablo,  Tho labler are normally polyethylene, polypro.
pylene or other fexible, hoat-sealalle plastics  Cintment.
tubies have obvious advantages over furs; the wie of fingers s
minimizoed, na i dugt and air contaet, nod lght axposues,

Nepending on the expeeted shelf<life, & monber of fieiors
should bo considered in seleeting an ointment ke, Metal
contagt and the possibility of metal-jon entalyzed Dmlability
mual ho considered.  Conversaly, plastic tabes may hecome
atnined or discolored hy migeation of colored materials into
ihe plastic sidewnlls of the tube; conl tar in vinbment form
may emmo such digeoloration. Tube intevactions invalving
aither metal or plustic cin be minimized by inleronl cont-
fiyps, Such contings wiially are apoxy films thul become Lhe
primary producl contact.,

Tl suitahility of ointment. contaipers, either jors or
tbes, should he verified by adoquate testing prior Lo use,
Compatihility and physienl and chomical srability sheuls] he
extubliched by proper tests hofore final selection of a jar ov
tube.

Ointmuently prepared on preseription can be convonienidy
fillad o a medol ointment tabe using the following proeo.
dure,

Solect s olnmek ulig ol s propor siza and rorove any lind ur dust,
Prauuler the aindment e pioce of pogsar of saibalde nige Grse glosting o
wtrony paper)e Rofd Ow papor ad ointment dnto n eviindsr shupe of 2
dinmetor slightly lews sy Chad of e aintment tube, et the volled
e sinbainenl gvtindoe fnio the ginlmeat Wi, The Innpith ol the
pagrer exlineder slunid exeend the (ube dength, Remeve the gintment
tabir e and, asing i wpatude, comprens tha paper eylindes and talo,
Continae compromind tho ointnmeLand talye undil D ointaal sy
in e neelt oo ol Chespen tale, Beplaee the eap, Using thanpatuls

MECHGATERY APPLICATIING 1008

withee g o Jenifueedye, eompiess e olndwd Salne o poper eyludor o
roannhlo dintpnee from the end of e e, Holding the spalada
fivndy in phaee, dyawe on the paper eydindume, Joving e dintmmid within
Lha: dsabne,

Fhe gintmant tube wedieiosd shoabl e of adeginte eapacity.- Adlor
vonpressing (e oinumont and puper eytinder iot U badee, vonntrict te
tachie fur eylindor vomoval o distanes from o end of Gas fub Urad witl
slluw ad lewint o choubde toldevor Dostad $he tabee. e Toded dirsensionme an
inexned, however, e individun! fobds ann Lo tabe s approximadely Y
o Y in. Ointaent Qoo soaling todds oastiy ean e svade Ty {alding tha
Lathier s onn il asing nospsdobie bEade Lo Tt gyl gl servoosen
folching puint. Qintment tuhn elips ean b dixerd ovese U Ludon enls ol
|:|nm|)m‘ i|| p]ul‘:o lluinp; ])Hm‘n o amall viee, Tl m'lln |n‘||-]).m|-ul‘ Ii\lr‘i|||(
mised elomping du Gy prevent Jondape when visstdivs ame prowsore fs ngylivd
1y Lser buidns,

On o fnwger seaby, ointment-tabe g s seconaplinhed
using nutomatic eguipmond which air-cleans the ibes, 1ills,
folds mad erimps the ond in vno contitasue operation,
Soima oquipment will stamp an expiradion daly onto the
erimprd swefaee, B laeger-seale manufheluring epeeations
plastic tubes are used with inerensing lrequoncy. From o
fithing standpoinl plastie tules are bandiod mueh liko metal
tubn, The Tinal step, howoever, 15 5 heat seal with o end
Foldover.

Latheling Qintrmont Pabes . Attnching Jobels (o oint-
ment tbes ik a minor difficolty compounded by the inereas-
ing unsiybiliness eharacteristic of many oinbment tubes dor-
g e, The label ineressingly san become ohlitorated,
diffiestt to read and, froguently, lost. As o genernl rale the
label shauld be attached Lo itself, ie, it should complotely
oncirele the tube. Teshoudd b attached 1 the Lube, affixed
clome Lo the necle end,

Civent the uson] andling of sintmen wabos by Lho paident,
il i good practice Lo dispenke the Labe b g vial or hisged
pastebonrd box of convenient size. The outer contuiner
nerves 1o hotd and protect, Lhe ointment tube as well ns to
carry the label. e ointont wbe s marked with noeon-
Loiner preseription number ao that hoth tuln and contniner
ave idontified,

O g manufaeturing seade ihes are labeled ina voricty of
ways,  Paper labels mny beoused, laleling ey bo ailke
seroenod onto alastic surfaces; expiration dates and code lot
numbors oy be stamped on as o part ol the tabeerbnping
procedure.

Suppositories

Suppasitorion are wolid dosage forms of various weights
and shapes, usually modieatod, for Insertion into the reetum,
vagina o thae urelhen,  Alter insertion, suppositories soften,
maelt or dissolve in the eavity Nuids,

The uke of suppositories dates from the distant past. this
dostgre Fovmn betng veferred Lo in weitings of the early Fyp-
Lians, Groeks and Romane Suppositories are siitod partic-
ularly for adminisleation of drugs to the vary young and the
viery old, n notion Lt recordod by Hippoorates, Derpite
the antiquity of this dosage form, livthe was knoewn shout
drwy absorption or drug activity via sappository admimistra-
tion unbil recent yours.

Types

Rootn) Suppoitories - The USE deseribey rectal sup-
positorien for ndults ag tapered ol one or hoth eads and
usuatty weighing nhout 2y eacly,  Infunt rectal puppositories
usually woigh about ane-half that of adull suppositorien,
Drrugs having systemic affecty, much aoedatives, tranguitiz-
ors and analgesics, are administered by roctal suppositony;
howaver, tho largest single-use category is probably that of
hemorrhoid remedies dispensod over-the-countor, The 2-¢
welght for acduld rectad |,-u|_)|m:.;i1'ur.‘i(f>j« ix hinsed on une of couon

butter as the baso, when other bnses are used Lhe weights
meay b rrenter or less than 2 grams,

Vaginal Suppoesitories--The USE deseribes vaginal
suppositories ns aeuadly globular or pviform and wetghing
aboud B coch, Vaginal mediontions are availadble oy a varf
ety of physien) forms, eg, erenma, gels or liguids, which do-
it fromy (he classicn) coneept of suppositories, Voginnl
tnblets, hawever, do moet the definition, and reprosent con-
venioneo hoth of administration and manufactore,

Urelhra) Suppositories. - Urelhral supporiforigs...
pembetimes retorred 1o as bowgies-—are sol deseribed specifi
ety in Che UST, either Dy woight or dimension, Tradition-
al values, based on use of cocon butler as base, are axs follows
for thene eylindrical dosape formn: dinmeter, 5 nng length,
B0 mm fermale, 125 nun male; weight, 2 5 Temale, 4 5 male.
Urathral suppositorios are an unusaal dosage fovm and sel-
dom are mmeountored.

ftectal Albgorption

iy nbsorplion for systemic neliviey genernly is Jirmited
Lo rectal administration.  As notad proviously, Lhe bionwil-
nhility of roctally administered drugs is o relatively recent
coneeri, Reetally instifled preparaions, whether sepposi-
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1010 CHAPTER 07

tories, fonma or solulions (enemas), tond to bo contined to
tho roctin and vigmoid colon if the volume is Jess than aboeut,
B0 ml,. Toamn lond Lo dissipate or spread ton lepser extent
than solutions, particularly large-volume solutions {(~100 to
200 mly.  Though large-volume fluid {ormulations-—aolu-
tions or enomas--may allow drug 1o reach the ascending
colon, subatantinl intra- end intersubject varialion s ovi-
dent.? Literature information indicates that rectal drug
absorption fram suppusitories oan be ereatic and may be
substantially different from ahsorption following oral ad-
ministration. With only a few recent exceptions, supposi-
tory studies ure baged on either in vioo or in vitro dota with
few attempts Lo correlata in aitro vesults with in vivo studies.

Major fuctors affocting the absorption of drugs fram sup-
positories adiministered ractally are the following: ancrectal
physiology, suppesitory vehicle, absorption site pH, druy
Pk, dopree of jonization and Hpid solubility.

Anorectal Phiysiology—The rectum iy nbout 150 mm in
length, tarminating in the anal opening,  In the absence of
focal matter Lo roctum containg o small amoeunt of fluid of
low buffering capacity, Fluid pH is seid to bo aboul 7.2,
boeause of (he low buffer capneity pH will vary with the ph
of the drug product or drog disselved in ft. The veatal
apithelium is lipoidal in character. The lower, middie and
upper homorrhoidal veing surround the rectum,  Only the
upper vein conveys blood o the portal systom, thus drugs
absorbed into the lowor and middle hemorrhoidal veing will
bypass the Hvar,  Absorption and distribation of o drug
therefore s modified by ita position in the reetym, in the
gonan thot ot least a portion of the drug absorbed (rom the
roctum may pass divectly into Uhe inferier vena cava, bypess.
ing the liver,

Yprending charactoristics of rectal formulations may be
affeeted considerably by intratumingl roctal pressure—dus,
in part, Lo the weight of abdominal organs and Lo raspHralory
setivity-—and by periodic contractile sctivity of the ractal
walL.™

Suppository Vohielo--The iden) suppository base
should moet. the following general specifications:

1. "Phe base s nontoxic and nonirritating W mueous momlranos,

9. Pl bues i comprtiiile with o viriely of digs.

8 Tl huso nelts o divsolvos iy eeetal Tluids,

4, 'Phe base shoudd e atalle on storoge; i ghould nat bivd oy athat
wing [hterfers with redonse apd nhaorplion of dyg sa brinnes,

Abaorpiien Factors-rior to absorption the adminiy-
tered drug must be i selution. Solution, Wherefore, rmust by
preceded by dissolution or melting of the vehicle. Dissolu-
ton is followed by partitioning or diffusion of the druy into
tha roctal fhid.

Rectal suppesitory hases can ba classifiod broadly iito two
types, Tho traditional eocon butter vehicle is immiscible
with pguoous tissue fluids bul melis at body temperature.
Water-anluble vohiclos alse have been used, 'Typical of this
elnss 15 the polyethylene glycol vehicle. Drug alsorption
from such dissimilar bases can differ substantially.
Towenthal and Borselleen? investignted the absorption of
sallaylic acid and sodium salicylate administered to, dogs,
The drugs were fartlnted in a cocon butter base and in a
bhase comprised of polyethylone glycol, synthetie glycerides
and a surfactant. Absorption of salicylie netd and sodium
salicyloto was about equal from the cocon butter binwe; hiow-
avor, salicylie acid gavo higher plasma levels than sodium
salicylnte when tha glyeol base wis ustd,

Purrolt® compnrad the absorplion of salicyiates after rec-
tal and oral administeation,  Using arinury excretion data
Both mupirin and sodium salicylate were feund to be squally
Bionvailnble orally or vootally.  Aspirin was reloased more
rapidly fromn water-miscible suppositories than from the oily

ype. Conversely, sodium salicylate was veleased more rap-
idly from a cocon butter vehicle,

Bared on available dala the bioavailability of a drug fram
a suppository dosage form iy dependent on the physico-
chemical properties of the drug as well as the componition of
iho bose, ‘Ihe drug-dissolution rate and, where approprinte,
the partition coellicient between lpid and aqueous phase
should be known,

For suppository fermulation the relative solubility of the
drug in the vohicle is a convenient comparfson measure.
Lipid-soluble druga prosent in low goncentration i n cocon
butier hase will have little tendency to diffuse into rectal
fuida. Drugs that are enly slightly seluble in the Hpid base
will partition readily into the rectal fluid,  The pastition
coefficient betweon suppository buse and vectal fuid thus
bugomes n useful mensure,  In water-soluble bases and as-
suming rapid dissolution, the rate-lmiting step in absorp-
tion would be transport of the devg through the rectal muco-
Hi,

A wide varisty of substances have heen investigated for
their nbility to enhance rectal permeability to drugs.
Agents such s BIDTA have been used to chelate Ca™ and
Mg in the vieinity of porvacelular Light junctions and, thus,
alter epithelial permeability. Qther promoters of roctal ab-
sorpiion (eg, bile salts and sonsteroidal anii-inflammatary
agonts, ineluding aupirin, salieylic acid and diclofenas) ip-
pear to exert their influence by affecting water influx and
wlflux rates across Lhe rootn]l mueoss. Surfuetants not only
may maodify membrane pormeability but also enbunes wel-
Linyg or npreading of the base and dissolution of the drug. In
any event, it should be evident that, whatever the mueha
nism, enhancing the reetal absorption of drugs-—especially
those which undergo presystemic elimination-could result
in substantislly redused dosngo requiroments ad docrensed
visk of ndverse reaclions.

Clearly, the bicavailability of a drug adinbsisterod reclally
depends on the nature of the druy and the composition of e
vehicle or boge. The physieal propertiss of the drug can be
modified to a degree, as can the chareteristics of the base
selected as the delivery system.  Proformulation evaluationy
of physicochemical propertios must then be confirmod by in
vivo studies in animals and ultimately in the primary pri-
mate, man.

T Viva Rectnl Absorption Studios-—Dugs are probably
the animal of choiee in evaluating roctal drug availability,
("o pig is o closer physickygical mateh, but aize and man.
ngeabilily argue o faver of the dog.)  Bloeod and urine sam-
ples can by ohtainad from the dog and rectal retention can be
aceomplished with fagility.  Smalier animals have been
naed: rabbits, rats and gven mice have heen emplayed, but
dosing and snmpling become progressively more dilficult,

Human subjects provide the ultimate menmuro of drog
Liosvailability, Subjects are selected on the basis of nge,
weight and medienl history, Bubjecls usually ave required
Lo fast overnight and evacuate the bowel prior to initistion of
the study, Fluid volume snd lond intalke wsually ave stan-
dardizad In atudies of this kind.

(Yiven the difficulty of standardizing pharmacologion
end-points the usual messure of rectal drug bioavailability is
the cancentration of the dray in blood and or vrine as o
funclion of time. A control group wsing eral drug adminis-
tration provides a convenient means of comparing oral and
roctal drug availability, Such a comparison is monningful
partivuluely in view of uncertainties and conflicls encoun-
tered in the lterature, While thero ig goneral agrooment
about drug absorption from the rectutn there is less agres-
mont on dosare adegquucy and the relationship betwown wrat
and rectal dossge. This state of affairs argues In favar of
adequate studies 1o eatablish propor dosage and vorily bio-
nvnilability.
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Veginal Absarptfon

Pasmive drug absorption vin the vaginal mucoss, ws with
olhor mtconn ] Usioon, I8 influenced by absorption site plysi-
alopy, nhserpiaon sito pland U solulility aind partitioning
chakneleriation of the drg, The viginal epithelinl surface
wakinlly s eovered with an agueouy fibne-amanating from
corvical secretioba-—whose volume, pklosnd somposition
vary with e, stuge of the mensteuat eyele and Tovation,
Postimennrelio, o vginal pH pradient is evident with the
lowest vidues {pI ~4.0) s Lhe ariortor fornix and the
ighest (37 ~5.0) near the eorvie® Following indravagina)
administration, some diay ahsorplion Fromy the inlnet vagis
nal mateesn in likoly, vven when Whe drog fs employed tor a
local effect.  In facl, exlonuive drug nbsorption can oceur
from the vaginn,  For exwnple, Patel ef ! reported that
plasma propranolol congenteations fotlowing vaginal dosing
wrrg sipnifienndly highor (han thone after peroval adminis.
wration of an agquivalent dose: o vellection, in part, of do
crensed Tivst-pass biotmuoslormntion Jollowing viginal ah-
gorplion.  Monatholess, the notion poersiaty that the vaging
apithelium ix rellively impermeshle to drogs. The wide-
apreat] etfemparanoos compounding of progostorons vagi-
nab mrppesiterion 40 ae well as the marketing of an intra.
ulerine progesterone drug delivery systam [Progostasort,
Afze] have Tocused inderest on systomds drag absorpiion
fallowing intravigginal ndminiateation. However, only lmil.
ad roports of rosewreh onoioeeten and O vhen sepeots of
vapinal ahsorplion have appeacod in the flaratare to dateo.

Bases

Tho USE Mots the foblowing an waal sappesilory bases:
cocon lter, ;;lyl,:ul\im,ﬂ.m] getuling hydrogenated Vt‘.;ﬁ,‘::l.nh](.‘.
oils, midtures of polysthylene glyeoly of variouy moleewinr
wetghts and Intly acid esters of polyathylone gyeol.

Caocon Butier Thechromd oil, or cocon butter, s a natu-
rally oecurring trigtyeeride,  Aboui 40% of the fatly ncid
eottant in unmlorated,  As a patocal maloriad there i3 cone
aidernble ateh- to-Dateh variability. . A major charnoteristic
of Lheobrama oil ix s palynwrphisrn, i, its ability o existin
more than one cvystnd o, While cocon butter melis
guickly o1 body temperptore, il s fvmiscie wilth buody
fluids; this may inhibit the diffusion of fatesaluble deog o
Lhe afToetod yitos,

11, in Ahe propeation of suppositaries, e theehroma oil in
averheated, i, heated to about 60, malded and chilled, the
suppositories formed wil mell elow 2040 "he fasion Wreat.
mont of weobroma oil requires maximam temperalures of
A0 1 5O to avoid achomee in arvatal form and molting point,
Theolroma oil, okl o about GO and cooled rapidly will
aryatnllize in an alphaconfignrniion charncterized by nmell.-
ing poind betow 30%, Fhe alphba fern s metastalle avd will
alowly roverl Lo thie beta form with the charnetorintic melting
point approsehing 35%, Ihe Lranwition feony alphia to buta s
glow, tndidog seversd doys. 'The use of Tow heat, i slow
cooling allows direct aryatidlization of the move stable bota
wryatal form,

Clertain drugs will depress L melling point of theobroma
oil. "Thig involves no pelymarphic chunge although the net
offued, i wimilar,  Chlorad hydrate is the mont, impartnnt of
those subatances boeause its raetnd hypnetic dose o/ 0.5 o 1.0
powill enuno a substantial meltinepoint doprossion. This
eifuct can he countored by adeitivn ol o higghor molting wa,
adeh ai white was or synthelic spermacoti, The nmount Lo
be added muant. be delermined Ly temperalure meakuare:
ments, The offeet of sueh wddiliver on biaavailability alus
munt he considered,

Water-Solublo or Dispersible Bases. Water-mincible
mupponitory bases are of comparatively recent origing The

MEDIGATED AFPLIGATIONS 1611

majorily are comprisod of pelyethylone glyeals oy glycols
surfactunt combinations.  Waler-miscible suppository
haties Tive the sulsiantinl advantage of Incl of dependence
on amelting pointapproximaling body temperniure, Probe
tama of bandiing, storage and shipping nro simplified consid-
craliy,

Polymaers of ethylene ghveol ave available as polyethylene
ghycol polymers (Curbowax, polyplyeols) of assorted meloeu-
lar weights,  Suppesitories of varying taciting points and
solubilily characteristics can be propared by blending poly-
athylene glyeols of 1000, 4000 or 6000 medecular weight.

Folyethylene glycol suppositories arve prepared rathor s
ily by mokling,  The drag-glycol mixture i prepared by
nuedtinge and then s coolod e just above e maelting paing
helove pouring into dry unlubricotod molds.  Cooling o
nenr the tirelbing point proversts flesuring causod Dy eryatalli-
ation nnd contraction.  Polyethylene ghyeol suppositories
cannat be preparod satisfactorily by hand-rolling.

Water-misetble or water-cispemible suppositories also
can B propared usitg selecled noniouie surfaetant materi-
als, Polvexyl 40 stearate v a white, wialersolulde solid
meling shightly ahove body lemperature. A polyoxyothy-
lono derivative of sorbitan monostearate in water-insohable
Lut dispersible.  In using purfactant matorinls dhe possibilic
Ly of drug-base interactions must he botne in mind,  Intee-
petinna eaused by macromolecular adsorption may have n
sigmificant effect on Dioavailahility,

Examples of water-miscible suppository Dases, devined by
Zopl et al, ave

Tuse |
Patyathiylone glyeol 1001 A
Taobyat b gtlyenl H0D 18

Ttane !

Fotvothylona glyeol 1000 Thb%
Patyethylesse rlycat 1000 i

Fase 1 s Jow-melting and may roguive refrigeration, Bage
2 ig more Bontestable,  IBneh s propared conveniontly hy
maolding technigues,

Water-dispersilile hoses niay inelude polyoxyethylenesor
Bitan fatty acid esters, These aro either soluble (Tween,
Myrj) or water-dispersible (Arlaced), used alone or in combi.
nation with other wix or fatly mateciola, Suefactants in
suppositorion shiould be used only with rocognition of roports
that such materials may eithor increous or docranse drgy
ahuarption.

Giveerinaled Gelativ--Glycerinatod golptin asually is
used an 0 vahiclo for vaginal suppositonies,  For rectal use o
firmor supposilory enn he obtained by incressing Lhe gelatin
vontent,  Glycerinnted golatin supposilories are prapared
by dissolving or dispersing the drug substance in enough
waler to egual 10% of the final suppository woight. Glyeerin
{700 in then ndded and Pharmagel A or 13 (20%), depending
on the drog compalibility requirements,  Phaomnogol A s
acid in reaction, Phavmagel 13 s alkaline.  Glyeerinated ol
atin suppesitorios must he formod by molding,  The wass
carmot bo processed by hand-rolling, 'Thess supposilories,
il not for imunedinle use, should contain a preservitive such
as methylparabon and propylparalien.

Preparation

Suppositories are prepared by rolling (hand-shaping),
moelding (fumion) and cold comprassion.

Rolled (Hand-Shaped) Suppositorios..Hand-shaping
suppositarion is Lhe oldest and the simples method of pre
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1012 CHAPTER 07

puring this dosage form, Tho manipulation requires congid-
ernlite skill, yet avoids the complications of hont, nnd mold
preparation,

The general procoss ean be deseribod os Gdlowns:

Genotunl 1rinom

Tabke thy grroseribied quantity ol the ndicinal sidstanees and o sulti-
ciont quenlity of gratih thoohronsn ol T mortar vochuee Ui imedical -
iy imgerilisntn Lo a e posetlor op, il comnpone] of extrnetn, softon with
diluted aleahwd and endy until o mnaoth paste s Toened. The eoerect
vt o it edd {heobromi il thn s adedod, nhed o ks rungi byt
il mnes i ahade By therenghly incorparabing (e ingredionts with o
presstt L, sonsetinson with Lhe aid ol o pmal] amount of wool fnt. Whaiy the
e b beonme plistic andor the wharous kinealing of the pestle, it
cuielly in domisoed Fromn Ui mcetar Wil o agindating prisssed ints o roagh
1y nlgpsad s i Oue careler of the mortas sd thon trafusfarred with the
wpattilia Lo at paecis ol Tiltor paper which in lept betwoen Ui mass sl G
hands duving G kneading and veltiog provedare. By quick, ratary
Jnovemants of U dyeeds, S mss s vadied toa Dsl) which immeriately is
phaced ona l tilo, A supposdtory eytinder i formod by rolling $he nu
nn the tile with o Mot hoard, partiadby nided by the padm ol the otlor
T, i wenther eonditinm it Tho suppository * pipe” feaguemly
will shiw o tanchmey (o crack in e conter, developing n hollow cove.
Phiw enreispn when thee inass T sat boon knended and softened walti
efontly, with e venclt shit e presanre of D roller Lasnd isonnt va
uniformdy trougheoud he seaw [ in gxoetod primarily on the saclier.
Mhe eyl of the eylindor waualhy corvosponds §o nhonl four spaces ap
L pill dide Tor supposilory, Uhie waking the (e, whon oat,
peactivgly o finisdued suppository exeopt for the shaping of® the poim,
Whien the estinder s been cut into e proper numbor of prioces with o
apntudn, the conieal shnpe s ggivent il by eolling o sind o the Side wilh n
apn L, or 3 anud cantss oven By shapdngg it with O Gogaes to vaduea
rovisded point,

Compression-Molded (Fused) Suppositeries.1'his
mathod of suppository preparation also avetds head, The
puppository mass, such os o misture of grated theobroma il
and drug, s foreed into s mold under pressure, using 4
whishoporaied pross, The moss s foraed into mold open-
ings, pressure ja relepsed, the mold romoved, opened and
replaced,  On p lnrge seale codd-comprossion machines nre
hydraudiontly operated, water-jacketed Tor cooling and
serew-Tod, Pressare is apphied vinoa piston Lo compress the
minsk to mokd openings.

Fusion or Molt Maelding-he this method the drug is
tispersed or dissolved in the molted supository hane. The
s kure thon s poured fnto a suppesitory mold, allowed 1o
cool and the finished suppasitories removed Dy aponing the
mald,  Using this precedure, one Lo hundreds of supposi-
tories can bo made al one time.

Buppository malds are pyailable for the preparation of
varionn Lypos and sises af sippositories, Molds are made of
wlurainum alloy, brass or plastie and are gvailable with from
win o several hundred eavities.

Suppositorim asally avo formulated oo a weight s ko
that the mediention replaces o portion of the vehicle ws o
function of specific gravity, 10 the medieinnd sulmtanee hng
a densily approximately the mume as theobroma oil, it will
replace an ogual weight of ail. 11 the moedication is heavier,
it will replace s proporlionatly sraller mnount of theohroma
oil.

For instance, Lnnie acid bas o density of 1.6 aa compared
with eocan butler (see Talile VITE, 10 g suppository s to
cantain .1 g tannie acid, then 0.1 g & L6 or 0.062 5 cocon
huttor should be roplaced by 01 g of deag, 15 the hlank
waight of tho suppositery in 2.0, then 2.0 - 0062 or 1,938
coced butter ik required per suppository,  Fhe suppository
will netanlly woigh 1038 g -+ 00 g oon 2088 1 Table VT
indicatos the density factor, or the donsity se comparad with
coeon huttor, of many substaneos wsed in suppositories,

T adwnys 3n possiblo to determine Wie dansily of n modici-
nal substaneo relative o cocon butter, i the dennity fuelor in
nob wyailablo, by mixing the amownt of drag for e or move
apponitories with o smnll quantity of cocon hutler, pouring
the mixtare inte o sippository meld and corefully fiing the

Tablo Vit—Donsity Factors for Cocon Buiter
Suppositoriestt 20

Moicaion Fgaestin

Acil, Berie o0 e 1.5
Acul, bonznie oo e s 15
Akl gl e e a0
J'\lt‘ttl,nnlic |'“.,...................‘.‘....H...\ ).
Acid toimbe oo 14
A LY
Aminaphylline o000 oo 1
Anopyrme oo e 1.4
Aspiviny .oy e 1.4
Barhital .00 o 1.4
Faedluelommin oxdra .- . .. R
Hinmuth carbwmnte .00 4.4
Biwmuthsndievla, oo oo oo e A
Riamuth sulyndtate .o BN
Binend b wadmiitonde oo oo i e 6.4
Crwtarwml 1.0
Cliloral hydeato ... ... s 7.
Coenine hydrochloride ., . =
Dhigtolisfend ..o LG
[ N 1 P L
Jebthammal oo e il
B . . e e e 4.0
Maonthed . [tN)
Muoaphing hyidrochioride 1.8
Crpiumt oo 1.4
Paraltin 1.4
Poeavian Malgam! L L 1.}
Phoenobaybital oo oo 12
Phanalv .o e [ER3
Putassiuaan omidn .00 e e i
Potasdugs indide .o o I 1.0
Procnitie . ou i e e [
tuainien hydrachlovide ..o o0 oo 1.¢
Renrcinal oo e 1.4
Sadivm Leaanice 00 e e 4
Spenmecati oL e 1.0
allathiasobe o0 e . 14
Tapnke aeied . L e e e IiH
Whitewax ..., 1.0
Witeh bt Doidexteael ..o 1.1
Ancoaside oo LRy

Aine palfnte xS

W henmity adfusted] Unkiaig inle neensint while Wi in inges.

mald with additiona) meltwd cocon butfer, Phe cooled sup-
yromitories are weighed providing data feom which a working
formln enn be caleubnbed ns well s the (](::In-lity Factayr iaelf,

When uasing suppository Bases olher than cocon Dutter,
auch as 8 polyethylene ghyeol Dase, it s necessary Lo know
either e density of the drug relndive Lo the new base or both
the donsities of the deag and the new hare relative Lo cocon
butder. The density Factor for o base other than coeon bt
tor in simply the ratio of the hlank weight ol Lhe base ane
cocon mbier.

For inatance, il o suppository is to contain 0.8 g tannic agid
i a polyethylono glyeol Bas, then 61 30 LG X0 LS or QU078
i pulyothyleng jglyeol base should be replivced by 0.1 g diug
(the polyethylene glyeel base is ansumed (o have a density
factor of 120, H the hlanl weight s 1,76 5 for the palyeth-
ylene glyeol baae, then LYA p — 0.078 5 or 1672 of buso is
vocptired per suppositery, The final weight will be 1692 ¢
bage -+ 0.1 g dreug or 1778 g,

When the doange nud mold ealibeation are comploete the
druge-binao masn should bo prepaved waing minimum hont, A
water hath or walor jacketing usunlly is ased, The melled
mass showdd he stiveed comstuntly hut slowly (o nvoid air
endrpoent,  Tho mass should be poured into the mold
openings slowly,  Prelulviention of the mold wilk dopend v
the vohicle, Mineral ofl v a rond hbricnnt for cocon bulier
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QB7-11. Ramoving 6ocos bttar suppasitorkes Trom mold (coura-
sy, Wobcon Div, Alcon).

suppositories.  Mokds shauld be dry for polyothylene glycol
suppositorios,

Afler pouring into tghidy damped molds the supposi.
torios nod mold are nllowed 10 eood thoroughly tsing relrig.
orution on o small senle oy refrigeratad air on a larger seale.
After thorougl chillivg any excons supponitory mnss whonld
bty roanoved from the mold by aeraping, the meld opened and
the suppositories vemoved. 1 is important to allow eooling
time adegquale Tor suppository contsaction,  This aids in
removal and minimives splitking of the finfshed suppository.

Puckagieg and Storage.Suppotiteries often are pack-
aped i partitkoned boxes which hald the suppositories op-
right. Glyeerin and glyceringted polatin suppositaries oflen
ave packaged i tightly coged seraw-enpped glass contain-
ars. Though many eommercin) suppositorios are wrapped
individually in aluminum lofl, or PVC-polyethylene sirip-
paeloaging s commeonplne

Phe mosl recent Innovation i suppository manufneiue is
the proeedure for malding the sappesitory directly into s
primary packaging. In this operation the form inta whith
the suppository s Tows conuisty of A series of individual
molds formed from plastic or foil Alfler the s ppository is
poured und cooled the excess is trivmed of T snd the units are
aontedd and cud into By or On oa desired,  Coolitg and finad
garloning then oan Do enrried out,

Suppositories with Jow-molling imgrodionts aee hest
glorad in o cool place. Theobroma oil supposilories, in par-
ticular, shonld e refrigeratod.

Gther Medlcated Applications

Cataplasms (Poultices)

Poulticos represent one of the most ancient clawses of
pharmuceiticnl proparations, A poullice, or eataplaom, is a
goft, moikl maw of meal, herba, uied, ele, usunlly applied ot
incloth, The conaisienay i geeal-lilo, which is probably the
orfgin of the word poultice.

Chlnplias were intended Lo Jocalize infestious materin]
in the body or 1o net s counterbnitants.  The mnterinl
tendled Lo bo ahuerptive, which, logether with heat accmmts
for thair popular use, None is now official in the USP, "The
Towt. officind product was 1Kaolin Poultice NI 1K,

Pasiss

Pastes nee congentrates of ubsorptive powdaers dispersed
{usuadly) in polrolnfaam or bydrophilic potralatum,  They

MEDICATILY ARMLICATIONS 1613

et w17 Lo Lho point of dryness and veasonabiy nhaorplive in
view of the petrolutorn base,  Pastos often sre used in the
Lreatment of oozing losions whore they act to absorh soroud
seerebions,  Pastes abio are ased Lo restriet the aron of treal-
ment by acting as an absorbent and physienl dums.

Panten ndhore rensonably well to the sk, and are poorly
oeclunive.  Faor this reason they are sulted for appliention on
and around mroiat lestons, Phe heavy consisteney of Jiaslo
impurts & degree of profection and may, in some instanees,
malo the use of bandages unneceasnry,  Pastes are fess mac-
orating than oitttnaenta,

Bocnuge of their physical properbies pastes engily may o
removed from the skin by tie use of minera) oif or a vegela-
blo oil "Phis is partienlaely trae when the urderlying or
aurrounding skin s raumsatized cosily,

An official paste i (the conventional Zine Oxide Pasle;
anothor is Trinmeinolone Acelonide Dental Paste, for the
pecialized nae the nane implies,

Powders

Trowders for externa) use waunlly are doscribed as dusting
powdory.  Such powders shoukd havo w particle size of not
more than 13 jan, e, Jess than 100-mash, (o avoid any
pengation of prittiness which could ievitate rasmatized skin,
Dusting powders usaally contnin stareh, tale and zine sten-
ride, Absorbable Dusting Powder USD s comprised of
ptareh trentod with epichiorohydring with not more than
200 mngnesivm oxide added (o maintain the madified
atarch in impalpable powder Torm; as 31 is intendod for use as
a lubhmicant for surgicnl gloves it should be sterilined (hy
autoelaving and pachaged in nonled papor packets,

The finencss of powders often is expressed in terms of
miesh sivg, with impalpable powders genorally in the pnnge of
100+ Lo 200-maosh (149125 mim),  Determinalion of size by
mesh analysis besomos inereasingly difficull ax particle size
decreares below 200 maesh,

Dressings

Prvessingy are externad spplications resembling gintments
ygtinlly wmedd 18 8 covering ar protection.  Petrolatum (Gause
i i sterile drossing propared by adding starile, molten, white
putialatim o precot starile gruze oo rabico of 60y of petro-
Lsturn Lo 20 ¢ of govme, Topical antibactorialy nre avaiiahle
in the fori of dressings,

Cregms

Cronms nre viseous liguid o reminolid eanalgions of either
the ofw or w/o type.  Pharmaceution] creonm sy elussifiod
ne water-removable bases and are deseribod ender Ging.
ments. In addition o ointment bases, croams include a
variety of cosmotiedype proparations Cremns of the o/w
type includo shoving creams, hand ercamg and foundation
creams; w/o creams incude cold eroams and emollient,
CrENITIE.

Masters

Planlers are substnnces intended for externnl applieation
made of such materials mnd of wuch vonsistency as to adhers
to Lhe skin ond attoch to ndressing. Plasters avo intended Lo
afford proleetion and suppert and/or to furnish an ccelusive
amed maceraling action and to bring medication into close
contact with the skin,  Medicated plastors, long uned for
logal or Tegional drug delivery, are the prototypieal traneder-
mat delivery system,

Plasters ysunlly adhera (o the skin by menns of an adhe-
pive matorial. ‘Phe ndbesive must, bond Lo the plastic back-
o aned Lo Lho skin (or dressing) with proper balance of
cohusivo atrenptha, Such a proper blanoe provides for re-
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1614 CHAPTER #7

moval, ie, adlenive broanknge al the surfoog of npplication
phus Seaving a clean (hin) wavfnes when e plastor is re-
mevod.

Condrace e

1un the context of this chuptur contraceplives are consid.
erec in the form of creams, jellies or aerosol lomns intonded
[or vapdnnl wie to profech against pregnancy, Contraeeptive
creams and jelies aro designed Lo mall or spread, foltowing
insurtion, over the vaginal swfaces.  These agents get (e
immobilize sprermatoron,

Crenmg and jellics for contrucoptive use may contain sper-
micidal ngents such an nonaxynol § or they may lunction by o
specific pH offect, A pH of 3.5 or lews hay an appreciable
spormicidal effect. 1t is important o uote that o finuk in situ
PH af 8.0 or fess 1s roguived; thus, the dilustion effect. and ph
chmge brovght about by vagial Guids must be congidered,
Mo nelieve the propor ph effect and control, buffer systems
composed of ncid and neid salts such s loclated, pectaton anel
vitentes nre used Mreguently. The user must, of courae, be
aaureed of the sufoly, lnck of irritancy, acceptability and
effectivenens of such praduets; also, delailod and specilic
informalion and tastraetions should be available to physi-
cians,
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