The Nature of Receptor Groups
and Models of Receptors

A receptor group is that portion of the receplor molecule
with which an agonist acts and which is vita) to the function
of the receptor. Studies of receptor group composition and
configuration are too complex for the purposes of this text;
consequently, only a brief skeich will be made here Lo orient
the reader to the nature of the approach.

From the chemical configuration and reactivity of ago-
nists and antagonists, certain deduclions can be made about.
the structure of a receptor group. For example, all bighly
active agonists of muscarinic receptors are cations at physio-
logical pH. This suggests that the receptor group contains
an anionic group and that the force of attraction is electro-
static, al least in part, which agrees with thermodynamic
data. That van der Waals forces (especially Heitler-London
fluctuation forces) may also make an iimportant contribution
to binding is suggested by the requirement for N-methyl
groups and by the low but defirite activily of the nonioniz-
alile quaternary carbon analog of acetylcholine, 3,3-dimeth-
ylbutyl acetate. Thisestablishes a requirement for an auxil-
iary structure close to the anioniesite. Studies of the contri-
bution to aclivity of ester and carhenyl oxygen among ana-
logs of acetylcholine, intramolecular distances and the
stereospecificity of various isomers and conformers have
indicated a partial cationic {(proton donor} site hetween 2.5
and 4 A and a region of high electronic density {electron
donor} between 5 and 7 A from the anionic site. Thbis is
similar to the way in which the active site of acetylcholines-
terase was mapped (see page 427, and Figs 25-44, 45 and 46).

The structure—activity relalionships among competitive
inhibitors also must be consistent with any model of a recep-
tor. However, binding sites additional to the receptor group
can he involved, and resulls are frequently more difficult to
interpret than those with agonists. Nevertheless, studies
with antagonisls have made a substantial contribution to
receptor group analysis. There is considerable interest in
antagonists that combine irreversibly with the receptor,
since such drugs offer a way of marking (affinity labeling)
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the receptor for isolation and for identification of the recep-
{or group.

Since receptors for aulonomic agonists are embedded in
the cell membrane, they have been difficult to isolate with-
oul ingctivation. Several laboratories have succeeded in
isolating proteins, the chemical properties of which are con-
sistent with those expected of various receptars. Receplors
for steroid hormones have been easier to isolate, and some
have been characterized relatively well, Further details of
drug-receptor interactions and the nature of receptors can
be found in the works on receptors and molecuiar pharma-
cology.

Up- and Down-Regulation—In many receptor-effector
systems, if there is a paucity of agonist, the system will
respond by increasing the respensiveness, numher of recep-
tors on the effector membrane or number of coupling pro-
teins or enzymes in the effector system. This is known as
up-regulation. In adrenergic systems, sympathetic dener-
vation has been shown Lo increase the number of post-synap-
tic B-adrenoreceptors at some junctions and the availability
of nucleotide-binding protein units and/or adenylate cyclase
molecules at others. Hyperthyroid activity also increases
the number of B-adrenoreceplors in heart muscle, which
explains the excessive heort rate. Denervation of skeletal
muscle causes a great multiplication of whal is normally a
minor type of nicotinic receplor, and the new receptors
spread across the entire myocyte membrane. Prolonged
blockade of receptors by antagonists also may cause up-
regulation. 'The abrupt discontinuation of treatment, such
that drug levels fall faster than re-regulation, may be fol-
lowed by excessive activity, eg, in pernicious tachycardia and
angina pecloris from abrupt withdrawal of propranelel,

Excessive agonism will lead to a decrease in the number of
receplors or in stimulus-response coupling, This is one
cause of tachypbylaxis or tolerance, such as ocewrs to the
bronchedilator effects of B-adrenoreceplor agonists.
Abrupt withdrawal may result in poor residual function or in
rebound effects, depending upon the type ol effect caused by
the agonist. Fxcessive agonism also may cause desensitiza-
tion by agonist-induced changes in receptor conformation Lo
inactive, slowly recon{ormable states.

Mechanism of Drug Action

Any metabolic or physiclogical function provides a poten-
tial mechanism of action of a drug. The term mechanism of
action has been employed in a humber of ways. In the past
it was often the habit to confuse the site, or locus of action,
with the mechanism of action. For example, the mechanisin
of the hypotensive action of tetraethylammonium ion origi-
nally was described as thal of ganglionic blockade, which did
nothing more than identify the anatomical structure upon
which the drug acted. In a general sense, this was a partial
elucidation of the mechanism of aclion, if mechanism is used
in the mechanical sense of the entire linkage between the
input and output of a machine. However, there has been a
gradual narrowing of the definition of mechanism of action
to he restricted 1o only the first event in the action—clfect
sequence, that is, only to the alteration of receptor function
by the drug. In this sense, the mechanism of action of
tetraethylammonium is defined more appropriately s that
of competition with acetylcholine for nicotine cholinergic
receptors on the postsynaptic ganglion cell membrane, even
though the alteration in receplor function is not defined.
The ultimate mechanism of action is known for only a few
drugs.

It is customary to speak of a drug as a stimulant or a
depressant, of the action as being excitatory or inhibitory,
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ele. Such terms deseribe only the effect and not the action,
and they have no bearing upon whether the drug augments
receptor function or diminishes it. In biological systems,
positive and negative modulation and feedback occur at
every level, the organ as well as the subcellular. Thus, an
agonist to a negative modulator may be able 1o bring about
the same effect as an antagonist to a positive modulator. It
is possible for an anlagonist or inhibitor Lo elicit an excitato-
ry effect. An example is the convulsant action of strych-
nine, which resuits from its antagonism of glycine, an impor-
tant mediator of postsynaptic inhibition in the central ner-
vous system. Conversely, it is possible for an agonist to
elicit an inhibitory effect. An exampie is the reflex brady-
cardia that vesults from the stimulant action of veratrum
alkaloids on chemoreceplors in the left ventricle.

Because of the central role enzymes play in cellular func-
tion, it is net surprising that thoughts about the mechanism
of action of drugs has focused largely upon enzymes. Ago-
nist drugs conceivahly could serve as substrates, cofactors or
activators. At the present time, no drug is known definitely
to exert its action as a substrate or as a colactor, exclusive of
vitamins and known nutrients. However, at least tbree
classes of drugs are known and several are suspected to work
through the activation of enzymes.
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706 CHAPTER 35

The most notable example of enzyme activation is that of
epinephrine and similar g-adrenoreceptor agonists, which
activate adenyl cyclase (o increase the production of 37,5~
eyclic adenylic acid (eyclic AMP; cAMP). 'The meiabolic
and cardiac effects of catecholamines are attributable, in
part, Lo the increment in eAMP.  One moedulator of adenyl
cyclase is the B-adrenergic receptor. The g-adrenoreceptor
is coupled to adenylate cyclase through a regulatery protein
that binds GDP and GTP (G-protein). When GDP is
present, the agonist-receptor complex is associated with the
regutatory protein. GTP causes transfer of the reguiatory
prolein to adenylate cyclase and dissociation of the f-adre-
noreceplor. Glucagon also owes its hyperglycemic action 1o
activation of hepatic adenylate eyclase. A number of other
agonisls also activate adenylate cyclase. There is, thus, the
interesting phenomenon of one enzyme, adenyl cyclnse, he-
ing activated by numercus chemically unrelated drugs.
Since -adrenergic-blocking agents do not antagonize gluca-
#on, it.is obvious that glucagon works upon a different recep-
tor than does epinephrine.

Thus, cAMP activates protein kinases that increase the
activity of phosphorylase, actomyosin, the sequestration of
calcium by the sarcoplasmic reticulum and caleium chan-
nels. Therefore, a brief activation of the f-adrenoreceptor
sets in motion a cascade of events that greatly amplify the
signal.  Kinases alse participale in down-regulation and de-
sensitization.

Other importanl enzymes coupled to receptors are gua-
nylate cyclase and phospholipases A and C, which are in-
volved with membrane fluidity and calcium channels, re-
spectively.

Many drugs are inhibitors of enzymes. When the drugis a
competitive inhibitor of a natural endogenous substrate of
the enzyme, it.is called an antimetabolite (see also page 431).
Examples of antimetabolites are sulfonamides, which com-
pete with para-aminobenzoic acid and, thus, intesfere with
its incorporation into dihydrofolic acid and methotrexate,
which competes with folic acid for dihydrofolate reductase
and, thus, inter{eres with the {formation of folinic acid. It
might seem that anticholinesterases are also antimetabo-
lites, although they are never placed into that classification.
The reason is that the products of cholinesterase-acetyleho-
line interaction do not subserve important metabolic fune-
tions, as do folic and {olinic acids, so that the organisin is not.
deprived of an impertant metabolite by the action of the
cholinesterase inhibitors.

Seme drugs are competitive inhibitors of enzyme systems
whose natural function appears not 1o produce useful me-
taholites but Lo rid the body of foreign substances. Inhibi-
1ors of the hepatic microsomes and prebenecid fall into this
category; the hepatic microsomes do perform a few biotrans-
formations on endogencus substrates, but the renal tubular
anion transport system does not appear Lo be reguired to
eliminate any important endogenous substances.

Since neither the hepatic mierosomes nor the tubular an-
fon Lransport system seems to be involved in response sys-
tems, inhibitors of these enzyme systems are anlagonists
without corresponding agonists. Indeed, even natural en-
dogenous substrates of enzymes are rarely considered to be
agonists.

Noncompetitive enzyme inhibitors among drugs alse are
known. Bxamples are eyanide, fluoride, disulfiram and car-
diac glycosides. When enzyme inhibition brings about a
positive response—eg, the cholinergic effects of the anti-
cholinesterases or the elfects of diazoxide consequent to
inhibition of phosphaodiesterase—the drug appears Lo be an
agonist. Yet, there can be no competitive antagonist to such
an inhibitor, since the competitor Lo the drug is more sub-
strate, to which the effect of the drug is actually attributable.

Acetyleholine increases the permeability of the subsynap-

tic membrane to cations and the heart muscle membrane to
potassium, The mechanism is thought generally to involve
a change in conformation of a protein constituent of the
potassium channel, so that pore size or permeability con-
stant is alfected. The muscarinic receptor is coupled to the
potassium channel through a G-protein.  Other autonomic
agonists also are known 1o alter the permeability Lo ions, in
part through activation of adeny! cyclase, guany) cyclase,
phospholipase-c or other enzymes. Many drugs and Loxing
actthrough allerations in the structiral and physical prop-
erties of membranes. 'T'e the extent that some of such sub-
stances nay disperse themselves generally throughoul the
lipid phase of the membrane rather than to combine with
special chemical entities, no definite receptors for such
drugs can he said 1o exist,

The mechanism of action of certain drugs, especially aulo-
nomic drugs, often is stated to be mémicry of a natural
newrchumor or hormone. Fhus, methacholine mimics ace-
tylchotine as an agonist. This does not define the mecha-
nism of action, unless the mechanism of action of the natural
substance is known,

Mimicry usually oceurs because of a structural similavity
hetween Lhe natural substance and the mimetic drug. Mim-
iery in agonist functions is easy £o demonstrate, bul the site
of action may not always be mimicry of the natural agonist at
its recepior hut rather al an ailosteric site on a receplor er at
its storage site to release the natural agonist.

Fxamples of mimetics that act by release of the satural
mediator are indirectly acting sympathamimetics such as d-
amphetamine, mephentermine, ephedrine (in part), fyra-
mine and others, which are now known to act by displacing
norepinephrine from storage siles within the adrenergic
neuron. Many of such indirectly acting sympathomimetics
lack a direct action on the adrenergic receptor, although
some, like ephedrine, act both upon the receptor and the
storage complex. Another mimetic by a release mechanisim
is carbachol, which premotes the presynaptic discharge off
acelylcholine.

In these exnmples, there is a close structural similarity
between the mimetic and the released mediator.  In the case
of many releasers of histamine {such as tubocurarine, poly-
myxin or morphine}, no close chemical relationship exists
between the releaser and the released. [In such instances,
release has been explained by activation of receptors on the
mast-cell membrane which promote exoeytosis of the hista-
mine-containing granules, by an influx of caleium and acti-
vation of microtubules, all of which may he involved in
moving the granules out of the mast cell,

Structural similarity also may aid mimicry by promoting
chemical combination with an enzyme of desiruction or
some other means of disposition.  For example, metara-
minol, amphetamine, ete inhibil membrane transport into
the neuron and, hence, inhibit the neuronal recaptwre of
released norepinephrine. Consequently, the extraneuronal
concentration of nerepinephrine in the nearby region of the
receptors does nol drop as rapidly as in the absence of the
mimetic, and the action of the mediator is sustained.

Some inliihitors of the enzymes of the destruction of medi-
ators are structurally similar enough to the mediator to have
some agonist action. ‘This is true of neostigmine, which has
adireet stimuiant action on nicotlinic receptors in addition to
iLs anticholinesterase action. In contrast, the anticholines-
lerase, physostiginine, has some antagonist actions on cho-
linexgic receptors and akso an effect Lo interfere with acetyl-
choline synthesis.

'The above multiple actions come about because all the
structures that interact with a small molecule mediator (the
receplor, synthesizing enzyme, destructive enayme, storage
molecule, membrane transporl earrier) must have some
common structural features and aifinities. A drug that re-
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acts with ene of these molecules has a distinet probability of
interacting with another.

The recognition of the critical role of fons in the function
of membranes, the excitability of cells and the aclivity of
many enzymes has generated a renewed interest in fons in
the mechanism of action of certain drugs. The inorganic
jons, some of which arc used as drugs, lend themselves auto-
matically to a discussion of ionic mechanisms., ‘I'be repair of
clectrolyte deficiencies by replacement therapy warrants no
further comment here. Some nonphysiological ions act as
imperfect impersonators of physioclogical ions; lithium part-
Iy substitutes for sodium, bromide for chiloride and thiccya-
nate for jodide, and each may owe its pharmacological ac-
tion, in part, o a sluggish mobitity through membrane chan-
nels, through which their sister ions normally pass readily
when traffic is not impeded by “slowly moving vehicles.”
lodide has an effect to increase the penetrance of drugs into
caseous and necrotic areas, 1o aid in the resolution of gum-
matous lesions, to reduce the viscosity of mucous secretions
and other odd effects; it is thought to do so by increasing the
hydration of collagen and mucoproteins by a peorly under-
stood mechanism. The transition elements and heavy met-
als have in common the ability to form complexes with a
variety of physiologically active substances, particularly the
active centers of many enzymes. Chelation and other Lypes
of complexation are the mechanisms of aclion of several
drugs wsed to treal heavy-metal intoxication, diseases that
invelve abnormal body burdens or plasma levels of heavy
metals and hypercalcemia.  Chelates and chelation are dis-
cussed in more detail in Chapter 14

There is much interest in the effects of drugs on ton move-
ments, Cardiac glycosides are known to inhibit an ATPase
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involved in the membrane transport of sodium and several
other substances, which indirectly causes an increase in in-
tracelfular caleium content. In part, the mechanisms of
action of local anesthetics, quinidine and various other drugs
also are speculated o involve caleium movements. In the
past decade there has appeared a whole new class of drugs,
the caleium channel blockers.

Concomitant with the development of molecular biolegy
was the appreciation that drugs act through nuclear and
extranucicar genetic mechanisms. Nitrogen mustards
have long been known Lo interfere with the replication of
DNA. Streptomyein, kanamycin, neomyein and gentamicin
cause misreading by the ribosomes of the code incorperated
into messenger RNA; teiracyclines, erythroniycin and chior-
amphenicol inhibit the synthesis of protein at the ribosomes;
and chloroguine, novobiocin and colchicine inhibit DNA
polymerase. Other drugs induce the production of enzymes;
aldosterone appears to act by inducing the synthesis of the
enzyme, membrane ATPase, necessary to sodiwm transport.
In general, steroid hormenes combine with a cylosolic recep-
tor, the complex of which is processed and translocated 1o
the chromatin, where gene expression is altered. Many
drugs induce one or more of the hepatic and extrahepaltic
cylochrome P-450 enzymes.

A number of drugs have simple mechanisms that do not
involve an action at the cellular level. Fxamples are bulk
and saline catharties, osmotic diuretics and cholestyramine.
Although such drugs usually do not generate much excite-
ment among pharmacologists, they do serve as a reminder of
the many avenues through which a mechanism of action may
be expressed. Throughout the various chaplers of Part 6,
specific mechanisms of action may be mentioned.

Absorption, Distribution and Excretion

No matter by which route a drug is administered it must.
pass through several to many biological membranes during
the processes of absarption, distribution, biotransformation
and elimination. Since membranes are traversed in all of
these events, the subject of this section will begin with a brief
description of biclogical membranes and membrane process-
s and the relationship of the physiochemical properties of a
drug molecule to penetrance and transport,

Structure and Properties of Membranes

The concept thal a membrane surrounds each cell arose
shortly after the celludar nature of tissue was discovered.
The hiclogical and physiochemical properties of cells
seemed in accord with this view. In the past, from time to
time, the actual existence of the memhrane has been ques-
tioned by brilliant men, and ingenious explenations have
been advanced to explain cellular integrity and the osmotic
and electrophysiological properties of cells. Microchemical,
x-ray diffraction, electron microscopic, nuclear magnetic
resonance, electron spin resonance and other investigations
have proved both the existence and nature of the plasma,
mitochondrial, nuclear and other cell membranes. The de-
scription of the plasma membrane that lollows is much over-
simplified, but it will suifice to provide a background for an
understanding of penetrance into and through membranes,

Structure and Composition—The cell membrane has
been described s & “mayonnaise sandwich,” in which a
bimolecular layer of lipid material is entrained belween two
parallel monomolecular layers of prolein. However, the
protein does not make continuous layers, like the bread in s
sandwich, but rather is sporadically scaltered over the sur-
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faces, like icebergs; ie, much of the protein is below the
swrface. In Fig 35-8 the lipid layers are represented as a
somewhat orderly, closely packed lamellar array of phospho-
lipid molecules associated tail-to-tail, each “tail” being an
alkyl chain or steroid group and the “heads” being polar
groups, including the glycerate moieties, with their polar
ether and carhonyl oxygens and phosphate with attached
polar groups. Inreality, the lamellar portion is probably not

., SELLULAR G B3
i @ G EXTRACE! i [

o

INTRAGELLULAR

Fig 35-8. Simpiitiod cross seclion of a celt membrane {components
are not to scale), The lipid Interior of the lamellar portion of the
membirane consists of various phospholipids, fatty acids, cholesterol
and othar steroids. (ons are indicated in order to illustrate ditferences
in size rolative 1o the channel. Fr: protein; Sur sugar.
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708 GCHAPTER 35

so orderly, since its composition is quite complex. Chains of
fatdy acids of different degrees of saturation and cholesterol
cannotl array themselves in simple parallel arrangements.
Farthermore, the polar heads will nssume a number of orien-
tations depending upon the substances and groups involved.
Moreover, the lamellar portion is penetrated by large globu-
lar proteins, the interior of which, like the lipid layers, has a
high hydrephobicity, and some fibrous proteins.

The plasma membrane appears to he asymmetrical. The
lipid composition varies from cell type to cell type and per-
haps from site to site on the same membrane. There ave, for
example, differences belween the membrane of the endo-
plasmic reticulum and the plasma membrane, even though
the memhranes are coextensive. Where membranes are
double, the inner and ouler layers may differ considerably;
the inner and outer membranes of mitochondria have been
shown to have strikingly different compositions and proper-
ties. Some authorilies have expressed doubt as to the exis-
tence of the protein layers in Diological membranes, al-
though the evidence is preponderantly in favor of at least an
auter glycoprolein coat. Sugar moieties also are attached to
the outer proteins; these sugar moieties are important 1o
cellular and immunological recognition and adhesion and
have other functions as well,

The cell membrane appears to be perforated by water-
filled pores of various sizes, varying from about 4 to 1¢ A, the
majority of which are about 7 A. Probably all major ion
channels are through the large globular proteins that tra-
verse the membrane. Through these pores pass inorganic
jons and small organic molecules, Since sodium ions are
more hydrated than potassium and ¢hloride ions, they ave
larger and do nol pass as {reely through the pores as potassi-
wmn and chloride. The vascular endothelium appears to
have pores at least as large as 40 A, but these seem to be
interstitiol passages rather than transmembrane poves.
Lipid molecules small enough to pass through the pores may
do so, but they have o higher probability of entering into the
lipid layer, from where they will equilibrate chemically with
the interior of the cell. IFrom work on monolayers, some
researchers contend that it is not necessary to postulate
pores to explain the permeability to water and small water-
soluhle molecules.

Stratum Corneum—~Although the stratum corneum is
not a membrane in the same sense as a cell membrane, it
offers a harrier to diffusion, which is of significance in the
topical application of drugs. The stratuin cornewmn consists
of several layers of dead keratinized cutaneous epithelial
cells enmeshed in a matrix of keratin {ibers and bound to-
gether with cementing desmosomes and penetrating tonofi-
brils of keratin. Varying amounts of lipids and fatty acids
from dying cells, sebum and sweat are contained among the
dead squamous cells. Tmmediately beneath the layer of
dead cells and above the viable epidermal epithelial cells is a
layer of keratohyaline granules and various water-soluble
substances, such as alpha-amino acids, purines, monosac-
charides and urea.

Both the upper and lower layers of the stratum corneurmn
are involved in the cutaneous harrier to penetration, The
barrier to penetration from the surface is in the upper layers
for water-soluble substances and the lower layers for lipid-
soluble substances, and the barrier to the outward move-
ment of water is in the lowest layer.

Membrane Potentinls—Across the cell membrane there
exisls an electrical potential, always negative on the inside
and positive on the outside. If a cell did not have special-
membrane electrolyte-transporlt processes, ils membrane
potential would he mainly the result of the Dounan equilib-
riuin (see Chapter 14} conseguent to the semipermeability of
the membrane. Such potentials generally lie between 2 and
5mv.

A cell with a membrane across which diffusible electrolyte
distribution is purely passive would be expected to have a
high interng) concentration of sodium, such as is true for the
ervthrocytes of some species. However, the interior of most
cells is high in potassium and low in sodium, as depicted in
Fig 85-8, This unequal distribution of cations allesls Lo
special electrolyte-transport proessses and to differential
permenbilities of diffusible jons, so thal the membrane po-
tential is higher than that which would resull from a purely
passive Donnan distribution. In nerve tissue or skeletal and
cardiac muscle, the membrane potential ranges upwards to
about 90 mv. The electrical gradient is on the order of
50,000 v/em, because of the extreme thinness of the mem-
hrane. Obviously, such an intense potentinl gradient will
influence strongly the transmembrane passagos of charged
drug molecules.

Diffusion and Transport

Transport is the movement of a drug from one place to
another within the body. The drug may diffuse [reely in
uncombined form with a kinetic energy appropriate to its
thermal envirowment, or it may move in combination with
extracellular or cellular constituents, sometimes in ¢onnec-
tion with encrgy-yielding processes that allow the molecule
or complex to overcome barriers Lo simple diffusion.

Simple Nonionic Diffusion and Passive Transport-—
Molecules in solution move in a purely random fashion,
provided they are not charged and moving in an electrical
gradient. Such random movement is called diffusion; if the
molecule is uncharged, it is called nonienic diffusion.

In a population of drug molecules, the probability that
during unit time any drug molecule will move across a
houndary is directly proportional to the number of mole-
cules adjoining that boundary and, therefore, to the drug
concentration. Hxcept at dilulions so exlreme that only a
few molecules are present, the actual rate of mavement
(molecules/unit time) is directly proportional {o the proha-
bility and, therefore, to the concentration, Once molecules
have passed through the boundary to the opposite side, their
random motion may cause some to return and others to
continue to move further away {rom the boundary. The rate
of return is likewise proportional to the concentration on the
opposite side of the boundary. It follows that, although
molecules are moving in both directions, there will he a net
movement from the region of higher to that of lower concen-
tration, and the net transfer will be proportional te the
concentration differential. If the boundary is a membrane,
which has both substance and dimension, the rate of move-
ment is also directly proportional to the permeability and
inversely proportional to the thickness. 'These factors com-
bine into Fick’s Law of Diffusion,

dq _DAC - C)
dt o

where @ is the net quantily of drug transferred across the
membrane, { is time, C; is the concentration on cne side and
Cy on the other, x is the thickness of the membrane, A is the
area and I} is the diffusion coefficient, related to permeabili-
ty. The equation is more nearly correct if chemical activi-
ties are used instead of concentrations. Since a hiological
membraxe is patchy, with pores of different sizes and proba-
bly with varying thickness and composition, both ) and »
probahly vary (roin spot to spol. Nevertheless, some mean
values can be assumed.

It is customary to comnbine the membrane factors into a
single constant, called a permeability constant or coefficient,
P, 50 that P = D/x, A in IBq 5 having unit value. 'The rate of
net transport (diffusion) across the inembrane then becomes

(5)
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As diffusion continues, C) approaches Cy, and the net rate,
dQ/dt, approaches zero in exponential fashion characteristic
of a first-order process. Equilibrium is defined as that state
in which C; = Cy. The equilibrium is, of course, dynamic,
with equal numbers of molecules being transported in each
direction during unit time. If water is also maoving through
the membrane, it may either facilitate the movement ol drug
or impede il, according to the relative directions of move-
ment of water and drug; this effect of water movement. is
called solvent drag.

Tonic or Electrochemical Diffusion—-I{ a drug is ion-
ized, the transport properties are modified. The probability
of penetrating the memhrane is still a function of concentra-
tion, but it is also a function of the potential difference or
electrical gradienl across the membrane. A cationic drug
molecule will be repelted [roin the positive charge on the
outside of the membrane, and only those molecules with a
high kinetic energy will pass through the ion barrier. Il the
cation is polyvalent, it may not penetrate at all,

Once inside the membrane, a cation simultaneously will
be atiracted to the negative charge on the intracellular sur-
face of the membrane and repelled by the outer surface; it is
said to he moving along the electricel gradient. Hitalso is
moving {rom a higher lowards a lower concentration, it is
sald to be moving along its electrochemical gradient, which
is the sum of the influences ol the electrical field and the
concentration differential across the membrane.

Once inside the cell, cations will tend to be kept inside by
the attractive negative charge on the interior of the cell, and
the intracellular concentration of drug will increase uniil, by
sheer numbers of accumulated drug particles, the outward
diffusion or mass escape rate equals the inward transport
rate, and electrochemical equilibrium is said to have oc-
curred. At electrochemical equilibrium at body tempera-
ture {37°C), ionized drug molecules will be distributed ac-
cording 1o the Nernst equation,

where C, is the molar extracellular and € the intracellular
conceniration, £ is the number of charges per molecule and
I is the membrane potential in millivolts. Log C./Ci is
positive when the molecule is negatively charged and nega-
tive when the molecule is positively charged.

Facilitated Diffusion—Sometimes a substance moves
more rapidly through a biological membrane than can be
accounted for by the process of simple diffusion. This accel-
erated movement is termed facilitated diffusion. It is
thought to be due to the presence of a special molecule
within the membrane, called a carrier, with which the trans-
ported substance combines. There is considered to be a
greater permeability to the carrier—drug complex than to the
drug alone, so that the transport rate is enhanced. After the
complex traverses the membrane, it dissociates. The carrier
must either return to the original side of the membrane to be
reused or constantly be produced on one side and eliminated
on the other in order for the carrier process to be continuous.
Many characteristics of [acilitated diffusion, formerly at-
tributed Lo ion carriers, can be explained by ion exchange.
Although facilitated diffusion resembles active transport,
below, in its dependence upon a continuous source of energy,
it. differs in that facilitated diffusion will only transport a
molecule along its electrochemical gradient.

Active Transport—Active transport may be defined as
energy-dependent movement ol a substance through a hio-
logica membrane against an electrochemical gradient. Itis
characterized by the following:
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1. ‘The substance is transporied Meom a region of lower to one of
higher electrochemical activity,

2. Metabolic poisons interfere with transport.

% The transport rafe approaches an asymptote {e, saturates) as
concentration inereases.

4. ‘The transport system usually shows a requivement lor specific
chemical structures.

5. Closely related chomicals are competitive for the (ransport svs-
Ltem.

Many drugs are secreted [rom the renal tubules into urine,
from liver cells into bile or lrom the cerebrospinal fluid into
hload by active transport, but the role of active transport of
drugs in the distribution into most body compartments and
tissues is less well known.  Active transport is required for
the penetrance of a number of sympathomimetics into neu-
ral tissue and for the movement of several anticancer drugs
across cell membranes,

Pinocytosis and Exocyiosis-—-Many, perhaps all, cells
are capahie of a type of phagocytosis called pinocylosis.
The cell membrane has been cbserved to invaginate into a
saccular structure containing extracellular materials and
then pinch off the saccule at the membrane, so that the
saccule remains as a vesicle or vacuole within the interior of
the cell.  Since metlaholic activity is required and since an
extraceliular substance may be transported against an elec-
trochemical gradient, pinocytosis shows some of the same
charactleristics as active transport. However, pinocylosis is
relatively slow and inelficient compared to most active
transport, excepl in gastrointestinal absorption, in which
pinoeytosis is of considerable importance.

It is not known 1o what extent pinocytosis contributes Lo
the transport of most drugs, but many macromolecules and
even larger particles can be absorbed by the gut. Pinoeyto-
sis probably explains the oral efficacy of the Sabin palio
vaccine. Some drugs themselves allect pinocytosis; eg, ad-
renal glucocorticeids markedly inhibit the process in macro-
phages and other cells involved in inflammation.

Exocytosis is more or less the reverse of pinocytosis.
Granules, vacuoles or other organelles within the celt move
to the cell membrane, fuse with it and extrude their contents
into the interstitial space.

Physicochemical Factors in Penetrance

Drugs and other substances may traverse the membrane
primarily either through the pores or by dissocialion into the
membrane lipids and subsequent. diffusion from the mem-
brane into the cytosol or other fluid on the far side af the
membrane. The physicochemical prerequisites are differ-
ent according Lo which route is taken. To pass through the
pores, the “diameter” of the molecule must be smaller than
the pore, but the molecule can be longer than the pore
diameter. 'The probability that a Jong, thin molecule will be
oriented properly is low, unless there is also bulk flow and
the transmembrane passage of large molecules is slow.

Water-soluble malecules with low lipid solubility usually
are thought to pass through the membrane mainly via the
pores and, to a small extent, by pinocytosis, but recent work
with lipid monolayers suggests that small water-soluble mol-
ecules also may he able to pass readily through the lipid, and
the necessity of pestulating the existence of pores has been
questioned. Nevertheless, experimental data on pene-
trance overwhelmingly favor the concept of passage of wa-
ter-soluble lipid-insoluble substances through poves. If
there is a membrone carrier or active transport system, a low
aolubility of the drug in membrane lipids is no impediment
to penetration, since the drug-carrier complex is assumed to
have an appropriate solubility and energy from an active
transporl system enzbles the drug to penetrate the energy
barrier “imposed by the lipids.”  Actually, the lipids are not
an important energy barrier; rather, the barrier is the force
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Fig 85-8. The relaticnship of absorption of the un-ionized forms of

drugs from the colen of the rat o the chloroform:water partition
coefficiont (courtesy, Schanker®).

of attraction of the solvent water for its dipolar to polar
solute, so that it is difficult for the solute Lo leave the water
and enter the lipid.

Drugs with a high solubility in the membrane lipids, of
course, pass easily through the membrane, Ifven when their
dimensions are small enough to permii passage through
pores, lipid-soluble drugs primarily pass through the mem-
brane lipids, not only because chemical partition favors the
lipid phase but also because the surface area oceupied by
pores is only a small fraction of the total membrane area.

Lipid Solubility and Partition Coefficients—As early
as 1902, Overton investigated the importance of lipid solu-

Dility to the penetrance and ahsorption of drugs.  Bventual-
ly, it was recognized that more important than lipid solubili-
ty was the lipid-water distribution coefficient; ie, a high
lipid solubility does not Tavor penetrance uniess the water
solubility is low enough so that the drug is not entrained in
the agueous phase.

In Fig 35.9 is illustrated the relationship between the
chloroform-water partition coefficient and the celonic ab-
sorption of harbiturates. Chloroform probably is not the
optimal lipid selvent for such a study, and natural lipids
from nerve or other tissues have been shown te be superior in
the few instances in which they have been employed. Nev.
ertheless, the correlation shown in the figure is a convineing
ohe.

When the water sotubifity of a substance is so low that a
gignificant concentration in water or extracellalar fluid can-
not be achieved, absorption may be negligible in spite of a
favorable partition coefficient. Hence, mineral oil, petrota-
tum, cte are virtually unabsorbed. The optimal partition
coefficient for permeation of the skin appears to be lower
than that for the permeation of the cell membrane, perhaps
being as low as one.

Dipolarity, Polarity and Nonionie Diffusion-The
partition coclficient of a drug depends upon the polarity and
the size of the molecule. Drugs with a high dipele moment,
even though un-ionized, have a low lipid sclubility and,
hence, poor penetrance. An example of a highly dipolar
substance with a low partition coelficient, which does not
penetrate into cells, is sulfisoxazote. Sulfadiazine is some-
what less dipolar, has a chloroform—water partition coeffi-
cient ten times thal of sulfisoxazole and readily penelrates
cells. Tonization notonly diminishes lipid solubility greatiy
but alse may impede passage through charged membranes
(see Tonic Diffusion, page 709).

It is often stated that ionized moleciles do not penetrate
membranes, except for ions of small diameter, This is not
necessarily (rue, because of the presence of membrane carri-
ers for some ions, which effeclively may shield or neutralize
the charge (ion-pair formation). The renal tubular trans-
port systems, which transport such obligate ions as tetraethyl-
ammoniwn, probably form ion-pairs. Furthermore, if an
ionized molecule has a large nonpolar moiety such that an
appreciable lipid solubility is imparted to the molecule in
spite of the charge, the drug may penetrate, although usually
at a slow rate. For example, various morphinan derivatives
are absorbed passively from the stomach even though they

Table 1-——Rates of Eniry of Drugs in CSF and the Degrees of lonization of Prugs at pH 7.47

% binding
to plasma

% un-ionizad Pormuability constant

Drug protein pK," atpH 7.4 (©nin"') £ SE.
Drugs mainly ivnized at pH 7.4
o-5ulfosalicylic acid 22 (strong) 0 <0.0001
N-Methylnicotinamide <10 (strong) 0 0.0005 :1: 0.00006
5-Nitrosalicylic acid 12 2.3 0.001 0.001 4: 0.0001
Salicylic acid 40 3.0 0.004 0.006 4 0,0004
Mecamylamine 20 11.2 0.016 0,021 4 0.0016
Quinine 6 84 9.09 0.078 4 0.0061
Drugs mainly un-ionized at pH 7.4

Barbital <2 7.5 56.7 0,026 4 0.0022
Thiopental 5 7.6 61.3 0.50 4 0.0561
Pentobarbilal 40 8.1 834 0.7 £0.014
Aminopyrine 20 5.0 99.6 0.26 0020
Aniline 15 4.6 99.8 0,40 £0.042
Sulfaguanidine 6 >10.00 >00.8 0.003  4: 0.0002
Antipyrine 8 1.4 >99.9 012 4003
N-Acetyl-4-aminoantipyrine <3 0.6 >09.9 0.012 4 0.0010

*The dissocintion constant of both ncids and bases is exprossed as u plS—a negative lgarithm of the acidie dissoialion constant.
» Sulfaguanidine has o very wenkly aeidicgroup (2K, > 10F and (wo very weally basic groups (pli, 2.75 and 0.5). Consequently, the compound is almost com-

pletely undissocinted at pH 7.4,
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are ionized completely at the pH of gastric fluid. Neverthe-
less, when a drug is a weak acid or base, the un-ionized form,
with a favorable partition coefficient, passes through a bio-
logical membrane so much more readily than the ionized
form that, for all practical purposes, only the un-ionized
form is said to pass through the membrane. This has be-
come known as the principle of nonionic dif fusion.

This principle is the reason that only the concentrations of
the un-ionized form of the barbiturates are plotted in Fig
35-9.

For the purpose of further illustrating the principle, Table
I is provided. In the Lable, the permeability constants for
penetrance into the cerebral spinal fluid of rats are higher

DRUG ABSORPTION, ACTION, AND DISPOSITION 711

for un-ionized drugs than for ionized ones. The apparent
exceptions—harbital, sulfaguanidine and acetylaminoanti-
pyrine—may be explained hy the dipolarity of the un-ien-
ized molecules.  With harbital, the two lipophilic ethyl
groups are too small 1o compensate for the considerable
dipolarity of the un-ionized barhituric aeid ring; also il. may
be seen that barbital is appreciably ionized, which contrib-
utes to the relatively small permeability constant. Sulfa-
guanidine and acetylaminoantipyrine are hoth very polar
molecules. Mecamylamine also might be considered an ex-
ception, since it shows a modest. permeabhility even though
strongly ionized; there is no dipolarity in mecamylamine
except in the amino group.

Absorption of Drugs

Absorption is the process of movement of a drug from the
site of application into the extracellular compartment of the
hody. Inasmuch as there is a great similarity among the
various membranes that a drug may pass through in order to
gain access to the extlracellular fluid, it might be expected
that the particular site of application (or route) would make
fittle difference to the successful absorption of the drug. In
actual fact, it makes a great deal of difference; many factors,
other than the structure and composition of the memhrane,
determine the ease with which a drug is absorbed. These
factors are discussed in the following sections, along with an
account, of the ways that drug formulations may be manipu-
lated (o alter the ability of a drug to he absorbed readily.

Routes of Administration

Drugs may be administered by many different routes.
The various routes include oral, rectal, sublingual ov buccal,
parenteral, inhalation and topical. The choice of a route
depends upon hoth convenience and necessity.

Oral Route---This is ohviously the most convenient route
for access to the systemic circulation, providing that various
factors do not militate against this route. Oral administra-
tion does nol always give rise lo sufficiently high plasma
concentralions to be elfective; some drugs are ahsorbed un-
predictably or erratically; palients occasionally have an ab-
sorption malfunction. Drugs may net be given by mouth to
patients with gastrointestinal inlolerance, or whe are in
preparation for anesthesia or who have had gastrointestinal
surgery. Oral administration also is precluded in coma.

Reectal Route—Drugs that ordinarily are administered
by the oral route usually can be administered hy injection or
by the alternative lower enteral route, through the anal
portal into the reclum or lower intestine. With regard o the
latter, rectal suppositories or retention enemas formerly
were used quite {requenily, but their popularity has abated
somewhal, owing to improvements in parenteral prepara-
tions, Nevertheless, they continue to he valid and, some-
times, very important ways of administering a drug, espe-
cially in pedintrics and geriatries. In Fig 35-10 the availabil-
ity of a drug by retention enema may he compared with that
by the intravenous and oral route and rectal suppository
administration. IL is apparent thal the retention enema
may be n very satisfactory means of administration but that
rectal suppositories may he inadequate where rapid absorp-
tion and high plasima levels are required. The illustration is
not intended to lead the reader le the conclusion that a
relenlion enema always will give more prompt and higher
blood levels than the oral route, for converse findings for the
same ¢drug have heen reporied,? but, rather, ta show that the
retention enema may offer a useful substitute for the oral
roule.
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Sublingual or Buccal Roule—-Even though an adequate
plasma concentration eventually may e achievable by the
oral route, it may rise much too slowly [or use in some
situations where a rapid response is desired, In such situa-
tions parenteral therapy usually is indicated. However, the
patienis with angina pectoris may get quile prompt relief
{rom an acule attack hy the sublingual or buccal administra-
tion of nitroglycerin, so that parenteral administration may
he avoided, When only small amounts of drugs are required
to pain access to the hlood, the buccal route may be very
satisfactory, providing the physicochemical prerequisites
for absorption by this route are present in the druy and
dosage form. Only a few drugs may be given successfully by
this route.

Parenteral lloutes—These routes, by definition, include
any route other than the oral-gastrointestinal (enteral)
tract, but in common medical usage the term excludes topi-
eal administration and includes only various hypedermic
routes, DParenteral administration includes the intrave-
nous, intramuscular and subcutaneous routes. Parenteral
routes may be employed whenever enteral routes are con-
traindicated {sec above) or inadequate.

The intravenous route may be preferred on oceasion, even
when a drug may be well-ahsorbed by the oral route. There
is no delay imposed hy absorption before the administered
drug reaches the circulation, and blood levels rise virtually

Pe
«r
T

0.50

0.295

ot

Time Alter Administration - Hi

Fig 35-10. Bload concentration in mg/ 100 mL of thoophyline (or-
dinates) followlng administration to humans of aminophylling in the
amounts and by the routes indicated. Doses: per 70 kg, Thoophyl-
line-ethylenediamine by various routes: —— inravenous, 0.0 g
—» =« - ratention enema, 0.5 g; — o -« . pral tablets-Pl, 0.5 g;
- - - oral tablets-Pl., 0.3 g; « ractal suppository, 0.5 g (courtesy,
Truitt, at al,2° adaptad).
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as rapidly as the time necessary to empty the syringe or
infusion bottle. Consequently, the intravenocus route is the
preferred route when an emergency calls for an immediate
response.

In addition te the rapid rise in plasma concentration of
drug, another advantage of inlravenocus administration is
the greater prediclability of the peak plasma concentration,
which, with some drugs, can be calculaled with a fair degree
of precision. Smaller doses generally are required by the
intravenous than by other routes, but this usually affords no
advanlage, inasmuch as the sterile injectable dosage form
costs more than enteric preparations and the requirements
for medical or paramedical supervision of administration
also may add 1o the cost and inconvenience,

Because of the rapidity with which drug enters the circula-
tion, dangerous side effects to the drug may occur which are
often not extant by other voutes. The principal untoward
eflect is a depression of cardiovascular function, which is
often called drug shock. Consequently, seme drugs musl be
given quite slowly to avoid vasculotoxic concentrations of
drug in the plasma.  Acule, serious, allergic responses also
are more likely to occur by the intravenous route than by
other routes.

Many drugs are too irritant (o be given by the oral, intra-
muscular or subcutanecus route and must, of necessity, be
given intravenously. However, such drugs also may cause
damage Lo the veins (phlebitis) or, if' extravasated, cause
necrosis (slough) around the injection site. Consequently,
such irritant drugs may be difuted in isotonic solutions of
saline, dextrose or other media and given by slow infusion,
providing that the slower rate of delivery does not negate the
purpose of the administration in emergency situations.

Absorption by the intramuscular roule is relatively fast
and this parenterai route may be used where an immediate
effecl is not required but a prompt effect is desirable. Intra-
muscular deposition also may be made of certain repository
preparations, rapid ahsorption not being desired. Absorp-
tion from an intramuscular depot is more predictable and
uniform than from a subcutaneous site.

Irritation around the injection site is a [requent accompa-
niment of intramuseular injection, depending upon the drug
and other ingredients. Because of the dangers of accidental
intravensus injection, medical supervision generally is re-
guired. Sterilization is necessary.

In subcutaneous administration the drug is injected into
the alveolar connective tissue just below the skin.  Ahsorp-
tion is slower than by the intramuscular route but, neverthe-
less, may be prompt with many drugs. Often, however,
absorption by this route may be no faster than by the oral
route. ‘Therefore, when a fairly promptd response is desired
wilh some drugs, Lhe subeutaneous route may not offer much

advantage over the oral route, unless for some reason the

drug cannot he given orally.

‘Fhe slower raie ol absorption by the subeutaneous route is
usually the reason why the route is chosen, and the drugs
given by this route are usually those in which it is desired to
spread the action out over a number of hours, in order to
avoid either too intense a response, too short a response or
frequent injections. Examples of drugs given by this route
are insulin and sodium heparin, neither of which is abserbed
orally and both of which should be absorbed slowly over
many hours. In the treatment of asthima, epinephrine usu-
ally is given subcutaneously to avoid the dangers of rapid
absorption and consequent dangerous cardiovascular ef-
fects. Many repository preparations, including tablels or
pellels, are given subcutaneously. As with other parenteral
routes, irritation may occur. Sterile preparations also are
required. However, medical supervision is not required al-
ways and self-adiministration by this route is customary with
certain drugs, such as insulin,

Intradermal injeclion, in which the druy is injected into,
rather than helow the dermis, is rarely employed, except in
certain diagnostic and test procedures, such as screening for
aliergic or local irrilant responses.

Oceasionally, even by the intravenous route, it is not possi-
ble, practical or safe to achieve plasina concentrations high
enough so that an adequate amount, of drug penetrates into
special compartments, such ag the cerebrospinal fluid, or
various cavities, such as the pleural cavily. The brain is
especially difficult to penetrate with water-soluble drugs.
The name blood-bratn barrier is applied to the impediment,
to penelration. When drugs do penetrate, the choroid plex-
us often secretes them back into the hlood very rapidly, so
that adequate levels of drugs in the cerebraspinal fiuid may
be difficuit to achieve. Consequently, infrathecal* orintra-
ventricular administration may be indicated.

Body cavilies such as the pleural cavity normally are wet-
ted by a small amount of effusate which is in diffusion
equilibriom with the blood and, hence, is aceessible Lo drugs.
However, infections and inflammations may cause the cavily
to fill with serofibrinous exudate which is too large to be in
rapid diffusion equilibrium with the blood. Intracavitary
ndministration, thus, may be required. It is extremely im-
portant that sterile and nonirritating preparations be used
for intrathecal or intracavitary administration.

Inhalation Route—Inhalation may be employed for de-
livering gaseous or volatile substances into the systemic cir-
culation, as with most general anesthetics. Absorption is
virtually as rapid as the drug can be delivered into the alveoli
of the lungs, since the alveolar and vascular epithetial mem-
branes are quite permeable, blood flow is abundant and
there is a very large surface for absorption.

Aerosols of nonvolatile subsiances also may be adminis-
tered by inhalation, but the route is used infrequently for
delivery inte the systemic circulation because of various
factors which contribute to erratic or difficult-to-achieve
blood levels, Whether or not an aerosol reaches and is
retained in pulmonary alveoli depends critically upon parti-
cle size. Particles greater than 1 um in diameter tend to
settle in the hronchioles and bronchi, whereas particles less
than 0.5 gm fail to seitle and mainly are exhaled. Aerosols
are employed mostly when the purpose of administration is
an action of the drug upon the respiratory tract iiself. An
example of a drug commonly given as an aerosol is isoproter-
enol, whicb is employed fo relax the bronchioles during an
asthma attack.

Topical Route—Topical adminisiration is employed to
deliver a drug at, or immediately beneath, the point of appli-
eation. Although occasionally enough drug is absorbed into
the systemic circulation to cause systemic effects, absorp-
tion is too erratic for the topical route to be used routinely
for systemic therapy. However, various transdermal prepa-
rations of nitroglycerin and clonidine are employed guite
successfully for systemic use. Some work with aprotic sol-
vent vehicles such as dimethyl sulfoxide (DMSO) also has
generated interest in topical administration for systemic
cffects, A large number of topical medicaments are applied
to the skin, although topical drugs are also applied to the
eye, nose and throat, ear, vagina, etc.

In man, percutaneous absorption probahly oceurs mainly
from the surface. Absorption through the hair (ollicles oc-
curs, but the fellicles in man occupy too small a portion of
the Lotal integument to be of primary inportance. Absorp-
tion through sweat and sebaceous glands generally appears
to be minor. When the medicainent is rubbed on vigorously,

* Intrathecal administration denotes administration into the cerebro-
spinal Muid at any level of the cercbrospinal axis, including injection into
the cerebral ventricles, which is the most common mode of intrathecal
sdministration,
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the amount of the preparation that is forced into the hair
follicles and glands is increased. Rubbing also {orces some
material through the stratum corneum without molecular
dispersion and diffusion through the barrier. Rather large
particles of substances such as sulfur have been demonstrat-
ed to pass intact through the stratum corneum. When the
skin is disensed or nbraded, the cutancous barrier may be
disrupled or defective, so thal percutaneous absorption may
beincreased. Since much of a drug that is absorbed through
the epidermis diffuses into the circulation without reaching
a high concenlration in some portions of the dermis, system-
ic administration may be preferred in lieu of, or in addition
to, tepical administration.

Factors That Affect Absorption

In addition to the physicochemical properties of drug moi-
ecules and hiological membranes, various factors affect the
rale of absorption and determine, in part, the choice of route
of administration.

Concentration-—It is self-evident that the concentration,
or, more exactly, the thermodynamic activity, of a drug in a
drug preparation will have an important bearing upon the
rate of absorption, since the rate of diffusion of a drug away
from Lhe site of administration is directly proportional Lo the
concentration. Thus, a 2% solution of lidocaine will induce
local anesthesia more rapidly than a 0.2% solution. Howev-
er, drugs administered in solid form are not ahsorhed neces-
sarily at the maximal rate (see Physical State of Formula-
tion and Dissolution Rate, below).

After oral administration the concentration of drugs in the
gut is a funciion of the dose, but the relationship is not
necessarily linear, Drugs with a low agueous soluhility (eg,
digitoxin) quickly saturate the gastrointeslinal fluids, so
that the rate of ahsorption tends to reach a limit as the dose
is increased, The peptizing and solubilizing effects of hile
and other constituents of the gastrointestinal contents assist
in increasing the rate of absorption but are in themselves
somewhat erratic. Furthermore, many drugs affect the
rates of gastric, biliary and small intestinal secretion, which
causes further deviations from a linear relationship hetween
c(mcent,rati(m ﬂI'ld dose.

Drugs that are administered subcutaneously or intramus-
cularly also may not show always a direct linear relationship
between the rate of absorption and the concentration of drug
in the applied solution, because osmolic effects may cause
dilution or concentration of the drug, if the movement of
water or electrolyles is different from that of the drug.
Whenever possible, drugs for hypodermic injection are pre-
pared as isotonic solutions. Some drugs affect the local
blood flow and capillary permeability, so that at the site of
injection there may he a complex relationship of concentra-
tion achieved to the concentration administered.

Physical State of Formulation and Dissolution
Rate—The rate of absorption of a drug may he affected
greatly by the rate at which the drug is made available to the
biological fluid atl the site of administration. 'The intrinsic
physicochemical properties, such as solubility and the ther-
modynamics of dissolution, are only some of the factors
which affect the rate of dissolution of a drug from a solid
form. Other factors include not only the unavoidable inter-
actions among the various ingredients in a given formulation
but also delilierate intexventions to facilitate dispersion (eg,
comminution, Chapter 76 and dissolution, Chapter 31) or
retard it (eg, coatings, Chapler 90 and slow-release formula-
tions, Chapter 91). There are also factors that affect the
rate of delivery from liquid forms. For example, a drugina
highly viscous vehicle is absorbed more slowly from the vehi-
cle than a drug in a vehicle of low vigcosity; in oil-in-water
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emulsions, the rate depends upon the partition coclficient.
These manipulations are the subject of biopharmaceutics
(see Chapter 91),

Aren of Absorbing Surface-The area of absorbing sur-
face is an important determinant of the rate of absorption.
To the extent that the therapist must work with the absorb-
ing surfaces available in the hody, the absorbing surface is
not subject to manipulation. However, the extent Lo which
the existing surfaces may be used is subject to variation. In
those rare instances in which percutaneous ahsorption is
intended for systemic administration, the entire skin surface
is available.

Subseguent to subcutaneous or intramuscular injections,
the site of application may be massaged in order to spread
the injected fluid from a compact mass to o well-dispersed
deposit. Alternatively, the dose may be divided inte multi-
ple small injections, although this recourse is generalty un-
desirable.

The different areas for absorption afforded by the various
roules account, in part, for differences in the rates of absorp-
tion by those routes. The large alveolar surface of the lungs
allows for extremely rapid absorption of gases, vapors and
properly aerosolized solutions; with some drugs the rate of
absorption may be nearly as fast as intravenous injection.
In the gut the small intestine is the site of the fastesl, and
hence most, absorption because of the small lJumen and high-
ly developed villi and microvilli; the stomach has a relatively
small surface area, so thal even most weal acids are ab-
sorbed predominately in the small intestine despite a pH
partition factor that should favor absorption from the stom-
ach (see The pH Partition Principle, page 7168).

Vascularity and Blood Flow—Although the thermal ve-
locity of o freely diffusible average drug molecule is on the
order of meters per second, in solution the rate at which it
will diffuse away from a reference point will be much slower.
Collisions with water and/or other molecules, which cause a
random motion, and the forces of attraction between the
drug and water or other molecules slow the net mean veloci-
ty.

The time taken to traverse a given distance is a funetion of
the square of the distance; on the average it would (ake
about 0.01 sec for a net outward movement of ¥ um, 1 sec for
10 pm, 100 sec for 100 gm, etc. In a highly vascular tissue,
such as skeletal muscle, in which there may be more than
1000 capillaries/sqg mm of cross section, a drug molecule
would not have to travel more than a few microns, hence, less
than a second on the average, to rcach a capillary from a
point of extravascular injection.

Once the drug reaches the bloud, diffusion is not impor-
tant to transport and the rate of blood flow determines the
movement. The velocily of blood flow in a capillary is about
1 mm/se¢, which is 100 times faster than the mean net
velocity of drug molecules 1 mm away from their injection
site. The velocity of blood flow is even faster in the larger
vessels. Less than a minute is required to distribute drug
molecules from the capillaries at the injection site o the rest
of the body.

TFrom the above discussion it follows that absorption is
most rapid in Lhe vascular tissues. Drugs are absorbed maore.
rapidly from intramuscular sites than from legs vascular
subcutaneous sites, ete. Despite the small absorbing sur-
face lor buceal or sublingual absorption, the high vascularity
of the huceal, gingival and sublingual surfaces favors an
unexpectedly high rate of absorption. Because of hyper-
emia, absorption will be faster from inflamed than from
normal areas, unless the presence of edema lengthens the
mean distance hetween capillaries and, thus, negates the
effects of hyperinia on absorption.

Vasoconstriction may have a profound effect upon the
rate of absorption. When a local effect of a drug is desired,
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714 CHAPTER 35

as in local anesthesia, absorption away from the infiltered
site may be impeded greatly by vasoconstrictors included in
the preparation.  Unwanted vasoconstriction sometimes
may cause serious problems.  For example, in World War H
many wounded soldiers were given subcutanesus morphine
without evident effect.  As a resull, injections were some-
times repeated more than once.  When the patient was re-
moved 1o the field hospital, toxie effecis would oceur sud-
denly. 'The cxplanation is thal cold-induced vasoconstrie-
tion occurred in the field; when the patient was warmed in
the hospital, vasodilation would result and the victim would
e floeded with drug.  Shock also contributes to the effect,
since during shock the bloed flow is diminished and there
also may be a superimposed vasoconstriction; repair of the
shock condition then facilitates ahsorplion.

Extravascularly injected moelecules too large to pass
through the capillary endothelium will, of necessity, enter
the systemic circulation through the lymph. ‘Thus, the
lymph flow may be imperlant to the absorption of a few
drugs.

Movement—A number of factors combine so thal move-
ment at the site of injection increases the rate of absorption.
In the intestine, sepmental movements and peristalsis aid in
dividing and dispersing the drug mass. The continual mix-
ing of the chyme helps keep the conceniration maximal at
the mucosal surface. The pressures developed during seg-
menlation and peristatsis also may favor a small amount of
filiration. Movement at the site of hypodermije injection
also favors absorption, since it tends to force the injected
material through the tissue, increasing the surface area of
drug mass and decreasing the mean distance Lo the capil-
laries. Movement also increases the flow of blood and
lymph. The selection of a site for intramuscular injection
may be determined by the amount. of expected movement,
according to whether the preparation is intended as a fast-
acling or a repository preparation.

Giastric Motility and Bmptying-—The motility of the
stomach is more important. to the rate at which an orally
administered drug is passed on (o the small intestine than it
is Lo the rate of absorption from the stomach itself, since for
various rensons noted above, absorption from the stomach is
usually of minor importance.

The average emplying time of the unloaded stomach is
aboul 40 min and the hall-lime is around 10 min, though it
varies according to its contents, reflex and psychological
factors, as well as the action of certain autonomic drugs or
disease. The cifect of food Lo delay absorption is due, in
part, Lo its action Lo prolong emplying time. The emptying
time causes u delay in the absorption of drug, which may be
unfavorable or Tavorable according to what is desired. In
the case of therapy with antacids, gastric emplying is a
nuisance, sinee it removes the antacid from the stomach
where i is needed.

Solubility and Binding-—The dissolution of drugs of lew
seluhility is generally a slow process. Indeed, low solubility
is the result. of a low rate of departure of drug molecules from
the undispersed phase. Furthermore, since the concentra-
tion around the drug mass is low, the concentration gradient
from the site of deposition Lo the plasma is small and the rate
of diffusion is low, accordingly.

When il is desired that a drug have a prolonged action but,
not a high plasma concentration, a derivative of low solubili-
fy is often soughi. The “insoluble” estolates and other
esters of several steroids have durations of action of weels
because of the slow rates of absorption [rom the sites of
injection. Insoluble salis or complexes of acidic or basic
drugs also arc employed as repository preparalions; for ex-
ample, the procaine sait of penicillin G has a low solubility
and is used in a slow release form of Lthe antibiotic.

The solubility of coertain macremelecules is dependent

eritically on the fonization of substituent groups. When
they are amphiprotic, they are least soluble at their isoelec-
tric pH.  Insutin is normaily soluble at the pH of the extra-
cellular fluid, but by combining insulin with the right pro-
portion of a hasic protein, such as protamine, the isoelectric
pH can be made 1o be approximately 7.4 and the complex
can he used as a low-solubility prolenged-action drug. For
more details, see Chapter 81.

Some drugs may bind with natural substances at or near
the site of application. 'The strongly ionized mucopolysac-
charides in connective tissue, ground substance and mucous
socretions of the gut are retardants to the absorption of &
number of drugs, especially large cationic or polycationic
molecules. In the gut, the hinding is the least at low pH,
which should [aver absorption of large cations from the
stomach; however, absorption {rom the stomach is slow (see
ahove), so that the absorption of large cations ocours mainly
in the upper ducdenum where the pH is still relatively low.
Pharmagcologically inactive gualernary smmonium com-
pounds sometimes are included in an oral preparation of &
quaternary ammoniwn drug for the purpoese of saturating
the binding sites of mucin and other mucopolysaccharides
and, therehy, enhancing the absorption of drug.

In addition to mucopolysaccharides in mucous secretions,
food in the gastrointestinal track binds many drugs and
slows abserption. Antacids, especially aluminum hydroxide
plus other basic aluminum compounds and magnesium iri-
silicate, bind amine and ammonium drugs and interfere with
absorption.

Donnan Bffeet—The presence of a charged macromole-
cule on one side of a semipermeable membrane (imperme-
able to the macromolecule) will aiter the concentration of
permeant ionized particles according o the Donnan equilib-
rium {page 716). Accordingly, drug molecules of the same
charge as the macromolecule will be constrained to the oppo-
site side of the membrane. The presence of appropriately
charged macromolecules not only will influence the distribu-
tion of drug ions in accordance with the Donnan equation
but also increase the rate of transfer of the drug acress the
membrane, because of mutual ionic repulsion.  This effect is
sometimes used to fncilitate the absorption of ionizable
drugs from the gastrointestina) tract. The Donnan eflect
also operates to retard the absorption of drag tons of oppo-
site charge; however, the mutual electrostatic attraction of a
macromolecule and drug ion generally vesults in actual bind-
ing, which is more important than the Donnan effect.

Vehicles and Absorption Adjuvanis—Drugs that ave Lo
be applied topieally to the skin and mucous membranes
often are dissolved in vehicles that are thought to enhance
penctrance. For along time it was thought that eleaginous
vehicles promoted the absorption of lipid-soluble drugs.
However, the role and effect of the vehicle has proven to be
guite complex. In the skin al least five factors are involved:

1. Phe effect of the vehicle 1o alter the hydration of the keratin in the
barrier laye

2. The 4 of the vebicle 1o promote ar prevent the collection of
sweal at the surlface of the skin.

3, The partition coofficient of the druy in a vehicle-water system,

4. The permeability of the skin to Ue undissolved drag,

5 'I"e permeability of the skin Lo Lhe vehicle.

The effect of the vehicle (o aid in the access of the drug to
the hair follicles and sebaceous glands also may be involved,
although in man the follicles and glands are probably ordi-
narily of minor importance to absorption.

A layer of oleaginous material over the skin prevents the
evaporalion of water, so that the stratum corneum may be-
come macerated and more permeable to drugs. I derma-
tology it is semetimes the practice to wrap thesite of applica-
tion with plastic wrap or some other waterproof material for
the purpose of increasing the maceration of the stratum
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cornewmn. However, the layer of perspiration that forms
under an occlusive vehicle may become a barrier to the
movement of lipid-soluble drugs from the vehicle 1o the skin,
but it may lacilitale the movement of water-soluble drugs.
Conversely, polyethylene glycol vebicles remove the pexspi-
ration and dehydrate the barrier, which decreases the per-
meability Lo drugs; such vehicles remove the agueous medi-
um through which waier-soluble drugs may pass down inte
the stratum corneum but at the same time facilitate the
transfer of lipid-soluble drugs from the vehicle to the skin.

Even in the absence of a vehicle, it is not clear what
physicochemical properties of a drug favor culaneous pene-
tration, kigh lipid-solubility being a prerequisite, according
to some authorities, and an ether-water partition coefficient
of approximately one, according to others. Yet, the pene-
tration of ethanol and dibromomethane are nearly equal,
and other such enigmas exist, It is not surprising, then, that.
the effects of vehicles are not aitogether predictable.

A general statement might be made that if a drug is quite
soluble in a poorly absorbed vehicle, the vehicle will retard
the movement of the drug into the skin. For example, sali-
eylic acid is 100 times as permeant when absorbed from
water than from polyethylene glycol and pentanol is & times
as permeant from water as from olive oil.  Yet, ethanol
penetrates 5 times faster from olive oil than from either
water or ethanol, all of which denies the trusiworthiness of
generalizations about vehicles.

Since the 19G0s, there has been much interest in certain
highly dielectric aprotic solvents, especialty dimethyl sulfox-
ide (DMSQ). Such substances generally prove to be excel-
Jent solvents for both water- and lipid-soluble compounds
and for some compounds not soluble in either water or lpid
solvents. The extraordinary solvent properties probably
are due to a high polarizability and van der Waals honding
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capacity, o high degree of polarization (dipole moment) and
a lack of association through hydrogen bonding. As a vehi-
cle, DMSO greatly facilitates the permeation of the skin and
other biological memnbranes by numerous drugs, including
such large molecules as insulin.  The mechanism is under-
stood poorly. Such vehicles have a potential for many lin-
portant uses, but they are at present only experimental,
pending further investigations on Loxicity.

Trom time to time, a claim is made that a new ingredient
of a tablet or elixir enhances the absorption of a drug, and a
comparison of plasima levels of the old and new preparations
seems to support the claim. Upon further investigation,
however, it may be revealed thatl the new so-called absor-
tion adjuvant is replacing an ingredient that previously
bound the drug or delayed its absorption; thus, the new
“adjuvant” is not an adjuvant but rather il is only a nonde-
terrent.

Other Faclors-—A number of other iess-well-defined fac-
tors alfect the absorption of drugs, some of which may oper-
ate, in part, through factors already cited above. Disease or
injury has a considerable effect upon absorption, For exam-
ple, debridement of the stratum corneum increases the per-
meability to topical agents, meningitis increases the perme-
ability of the blood-brain barrier, biliary insufficiency de-
creases the absorption of lipid-soluble substances (rom the
intestine and acid-base disturbances can affect the absorp-
tion of weak acids or bases. Certain drugs, such as ouabain,
that affect active transporl processes may interfere with the
absorption of certain other drugs. The condition of the
ground substance, or “intracellular cement,” probably bears
on the absorption of certain types of molecules. Hyaluroni-
dase, which depolymerizes the mucopolysaccharide ground
substance, can be demonstrated to facilitate the absorption
of some, but not all; drugs from subcutaneous sites.

Drug Disposition

The term drug disposition is used here to include all
processes which tend to lower the plasma concentration of
drug, as opposed o drug absorption, which elevales the
plasma level. Consequently, the distribution of drugs to the
various tissues will be considered under Disposition. Some
authors use the term dispoesition synonymously with elimi-
nation, that is, to include only those processes which de-
crease the amount of drug in the body. In the present
contexl, disposition comprises three categories of processes:
distribution, biotransformation and excrelion.

Distribution, Biotransformation and Excretion

The term distribution is self-explanatory. It denotes the
partitioning of a drug among the numercus lacations where 4
drug may be contained within the body. Biotransforma-
tions are the alterations in the chemical structure of a drug
that are imposed upon it by the life processes, Ixcretion is,
in a sense, the converse of absorplion, namely, the transpor-
tation of the drug, or its products, out of the body. The term
applies whether or not special organs of excretion are in-
volved.

Distribution

The body may be considered 1o comprise a number of
compariments: enteric (gastrointesiinal), plasma, intersti-
tial, cerebrospinal fluid, bile, glandular secretions, urine,
storage vesicles, cytoplasm or intracellular space, ete. Some
of these “compartments,” such as urine and secretions, are
open-ended, bul since their contents relate to those in the
closed compartments, they also must be included.
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At first thought, it may seem that if a drug were distribul-
ed passively (ie, by simple difftision) and the plasma concen-
tration could be maintained at a steady level, the concentra-
tion of a drug in the water in all compartments ought to
become equal. It is true that soine substances, such as
ethanol and antipyrine, are distributed nearly equally
throughout the body water, but they are more the exception
than the rule. Such substances are mainly small, un-
charged, nondissociable, highly water-saluble molecules.

The condition of small size and high water solubility al-
lows for passage through the pores without the necessity of
carrier or active transport. Small size also places a limit on
van der Waais binding energy and configurational comple-
mentariness, so that binding to proteins in plasma, or cells, is
slight. The presence of a charge on a drug molecule makes
for unegual distribution across charged membranes, in ac-
cordance with the Dennan distribution (see below). Disso-
cinbility causes unequal distribution when there is a pH
differential hetween compartments, as discussed under The
pH Partition Principle (see below). Thus, even il a drug is
distributed passively, its distribution may be uneven
throughout the body. When active transport into, or arapid
metabolic destruction cceurs within, some compartments,
uneven distribution is also inevitable,

The pH Partition Principle-An important conse-
quence of nonionic diffusion is that a difference in pH be-
tween two compariments will have an important influence
upon the partitioning of a weakly acidic or basie drug be-
{ween those compartments. The partition is such that the
un-fonized forin of the drug has the same concentration in
hoth compartments, since it is the form that is freely diffus-
ible; the ionized form in each compartment will have the
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716 CHAPTER 35

concentraiion that is determined by the pH in that compart-
ment, the p and the concentration of the un-ionized form.
The governing effect of pX and pk on the partition is known
as the pli paertition principle.

To illustrate the principle, consider the partition of sali-
cylic acid between the gastric juice and the intexior of a
gastric mucosal cell. Assume the pH of the gastric juice {o
be 1.0, which it ocensionally becomes. The pIS, of salieylic
acid is 8.0 (Martin!® provides one source of pK values of
drugs). With the Henderson-Hasselbach equation {see
page 242) it may be calculated that the drug is only 1%
ionized at pId 1.0.* The intraceltular pH of most cells is
about 7.0.  Asswming the pH of the mucosal cell to be the
same, it may be calculated that salicylic acid will be 99.99%
ionized within the cells. Since the coneentration of the un-
jionized form is theoreticatly the same in both gastric juice
and mucosal eells, it follows that the total concentration of
the drug (ionized + un-ionized) within the mucosal ceil will
Dbe 10,000 times greater than in gastric juice. This is illus-
trated in Pig 85-11. Such a rclatively high intracellular
concentration can have important osmotic and toxicologic
CONSEQUENCEs.

Had the drug been a weak base instead of an acid, the high
concentration would have been in the gastric juice. In the
small intestine, where the pH may range from 7.5 to 8.1, the
partition of a weak acid or base will be the reverse of that in
the stomach, but the concentration differential will be tess,
because the pH differential from lumen to mucosal cells, ete,
will be less. The reversal of partition as the drug moves
from the stomach to the small intestine accounts for the
phenomenon that some drugs may be absorbed from one
gastrointestinal segment and returned to another. The
weak base, atropine, is absorbed from the small intestine,
hut, hecause of pIf partition, it is “secreted” into the gastric
juice.

The pH partition of drugs has never been demonstrated Lo
be as marked as that illustrated in Fig 356-11 and in the text.
Not only do many drug ions probably pass through the pores
of the membrane to a significant extent, but also some may

* Phe relationship of ionization and partition w pH and pK has been
formulated in several different ways, but the student may ealcuiate the
concentrations from simple wass law equations. More sophisticafed
caleulations and reviews of this subject are available.5'"¢

MUCOSAL CELIL GASTRIC JUICE

CYTOPLASM

pH 7.0 pH 1O

1330

> [Uneionizodd =1}

1]

Cfonized] = 0.0

b LUne lonizedd &

—
NYdSWIN

=

93.99= Clonizedy

Fig 35-11. Hypothetical partition of sallcylic acid between gastric
juice and the cytoptasm of a gastric mucesal calt, It is assumed that
the ionized form cannot pass through the cell membrane. The
intragastric concentration of salicylic acld is arranged arbitrarlly to
provide unit concantration of the un-lonized form. Bracketad valugs:
concontration: arrows:  rolative size dopicts the direction in which
dissociation-assoclation is favored at equilibrium.

pass through the lipid phase, as explained above for the
morphinans and mecamylamine.  Jurthermore, ion-pair
formation in earrvicr transport also bypasses nonionic diffu-
sion. All processes thal tend toward an equal distribution of
drugs across membranes, and among compartments, will
cause further deviations from theoretical predictions of pH
partition.

Flectrochemicat and Donnan Distribution—A drug
ion may be distributed passively across a membrane in ac-
cordance with the membrane potential, the charge on the
drug ion and the Donnan effect. The relationship of the
membrane potential to the passive distribution of ions is
expressed quantitatively by the Nernst equation (Bq 7, page
709) and already has been discussed. Barring active trans-
port, pH partition and binding, the drug will he said to be
distributed according to the clectrical gradient oy Lo its
“equilibrium™ potential. I the membrane potential is 80
mv, the concentration of a univalent cation will be 30 times
ay high within the cell as without; if the drug cation is
divalent, the ratic will be 890. The distribution of anions
would be just the reverse. 11 the membrane potential is but.
S my, the ratio for a univalent cation will be only 1.4 and for 2
divalent cation only 2.0. It, thus, can be seen how important
membrane potential may be to the distribution of ionized
drugs.

It was pointed out under Membrane Potentials, page 707,
that large potentials derive from active transport of ions but
that small potentials may result from Donnan distribution.
Donnan membrane theovy is discussed in Chapter 14, Ac-
cording to the theory, the ratio of the intracellular/extracel-
lular concentration of a permeant univalent anion is equal Lo
the ratio of extracellular/intracellutar concentration of a
permeant. univalent cation. A more general mathematical
expression that includes ions of any valence is

ANV, O\,

where 4; is the intracellular and A, the exiracellular concen-
tration of anien, Z. is the valence of eation, Z, is the valence
of anion, €; is the intracellular and C, the extracellular con-
centration of cation and ris the Donnan factor. The value of
r depends upon the average molecular weight and valence of
the macromolecules (mostly protein) within the cell and the
intracellular and extracellular volumes. Since the macro-
molecules within the cell are charged negatively, the cation
concentration will lie higler within the cell, that is, C; > Ce.
Since o Donnan distribution results in a membrane poten-
tial, the distribution of drugion also will he in keeping with
the membrane potential,

The Donnan disteibution also applies to the distribution
of a charged drug between the plasina and interstitial com-
partment, because of the presence of anionic proteing in the
plasma. lig 8 applies by changing the subscript i to p, for
plasma, and € to £, for interstitial. The Doonan factor, r, {or
plasma-interstitial space partition is about 1.05:1.

Binding end Stornge—Drugs frequently are bound to
plasma proteins (especially albumin), interstitial sub-
stances, intracellular constituents and bone and cartilage.
If binding is extensive and firm, it will have a considerable
impact upon the distribution, exeretion and sojourn of the
drug in the body. Obviously, o drug that is bound to a
protein or any other macromolecule will not pass through
the membrane in the bound form; enly the unbound f{orm
can negotiate among the various eompartments.

‘The pariition among compariments is determined by the
binding capacity and binding constant in each compart-
ment. As long as the hinding capacity exceeds the quantity
of drug in the compartment, the following equation general-
ly applies:
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log Dy, = log K + a log I, {9)

where D, is the concentration of bound drug, Dy is the con-
centration of free drug and a and K are constants character-
istic of the drug and binding macromolecule. The equation
is that of a Freundlich isotherm. As the binding capacily is
approached, the relationship no longer holds, For anondis-
sociable drug at equilibrium, Dy will be the same in all com-
municaling compartments, so that it would be possible (o
caleulate the partition il K and a are known [(or each com-
partment. Excepl for plasma, the values of K and a are
generally unknown, hut the percent bound is often known.
From the percent bound, the partition alse can be calculat-
ed, as in Fig 35-12, However, the logarithmic relationships
shown in Eq 9 serve as a reminder that the percent bound
changes with the concentration, so that the partition will
vary with the dose. If the drug is a weak acid or base, the un-
ionized free form negotiates among the compartments, but
the ionized form is oflen the more firmly bound, and caleula-
tions must take into account the dissociation constant and
the different I’s and a's of the ionized and un-ionized forms.

It is mishelieved commonly that binding in the plasma
interferes with the activity of a drug and the intracellular
binding in a responsive cell increases activity or toxicity.
Both binding in plasma and in the tissues decreases the
concentration of free drug, but this is easily remedied by
adjusting the dose to give a sufficient concentration for
pharmacological activity. The distribution and activity of
the free form is not affecled by binding. The principal
effect of hinding is to increase the initial dose requirement.
for the drug and create a reservoir of drug from which the
drug may be withdrawn as the free form is excreted or me-
tabolized. However, if the binding is extremely firm and
release is slow, the rate of release may not be enough to
sustain the free form at a sufficient level for pharnacological
activity; in such instances the bound drug cannot be consid-
ered a reserve.

The effect of binding upon Lhe sojourn of a drug may be
considerable. For example, quinacrine, which may he con-
centrated in the liver to as much as several thousand times
the concentralion in plasma, may remain in the body for
months. Some iodine-containing radiopague diagnostic
agents are bound sirongly Lo plasma prolein and may remain
in the plasma for as long as 2 yr. In pathological conditions,
such as nephrosis, diahetes or cirrhosis, in which plasma
protein levels may be decreased, the plasma protein hinding,
loading dose and duration of action all may be decrensed.

If & drug is hound to a functional inacromolecule, binding
may relate to pharmacelogical aclivity and toxicity, provid-
ing that the binding is al a critical center of the macromole-
cute. The binding by nucleie acids of certain antimalarials,
such as quinacrine, undoubtedly coniributes to the parasiti-
cidal actions as well as to toxicity.

50% BINDING 90% BINDING
FREE (1) FREE (1)
BOUND {1} BOUND {9}
TQTAL=(2) TOTAL = (10

Fig 35-12. Distribution of a drug batween two compartrments in
which the degroes of binding 1o protein differ.  The percent of binding
is indicated. Only the unbound drug can pass through tho membrane.
Brackeled values: concentration (courtesy, Schanker'?).
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Most drugs are bound to proteins by relatively weak
forces, such as van der Waals (London, Keesem or Debye)
forces, or hydragen or ionic bonds. Conseguently, binding
constants generally are small and binding is usually readily
reversible. The larger the molecule, the greater the van der
Waals bonding, so that large drug molecules are more likely
to be hound strongly than are small ones.

Just as shape and the nature of functional groups is impor-
tant to drug-receptor combination, so they also are to bind-
ing. Drugs of similar shape and/or chemical alfinities may
bind at the sawe sites on a hinding protein and hence corn-
pete with one another, For example, phenylbutazone dis-
places warfarin from humap piasma albumin, which may
cause an increase in the anticoagulant effect of warfarin,
Some drugs also may displace protein-bound endogenous
constituents. For example, sulfisoxazole displaces bilirubin
from plasma proteins; in infants with kernicterus the freed
bilirubin floods the central nervous system and causes some-
times fatal toxicity.

Depending on the lipid—water coefficient, a drug may be
taken up into fatly tissue. The ratio of concentration in {at,
to that in the plasma, will not be the same as dictated by the
partition coefficient because of the content of waler and
nenlipids in adipose tissue, and because electrolytes and
other solutes aller the dielectric constant and hence solubili-
ties from those of pure water. Lipoproteins, and even non-
polar substituents on plasma proteins, also take up lipid-
soluble molecules, so that solubility in plasma can be consid-
erably higher than that in water. The relatively high
solubility of ether in plasma makes plasma a pool for ether,
the filling of which delays the onset of anesthesia, However,
ether and other volatile anesthetics are taken up gradually
into the adipose tissue, which acts as a store of the anesthet-
ic. The longer the anesthetic is administered, the greater
the store and the longer it takes for anesthesia to terminate
when inbalation has been discontinued.

Ancther nolable substance that is taken up readily into fat,
is thiopental. Tven though there is a high solubility of this
harbiturate in fat, the low rate of blood (fow in fat limits the
rate of uptake. Because the blood flow in the brain is very
high, thiopental rapidly enters brain tissue. However, il
soon equilibrates with the other tissues, and the brain con-
centration falls as that in the other tissues {eg, muscle or
fiver) increases. Gradually, however, the fat accumulates
the drug at the expense of other compartments. The gradu-
al entry of thiopental into fat at the expense of plasma,
muscle or liver is illustrated in Fig 36-13.

Nonequilibrium and Redistribution-Thus far, the
distribution of drugs has been discussed mainly as though
equilibrium or steady state conditions exist uller a drug Js
absorbed and distributed. However, since most drugs are
administered at intervals and the body content of drug rises
and falls with absorption and destruction-excretion, neither
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Fig 35-13. Predisposition of thiopental for fat. 25 mg/kg was given
toadog. After a brief sojourn in the mora vascuiar tissues, thiopontal
gradually transfers to fat, where the lipid-soluble drug dissolves in fat
droplets (courtesy, Brodie and Hogben'3).
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718 CHAPTER 35

a true equilibrium among the body compartments nor a
sleady state exisls.

The term equilibrium is used misjeadingly to deseribe the
conditions that exist when the plasma concentration and the
concentration in a tissue are equal, as exemplilied at the

point of intersection of the curves for plasma and muscle or

plasma and fat in Fig 35-18. But such “equilibrium” with
fat occurs much later than “equilibrium” with muscle, so
that no true eguilibrium really exists among all the compart-
ments.  Furthermnore, the crossover peint for plasma and
any one tissue is not necessarily an equilibrium poeint, be-

cause the rates of ingress and egress {rom the lissue are not

necessarily equal when the internal and external concentra-
tions are equal, since there are nuwmerous faetors that make
for unequal distribution (pH partition, Donnan effect, elec-
trochemical distribution, active transport, binding, ete).

A study of Fig 35-13 shows that the distribution of thio-
pental continually changed during the 8.5 hr of observation.
At the end of the period, the content in f{at was still increas-
ing while that in each of the other compartiments was de-
creasing.  This time-dependent shift in partition is called
redistribution. Rventually, the content in fat. would have
reached a peak, which would represent as nearly a true
equilibrium point as coutld he achieved in the dynamic situn-
tion where metabolic destruction and a slight amount. of
excretion of the drug was taking place.  Once the concentra-
tion in the fat had reached its peak, its content would have
declined in parallel with that in the other tissues and the
partition among the compartments would have remained
essentially constant. Redistribution, then, takes place only
until the concentration in the slowest filling compartment
reaches its peak, so long as the kineties of elimination are
constant.

An index of distribution known as the volume of distribu-
tior: (amount of drug in the body divided by plasma concen-
tration) is of considerable usefulness in pharmacokinetics
but is of limited vaiue in defining the way in which a drug is
partitioned in the body, Volume of distribulion is discussed
on page 727.

The word space is often used synonymously with volume
of distribution, It is employed especially when the distrib-
uted substance has a volume of distribution that is essential-
ly identical {0 a physical real space or body compartment.
N-acetyl-4-amincantipyrine is distributed evenly through-
out the total body water and is not bound to profeins or other
tissue constituents. Thus, the acelylamincantipyrine space,
ar volume of distribution, coincides with that of total body
water. Inulin, sucrose, sulfate and a number of other sub-
stances essentially are confined Lo extracellular water, so
that an inulin space, for example, measures the extraceliular
fluid volume. Iivans blue is conflined to the plasma, so that
the Ivans blue space is the plasma volume. Such space
measurements with standard space indicators are a neces-
sary part of studies on the distribution of drugs, since it is
desirable to compare the volume of distribution to a drug to
the physiological spaces.

Biotransformations

Most drugs are acted upon by enzymes in the body and
converted to metaholic derivatives called metabolites. The
process of conversion is called biotransformation. Metabo-
lites are usually more polar and less lipid-soluble than the
parent drug hecause of the introduction of oxygen inlo the
molecule, hydrolysis to yield more highly polar groups or
conjugation with a highly polar substance. As a conse-
guence, metabolites often show less penetrance into tissues
and less renal tubular resorption than the parent drug, in
aceordance with the principle of the low penetrance of polar
and high penetrance of lipid-soluble substances. For simi-

lar reasons, metabolites are usually less active than the par-
ent drug, often inactive; even if they are appreciably active,
they generaily are excreted move rapidly. ‘Fherefore, the
usual net effect of hiotransformation may be said Lo he one of
Inactivntion or detoxicalion,

‘There are, however, numerous examples in which bio-
transformation does not result in inactivation. Table 111
(page 742) lisie a number of drugs that generate active me-
Labolites; in a few instances activily derives entirely {rom the
metabolite.

There are also examples in which the parent drug has no
activity of its own but is converted to an active metabolite:
parathion, matathion and certain other anticholinesterases
require metabolic activation; inactive chloroguanide is con-
verted to an aclive lriazine derivative; phenylbutazone is
hydroxylated to the antirheumntic hydroxyphenylbutazone;
inactive pentavalent arsenicals arve reduced to their active
trivalent metabolites and there are other examples of an
aclivating bictransformation.

When a delayed or prolonged response Lo a drug is desired
or an unpleasant {taste or local reaction is Lo be avoided, it isa
common pharmaceutical practice Lo prepare an inaclive or
nonoffending precursor, such Lhal the active form may be
generated in the body. This practice has heen termed drig
latentiation. Chloramphenicol palimitate, dichleralphena-
zone and the estelates of various steroid hormones are examn-
ples of deliberately latentiated drugs. Because inactive me-
tabolites do not always result from biotransformation, the
term detoxication should not he used as a synonym for hio-
trapsformation. See Chapter 25.

Biotransformations take place principally in the liver, al-
though the kidney, skeletal muscle, intestine or even plasina
may be important sites of the enzymalic attack of some
drugs. Since plasma lacks the enuymes and struciures re-
quired for electron transport, hiotransformations in plasma
are mostly hydrolytic.

Endoplasmic Retieulwn and Microsonal Systom.—
Biotransformations in the liver mainly occur in simooth en-
doplasmic reticelum. The endoplasmic reticulum is a tu-
bular system which courses through the interior of the cell
but also appears to communicate with the interstitial space,
and its membrane is continuous with the cell membrane.
Some of the reticulum is lined with ribonucleoprotein parti-
cles, called ribosomoes, which are engaged in profein synthe-
sis; this is the rough endoplasmic reticulum.  Although the
stooth endoplasmic reticulum Jacks such a granular appear-
ance, it is invested heavily with numerous ensymes which
hiotransform many drugs and some endogenous substances.

When a broken-cell homogenate of the liver is prepared,
the reticulum becomes fragmented and the fragments form
vesicular structures called microsomes. Although the mi-
crosomes are artifacts, it is the practice to refer to the micro-
somal drug metabolizing system rather than to the smooth
endoplasmic reticulum.

The microsomal syster is peeuliar in that both oxidations
and reductions usually require the reducing cofactor, re-
duced nicotinamide adenine dinucleotide phosphate
(NADPH). 'T'his is because microsomal oxidations proceed
by way of the introduction of oxygen rather than by dehy-
drogenation and NADPH is essential to reduce one of the
atoms of oxygen. The drug {irst binds to an oxidized cylo-
chrome P-450. The drug-cytochrome complex then ig re-
duced by NADPH-cytochrome reductase; the reduced com-
plex then combines with oxygen, after which the metabolite
is relensed and oxidized cytochrome P-450 is regenerated.

Sylochrome 17450 js n generic term that includes ot least, 3¢
and perhaps as many as 100 separate enzymes.'?

Some of the enzymes of the microsomal system are guite
easily induced; that is, o substrate of the ensymne may in.
crease considerably the activity of thal enzyme by increasing
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the biosynthesis of that enzyme. An increase in the amount
of smooth endoplasmic reticulum sometlimes also occurs
concomitantly with enzyme induction,

Treatment of an experimental subject with phenobarbital
greatly will increase the rate of metabolism of phenobarbi-
tal, which necessitates larger and more frequent doses of the
drug in order to maintain a constant sedative effect. More-
aver, phenobarbital may induce an increased metabolism of
some olther, but not all, barbiturates as well as some unrelat-
ed drugs, such as strychnine and warfarin, Oddly, warfarin
does nol induce its own biotransformation readily. At the
present time, both self-induction and cross-induction ap-
pear capricious and unpredictable.

Induction may create therapeutic problems. For exam-
ple, the use of phenobarbital during treatment with warfarin
increases the dose requirement (or warfarin. Il the physi-
cian is unaware of this interaction and fails to increase the
dose, the patient may sulfer a thrombaotic episode. Il the
dose of war{arin has been increased and the phenobarbital is
then discontinued, the rate of metabolism of warfarin may
drop to ils previous level, so Lhat the patient is overdosed,
with hemorrhagic consequences. Some drugs inhibit rather
than induce the microsomal system, which reduces the dose
requirement and may lead Lo toxicity, Cimetidine is an
example of a drug that inhihits the hepatic metaboelism of a
number of other drugs.

The activily of the microsomal system is affected by many
factors other than the presence of drugs. Age, sex, nutri-
tional states, pathological conditions, body temperature and
penetic factors are among the influences that have been
identified. Age, particularly, has received considerable at-
tention. Infants have a poorly developed microsomal sys-
tem, which accounts for the low dose requirement for mor-
phine and aiso explains the high toxicity of ¢hleramphenicol
in infants.

The activity and selectlivity of the microsomal systemn var-
ies greatly (rom species to species, so thal care must be
exercised in extrapolating experimental findings in labora-
tory animals {0 man,

Types of Biolransformations—Biotransformations
may be degradative, wherein the drug molecule is dimin-
ished to a smaller structure, or synthetic, wherein one or
more atoms or groups may be added to the molecule. Very
few drugs are degraded completely. However, it is more
useful 1o calegorize biotransformations with respect to
“metabolic” (nonconjugative) blotransformations and con-
jugative biolransformations. The former is called phase 1
and the latter phase {1 In phase [, pharmacodynamic activ-
ity may be lost; however, active and chemically reactive
intermediates also may be generated. The polarity of the
melecule may or may not be increased sulficiently Lo in-
crease excretion markedly. In phase 11, metabolites [rom
phase I mnay be conjugated and sometimes the original drug
may be conjugated, thus bypassing phase I. Phase I gener-
ates metaholites of high polarity which are excreted readily.

Biotransformations may be placed into five categories:
(1) oxidation, (2) reduction, {3} hydrolysis, (4) conjugation
and (5) miscellaneous, Oxidation, reduction and hydrolysis
comprise phase I, Conjugation comprises phase IT. Most of
the miscellaneous hiotransformations belong in phase 1.

Oxidntion—Oxidaticn is more common than any other type of hio-
transformation. Oxidations that oceur primarily in the liver microsom-
al system inelude side-chain hydroxyiation, aromatic hydroxylation, de-
amination {which is oxidative and results in the intermediate formation
of RCHO)Y, N-, -, and S-dealkylation (which probably involves hydrox-
ylation of the alliyl group followed by oxidation to the aldehyde) snd
sulfoxide formation. N-Demethylation involves adifferent syslem from
N-dealkylation of higher radicais.

Oxidations that occur elsewhere, other than the microsomes, are gen-
erally dehydrogenations followed by the addition of oxyyen or water.
Examples are the oxidation of alcohols by alcohol dehydrogenase, the
oxidation of aldehyde by aldehyde dehydrogenase and the denminntion
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of moncamines by moenoamine oxidase and diamines by diamine oxidase.
The oxidation of purines, like caffeine and theophyliine, is olso extrami.
crosomal,

Reduction—Reductions are relatively uncommon. ‘They mainly oc-
cur in liver microsomes, but, they occasionally take piace in other tissues.
Fxamples are the reduction of nitro and nitroso groups {as in chieram-
phenicol, nitroglycerin and organie nitrites), of Lthe azo group (as in
prontosil) and of certain aldehydes to the corresponding aleohols (as
with the deaminated serstonin metabolite, 5-hydroxyteyptophal, 1o 5-
hydroxytryptophol).

Hydrolysis—-Hydrolysis is & common biotransformation among es-
ters and amides.  sterases are located in many struclures besides the
microsomes. For example, cholinesterases are found in plasma, erythro-
cyles, liver, nerve terminals, junctional interstices and postjunctional
structures, and procaine esterases are found in plasma.  Various phos-
phatases and sulfatases also are distributed widely in tissues and plasima,
although (ew drugs are appropriate substrates. The hydrolytic deami-
dation of meperidine oceurs primarily in the hepatic microsomes.

Conjugation-—A lorpe number of drugs, or their metabolites, are
conjugated, Conjugation is the hiosynthetic process of combining a
chemical compound with a highly polar and water-soluble hatural sul;-
stance to yield a water-soluble, usually inactive, product. Conjugations
generally involve either esterification, amidation, mixed anbydride for-
mation, hemiacetal formation or etherization,

Glucuronic aeid is the most frequent. partner Lo the drug in conjuga-
tion.  Actually, the drug reacts with uridine diphosphoglucuronic acid
rather than with simple glucuronic acid. The drug or drug melabolite
combines at the number T carbon (aldehyde end) and nef al the carboxyt
end of glueuronic acid.  The hydroxy! group of an aleohel or a phenol
attacks the number 1 carbon of the pyran ring Lo replace weidine diphos-
phate. The product is a hemiacelal-like derivative. Since the product
is not an ester, the term glucuronide is appropriate.  Rarely, thicls and
wmines may forin analogous glucwronides.

Carboxy] compounds form esters, appropriately called glucuronates,
in replacing the uridine diphosphate. Sulfuric ueid is also a frequent
conjugant, especially with phenols and to a lesser extent with simple
nlechols. The sullurated preduct is enlled an ethereal sulfate. Occa-
sionally sulfuric acid conjugates with aromatic amines to form sulfa-
mates.  Phosphoric aeid slso conjugates with phenols and aromatic
amines. The conjugation of benzoic acid with glycine to yield hippuri
acid is a classical example of an amidaiion conjugative process. Cyste-
ine mnay nke the place of glycine, through the intermediatiun of glutathi-
ane, to vield mercapturic acids with certain aromatic acids,

Amidations with amine acids are less frequent than ecefylation, part-
ly because few drugs are carboxylic compounds.  Aromatic amines and
accasfonally aliphatic amines or heterocyclic nitrogen frequently are
acelylated. Acetyl-CoA is the biological reagent rather than acetic acid
itself. Unlike most other conjugates, the acelylnte (amide) is usually
less water-soluble than the parent compound.  The ncetylation of the
para-amino group of the sulfonamides is & prive example of this type of
conjugation,

Although maost conjugations eceur in (the fiver, the microsomal system
is not invelved.  Some conjugations ocewr in the kidney or in olher
tissues,

Miscellaneous—Many smines, especially derivatives of f-phenyleth-
vlamine and heteroeyclie compounds, are methyiated in the body. The
products are usually biologically active, sometimes more so than the
parent compound.  N-Methylation may oceur i the cell sap of the liver
and elsewhere, espeeiatly in chromailin tissue in Lthe case of phenyleth-
viamines.

Phenolic compounds may be Comethylated,  G-Aeihylation is the
principal route of biotransformation of catecholamines such as epineph-
rine and norepinephring, the methyl group being intreduced on the
meta-hydroxy substituent. Both - and C-methylation reguire §-
nethyladenosyl cysteine.

BPesulfuration, in which oxygen may replace sulfur, takes place in the
liver. Thiopental is converted in part te pentobarbital by desulfuration,
and parathion is transformed to parnoxon.

Pehatogenation of cerlain ingecticides and various halogenated hy-
dracerhons may Lake place, principaliy in the Jiver bt not in the micro-
S0OMoes.

Excretion

Some drugs are not biotransformed in the body. Others
may be biotransformed, but their products still remain to be
eliminated. It follows thal excretion is involved in the elim-
ination of all drugs and/or their metabolites. Although the
kidney is the most impertant organ of excretion, some sub-
stances are excreted in bile, sweat, saliva, gastric juice or
from the lungs.

Renal Excretion—The excretovy unit of the kidnay is
called the nepliron (Fig 45-14). There are several million
nephrons in the human kidney. The nephron is essentially
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CHAPTER 35

PRON AL
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TUGLE

PERIYURULAR
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SEGHMENT

Fig 35-14, Diagram of a mammualian nephron.  Note how the lower
ioops of the postglomnerular capillarios course downward and doubte
hack along with the tubule.  This allows countercurrent distribution 1o
maintain hyperosmolar uring within the thin segment.

a filter funnel, called Bowman’s capsule, with a long stem,
called a renal tubule. 1 also is recognized now that the
collecting duct. is functionally a part of the nephron. The
blood vessels that invest the eapsule and the tubule are also
an essential part of the nephron.

Bowman’s capsule is packed with a tuft of branching in-
terconnected capiliaries (glomerwdar tuft), which provide a
large surface area of capillary endothelium {(“filter paper™)
through which fluid and small molecules may [iiter into the
capsule and begin passage down the tubule. The glomerular
tul, together with Bowman's capsule, constitute the gio-
mertdus., The glomerular capillary endothelium and the
supporling layer of Bowman’s capsule have channels rang-
ing upward o 40 Conseqguently, all unbound crystailoid
solutes in plasma, and even a little albumin, pass into the
glomerular filtrate.

The postglomerular vessels, which lie close to the tubules,
are critically importani te renal function in that substances
resorbed from the filtrate by the tubule are returned to the
blood along these vessels. The tubule is not straight but
rather first makes a number of convolutions (called a proxi-
mal convoluted tubule), then courses down and back up a
long loop (called the loop of Henle), makes more convolu-
tions (the distal convoluted fubule) and finally joins the
colleeting duct.  The loop of Henle is divided into a proxi-
mal (descending) tubule, a thin segment and a distal {as-
cending) tubule.

As the glomerular fillrate passes through the proximal
tubule, some solute may he resorbed (Lubular resorption)
through the tubular epithelium and returned to the blood.
Resorplion oceurs in part by passive diffusion and in part by
aclive (ransport, especialty with sodium and glucose. Chio-
ride follows sedium obligatorily,

T the proximal region, the tubule is quite permeable to
water, so that resorbed solutes are accompanied by enough
water to keep the resorbate isotonic. Conseguently, al-
though the filirate becomes diminished in volume by ap-
proximately 80% in the proximal tuhule, it s not. concentrat-
ed.

Some acidification occurs in the proximal tubule gs the
result of carbonie anhydrase activity in the tubule cells and
the diffusien of hydronium jons into the lumen. In the
fumen the hydronium ion reacts with bicarbonate ion, which
is converted Lo resorbabic nonionic COy.

There is also active transport of organic cations and an-
jons inte the lumen ({ubular secretion), each by a separate
system. ‘These active lransport systems are extremely in-
partant in the excretion of & number of drugs; for example,
penicillin G is secreted rapidly by the anion transport sys-
tem and tetracthylammmonium ion by the cation transport
system. Probenecid is an inhibitor of anion secretion and,
hence, decreases the rate of loss of penicillin from the hody.

As the filtrate travels through the thin segment it becomes
concentirated, especially al the bottom, as a result of active
resorpiion and a countercurrent distribution effect enabled
by the recurrent and parallel arrangement of the ascending
segment, the parallel orientation of the collecting duct and
the similar recurrent geometry of the associated capillaries.

In the thick segment of the ascending loop of Henle, both
sodium and chloride are transported actively.

in the distal tubule, sodiwm resorption cceurs partly in
exchange for potassium (potassivm secretion) and for hy-
dronium fons. Adrenal mineralocorticoids promote distal
tubular sodium resorption and potassivi and hydronjum
secretion, Ammonia secretion also oceurs, so that the urine
cither may he acidified or atkalinized, according {0 acid-base
and electrolyte requirements.

Water is resorbed selectively from the distal end of the
dista) convoluted tubule and the collecting ducts; water re-
sorption is under the controi of the antidiuretic hormene.

Drugs also may be resorbed in the distal tubule; the pH of
the urine there is extremely important in determining the
rate of resorption, in accordance with the principle of non-
lonic diffusion and pH partition. ‘The pH of the tubular
fluid also affects the tubular secretion of drugs.

As an example of the importance of urine pH, in humans
the secondary amine, mecamylamine, is exereted more than
four times (aster when the urine pH is less than 5,5 than
when it is above 7.5; Fig 45-15 illustrates the effect of urine
pH on the excretion of this amine. The effect of urine pHon
the excretion of a weak acid, sul{acthidole (for the structure,
see page 1109, RPS-15), is shown in Fig 35-16.

The urine pH and, hence, drug excretion may fluctuate
widely according to the diet, exercise, drugs, time of day and
other lactors. Obviously, the excretion of weak acids and
bases can be controtled partly with acidifying or alkalinizing
salts, such as ammonium chloride or sodivm bicarbonate,
respectively, Comparative studies on poteney and efficacy
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Fig 35-158.  The effect of urinary pH on the mean cumufative excre-
tien in man of mecamytarine during the first day after oral administra-
ticn of 10 mg. Vertical broken fings:  standard deviation {courtesy,
Miine, of al'®).
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Fig 35-16. The effect of urinary pH on the excretion of sulfaethidole
in a human subject after oral administration of 2.g.  Bars (tower half):
urinary pH; circles {open and closed, top): log of the amount of drug
romaining in the body; negative slopes (of lines definsd by the cir-
cles): a function of the rate constant of excretion.  Note the abrupt
increase in rate when the urinary pH is changed from acidic 1o neutral
or slightly alkaline {courtesy, Kostenbauder, ef al*°).

in man have demonstrated the importance of controlling
urinary pH. Urine pH is important only when the drug in
gueslion is a weak acid or base of which a significant fraction
is excreted, ‘The plasma levels will change inversely to the
excrelory rate. For example, it has been shown clinically
will quinidine that alkalinization of the urine not only de-
creases the urine concentration but also increases the plas-
ma concentration and Loxicity.

The collecting duct also resorbs sodium and water, se-
cretes potassivin, acidifies and concentrates the urine.
Antidiuretic hormone (ADH) controls the permeability Lo
water of both the coliecting duct and the distal tubule.

Renal clearance and the kinetics of renal elimination are
discussed in Chapter 36 (page 730).

Drug Interaction

Frequently a patlent may receive more than one drag
concurrently, Case recerds show thal surgical patients com-
monly receive more than ten, and sometimes as many as 30,
drugs and the patient is often under the influence of several
drugs at once, sometines unnecessarily. Muitiple-drug ad-
ministration also is common for patients hospitalized for
infections and other disorders. Furthermore, a patient may
be suffering from more than one unrelated disorder which
demands simultaneous treatinent with two or more drugs.
In such instances, interactions are unsolicited and often
unexpected.

In addition to the administration of drugs concurrently
for their independent and unrelated effects, drugs are some-

times administered concurrently deliberately to make use of

expected interactions.

Types of Interaction and Reasons for Combination
Therapy

A drug may affect the response to another drug in a guan-
titative way. On the one hand, the intensity of either the
therapeutic effect, or side effect, may be augmented or sup-
pressed.  On the olher hand, n qualitatively different effect
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Biliary Excretion and Fecal Elimination--Many
drugs are secreted inte the bile and, thence, pass into the
intestine. A drug thal is passed into the intestine via the
bile may be reabsorbed and not lost from the body. This
cycle of hiliary secretion and intestinal resorption is called
enterchepatic circulation. Xxamples of drugs enterohe-
patically circulated are morphine and the peniciliins. The
biliary secrelory systems greally resemble those of the kid-
ney tubules. The enterohepatic system may provide a con-
siderable reservoir for a drug.

1f a drug is not. absorbed completely from the intestine, the
unabsorbed fraction will be eliminated in the feces. An
unabserbable drug that is secreted into the bile will likewise
be eliminated in the feces. Such lecal elimination is catled
fecal excretion. Only rarely ave drugs secreted into the
intestire through the succus eatericus {inteslinal secre-
lions}, aithough a number of amines are secreted into gastric
juice.

Alveolar Excretion—The large alveolar area and high
blood flow make the lungs ideal for the excretion of appro-
priste substances. Only velatile liquids or gases are elimi-
nated {rom the lungs. Gasecus and volatile anesthetics es-
sentially arve eliminated completely by this route. Only a
amall amount of ethanol is eliminated by the lungs, but the
coneentralion in the alveclar air is related so constantly to
the blood alechol concentration that the analtysis of expired
air is acceptable for legal purposes, The high aqueous solu-
bility and relatively low vapor pressure of ethanol at body
temperature account for the retention of most of the sub-
stance in the blood. Carbon dioxide from those drugs that
are partly degraded also is excreted in the lungs.

Pharmacokinetics

Pharmacckinetics is the science that treats of the rate of
absorption, extent of ahsorption, rates of distribution among
hody compartments, rate of elimination and related phe-
nomena. Because of its importance, two chapters, Basic
Pharmacokinetics (page 725) and Clinical Pharmacokinet-
ics {page 746), have been devoled to the subject.

and Combination

may be brought out. The mechanisims of such interactions
are many and not always are understood. A drug may nol
necessarily affect either the quality or inifial intensity or
effect of another drug, but may cause significant to profound
changes in the duration of action. The nature of this type of
interaction generally is understood fairly well, although it
wmay not yet have been ascertained for any particular drug
combination. 'Phe deliberate use of combined interacting
drugs is nost valid when the mechanism of the interaction is
understood and the combined effects are hoth quantifiable
and prediciable. The rationales of drug combination and
the principles involved are discussed below,

Combinations to Increase Intensity of Response or
Bificacy—Sometimes the basis (or the action of one drug to
increase the intensily of response to another is well under-
stood, but often the reason for & positive interaction is ab-
scure. A terminology has arisen that {requently is not only
enlightening as to mechanisms and principles but aiso which
is somewhat confusing.

Drugs that elicit the same quality of effect and are mutual-
ly interactive are called homergie, regardless of whether
there is anything in common belween the separate response
svstems. Thus, the looseness of the term admits a pressor
response consequent Lo an inerease in cardiac output to be
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722 CHAPTER 335

homergic with one resulting from arteriolar constriction,
even though there is not one common responsive clement,
the bivod pressure ilsell being but a passive indicator,
However, homergic drugs usually have in common at least
part of a response system, Thus, both norepinephrine and
pitressin stimulate soine of the same vascular smooth mus-
cle, even though they do nol. excite the same receptors.

Twe homergic drugs can he agonists of the same receptor,
s0 that the entire responsc syatem is common 10 both. Such
drugs are called homodynamic. As discussed under Drug
Receptors and Receptor Theory (page 702}, homodynamic
drugs will generate dose-intensity of effect curves with par-
allel slopes, but not necessarily with identical maxima or
efficacies, if one of the drugs s a partial agonist.

FProm mass-law kinetics and dose-effect data of the sepa-
rate drugs, it is possible Lo predict the combined effects of
two agonists to the same receptor. If hoth drugs are full
agonists, theory predicts that an £Dx of Drug A added 10 an
EDy of Drag B should elicit the same effect as that of an KDy
of Drug A added to an EDx of Drag B, An example is shown
in Fig 35-17. Dose-percent dala with homoedynamic drugs
can be treated in the same way.*!

Drugs whose combined effects it the above conditions are
called additive. If the response Lo the combination exceeds
Lhe expected value for additivity, the drugs are considered 1o
be supre-additive. Purely homodynamic drags do notshow
supra-additivity; however, if’ one drug in the pair has an
addilional action to affect the concentration or penetrance
of the other or to prime the response svstem in some way,
two agonists Lo the same receptor may exhibit supra-additiv-
ilty. Two homergic drugs are (nfra-additive if their com-
bined effect is less than expected from additivity. As with
supra-additivity, infra-additivity must involve an action
clsewhere than on a common receptor,

Two drugs are said 1o be summative if a dose of drag that
elicits response x added to a dose of another drug that elicits
response y gives the combined response x 1 ¥, Very little
significance usually ean be attached to sumimation.  Unless
the dose-intensity curve of each drug is linear, rather than
Jog-linear, summation cannot be predicted from the two
curves. When summation does occur with the usual clinical
doses of two drugs, il almost never oceurs over the entire
dose range; indeed, if the dose of each of the two drugs is
greater than an ED50, summation is theoretically impossible
unless it is possibie Lo increase the maximal response. At
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Fig 35-17.  Addittve inhibitory effects of tolracthylammonium (TEA)
and hexamethonium {C6) on the supoerior cervical ganglion of the cat.
The theoretical line for additivity was calculated on the basis that an
incremant of TEA added to an EDx of C6 should have the same effect
as i it wero added to an EDx of TEA, When TEA and C6 wore
administered together, an equal amount of each was given.  The dose
is the sum of the doses of the two companents {courtesy, Harvey™),

besl, summation is an infrequent ciinical finding limited to
one or two doses.

Two drugs are sald to be helerergic if the drugs do not
cause responses of the same quality.  When heterergy is
pusitive, e, the response to one drug is enhanced by the
ather, synerglsin is said to oceur, The word often has been
used to describe any positive interaction, but it should be
used only to describe a positive interaction between heterer-
gic drugs. The texm polentiation has been used synony-
mously with synergisin, but misuse of the term has led to the
recommendation thatl the term be dropped. Synergism is
often the result of an effect to interfere with the elimination
of a drug and, thus, Lo increase the eoncentration; synergism
also may result from an effecl on penetrance or on the re-
sponsivity of the effector system. Examples of a synergistic
effect, in which responsivity is enhanced, are the action of
adrenalcorticoids to enhance the vasoconstriclor response to
epinephrine and the increase of epinephrine-induced hyper-
glycemia consequent to impairment. by theophyliine of the
enzymalic destruction of the cAMP which mediates the re-
sponse.

In clinical practice two homodynamic drugs rarvely are
coadministered for the purpose of increasing the response,
since a sufficient dose of either drug should be able to
achieve the same effect as a combination of the two. Most
clinieal combinations with positively interacting drugs are
with heterergic drugs.

Combinations to Decrease Individual Doses and Toxi-
cily—When homodynamic drugs are coadministered, if is
usually for the purpose of decreasing Loxicity, If the toxici-
ties of two homodynamic drug are infra-additive, the toxic-
ity of combined partial doses of the two drugs often will be
less than with full deses of either drug. This principle is
valid for trisulfapyrimidines mixture {see page 1181).

Combinations to Attaek a Disoase Complex nt Differ-
ent Points-~With many diseases, more than one organ or
{issue may be affected or events at more than one locus inay
bear upon the ultimate perturhation. For example, in duo-
denal ulcer, psychic factors appear to increase activity in the
vagus nerve, which modulates gastric secretion, so that it is
rational to explore the effects of sedatives, ganglionic block-
ing drugs, antimuscarinic drugs and antocids, singly and in
combination. In heart failure the decrement in renal plas-
ma {low and changes in aldosterone levels promote the re-
tention of salt and water, so that diuretics and digitalis
usuaily are employed concomitantly. Pain, anxiely and agi-
tation or depression are frequent accompaniments of various
pathologic processes, so that. it is to be expected that anakge-
sies, tranguilizers, sedatives or antidepressives frequently
will be given at the same time, along with other drugs intend-
ed 1o correct the specific pathology.

Combinations to Antagonize Untoward Actions—The
side effects of a number of drugs can be prevented, or sup-
pressed, by other drugs. An antagonist may conipete with
the drug at the receptor that initiates the side effect, depress
the side-elfector system al a point other than the receptlor, or
stimulate an opposing system.

Antagonism al the receptor is competitive antagonism if
the antagonist attnches at the same receptor group as the
agonist (see page 703). Antagonism at a different receptor
group, or inhibition elsewhere in the response system, is
noncompetitive antagonism. Both competitive and non-
competitive aniagonism are classified as pharmacelogical
antagonism. The stimulation of an opposing system is
physiological antagonism.

ixamples of pharmacological antagonism are the use of
atropine Lo suppress the muscarinic effects of excess acetyl-
choline consequent 1o the use of neostigmine and the use of
antihistamintcs to prevent the effects of histamine liberated
by tubocurarine. Examples of physiological antagonism are
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the use of mnphetamine to correct partially the sedation
caused by anticonvulsant doses of phenobarbital and the
ndministration of ephedrine o correct hypotension result-
ing from spinal anesthesia.

Combinations That Affect Elimination—Only a few
drugs presently are used purposefully to elevate or prolong
plasma levels by interfering with elimination, although con-
tinued interest in such drugs probably will increase the num-
ber.

Probenecid, which already has been mentioned to antago-
nize the renal secretion of penicillin, was introduced origi-
nally for this purpose. However, because penicillin G is
inexpensive and available in repository forms, as well as oral
forms (obviating the need for injection), il is less imperative
to retard the excretion of penicillin, The low nonallergenic
toxicity of penicillin permits very large doses to be given
without concern for the high plasma concentrations that
result, which also means that there is little necessity for
increasing the biological half-life of the drug. Consequent-
ly, probenecid is not used routinely Loday in combination
with penicillin.

The use of vasoconstrictors to increase the sojourn of local
anesthetics at the site of infiltration continues, but lew other
clinical examples of the deliberate use of one drug to inter-
fere with either the distribution or elimination of another
can be cited. Nevertheless, the subject of the effect of one
drug on the elimination of another has become immensely
active. Innumerable drugs affect the fate of others and the
therapist must be aware of such interactions.

Drugs that induce cytochrome P-450s enhance the elimi-
nation of drugs thal are metabotized by the liver micro-
somes, There would be very litlle point ordinarily Lo solicit
combinations that would shorten the duration of action or
lower plasma levels, unless it were to reduce an overdosage.
However, since such combinations are used unwittingly or
unavoidably, this type of interaction is of great clinical im-
portance.

Combinations to Alter Absorption—In the gection on
Vehicles and Absorption Adjuvants (page T14) it was men-
tioned that certain substances facilitate the absorption of
others. The use of such abserption adjuvants generally is
included under the subject of formulation rather than under
drug combination. Although drugs which increase blood
fiow, motility, ete have an effect to increase the rate of
absorption, the use of such drugs so far has not proved to be
very practical, When it is desired Lo slow the absorption of
drugs, varicus physical or physicochemical means prove to
he more effective and less troublesome than drug combina-
Lions.

Fixed Combinations of Drugs

Concomitant ireatment with two or mare drugs [requently
is unnecessary, and it, generally, immeasurably complicales
therapy and the evaluation of response and toxicity. Never-
theless, it is often warranied, even essential and cannot be
condemned categorically. However, with fixed-dose or
fixed-ratio combinations, in which the drugs are together in
the same preparation, there are certain disadvantages, ex-
cept for a few rare instances like trisulfapyrimidines.

The disadvantages are as follows: patients differ in their
responsivity or sensitivity to drugs and adjustments in dos-
age or dose-interval may he necessary. If adjustmentof only
one component of the mixture ig required, it is undesirable
that the schedule of the second component be adjusted
obligatorily, as il is in a fixed combination. According to
which way the dose is adjusted, either toxicity or loss of the
therapeutic effect may result. Furthermore, when adverse
effecls to either component occur, both drugs must be dis-
continued. The fixed combination denies the physician
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flexille control of therapy. Ispeciaily when one component
in a mixture is superfluous yet potentially toxic, as is often
the case, the promotion of fixed combinations is reprehensi-
ble. However, the separate administration of drugs used in
combination often complicates Lreatment for the patient,
who, in an outpatient situation and sometimes in the hospi-
tal, may not take all of his medication or who may take it at
inappropriate intervals. The resulting consequeces may
e worse than those of fixed combinations in certain in-
atances. Consequently, n summary dismissal of fixed com-
binations is unwarranted. Rather, the fundamentals of
pharmacokinetics and clinical experience must be brought
togetber with biopharmaceutics Lo analyze present combina-
tions and to predict possible new allowable combinations.

Dangers in Multiple-Drug Therapy

Some objections to fixed-dose combinations were stated
above. Also the unanticipated effects of drug combinations
have been touched upon, particularly with respect to effects
upon elimination. But it should be made clear that more is
at stake than simply the biological half-life of a drug. On
page 717 an example was given of the grave clinical conse-
quences of the effect of phenobarbital to enhance the bio-
transformation of warfarin. OQther examples of dangerous
interactions, such as the effect of several antidepressants
greatly to synergize catecholamines, may be cited. Even
some antibiotics antagonize each other and increase mortal-
ity.

In addition to the chvious pitfalls posed by the interac-
tions themselves, the use of multiple-drug therapy fosters
careless diagnosis and a false sense of security in the number
of drugs employed. Multiple-drug therapy should never be
employed without a convincing indication that each drug is
beneliciaj heyond the possible detriments or without prooel
that a therapeutically equivecal combination is definitely
hamnless. Finally, the expense to the patient warrants con-
sideration.
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CHAPTER 36

Basic Pharmacokinefics

Stewart € Horvey, PhD
Profassor of Pharmacelogy

and C Dean Withrow, PhD

Associota Professor of Pharmocology
Schaot of Medlcine. University of Urah
Salt Loke Cliy. UT 84132

Pharmacokinelics is Lhe diseipline which is concerned
with Lhe rates of movement of a drug or its metabolites into
the body, among its many compartments, out of the body
and also which attempts to evaluate the rates of biotransfor-
mations of the drug nnd its metabolites. As in chemistry, it
involves primarily following the rate of change in concentra-
tion in the appropriate compartment(s}, most often in the
extracellular flaid (plasma) and/or urine. However, phar-

Orders of

"The order of any process is determined by the probability
that the apprepriate unit events will aceur in agiven popula-
tion within a given time. Processes may be zevo-order, first-
order, second-order, ete, depending upon the number of
variables that determine the probability. In pharmacoki-
nolics, only zero-order and first-order processes are impor-
tant, the latler being of overwhelming significance; conse-
quently, only the kinetics of these itwo processes will be
treated in this chapler.

First-Order Processes

When activity is random within a population of a single
species, the probability that a given svent will oceur is di-
rectly proportional to the size of the population.  For exam.
ple, the probability that some atom in a population of radio-
nuclides will disintegrate in any instant is directly propor-
tional to the number of radionuclide atoms in the
population. Similarly, the number of molecules of drug that.
diffuse across a given boundary (eg, the vascular endotheli-
um) per unit time will he proportional directly to the mun-
ber of molecules near the boundary, which, in turn, is pro-
portional Lo the concentration. This is the basis of Pick’s
Law of Diffusion (page 208). Any process in which the rate
of change in n population is directly proportional to the
population is known as a first-order process. In such a
process, the time-dependent change in concentration is de-
lined by the equation

C = CQ(Z'A" it

where €' is the concentration at time ¢, Cy is the initial
concentralion (time zero), ¢ is time, e is the natural (Naper-
jan) log bese and k is a proportionality constant known as
the rate constant. (For a derivation of Eq 1, see page 247.)
In a diffusion process, the magnitude of & is determined by
}he temperature, mobilily, permenbility and other factors,
The mumerical value of k& also will depend upon the time
units (min va hr, ete) chosen,

Eq I predicts that as ¢ approaches infinity, C approaches
7erg, which would be true for irrevorsible processes like ra-

{unity of wt.» vol~t ar molar, ete] (1)

725

macokinetics is by no means limited to observations of con-
centration: rates of movement of a drug can be followed by
isotopes or other means. The application of pharmaceki-
netics to drug formulation and (reatment regimens also is
within the scope of this title. The applications to treatment,
vegimens and other clinical uses of pharmacokinetics are
treated in Chapter 37, Principles of Clinical Pharmacoki-
neties.

Processes

dioactive decay, diffusion inle infinite space, some exon-
{ropic SN, chemienl decompositions and certain enzymatic
reactions, However, in a confining space, diffusion and
many chemical reactions reach an equilibrium state in which
C approaches a finite asymplote as ¢ apprenches infinity.
Figure 36-1 {llustrates a simple situation in which the asymp-
tote is necessarily finite. To satisfly the conditions of this

20r
8 /\\ Compartment |
6 4 /Volume sV
!
\
.:, -\
& \
ke
83 )
& I0) \\
! \
Loaf 1N
hY
g 6 c B\
-
R iy o
Sl >g
Compartment 2 2 g
Volume = 4V 1 g
1 ) ) ] OU

|
0 1 l2 3 4 5 6 7
Time

Fig 36-1, Idealized diffusion kinotics of a hypothetical drug that
aquilibrates betwean two compartments. Transfer Is from compatt-
mont 1 Into compartment 2. The equllibrium concentration is % of
that Initially In compartment 1, baceuse the final voluma of distribu-
tion i 5 timas that of compartment 1.
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726 CHAPTER 36

clogsed system, (Cy — C.) musl e substituted for Coin l5q 1,
¢, being the eguilibrium concentration,

In Liq 1, the algebraic sign of & is usually negative, which
indicates o diminishing concentration with time. However,
in Pig 36-1 the concentration in compartment 2 rises loga-
rithmically with time; nevertheless, & is negative, since the
rale diminishes exponentially with time. The equation for
the logarithmically rising concentration in comparément. 2
will take the form of Bg 5 (page 727), in which €. would be
used in lieu of €.

g 1 can be written in the log form,

log C = log Cq — 0,434kt (2)
The coefficient 0.434 resulls from the conversion of the nate
ural log base, e, to log base 10 (0434 = 1/2.308). The equa-
tion determines that a plot of log C against ¢ will be reetilin-
car (bottom of Mg #6-1) with a slope of —0.434k and an
ordinate-intercepl of Co.  For pharmacokingtics, this is a
useful type of plot, because, in the straight-line form, back
extrapolation to estimate Cy is cagier and more accurate than
{rom a curve, and k can also be determined graphically.
Raic Constants and Half-Life--Since first-order pro-
ceases are characterized by exponential or logarithmic kinet-
ics, il follows that a constant fraction of the present or
instantaneous population (eg, concentration) changes per
unit Lime, that fraction being equal to 0.434k; k has the units
of i=1. Another way of expressing the rate of change is that
of half-time (or especially half-life, if the population is de-
creasing), with the notation ¢y The half-time is the time

[no units]

that it takes Uhe population to decrease (or increase) by 50%
of the total possible change, By setling C equal to %Co in
either Fgs 1 or 2 and solving for £ (which is £y, under {hese-
constraints},

i3
by = {units of time} (3)

Zero-Order Processes

When an enzyme or transport system is saturated, the
activily cannot be increased further by increases in the con-
centration of substrate. Consequently, the rate remains
constant so long ag the concontration of substrate is in excess
of the saturating concentration. In this situation, the rate is
independent of the concentration. The kinetics are de-
seribed as heing of zero-order, and il is customary Lo speak of
the process as being a zero-order process. 'The equation
describing zero-order kinetics is

C=Cy—hkt  [eonevol™i] 1)
where % has the units of amount/unit time. A plot of C
againat ¢ on Cartesian coordinates will yield a straightline; a
plot of log C against ¢ will yield a curved line.  As the process
contipues, the concentration eventually will fall to subsatu-
ration levels, and the kineties will change, usually to first-
order kinetics, so that it is more approptiate to speak of the
initial kineties and not the process as being zero-order.

Pharmacokinetic Models

The plasma, cerebrospinal fluid, interstitial space, glan-
dular or renal tubular Jumina, gall bladder, etc and edch cell
are all compariments which a drug may or may not enter or
leave with different rate constants, In addition, binding to
protein or other sequestration aleo is governed by character-
istic rate processes. Consequently, it might be expecled
that the kinetics of absorption, distribution and elimination
would be very complex and perhaps beyond analysis and
mathematica) description,  Fortunately, the rates of distri-
bution among the various tissues and myriad cells generally
are not digpersed greatly, and most such processes are first-
order. Thus, the kinetics behave as though the drug were
heing distributed among one, two or, at the most, a fow
compartments, and they are amenable to mathematical
modeling,  Like the volume of distribution {page 727), a
pharmacekinetic compartment is fictive or virtual and may
be difficult lo define in precise anatomical terms. ‘There-
fore, o compartment. is defined mainly by its pharmacokinet-
j parameters.

Open One-Compatiment Model

In this model, the body is assumed Lo behave as though it
were a single compartment, that is, as though there were no
barviers Lo movement of a drug within the total body space
and ns though the final equilibrium disteibution is atlained
instantaneously. In praclice, the model adequalely de-
scribes the pharmacokinetic behavior of a drug if the final
equilibrium distribution is attained rapidiy in comparison Lo
the rates of absorpiion and elimination. The term open
indicates that input and output (from any and all routes of
administration and elimination, respectively) are unidiree-
tional and that the ene compartment (ie, body) is not within
a confined space and hence does nol come into chemical
¢quilibrium with its external environmont. Tn simple dia-

gram, such an open one-compartment model is depicted in
Fig 36-2. In the diagram, the compartment represents the
entire body {excluding the lumina of the gastrointestinal
tract, urinary tract, pulmonary ajveoli, ete, which communi-
cate with the open environment). The term, Vy is the vod-
ume of distribution {(sce page 727). However, Vy is not
necessarily that of the body or even total hody water; as
noted on page 728, the volume of distribution, Vi, is a fictive
one considered to be equal to f/Cy {where [ is the fraction
absorbed, D is the dose and €, is the plasma concentration)
in which it hypothetically is assumed that the concentration
is the same throughout the volume and is equal to the plas-
ma concentration, In reality, concentration is nat homoge-
neous throughout, but this cannot be determined from Cy
alone {(which simply averages all inputs and outputs); as long
as distribution equilibrium is achieved rapidly, the kinetics
ag perceived through blood or urine econcentrations ave the
same whether distribution is homogeneous or helerogene-
aus,

Volumn = Vy

o
ST P (N B, ‘
TNRUT 8 BUTPOT
{absorplion) c » folimingtion) D,
]

Fig 36-2, Tha open onoe-compartment pharmacokinetic model.  An
amount of drug, Dy, 15 absorbed from tho administered dose, O, witha
rate constant of k, into a compartment with voiume Veand ts distribut-
od Instantaneously to reach a piasma concentration G,. Vg ls ab-
talned by dividing Ds by Cp Py = dose D times /. the fraction
absorbed. Drug is eliminated from tha compariment with a rate
constant k. D, 18 the amount excrated into urine, tacos, oxpirad alr,
swoat, mik, etc; Dy, is the amount of drug metabollzed.
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In order to derive formulee (o deseribe time-related
chamges in (), it 18 convenient to consider absorption and
climination separalely, as though each were oceurring in the
absence of the other, theh Lo add them algebraically 1o deter-
mine the tolal integeed kinetics.

Absorption--1f a drag is administered intravenously in a
single, rapid injection, absorption is bypassed. ‘The Lime lor
sueh injections is usually so short compared Lo other phar-
macokinetic processes that it is cuslomary to consider the
peak plasma concentration and equilibrium distribution to
aceur instantaneously in one-compartment systems. ‘This is
depicted in panel A of Pig 36-3. 1n the moedel for the figure,
there i no elimination and ), remaing constant once injec-
tion is accomplished,  With constant intravenous infusion
(panel B, C, rises rectilinearly so Jony as infusion continues
at a constant rate. With other routes of adininistration,
absorption usually manifests lirst-order kinetics, since most
drugs are absorbed by simple diffusion. Thus, the drug
disappears exponentially from the site of administration (as
from compartment 1 In Wig 36-1). The equation lor the
concentration of a drug in the plasma alter g single extravas-
cular dose of a drug, assuming ne elimination takes place, is

L pe e il
L e

[units: wi-vol™!, ete] (5)
where C, is the concentralion at time £, O is the final
concentration al “infinile” time and A, is the ni)sorm.ion rate
constanl (units:  time™"). Alsorption is characterized by a
hall-time equal to 0.693/k,  Bimolecular absorption pro-
@ s, such as facilitated diffusion or active transport, also
often show firsl-order kinetics, especially at drig concentea-
tions well below those al which the carrier system will be-
come salurated. At saturation, the kineties become zero-
order. Fven the rate of dissolution of a drug approximates a
first-ordey process, provided that the drug is soluble readily
and diffuses rapidly.  1f the solubility and diffusibility are
tow, it will approximate a zero-order process so long as there
is saturation around the solid phase. Some sustained-re-
jense dosage forms are designed to release drugs at a con-
stant rate (zero-order) over long periods of time,
Ahsorption by the oral route rarely conforms fo simple
first-order kinelics, A drug is absorbed al different rates
Irom the stomach and the three segments of the intestine,
partly simultaneously and partly sequentially.  Absorption
from Lhe stomach usually is quite slow compared o that
{roan the small intestine, and it is somelimes so glow that a
significant amount of drug appears in the biood only after
the stomach contents ave emptied. Thus, there may be a lag
between the Lime of drag administration and the appearance
of drug in the blood.  That is, the curve describing Lhe time-
dependent. rise in €, does not pass through the origin. An
examptle of lag in the absorption of pentoharbital is shown in
Mg 36-4. Rnteric-conted or other delayed-release dosage
forms nlso cause lag. The mathematical formulation of lag

Cxtravenous
G administration

Conslant intrg-
B venous Intusion

Rapid imMrovanous
GA injection

Infusion

mg fliter

NN LR
Hours

Fig 36-3, Tlme-concentralien curves for injection {A), infusion {B)
and extravenous (C) administration of drug In the ene-compartment
modal, The volume of the compartment is 100 L (v, = 100 L.); the
amount of drug administersd in each instance Is 1000 mg.  Drug
olimination has been sot to zare, so thal the imo-concantration curve
for gach model of agministration can be axamined withowt the compli-
catlon of simullaneous elimination (courtesy, Bigger, ' adaptod).

L I} A 3, (|
P4 G B 10
Hours

BASIC PHARMACOKINETICS Tar

=

o
b

wg Pentoberbizal/mi, sigsma

L]

S NS FRSSN SSSPRY J—
10 7.0 4.0 4.0
IHours
FFig 96-4.  Tho time course of penlobarblital In the blood of a fasting
hurman subjoct following the oral administration of 50 mg.  The figure
shows a lag-tima of about 20 min, approximaiely tho emplying time of
tha fasting stomach {courtesy, Dittert?),

will be deferrad Lo the next section in connection with 15g 28.
Faclors affecting absorption are enumerated on page 713,
Some changes v gastrointestinal conditions during the
course of absorption are part of diurnal rhythms or arve
caused by the drug itself, which make it impossible to estab-
lish a steady basal state for description; others may result
from emotionality, ingestion of foodstuffs, water, other
drugs, ete, and can be controlled adequately for scientific
purposes but may vary greatly in practical circumstances.
Ahsorption by other routes is alse subject to variability.
Some drugs that are completely absorbed in normal patients
way not be absorbed in persons with abmormai gastroiitesii.
nat function, as the resull of genetic, pathological or surgical
factors. Many drugs are not absorbed completely even
when gastrointestinal function is oplimal,  Absorption can
be limited by the physical state of the druy and by other
substances in the dosage fornn.  The amount of druy ab-
sorbed into the body (I2g) is related to the dose as follows:

Dp=[D [upits: wi] (6)

where Dy is the amount absorbed (drug in the body), f is the
fraction absorbed and B is the dose administered, The
properly of a drug Lo be absorbed from its desage form is
known as Moavailability, and [ is the bioavailability factor,
T'he bicavailability factor often is determined by compuri-
son of the area under the coneentration curve (AUC) of a
given dose of drug given orally with that of the same dose
given inbravenously (see page 736).

Distribution--In the open one-compartment model, the
body s treated as though it were a single compartment in
which the absorbed drug is mixed stantaneously and ho-
mogeneously,  Clearly, the asswmption ol instantancous
eguilibrium establishes only an ideal mathematieal bound-
ary condition Lo Tacilitate phaymacokinetic calealations, At
hast, no druag could be equilibrated in less than one circula-
tion time, and no drug has been shown to distribule so
rapidly. However, for practical purposes, a distribution
time of a few minutes is negligible compared o absorption
and climination times. Only waler-soluble drugs of small
molecular size which are confined completely to the extra-
cellular space equilibrate rapidly enough Lo meet the re-
guirements of Lhe ideal one-compartment model, but, for
¢linical purposes, the one-compartmeni model is adeguate
to describe the pharmacokinetics of 2 large number of drugs.

Volume of Distribution and Distribution Coeffi-
cient—The hypothetieal volume within which a drug is dis-
tributed is known as the volwme of distribution, Vi L may
he cateulated by dividing the ameunt of drug in the body,
I, by the plasma concentration, Cp, where €, is the concen-
tration in plasma. It is impertant to note that C is usually
the total concentration of unhound plus hound drug. Under
veal conditions, Dy and €, vary with time, and computalion
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728 CHAPTER 38

musl be made in such a way as to eliminate the time variable.
¥

Gne such way is to extrapolate ¢ » t0 zero time (eg, see Figs
36-6 and 36-8), in which case

Vaw [ DICY M

where D is the dose ndministered, f is the bioavailability
factor (fraction that reaches the systemic cireulation) and C;)
is the plasma conceniration al zero time, determined by
extrapelation. When the drug is given intravenously, Dy =
D.

Of course, Vy will vary with hody weight, so that it needs to
be normalized in a way that allows conparisons among indi-
viduala of different body weights. Such a normalized V. is
the distribution eoefficient,* A, caleulated by the equation

A= Vy/BW 8)

where BW is hody weight.  Units are usually mL/g or L/kg,
and care must be taken to employ the appropriate units of
weight, concentration and volume in Egs 7 and 8, The
notation A is a more serviceable parameter than Vy and is
the form of Vy usually found in tables of pharmacokinetic
data, usuaily under the heading, “Volume of Distribution,”
rather then A%,

Although V4 and A’ ave derived as though the concentra-
tion was equal to C; throughout the volume, concentration
is, in [act, almost never homogenaous, and consequently Vi
and A’ are only maginary (fietive, virtual) volumes, Factors
that male for nonhemogeneous distribution are:  binding to
proteins, dissolution into body lipids, pH partition, aclive
transport, electrochemienl and Donnan distributions, ete.
Rven if C, (froe) rather than () (total) is used to caleulnte
Vo, Vu would not represent a real space, hecause of these
manifold faclors that cause uneven distribution. Conse-
quently, the prineipal utility of Vy or A7 is not so much in
permitling an estimation of where the drug is distributed
but rather as a measure of the reservoir from which u drug is
boing delivered and/or cleared (see page 729 and Table 11,
page 731). IHowever, with appropriate considerations, Vg or
A7 also may indicate the general ability of a drug to penetrate
membranes, dissolve in fal or bind extensively to extravas-
cular macromolocules.

Highly polar, poorly penetrant drugs tend to be confined
mostly to the extracellular space; if these drugs are little
houmd to plasma proteins, they will have A’s of about 0.3
ml/g, less il there is significant binding to plasma proteins.
‘T'he fower limit to A’ is about 0.04 mL/g, which approximate-
ly in oqual to the plasma volume. Drugs that are distribuied
throughout bedy water and are not bound or concentrated
have A's of approximately 0.7 mL/g, the A’ of body waler.
Lipid-soluble drugs that are bound negligibly o plasma pro-
tein have A’s that range usually from ahout 0.7 to 3-4 mL/g,
depending upon water-lipid distribution coefficients. Some
drugs that bind strongly to chromatin have A% that ap-
proach 1000 mL/iz. However, many drugs combine pene-
tranee, lipid solubilily and protein binding in such propor-
tions to make it difficult to interpret the meaning of A’
without ancillary information.

Since, by definition, V, varies reciprocally with €, it is
egsential to recognize that hinding to plasma proteins, by
increasing Cp, witl decrease Vy, Despite this, plasma pro-
tein binding [ha no recl effect on extravascular distribution.
Singe it iy only the free form that moves among the spaces
and fissues, it follows that alterations in plasma protein
binding alone will not alter the extravascular (indeed, extra-
plasma) digtribution. Only the caleulated, fictive quantity,
A, iy affected. For example, nafcillin has a A7 of 0,29 mL/g
and is 90% bound to plasma proteins. If there was no pro-

* &' i nod to be confused with water-lipid distribution conlficients,

tein binding, A" would equal 2.9 mL/g, a volume sufficiently
larger than that of water, to suggest considerable exlravas-
cular binding, However, it is not the masking of the degree
of extravascular distribution that is the source of difficulty
when there is significant binding to plasmna proteins, but
rathar bocause the extent of protein binding is not always
constant. Both the quantity and binding properties (affini-
ty and capacity) of hwman plasma proleins can vary in
health, disease and the presence of other drugs (see pages
186 and 716). If the degreo of binding of nafeillin to plasma
proteing was Lo change to 50% na the result of hypoalbumin.
urin, A’ would hecome nearly 0.48 mL/g. The A’ of ampicil-
lin, which s bound only to the extent of 18%, would nol be
affected so greatly, A further complication of binding Lo
plagma proteins is ocensioned when the degree of binding,
and hence the magnitude of A%, is dose-dependent. There
are a number of known examples in which A’ varies with the
dose,

Elimination---Once a drug is absorbed, it is (ransported
by the blood Lo the lissues, among which it is distribuled,
metabolized and/or excreted; nll of these processes lower the
plasma concentration of the drug. BEach separate process
ordinarily has first-order kinelics, and the overall change in
plasma concentration is described by the linear eombination
(or algebraic additien) of the separate equations, In the
one-compartment nodel, the kinetics of distribution are
ignored, since distribulion oceurs so rapidly that distribu-
tion occurs before any practical blood-sampling or repetitive
dosing ocewns. Thus, after intravascalar administration the
plasma concentration, C,, will fall exponentially according
o g 1. Such an exponential elimination of theophyliine,
given intravenously, is shown in Fig 88-6, Accerding Lo By
2, 1f the data of Fig 36-6 are plotted semilogarithmically, as
in g 36-6, a siraight line should result. Several derived
data can be obtained from such n plot. Extrapolaiion to
zero time (ie, the y intercept) gives (2;‘,, the theoretical plas-
ma concentration at time zero. It is a'theoretical concentra-
{ion, beeause neither injection nor distribution actually is
instantaneous. Nevertheless, O3 is a very practical figure.
For example, from it may bo derived the volume of distribu-
tion, Vy, simply by dividing the dose, D), by C?, (see page 727),
In the ligure, Cf,’, = 0.0115 mg/ml,, so that Vy is 43.5 L, or
about 89% of the volume of total body water in a 70-kg adult.
The plasma half-time, £y, can be determinad directly from
the graph or from the elimination rate constani, k,, by
means of Bq 3. (Conversely, & could be derived from ¢y,
deternined visually from a graph.) When determining hy
from the slope, it must be kept in mind that the log of the
coneentration must he used rather than the antilog that ig
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Flg 86-6. Efimination curve of average blood levols of theophylling
in 11 human subjects aftor Intravenous administration of 0.5 g ami-
nophyitine per 70 ko te each {(courtesy, dota, Trultt, ef al ).
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Fig 36-6.  Semllog plet of the slimination curve in Fig 36+5, Nolo
the log scale of the ordinate,

platied on the log-sealed ordinale in the figure. In natural
logarithms, the stope (In €, ~ I Cpp) /e — 1) is equal Lo key
in decilogarithms, the slope (log €y — log Cppd/lts — 13) s
eoual to 0434k From the figure, by is found o e 0,22
hr-'. However, this is an instentaneons rate and is nol the
same as Lhe (raction thai disappears over a finite interval, ey,
1 hr. Nevertheless, it is sometimes convenient. to use & for
caleulation of the amount of drug lost per unit time, eg, for
the caleulation of maintenance doses during chronic drug
therapy. If' the time interval under consideration is vary
short (atleast ') as compared to the half-life of the drug, k.

may be considered to be an indication of the percentage of

the drug lost during the time interval. Tor example, if the
halflife of a drug is 6,93 hr, kg would equal 0,1 et and
approximately 10% of the drug would be lost in 1 e, "Thus,
it 100 mg of drug were present at the beginning of the hour,
10 mg would be lost by the end of the hour, (The exact
amount of drag lost is determined by use of ¢ 2 and is found
1o he 951 mg in 1 hr, a difference of about 5% from the
approximaied value.} If such an approximation was used in
the example given in Fig 36-6 {1 hr is a liitle Jess than Y of
the half-life) and the amount of drug present. is 100 mg, the
figures comparable to the illustration above would be 22
versus 19,7 my, respectively, almost a 12% dilference.

Within the group of 11 subjects in the above stady, there
were constderable dilferences in iy or £ among the mem-
bers. One cannot overemphasize the caveal not to take Loo
literally the average half-life data feund in various tables or
other literature but rather 1o assume a probability that the
Iralf-life in a given patient may depart considerably from
that average value. The half-lives of some drugs vary over a
wide range even in novmal individuals,  'The half-life of
amitriptyline, a drug with a complex metabolic and exere-
tory elimination, varies nearly tenfold; even the half-life of
penicilling a drug with a simple excretory elimination, varies
twofold, 1n persons with hepalic or renal failure, the pub-
lished mean half-life data may not even be in a range appli-
cable to such persons,

The halfJife alse may vary widely from species Lo species;
for example, in man, the half-iife of sulfaethidole is about 8
hr, whereas in cattle it is less than 2 hr, Half-Jives ajso vary
considerably even among congeneric drugs, as may be scen
with the sulfonamides shown in ''ahle |

‘The biological half-1ife must not be confused with the time
for the response 1o decline by 50%, since dose, the require-
ment for a threshold concentyation, latency of response and
other factors may cause a nonparallelism between blood
concentrabion and inlensity of response. In fact, beeause
the relationship between effect and plasma concontration is

BASIG PHARMACGOKINETICS 728

Table I-—The Approximate Biologic Half-LHe in Man of
Several Sulfonamidas?

{hrug

Sulfamethylthiad fazole 3
Sulfaethidole B
Sulfisexazale 8
Sullmmathexypyrkinzine BT

usually loparithmic, effect tends to decline in a linear, not
taglinear, fashion,

In Figr 36-2, the rate constant for elimination is desipnated
ko, without, reference (o the mode er roule of elimination,
However, kg may be a compoung conatant equal 1o the sum
of the rate constants that define the various simultaneous
(ie, parallel) contributory processes, such as hiolransforma-
tion, renal excration, biliary secretion, ete. Thus, the com-
pound or overall copstantis [ = Joy kg + hy ok where by,
Ry ..k, are the rate constants of the separate contributory
processes, Consider the ease in which & drug simultaneous-
ly is biotransformed and excreted unchanged in the urine,
The initial concentration, €Y, therefore will e diminished
by hoth (L‘ﬁlt"“”»ﬂ and (:fﬁ:c"”"‘“', whert i designates metabolism
and i renal exeretion.  (In some notations, k, is designated
By b fey oor k) Therefore, I3 2 adapled for the two
processes beeomaes

fog C, = log C)) ~ 0,434k, ~ 04341k, f
= Joy Cp, — 0434k, -+ k)i

Thus, k, -+ k, combine to male a single constant, which is
the overall elimination rate constant.  In order Lo identify it.
as & compound, or overall, constant, it is sometimes desiy-
nated as K, rather than k.

Clearance and Rautes of Elimination-—'Fhe half-life of a
drug is a useful pharmacokinetic parameter. Sinee half-life
is expressed in units of time, i is an easily understood,
coneise ndication of the rale of disappearance or accumuia-
tion of a drug. Further, it is used to estimale the time
necessary to attain a new steady state whenever a steady
state is altored hy a change in the factars determining dase
regimen, namely, drug dose, bioavailahitity, the dose infer-
val, rate of elimination and volume of distribution (see page
740).  However, the elimination half-life of a drug is a com-
plex funetion of drug distribution, biotransformation and
elimination. A mare direct expression of the rate of drug
climination is drug clearanie.

Clearanee is the rate of remaval of a drug or other sub-
stance Trom the body, expressed as the in vive vohine equiv-
nlent of the substance being removed per unit time. In
order to ilustrate the concepl, assume that drug D 38 being
eliminated from the body at a rate of 0.1% per minvie. The
absolute amount of drog that was eliminated would there-
fore be equal Lo 0.1% Dy per minute. Since Dy is distributed
ag though it were in a volume Vy (volume of distribution,
page 740}, one can caleulate the fictive volume equivalent of
the amount of drug lost per minule, which in this instance
would he 0.1% Vy/min. Sinee the relative rate ol loss,
0.1%/min or 0.001/min is, in fact, k., it may be seen that

Cly = Ry X Vy (10}

whaere Cly is total body clearance. It may be expressed in
units of mL/min, L/hr or mlL/kg/min; the reader must be
alert Lo the units in which given clearance data are ex-
pressed. It must be emphasized that clearance s & hypo-
thetical or letive gquantity, since the body ravely clears a
drug completely from a specific volume of body fluid. Only
when elimination is flow-limited is the blood that passes
through the eliminnting organs(s) totally cleared, so that the
effluent blood is essentially devoid of drug; in sueh an in.

[no units] (8}

[volfonit time]

PFIZER, INC. v. NOVO NORDISK A/S - IPR2020-01252, Ex. 1013, p. 175 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


730 CHAPTER 36

atance the clearance approximates the rate of blood flow. 1f
the concentration in the effluent blood were 1o be only 0.5 of
the affluent blood, the clearance would he said Lo be {015 that
of the blood flow,

Although clearance is the d V/dt equivalent of didy/dL, or
the volume eguivalent of the drug lost per unit time, the
hypothetical volume cannot be regarded as also having been
eliminated. Just as the depleted effluent blood from the
eliminating organ s returned to the systemic circulation to
mix with all the Blood and as drug is redistributed and re-
equilibrated among the vascular and extravascalar compo-
nents of Vg, the fictive volume that is “cleared” remains a
part of Vg, so that the only change that is effecled is one in
concentration, of which C,is the index. Since Vyand ko are
both constant, it fellows that Cl; is alse constant.

"The concept, of clearance can be applied to the whole hody
or Lo specific prgans. The former application is a conventent.
way to indicate overall drug elimination; the latier applica-
tion is used to indieate the contribution of a specilic organ to
drug disappearance.

Total Systemic (Whole Body) Clearance—Total body
clearance is the sum of all Lhe separate clearances that con-
tribute to drug elimination, ie, Cliy = Clasiad + Clronat et
It is essential that k. be expressed in the same Lime units as
are used in clearance (usually min). In¥q 10, dividing by 60
converts b, in he™! to min™), so that elearance can be ex-
prossed in mL/min. Whole-hody clearance in a one-com-
pariment system is also equal to dose divided by the area
under the curve:

(11)

where AUC,is the aren under the curve (AUC), discussed on
page 736. The determination of Clyy in the two-compart-
ment system is discussed on page 739,

Renal Exeretion and Clearance—The principles of renal
excretion and clearance have been used for approximately 50
vears as Lools for studying renal physiology and pathology
and hence were adapled early Lo pharmacokinetics. Conse-
quently, renal clearance of drugs is a classic iustration of
the general subject of clenvance. As discussed in Chapler
a5, all drugs are filtered in the glomerulus and some also ave
secreted into the urine by renal tubular cells; there is aiso
resorption of drugs from the tubwar luminal fluid back into
the biood as the fluid passes along the tubule. Glomerular
filtration is the passage through the glomerular vascular
endothelium of the plasma fluid and all sohules therein amalt
enough 10 pass through the pores; that s, it is the filération
of water and all micromolecular solutes. Thus, it is inde-
pendent of the presence of drug and s a function of the
filtration pressure (which relates 1o blood pressure) and the
mean (ronsit time across the glomerular capillaries. The
rate of filtration ig known as the glomerular filtration rate,
GFR, and il has the units of vol/min (usually ml./min), In
turn, the transit Lime iz determined by the rate of flow of
biood through the glomeruli; this rate of blood flow is known
as the renal plasma flow, RPF, Since only a fraction of the
plasma is filtered during passage through the glomerulus, it
is useful to designate this (raction as the filtration fraction,
FI7, where FIFV = GFR/RPF. T'he average renal plasma {not.
bivod) flow in the adult human male js approximately
G00-700 ml/min, and the GFR i approximately 100-1256
mbL/min (of which 98% of the waler is resorbed and returned
to the blood}; thus, the filtration fraction is approximately
.2,

Under basal conditions, the GFR is roughly constant in
time. Therelore, the only major variable that determines
the rate of filtration of free drug is the concentration of drug
in the plasma. Thus,

P Gy GFR

Cly = DIALIC, [ml. - min~?]

funits: mL . min~1

(12)

where F ig the filtration rate of the drug, usually in units of
mg/min, and C,,fis the amount, of free drug in the plasma. 1
the drug is unbound, €, = €, If the drug is bound to
plasma protein, then

F=|CA1~ p)  GFR

where 7 is the fraction bound to plasma protein.

The GFR may be determined by the steady-state rate of
excretion of any nonbound ehemieal substance that is not
secreled subsequently and/or resorbed by the renal tubules,
so that the amount of substance which appears in the urine is
all of that which was filtered and no more. Two such sub-
stances are ereatinine and fnwlin, With creatinine, the en-
dogenous plasma levels are nearly constant, and thus ereati-
nine lends itself readily to the determination of GFR. Ri-
ther inulin oy creatinine may be given by constant
intravenocus infusion; ugually, creatinine is used, However,
it is not customary to express the GFR of crealinine or of
drugs ns F, in terms of mg/min, but rather in terms of ¢lear-
ance. As discussed above, clearance ig a hypothetical vol-
wine of plasma which, Il completely cleared of ifs content of
drug in unit time, would be equivalent to the amount of drug
that disappears in unit time.  In the instance of filiration, it
is casy to visualize clearance as thal volume filtered/min,
aince the filtered volume actually is separated physically
from the bload, Thug, the ereatinine elearance, or GFR, s
equal 10 the total amount of creativine found in the urine
{equal Lo urine concentration times urine volume) divided
hy the plasma concentration,

The general concept of clearance can be applied to the
kidney according to the equation

C.v
Clrpy = L
Cpt

where Clen is renal clearance, Cy is concentration in mg/mb
of drug in urine collected during time ¢, Vis urine volume in
mL generated in time ¢ (min) and C,, is the mean concentra-
tion (during the collection interval, t) of drug in the plasma
in mg/ml; the units are thus mL/min, Urine is collected
from the Dladder by catheter or by voiding, At the begin-
ning of the collection interval (time from last voiding) both
C,, and €, are higher than al the end, Consequently, C,
must be calculated; €, is automatically the mean of the
instantaneous collecting duct concentrations, Iiquation 14
is valid whether the drug is “cleared” by filtration or by
tubular secretion and whether or not tubular reserplion oe-
curs. If the drug is protein-bound, the formula becomes

(18)

[mL s min™']

[ml - min™] (14}

Cl oty & 5 ml./min 15

renteorr) &= p) [m/minj {16)
where Gl i the corrected renal clearance,

The ratio between Cloy and Cloreary Clren/Cloroar (or Cleg/
Clinstin), is known as the clearance ratio. If the drug is
protein-bound and the corrected clearance is used, the ratio
ClisteoryfClypog 18 known as the exeretion ratio,

If an unbound drug is filtered only and not resorbed, the
exeretion ratio wilt be 1 and the cearance about 125
mL/min; if the drug subsequently is resorbed, the excretion
ratio will be less than | and the clearance will lie between 125
and I ml/min, the values depending upon the degree of
resorplion. A clearance of 1 ml/min suggests distribution
and elimination like those of water. If there is tubular
secretion (plus obligatory filtration), the excretion ratio may
exceed I, and the cleavance could be as high as 600-700
mL/min, depending upon the extent of tubular secretion
and resorption,  Para-aminohippuric acid (PAHA) is not
bound Lo plasma protein, is not tubularly resorbed and is
secreled so fast by the renal tubules that the plasma passing
through the kidney is 90% cleared of PAHA. Thus Clpagis
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sgual 10 0.80 RPI. 'This is called the effective renal plusma
flow, ERPF. 'The ¢xeretion ratio of PAHA is about b to 6.
Eq 14 can be rearranged so that
[ SN ¢
-i—'v’» = ST [wevel™! - minT) (16)
IH

Thus, it may be seen that the concentration of drug in newly
formed urine js directly proportional to the plasma coneen-
tration, Since the plasma concentration fails exponentially
during the collection intervul, ¢, it follows that the instanta-
neous urine concentration in the collecting ducts, likewise,
must fall exponentially and hence the rate of fall can be
expressed by a firat-order rate congtant, &, This constant
relates Lo renal clearance as follows:

Jo,, = il [min~i} (mn

! Vrl

The excrelory rate constant may he simple, as with a drug
like ereatinine, or compound, as with a drug that is secreled
tubularly and/or resorbed.
The overall renal efimination constant, &, is defined by
Ry = fey + Foe = Jy [min~1 (18)
where Ry 18 the constant for gomerular fillration, ki for
tubular gecretion and &y, for tubular resorption, Although
k, might be thought 10 be the same as k, on page 729, in
practice it is not, because clearance data are obtained from
time-averaged concentrations and cannot provide instanta-
neous rates. However, crealinine-derived k. is close Lo the
instantaneous k, at the midpoint of the collection period.
By combining Fgs 3 and 17 and assuming that there is no
olher route of elimination,

Vd .
by = 0.693 ?:"?_ [time] (19

ren

The units of time mnust be the same for both £y and Cle,.
T'he equation enables the calculation of some thoughl-pro-
voking information about the biological half-lives of non-
metabolized drugs of different excretion profiles and vol-
umes of distribulion. Approximate hypothetical half-lives
of drugs of different volumes of distribution and renal clear-
ance are shown in Table 1L The drugs are assumed to be
eliminated only by renal excretion. A volume of distribu-
ton of 50 I, is that of total body water, 15 L ig that of
extracellular water and 50,000 1. is that of a drug strongly
hound in the tissues. Becouse of biotransformations, few
drugs have half-lives longer thon [ yr, However, a few
radioopague iodine-containing diagnoslic agents are so
tightly bound that their hal{-lives exceed T yr. At the other
extreme, a haifdife of 15 min by renal elimination is uncom-
mon, because fow drugs that are totally cleared have vol-
wmes of distribution as small as that of extracellular water.
However, the half-life of penicillin G is about 30 min,
Although data from collecled urine cannot provide instan-
taneous rates, it does nllow the caleulation of the plasma
half-life. The instantaneous excretion rate, di),/di (where

BASIC PHARMAGOKINETICS 731

D, is the amount of drug in urine), is directly proportional to
the body burden, Dy, such that

dDy/dt = k,p

But, Dy is falling exponentially with a rate constant &, so
that Dy = D%L’“m; therefore, dA/dt = /?.“l)?,{’*"", It follows
that the siope of a plot of the log of Lthe excrelion rate versus
time will have a slope of —0.434%, analogous to Bg 2 (adapted
to total content rather than concentration). The y intercept.
of such a plot is log ke = D%, wheve I3 is the amount of drug
in the body at zero time, However, data on excretion rates
require renal catheterization nnd are subject Lo considerable
error. An alternative, usually more accurate, method of
estimating k from urine concentration is (o employ the cu-
mulative amount excreted. In this method,

= Pk,
W=
Since ke/k expresses the propertion of Dy being transferved
1o the urine, D?;k,,/k represents the Lotal amount of drug
excreted, or D¥, where e designates infinite time. [Bq 21 in
log form, with the above subslitution and transposition,
becomes

|wt - min~] (20)

n (1 =~ ™" [wt] (21)

k
log (0% — D} = log DY ~‘;55 — (LAR4RE
:

= log D) — 0434k [no units}  (22)
The slopo of the plot againat time is also —0.434k and (D= -
D,) is the amaunt of drug that remains in the body. The
equation applies if the drug is administered intravaacularly.
This is known as the sigma minus method {sigma for the
integral D) and minus for the -3}, Urine needs to be
collecled for only 3 or 4 half-lives in order {or the semilog
plot to yield a reliable slope and 1. The method is useful
especially when plasina coneentrations are low.

Hepatic Clearance—The concept of hepatic clearance is
like that of renal clearance, and hepatic clearance is likewise
a hypothetical volume of blood per min imagined to be
wolally ¢leared of drug during passage through the liver,
Unlike renal clearance, the inpul is both partal venous and
hepatic arterial blood and the output is both hepatic venous
blood and bile, rather than arterial blood and urine, respec-
tively. Portal venous blood and bile cannot be sampied
readily, so that the concepis involved in hepatic clearance
serve better Lo provide a medel for understanding the role of
the liver in pharmacokinetics than a clinical methodology
for its direct measurenent.

Although the mathematical treatment of hepatic clear-
ance has been developed for steady-state conditions, rather
than for exponentially falling drug concentrations in the
inputs and outputs to the liver, the subject is appropriate at
this place, in conjunction with other clearances.

The hepatic clearance, Cly, can be defined by the equa-
tion

ap

, Cp =, §
Cly = HBE (»ﬂg———l—) = HBFE [mlemin~i]  (23)

Table fi~—Hypothetical Half-Llves of Drugs of Dilfering Volumes of Distribution and Clearances

Drag Ve Clearance,
No, Digtribution L Ronal Disposition il /min Half-Lifa
! Total body waler 50 Filtered and resorbed with water 1 4 days
2 Total body water 50 Fittered, no resorption 126 4.67 hr
3 Total body water 50 Pubular secretion, total elearance 708 50 min
4 Bxtracellular water 15 Pubalar seeretion, total cleavance 700 15 min
5 Strongly bound in tissues 50,000 Fitered and resorbed with water 1 66 wr
8 Strongly bound in tissues 50,000 Tubular secretion, total clearance L 35 days
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732 CHAPTER 30

where HBF is the total hepatic blood flow, C,, the hypo-
thetical mean of mixed hepatic arterial and portal venous
concentrations and ¢, is the hepatic venous concentration.
The ratio, {(Cop = Co)/Caps 18 the extraction ratio, 5. Unlike
glomerular fittration, there is an apper limit 1o the absolute
quantity of drug that can be cleared and henee Lo the extrae-
tion ratio, Fxtraction is flow-limited only so Jong as the
biotransforming enzyme gystem is not approaching satura-
tion, Phe maximal clearance in the presence of normal
blood flow has been called the telal infrinsic clearance,
Clir- The extraction ratio expressed in terms of Cljygy is
I C‘,a‘lrfr

T HOF+ C
which may be substituted into Kq 23, to vield

{no units) (24)

intr

U= HBE e Y = HAR B L min”!
Cly = HB! (1"1-’31'"1-(31,-“,,) HBE ) binl, min™!|

(25}
The intrinsic clearance becomes
Cliyyy = H]BiﬁF [l - min~i) (26}

Clinee 15 thus somewhat annlogous ta V,./K, in enzyme
kinetics,

Eqs 28 through 26 emphasize that hepatic clearance and
extraction are functions bhoth of hepatic blood fow and the
capacity of hepatic enzymes Lo biotransform (or secrete inlo
hile) the drug that is delivered. In order o appreciate the
relative dependencies on Clyy and HBF, various assumed
values may be substituted into the equations. What will he
found is that the larger the Cliy, the more Cly tends to be
flow-limited (i, dependent upon the rate of delivery of
blood), whereas when Cliy,, i small, (4 is metabolism-
limited, At constant blood flew with a drug in which elimi-
nation s predominately hepatic, when intrinsic clearance
and hence extraction ratios are small, a significant change in
intrinsic clearance will he accompanied by a significant
change in Ly when intringic clearance is high, a significant.
change may be accompanied by a small, olten insignilicant,
change in £y but a significant decrease in bioavailability.
In the latter instonee, £y, is determined mostly by the frac.
tion of the cardiac output that passes through the liver.
Figures illustrating these features, an excellent discussion of
hepatic elearance and various models of hepatic elimination
are available,” as well as o treatment of the offect of hinding
of drag to plasma protein. Binding 1o plasma protein limits
clearanee when intrinsic clearance is low but not when it is
high.

Although the determination of Clyy, is too involved for
rouline investigative purposes, it may be estimated accord-
ing to the equation

{ - I?l‘_ﬂ

*__[!l)w iy
AU, {mY s min~]

where D,,, is Lthe total quaniity of drug excreted unchanged, /
iy the fraction absorbed, D) is the dose adminislered and
AUCy is Lhe total area under the blood concentration-time
curve after intravenous administration. The meaning of
AUC will be discussed later (page 737),

Some drugs may be used to illustrate some of the points
emphasized by the model.  For example, at: blood concentra-
tions of ethanol above 0.02-0,04%, the hepatic alcohol dehy-
drogenase system is saturated, and hence hepatic blood flow
will have little effect on €l of ethanol above the concentra-
tion indicated, This implies that liver disease or injury will
not. much affeet the rate that ethanol is cleared from the
blood, a fact of some forensic importance. The hepatie

CZ.‘.IIH' = N

hiotransformations of pentobarbital and phenytoin are rela-
tively slow, ie, Clyy, are low; consequently, the induction of
hepatic cytochrome P450 will increase Cly, almost in pro-
portion to the degree of induction, and the {14, will be short-
ened accordingly. 'Fhe hepatic biotransformation of lido-
caine is extremely rapid, ie, the Cli,,,, is very high, so that C1y,
is limited by hepatic blood flow, ‘This means that by the oral
route, in which all of the absorbed drug obligatorily passes
through the liver, only very small smounts will survive the
pass through the liver into the syslemic eircutation, Thig
nearly total clearance as the drug passes through the liver
into the rest of the body is known as the first-pass effect,
The clinical significance of the fivat-pass effect is discussed
in Chapter 37, 'The flow-limitation in the hepatic metabo-
lism of lidocaine also means that in congestive heart failure
or shack, in which hepatic blood flow is diminished, the rate
of biotransformation will dacrease and £y will increase.

Biliary secretion coniributes to hepatic clearance and
hence is included in the above pharmacokinetic consider-
ations. However, drugs that are excereted intact or in a form
from which the drug can he sequestered in the intestines ang
subsequently reserbed (enterchepatic recirculation} may
have complex pharmacokinelics if the rate of biliary secre-
tion is an apprecinble fiaction of the hepatic cheavance and if
the enterohepatic veservair is large,

Other Routes and Clearances—-"The kidney and liver ave
usually the major organs in the elimination of drugs, and all
ather routes combined often contribute negligibly. Howev-
er, with the volatile anesthetics, pulmonary clearance is the
major route, and pulmonary clearance hecomes dominant;
pulmonary clearance of gases is (low-limited. With some
drugs, mammary secretion is appreciable, and the presence
of drug in milk may present hazards Lo nursing children;
however, pharmacokinetics in the mother usually is not af-
fected by lactation. Salivary secretion is too small to aflect
systemic pharmacokinetics, bul the coneentration of drug in
saliva ugually parallels that in plasma, so that, with some
drugs, it is possible to lollow systemic pharmacokinetics by
sampling saliva,

Absorption Phus Elimination—The kineties of absorp-
tion and disposition must now be put together to define the
time-related curve which deseribes the plasma concentra-
tion of a drug administered extravascularty. The curve is
determined by the algebraic sum of all processes involved in
absorption, distribution and elimination. Since disposition
(distribution plus elimination) beging as soon as the drog
enters the blood stream, the plasma concentration reflects
all {hese processes from Lhe outset.

The time course of the plasma concentration of adrug ina
one-comparbmen{ body can be obtained by combining alge-
braically Egs t and 5, with appropriale rale constants, and
substituting fD/Vy for ¢, When the equations for absorp-
tion and elimination are thus combined

[k,

\ ikt .
g AT s wtevol™!] (28
PV R, Ry | !
where [ is the fraction absorbed, I) is the dose, ete.
This equation simplifies to
€, = Che b - (O™ fwtr vol ™| (29)

where €Y and the C}, of Eq 5 are the smmne, since they both
represent all of doge, 1, distributed in V. If there is a lag,
the i-factor in the exponents of ¢ should be £~ ¢, where £ is
the lag time. Figure 36-7 shows a plot of the plasma concen~
tration for ench of absorption and elimination separately
and when (he Lwo are combined.

I Pig 36-7 the parameters of absorption and elimination
were assumed, in order 10 construet the figure.  In practice,
drug concentration-time data are oblained empirically, and
the parameters are oblained from asemilog plot of the data,
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Flg36-7. Time courso of the plasma concontration of a hypotheticnl
drug with simple first-ordor abscrption and olimination kinatics, The
rate constants are shown in the figure.  The half-time for elimination
is 3.47 hr.

as in Fig 36-8. 'The rising phase of the plot is not log-linear,
sinco that which is added by absorption is diminished by
elimination. Only after absorption is complete does the plot
become log-linear, since now there is no opposing process al
work against Lhe mono-exponential decline in concentra-
tion. The time at which absorption essentially is complete
is called the absorption time and is detected as that time at
which the plot becomes log-linear. However, prior to the
absorption time, the concentration at the site of deposilion
becomes cqual to that in plasrea, This s called the equilib-
riwm bime, 1L is also the peak-time for plasma coneentra-
tion. Beeause of the interplay of physicochemical and ae-
tive transporl. factors that affect the distribution of a drug,
true chemieal equilibrium is not reached necessarily at the
pharmacokinetic equilibrium point. The log-linear line de-
scrihed by the elimination phase, when hack-extrapolated Lo
the y-nxis, vields a theoretical C, juat as with intravascular
injection, and Veagurap ¢an1 be caleutated accordingly. Fur-
thermore, the slope of the log-linear elimination segment of
the semilog plot s cquak to —0.434k., as with intravascular
injection. The absorption rate constant, feay also can be

4.0
Thaoreticat hlood conceatration if
3.0 r/absorpnnn had been instantanoous

e
[=3

c Rete of absorption equals
rate of disposifion

Lol

I‘._G' Equilibriem timo
o
Oy Alsorption comglete

Eay

Absorplian time

o <o
W s owm

Siaod concentration (mg/ 100 mil
=]
3

[+ ]

14

Flg 36-0. Kinetics of absorption and dispositlon of thoophytine in
the human subjact after oral administration of 0.5 g of aminophylline
por 70 kg. Blood concontratlan Js piottod on a log scale (Courtosy,
data, Truitt, ot af ).
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obtained from the plot, if the empirical carve is subtracted
from the back-extrapolated elimination ine. 'Fhis is done
hy subtracting the real values for C), (0, Cy, ole) at various
times during the absorption phase Mrom the extrapolated
values for Cp, designated (7, on the hack-extrapolated elimi-
nation line. It musat be remembered that the antilog and not.
the log of ¢ must be used if fog €' is plotied in Cartesian
coordinates. ‘This method of dissecting a compound func-
tion into its separate components is known as the method of
residuals, or buck-feathering. The back-feathered absorp-
tion line is the dashed line; its siope is negative, as though it
were being seen from the site of administration.

The peak concentration, time of peak coneentration and
duration of action are affected by various factors, some of
which are discussed below.

Peak Concentration—That the peak concentration
should vary with the dose is self-evident; according to Yoy 28,
it is directly proportional to the doge (assuming that absorp-
tion and elimination are first-order processes), Figure 36-9
shows how penk concentration varies directly with dose.
Note that the time of peak concentration is the same for all
doses; this independence of penk time from dose is approxi-
mately true in all multicompartment systems. Departutes
from the generalization occur especially when the rate of
absorption or elimination s different at high from those at
low concentration; ie, when it is dese-dependent (sce page

’lzim.(: of Peak Concentration—The time of peak concen-
tration must not be confused with the time of pealt effect.
Fiffeel often Ings hehind plasma concentration, sometimes
hecause the tissue concentration at the point of action has
nol. yet. reached its peak and somelimes because a response
may have a considerable latency. The latency of effect of
reserpine or phenytoin (in its anticonvulsant effecl) is men-
sured in houss to days.  Oceasionally, the time of peak effect.
may precede the time of peak concentration because of a
reflex or other compensatory process which limils effect
hefore the concentration becomes maximal.  'Lhis is often
true with oral administration of ethanol or ephedrine. Boeth
the peak concentration and time of peak concentration are
considerably affected hy the rate constanis for absorption
and elimination. In Fig 96-10, the effect of differences in
absorption rate is shown indicating that the higher the ab-
sorplion rate, the higher the peak concentration and the
earlier the time of peal concentration. Figure 36-11 shows
the effect of dilferences in rate of elimination depicting thal,
the higher the elimination rate, the lower the peak concen-
tration bub the earlier the time of peak congentration. The
two effects of absorption rate and elimination rate can be

M -
kv 0.38hr~1
12k Koy 1. 39 el
By
(=Y
&
?3 N
& alJf/ _Toreshold concentration g
W
Qs o s
2 T
2 oy
[¢] 5 PO V) : 3 I“ ; 5 ) & | 5|
Hourg
Flg 36-0. The eflact of the sizo of the dose of a drug on the peak

concontratien, time of peak concentration and duration of action.
The data are caleulated from a one-compartment modet.
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FFig 36-10. Tho effoot of diffarences in the rate of absorption of
druge on the peak concentrafion, tmoe of peak concentratlon and
sojourn In the body, The rale of elimination is the same for all curves.
The dottad line (k, = ) is approximatoly what the concentration
curve would bs, had the drug boen given Infravenously. The data
wera calculated from a one-compartmant modét.
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Fig 36-11. The stfect of differances in the rate of elimination of

drugs on the peak concontration, time of peak concentration and
scjourn in the body.  Tha rate of absorption Is the sama for all curves.
The dats were calculnted from a one-compartment model,

trented a8 a single phenomenon if the ratio of ky/h, is consid--

ered rather than the separate rate constants (Fig 36-12}
The effects illustrated in Figs 36-10 to 36-12 have cerlain
clinical implications:

1. Bifferences in the rate of absorptivn are of more significance for
stowly than fer rapidly absorbed drugs. In ¥ig 36-10, the peak blood
levels are achioved when Ay = 2 1ie-t (L2 = 0,35 hr) is only 13% lower than
when ky = 20 et ({12 = 0,085 hr), bul the difference in the lovel when k.
= (1 ! (B3 6.93 hrd is 49% Jower than that whon 2o = 0.5 he™ (=
1,88 hir}, evon thaugh in the latter the rate difference was less than in the
former comparison. 14 is thus apparent that differencos in the release
rites among different products of the same drug, or that differences in
gastrointestinal motility, blood flow, ate, may be important, depending
upon hofkor ‘Phis point has a special relevance bo sustuined-release and
depot. formulations,  With o number of druge, especially among the
anorectic drugs, the dose with a sustained-release form often Is approxi-
malely the same a8 that of o vapid-reloase form; thue, the former Jas a
Tong duration in the body but yields low blood levels when used in a
aingle doso, Except with the initial dose, tha difforences sre of lesser
importanee in u multiple-dose regimen.  Smalt differences in the rate of
ahsorption of rapidiy absorbed drugs are usuully of minor significunee.

2, When the rate of absorption is rapid relative ta thet of eliming-
tion, differences in the rate of efimination da not greatly affect the peah
concentration consequent to @ single dose (compare Lop two eurves of
Pig 36-12). Thus, in such instances, the peak concenieation is relatively
insensitive o normal varintions in the rate of elimination.  Consequent-
ly, with such o drug, the size of the initint doso in a multiple-dose regimon

10 T T 1
&
;f‘ 5 Dlirg « =]
08 =~ -
06
!&&’-- = 0.1
X a
My
Q4 -
kg
B!
0.2 g ‘ -1
.
i 10 . e
0 1 i I
Q ! 2 3
kgt
Flg 36-12, The offect of differences in the ratlo, kg/k, (ke'ka In

dlagram), on the paak concentratlon, time of peak concentration and
sojourn In the body, The ordinate, X/M, actually reprasent the
fraction of a dose that Is In the body, but thay are directly proportional
1o concentration and thus sorve to represent concentration. The
abscissa can be converted to time by dividing by &, tho elimiraticn
rate constant {courtesy, Goldsteln, et &/ ©),

often may not need to He diminished in the presence of renal or hepatie
impairment; however, subsequent dores require adjustment.

3. A change in the time of peak concentration or of peak effect i
usually an indication of a change {n one of ar both Jey el R,

Duration of Action—The duration of action of a drug is
related to its pharmacckinetics in a rather complicated way.
1t is usuaily shorter than the sojourn of the drug in the body,
because a Uhreshold, or minimal effective, concentration
must be reached before the effect occurs (see Fig 36-8), and
the effect usually ceases when the plasma concentration falls
below the threshold level, In a one-compartment gystem,
duration of action tends to be proportional to log-dose, Ina
two-compartiment system, it tends Lo be proportional to log-
dose only when the site of action is in the central compart-
ment and the effective concentrations (minimum Lo maxi-
mum) are entirely within the concentrations found during
the elimination phase. In Fig 36-9, the duration of action is
3.26 hr with dose D, 4.6 hr with L3I} and 5.4 hrwith 21); were
the threshold atl 6 {dotted line), instead of 4 {dashed line),
the respectivo durations would have been 1.5, 3.25 and 4.23
hr. Although the example in which the threshold is 6 pro-
vides that the duration of action would be disproportionate-
ly prolonged as the dose is incressed, the contrary is seen
when the threshold is 4. Consequently, increasing the dos-
age is usually not a feasible way of increasing the duration
of action and toxic concentralions are often reached more
predictably than duration is prolonged.

With a few drugs, there is no mathematically definable
relationship between duration of action and persistence of
the plasma concentration. With reserpine, for example, the
effect outlasts the sojourn of the drug, because of the deple-
tion of a slowly replaceable biological mediator.*

Multipie-Dose Administration—This refers to the ad-
ministration of a succession of doses al intervals such that
the drug does not leave the body completely in each interval
hetwoen doses. The usual procedure in a multiple-dose
reginen is to administer a drug repetitively with a constant
dose interval, designated 7, with both dose and r chosen so as
o maintain the plasma concentration in the therapeutic

* Careful studies show that trace amounts of reserpine in the hody
outlast Lho affect and the duration of action may be related Lo these trace
amounts. These rosidual nmounts, however, aré much amndlor than are
required to initiate the entecholamine-depleting action,
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Fig 36-13.

The accwynilation of drug in the body during a regime of mulliple dosing.  Dose, [, Is administered intravenously al inteyvals, v,

aqual to the half-life, fj,.  Thus, after each dose, the amount in the body, Pp, has dacroased to half the previous peak amount at the time each
dose is admkisterad.  When the cumulated amount in the body after injaction reaches 260, e body content will fluctuato from 2010 102 dwing

each dose interval thereafter.  Approximately 5

5 hall-dives are required before this leveling off (plateau) of the body content occurs, The

stippled aroa ls the area under the elimination curve of a single injection, if no second doso had beren givan.  Tha cross-hatched area is tha area

under the curve during a single-dose interval,

range,  Some features of such repetitive dosing may be seen
{rom the construction reproduced in Fig 36-13.

Accumuldation and Pleteaw Prineiple—H the novice read-
er will make his own construetion, it will aid greatly his
understanding of the subject. In the construetion, the
amount of drug in the body, Dy, is plotted against time,
Dose, D, is given repetitively, intravenously, at intervals
such that v+ = {j, in order Lo facilitale the construction,
‘Phe {irst dose is given at + = 0; sinee it is given intravenously,
the amount in the body rises (o Dy = 1 essentially instanta-
neously, Tmmediately, Dy falls exponentiaily with the first.
order kinetics of Eq 1, except. that whole-body content, rath-
erthan C,, is plolied Bince 7 = [y, al 7, Dy = Wi when the
next dose, [2, is added, it brings the lmdv contenl up to D +
Y1, Dunng, ench do:.«e. interval, Dy falls exponentially Lo
one-half the previous postinjection peak.  As Dy rises alter
aach ndministration, the rate (not the rale constant) of elim-
ination rises proportionately, until eventually the amount
climinated during + essentially equals the amount injected,
The maximum and minimuwn values of Dy, Dppmeny and
D iy during , approach respective asymptotes, shown on
the [{I'll])ll. Agl-r mv])mum.\') = A and Dii(miﬂ} = 1) "Phus,
although Dy fluctuates between 1 ppaa and D guim, onee the
asymptotes are approximatad closely, Dy can be thought of
as having reached a qualified steady-state condition, and
the pharmacokinetics are sometimes called steady-state
pharmacokinetics.  Also, Dy Is said 1o have reached a plo-
Leau. 1L is important to nole that the rate al which the
plateau is reached is at exactly the same rate al which druy is
eliminated from the body alier a single dose. ‘Thus, the
exponentially falling line for the elimination of D given at r
=0 (had no further doses been given) is the mirror hmage of
the line conneciing the sequential Dypuens. The principle
that when the rate of absorption is fast compared ta the rale
of elimination (h, > 5hy) the rate at which the multiple-
dose steady state Is approached is determined only by fiy,
and is known as the plateau principle. This is the funda-
mental feature of one-compartment mublipla-dose kineties.
It oblains ferespective of the value of v, However, the pla-
leau concentrations do depend upon + (see below),

In Fig 36-13, the drug was administered inteavenously, so
that no time-dependent absorption had o be considered.
When absorption is involved, the Cotmax 18 1ot as high as

The two aroas are equal,

with intravascular administration, but is blunted and eccurs
with a lateney after administration that is determined by &,/
ko, Just as in single-dose administration, The appearance of
the C,-time curve with multiple-dese administration is
shown in Fig 36-14. The value of (7, at any time during
multiple-dose administration ean be ealculated aceording o
I 80,

T i bk
Oy o /' q”""" e . Joe
Vol = ky) J—e™

- (D*g"”"'"" 0.t ) [wtevol™t] (30}
1-e

=ik gt

where n is the nth dose, r is the dose-interval, ¢ is the time
since the last dose, I} is the maintenance dose, D¥ is the
initial or loading dose (see below) and [ is the fruction ab-
serbed {(bicavailability factor).  With this equation, €,
rather than By, is caleulated; however, it will he recalled that

——
—n

¢
~Cmin

¢ 1
Fig 36-14, Tima course of the plasma concentation of a drug
administered according to a multiple-dose schedulo. ¢ (ordinate);
concantration; t{abscissa): time; D°: initial dosa;, D@ maintenance
daso; v: doso-intorval (equal 1o b, In this llustration); Gy, mini-
mium conceniration aflor anch dose {same as Gy, it text) (courtasy,
Kriggor-Thlamer ).
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736  CHAPTER 36

O = DIV, and similarly, Cy = DafVa, so that the equation
casily is modified to caleutate either ¢, or Dy and the same
principles apply in either form.

It is important 1o know how many half-lives must tran-
spire belore the platean is approached closely enough to be
considered complete for practical purposes. The value of
D iiny 18 approximately 98% complete at 47 and 97% at 5r;
B praxy 18 97% at 47 and 98.5% at 57, 'Thus, it may be stated
that, for practical purposes, the plateau stale is reached in
approximately 5 half-lives, provided &, > bk, This is an-
ather form of the plaicau principle, The principle applies
whenever the steady stale conditions are perturbed; thal is,
5 half-times will be required to reach a new plalean, wheth-
er the plasma concentration is rising ot falling Lo & new
platean (see Fig 36-14).

Maximum and Minimum Concentrations-—During mul-
tiple dosing, € pmex 404 Cppony are described by Hags 81 and
3%

. iy
o Gume™

xR

(31)

fwt - vol™i]

(

 pming = 7 fwt - vol =1} (32)

where n s the nth dose, C7 is the concentration that would
have occurred from instantaneous absorption and distribu-
tion (oblained by extrapolation of the elimination curve to
gere time) and £, is the absorplion time, The term ()j", may
be replaced by /D/VE. During the plateau state, 1 — ¢t
hecomes e 4, and Cpppary 80 Cppim ave designated CF .
and C¥,, respectively, The equation is valid only when &, >
Bkep. 1t can be seen that Cppn is determined by bath &, and
ber (g shows itsell only indirectly, in L} and Caonin by Fe
The greatest difference between Cpipman &0d Cpppin otcwrs
when the drug is given intravenously; when 7 = {4, after
intravenous injection, Cppmnnd/Cponinm theoretically is equal
1o 2. With extravaseular adminisiration, the ratio is always
less than that with intravenous administration, the ratio
heing determined by ko/ha  As Eo/her decreases, Cpunan/
Chatmim decreases,

Average Concentratinn and Body Conteni-—~'Fhe average
concentration during the plateau state is described by Fq 33,
[wi-vol™'l  (33)

" .
("p(um') -

‘I'he coefficlent 1.44 is the reciprocal of 0,693 in 18g 3. The
term Chyien is o time-averaged concentration and therefore
is really a mean concentration.  Since €, = Dy/V, it follows
that

[wil

It js self-evident that the plasma concentration, or amount
of drug in the body, is directly proportional to the fraction of
drug absorbed (f, bioavailability factor). The appearance of
/in these equations and Bq 30, however, serves as o reminder
that a change [rom one drug produet Lo another with a
different. hioavailability, £/, will be accompanied by changes
in Cptaver a0d Diitaner, 88 well as in the maxima and minima.
The equations also reetnphasize that a change in £y (or ko)
will aflect Cppeer a0 Do, wll other factors being held
comnstant, Sinee ky and f (and sometimes Vi in relation to
weight) vary from patient to patient, the dosage of certain
drugs always needs to be ascertained with laboratory ansis-
tance and aewmen, 'The effects of changes in + are discussed
bhelow.

Importance of Dose-Interval—"The ratio Cpumany/Cponim
depends on Lthe dose-interval, 7. If the interval is increased

D LAd LD (
Pytone) = A T” " (34)

k(,fT

i
é M Sofe Concentrot
£
i
&
B
Lt
S
¥
3
|
Minimum Effechive Concentroton
| 4 . i ek ] 1 ol
0 3 & 9 12 1% B 2f 24
Time hours)
Fig 36-15. The offect of the desae Intorval on the time course of the

plasma concantration of a drug administerad in a nwitiple-desoe ragl-
men. D' = 4, 0= 3 and ky/ke = 3. The dose interval is 1.7 br in
Gurve 1, 7.7 hr in Gurve 2 and 3.8 hr in Curve 3 (courtasy, Notari®).

and the dose is unchanged, Chunans Cpunim and Cpgee all
decrense, but g/ Cpenin 18 increased. 1 7 is decreased,
then Cp(.uun.\')p Cp(minl and Cphu-c) incrense, but (:p(mu.\-l/C,x(minl
is decreased. 'This is shown in Fig 36-15. Teo avoid a change
in Cppaum consequent to a change in 7, the dose may be
changed appropriately, in accordance with Fgs 32 and 33,
Nevertheless, the wider fluctuations between Chppoy #nd
Cpiainy, when 7 is lengthened, cannat be aveided simply by
adjusting the dose (see Fig 36-16, hroken lines). I C,pim,
rather than Cpgue, s held constant, the fluctuations become
even larger (Mg 36-16, solid lines), and the hazard of the

ANEA

A

4146

Ay

o
N
P

rohion
<

Relative concer
)

-~

1
0 | 2 3 4 5 3
Time

Fig 86-16.  Fluctuations in the plasma concontration of a drug whoen
the dose interval is changed but the doso is altered to maintain the
same minimal {solid lines) or averagé (broken lines) concentration
duriag maintenance. G ™ is the minimat conceantration (correspond-
Ing 10 Gy I tho text) and & 1 Is tho average concemration during
maintenance (corrosponding 16 Gy In the text).  Time Is in multl-
plos of tho half-lifs (courtesy, Kriiger-Thiomer,” adaptad),
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concentration reaching the toxic range s increased,  Con-
versely, the greater the number of divided doses, the smaller
the fluetuations in plasma coneentration. [For drugs with a
narrow therapeutic range, it is usaally inadvisable to dose al
intervals longer than £ With digitoxing v is much smatler
than Ly, and the fluctuations in plasma conceniration are
consequently Jess than 10%.  However, for drugs with a high
therapeutic index and which do not require steady plasma
coneantration for an adequaie therapeutic action, dose in-
tervals much larger than ty, may he used conveniently.
Penicillin G is such a drug; it s more convenient Lo give large
doses at 4-hr intervals, or Jonger, than at 30- to 60-min
intervals (£ = 30 Lo GO min).

Cumulaiion Batio and Persistence Fuector—From ihe
above, it is evident that the drug cumulated in the body
during the repeiitive administration approaches different
amounts (asymptotes) in the plateau state aceording to the
magnitude of r in refation Lo Ly (or k. The dose-interval
must be a eonvenient interval that nol only is easy for the
patient or medicat and paramedical personnel 1o keep track
of bul alse one which does not subject the patient W an
annoying or difficult number of daoses per dny. Turther-
more, {1y varies from patient to patient. Consequently, ii s
rarewhen ¥ = £y, although it is sometimes close enough that
the difference is inconsequential, ‘Therefore, itis important
Lo be able Lo estimate the extent of camulation with any dose
interval in any patient. ‘This can he done with information
derived from a single dose, by means of the accemadation
factor, r,.

[no units) (35)

The component factor, et g the persistence factor, r,
which is the fraction by which C), or [y Talls during the dose
interval, When the plateau, or steady state, Is reached the
cumulated plastma coneentration or body cantent will be
larger than that from the (irst dose hy a Factor known as the
cumutation ratio (or drug amouit rafio), Re.

[no units]  {306)

kl,,r
where (% is the mean concentralion duving one dosage intey-
val during the steady state and Cf is the mean concentiation
from £ = 0 to £ =  afler a single dose; 1}, and Dy, ave the
corresponding respeclive hody contents, Since both v and
™ can be estimated from the AUC, it is appropriate 1o
discuss this ferther.

Area under Curve (AUCY--The area under the monoex-
ponentinlly falling, single-dose plasma concentration-thne
curve s the integral of the diffevential form of lig 1, from £ =
Otod =

ALJCY e (07 [ Ceft
it

o
T IS )

= J o ol P B fwtevol e time)  (37)
b et

Although the units are concenlration Limes tme, the valucis
equal Lo the time-averaged concentration and hence is called
the average concentration G, although it is more appropri-
alely a fog-meen concentration. 1 the amount of drug n
the body is used, instead of plasma concentration, the A e
is equal to the time-averaged body content. The average
hody content could, of course, be calculsted from Cr by
multinlying by V.

ven when twoe or more exponential processes act addi-
tively on the plasma concentration {or body content), as in
absorption plus elimination, the A LY - aquals O (or DR).
The inlerested student may verify this by integrating any of

BASIC PHARMAGOKINETICS T

Bgs 28-30. Tn the two-compariment system (see below),
AUCE for a plasma concentration-time curve carrectly
equals C; however, U cannol be cajeulated from €5 hes
cause Lhe plasma concentration differs from the average
hudy concentraticn.

Since AUCY = = CVky in the ane-compartment systen,
it is obvious that AU dees not provide any new information
that otherwise cannot be abiained, as by bacice-extrapolistion
or regression analysis. Nevertheless, AUC Treyuently is
used i Liew of Ch/ky.  For example, in the determination of
the bioavailability factor, £, the ATICY -2, after extravascular
administration (ALCY ), divided by the AUC after intra-
vaseular administration (AUCS ™) is equal Lo f.

The term ALCY " is not. the only AUC that may be used
in pharmacokinetics. The AUC during different time inter-
vals, under supposedly steady-state conditions, coudd he em-
ployed to detect thne. or concentration-related changes in
clearance (g, see Bas 11 and 27). During the plateau, or
steady state, the AUC during one dose interval (AUC™) is of
special interest. To evaluale AUCY = peguires many sam-
phes taken over a long peviod of time, which is an inconve-
nience to the subject or patient. The value of AUCH can
provide the smme devived information with fewer samples
and Jess time. This is hecanse AUCs = AUCY ™. Thus, in
g 36-13, the stippled area, which is AUCY™™, would he
equal Lo the cross-hatched area, AU, except for the negli-
gible stippled area that, remains after br. At = o, the two
arens would e essentinily identical,  Tn this comparison ol
AUCs, the identical areas do not mean that € s identical to
& but it does enable A L0 10 be vsed Lo calealate values of
single-dose parameters and vice versa.

Congtant Infusion and Sustained Release—A constant
infusion or sustained release of n drig may be regarded as a
series of minidoses given at infinitely short dose mlervals.
When infusion is intravaseular, the plasma concenlration
will rise in logarithmic fashion with the same time course
and cumulation factor as with multiple dosing, je, with a rate
constant. of k. 'Thus, the plateau prineiple applies equally
1o constant infusion and multiple dosing.  After discontinu-
ation of infusion, the plasma concentration falls exponen-
tially with a rate constant &y, in aceordance with Fq 1.
These principles arve illustrated in Fig 36-17.

=

16 Cencentrotion (pgiml)

oL e

W 13

Time (hr}
Figa6-17.  Semilogarithnic piot of plasma concentration durlng and
alter cossation of a constant intravenous infusion of a drug in a one-
compartment system.  Whether Infusion is stopped prior to the at-
talmmnent of a piatoau or after, the plasma concaniration will fall log-
lineatly with a slopa of —0.434k,.  In the flgurs, i€ is kypand 1/2,303
= 0.434. G, Is the staady-stale concentratian, G5 (eourtesy, G-
baldi and Parries?).
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738 CHAPTER 36

The ateady-state plasma concentration, O, is equal to the
infusion rate divided by the whole body clearance:

oo B I

’ C’“H V:n‘"“c'l
where R is the infusion rate, The term Vg must be ex-
pressed in the snme volume units ag RY Cli, and R% must be
in the same time units as k..

With sustained-retease dosage forms, in which the relense
is approximately constant for long periods of time, the phar-
macokinetics are like those of constant infusion.

Loading and Maintenance—TIn Fig 36-13, Dignar -+ 205
consequently, had 212 been given for the first dose and D
thereafter, the plateau condition would huve been reached
immediately. This illustrates the principle of loading.
The same effect of loading is shown by curve 3 in Fig 36-14;
in both these figuves, 7 = fi. The initial dose is called the
loading dose, D%, and each subsequent dose is ealled the
maintenance dose, D, Since il takes about 5 half-lives to
reach the plateau stale, il is very important Lo use a loading
dose with drugs that have long half-lives or in situations in
which it is desirable that the optimal therapeutic concentra-
tion be reached rapidiy.

The loading dose, D*, should approximate the amount of
drug in the body which will be contained during mainte-
nance {ie, the plateau state). The most direct way Lo caleu-
Jate D" is with the equation

[wt. « vol~!] (18}

[wt} (39}

assuming that Vi and C5,.,) ave both known, A first dose
w0 caleutated achieves a bplmn}.) that is equal to that at the
steady state only for intravascular administration.  Aflter
extravaseular administration Cpypmey i6 less than that after
intravascular administration and hence the loading dose is
proportionately smaller.  With some intravascularly admin-
istered drugs, the loading dose is caleulated deliberately to
be less than that caleulated by Fq 39. Among reasons for
choosing a Jower dose than that calculated by Fq 39 ia that
the effects of the first of a series of doses often elicits greater
responses than do subsequent doses, because reflex, hormo-
nal and other counter-regulatory effects have noi had
enough time to come into full play. ‘This practice applies
¢ven Lo some extravascwlarly administered drugs, such as
prazosin.  Consequently, O, or even Cpy ..., may be used in
liew of Cfipp. 1t must be remembered that with sueh un-
derloading the steady state is not achieved fully with the
loading dose.  With drugs which have a very low and erratic
therapeutic index and polentially fatal toxicity, the loading
dose may be divided into smaller doses, to be given at various
intervals before the first maintenance dose; this permits
monitoring of both €, and clinical effects during londing and
allows an assessment of whether the intended maintenance
dose is correct.  Fractional londing also is used when a drug
with a low therapeutic index has a significant distribution
phase, such thal toxic plasma concentrations occur before
distribution equilibrium oceurs, With some drugs, an ap-
proprigte V4 is not known, thus making Bq 39 inapplicable,
With such drugs, D* can be caleulated from teaditional,
empirical maintenance deses by means of the equation

.D* Pros—

(1—e¢

'The equation correctly applies onty when k, > 3k Also,
D* can be calewlated according to

¥ = (DR, = 1.44f Dty it [wi]

where I, is the cumulation ratio {see Eq 38).
The time course of the piasma concentration aller differ-

[wt] (40

(41)

ent loading doses is shown in Fig 36-14. When D* = 2D, the
plateau maintenance concentration is approximated clossly
when 7 = Ly but is smaller than 2 when r <ty and greatey
when v > 4y,

In Pig 86-14, it should be noted that if the loading dose is
not optimal, either too Jow or too high, the plateau stale is
approached with the same time course as when no loading
dose is given.

When a constant intravenous infusion is used, the prinei-
ple of loading also applies, because the plateau principle
applies; loading may be accomplished with one or more rapid
intravenous doses, called boluses or slugs, or by an initial
period of rapid infusion Lo bring the plasina concentration to
the maintenance level. The loading dose can be caleulated
frem Eq 39 or the infusion rate and hall-time, as
jwi] (42)

(e

Open Two-Compartment Model

The one-compartment model adequately describes the
pharmacokinetios of many drugs, However, with an even
larger number of drugs, alter intravenous administration,
the decline in plasma concentration js not monoexponential
hut rather manifests two or more monoexponential compo-
nents which are diseernible in the semilogarithmic plot of ),
versus time. ‘The most common is a decline which manifests
two componenis; the open two-compartment model most
adequately describes such pharmacekinetics.  Qther models
having more compariments or other complexities will be
mentioned later briefly.

Description of the Model-—In the open two-compart-
ment moedel, the hedy is considered to comprise two com-
partments in dynamic equilibrium, as depicted in ¥ig 36-18.
The compartment into which the drug is direetly absorbed
and from which the drug is eliminated is called compartinent.
1, ar the central compartment. ‘The blood is a part of this
compartment, is the transporting and distributing medium
and is the medium nctually sampled for chemical and phar-
macokinetic analysis; consequently, compartiment 1 is some-

Comportment 2 Volume = vy
(peciphera) compastment}
€78
i€y
X ; ¥ £, Dg
o l ¢ L) o A
S QUTRUT ™)
letiminotion) m
o
1 ~
Comportment | ™~ Volume = v/,
{central romporimenl)

Fig 36-18. Diagram of open two-compartmont pharmacackinetic
model.  An amount of drug, 1D, is absorbed from the adminlstered
dose, £, with a first-order rata conslamt of k, into compariment 1 of
volumo V(. Some of the absorbed drug enters compartment 2 with a
firsl-ordar rate constant of k2 and |s returnod into compartment 1 with
a first-order rate constant of kyy, ) Is the amount of drug in
cempartivient T and D In compartment 2; C, and G, are tha raspec-
tive concontrations in compartments 1 and 2 (G, = CJ). Drug ks
eliminated from compartment 1 with o first-order rate constan, K.
which, howaver, Is cbscured by the lag in transfer of drug from
compartment 2 to compartment 1. D, ts the amount excraled into
urine, fecas, axpirod alr. sweat, milk, etc: Oy, Is the amount of drug
metabolized. Tho relative volumes of v, and V; may vary greatly, Vs
samellmes belng the larger and other times the smaller.
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times misleadingly called the blood or plasma comparunent,
even though the erythrocytes or plasma proteing may some-
times behave kinetically as though they were part of com-
partment 2. 1n the simple {wo-compartment model, com-
partment 2 ks closed and communicates with the environ-
mend ondy through the central compurtment, being, as it
wore, peripheral to the events of absorption and elimination;
consequently, it is called the peripheral compartment.
Sometimes, italsois called the tissue compartment, which is
nisleading, since usually some Lissaes, or certain cell types
within otherwise peripheral tissues, may be lkinetically in
compartment £, It is important to reiterate that the com-
partments are fictive and are defined by the kinetic behavior
of the drug within the body and not necessarily by identifi-
able anstomicnl entities. T'o aveid confusion and to enable
a simple numerical designation of model components and
digtribution rate constants by number, the terms compart.
ment § and compartment 2 will be used hereafter.

The movement of drug between compartments is defined
by characteristic first-order rate constands. The subsaript
indicates the direction of movement; thus ks (subscript one-
two, nol Lwelve) indicates movemest [rom compartment. 1 to
comparinent 2 and by, the roverse divection. T'he constants
ey and ko ave entirely analogous to the Jike-designated re-
speciive absorplion and elimination rate constants of the
ong-compartment tadel,  However, &, is not. abserved di-
rectly from the decline in plasma concentrations, since both
the characteristic overall rale of the elimination processes
and the rates of diffusion inte, and recruitment from, com-
partment 2 combine to control the rate of decline in plasma
coneentiation (see below), Once an infinftesimal amount of
drug is abserbed, all processes occur simultaneously, ie, in
parallel. Nevertheless, since the various processes have dif-
ferent. time constants, one process will run ifs course Lo a
practical end earlier than another, and evenis may be
thought. of as occurring sequentially, with overlap, in the
order; gbsorption, distribution and etimination. Se long as
By > {ye A has)her > ko, the terminal phase will be a steady
deeline in concentration (see Fig 36-19), during which the
distribution ratio, Cy/Cs, will be constant.,

Absorption-—Absorption does not. differ from that in the
open one-compartment model and does not require further
description.  However, the determination of absorption
characleristios from the lop plasma concentration-time
curven 18 complicaled by the distribution phase, and the

method of residuals {page 733) entails the resolution of

three, rather than two, components (see below).
Distribution and Kliminagion——After the intravascular
administration of a drug which obeys two-compartment ki-
netics, the plasma concentration fulls m a complex two-
process Tashion, but in an arithmetic plot the two compo-
nents may not always be evident to the eye. When concen-
tration-time data are plotted semilogarithmically, however,
the separate processes of distribution and elimination are
identified easily by the method of residuals (back-feather.
ing, page 733 and Mg 36-8), if the rate of distribution exceeds
significantly that of elimination, In Fig 36- 19, such a resolu-
tion has been made for the drug pralidexime.  In the figure,
it may be seen Lhal after 2 hr the curve assumes a log-linear
character, The assumption is made that the distribution
phase essentially is complete and a preudoequilibrium has
been reached between the bwo compartments.  Therefore,
the late log-linear segment of the line, with the siope
~0.4343, represents ihe elimination phase. I this line is
subilracted from the nonlog-linear partion of carve, the dis-
tribution phase is the residual line.  In erder (o do this, the
fog-linear segment. is back-extrapolated,  From this extrap-
olited ling are oblained the antilogs 10 be subtracted from
the temporally corresponding antilogs on the unresolved,
original carve.  The respeclive differences, or residuaals,

BASIC PHARMACOKINETICS

30 g AR 285 pgim|

O = 26,50 "0 OOy oy~ 0.000901

=
=

O Exparimuntol voluos

5.0 PRasidunls

L aa/imt,

Slasmg consantrationiugSmi

tigg * Blmin
r 5 0.00855min™"
ae by © 1min
. in=t
1o |- o= 0,063Linin
B Subject ¥ 2663
0.5 Doso 10my kg
kd 1 1 i L 1 1
0.5 .G 15 2.0 2.5 3.0
Thie (i)
Fig 36-19.  Rasolution of the plasma concentration curve for prail-

doxime Into #s distribution and elimination componants after intrave-
nous administration.  Nole that plasma concentration is plotted on a
logarithmic scale.  Tha thme conslant far the slimination phase is
doiermined from the slopa, —0.4347; It Iz a hybrid constant and A is
nol lhe same as Ky (see texi). Likewise, the time constant for
distribution, «, is obtaingd from the stope, —0.434«, of the distribu-
then line; o Is adgo o hybrid constant (Courtesy, Gibaldi and Pervier®).

then are plotted semilogavithmically to reveal the log-linear
line that represents distribution only.  T'rom the log-linear
properties of the separate, hut algebraically additive, lines
representing the two processes of distribution and elimina-
tion, it may be inferred that the equation {or the originat
compound curve was

O Ae™ 4 Be ™ [wieval™ ] (13}

where ) is the coneentration of drug in compartment 1 (the
cenlral compariment), o and 3 ave first-order rate conslants
for the distribution and efimination phases, respectively and
A and B are fictive plasma concentrations to be discussed on
page 740, The constant /1 deseribes the Jate rate of disap-
pearance of druy from compartment, 1 but.is nol the same as
o {see below), 1t is the rate constant rom which the hiolog-
ical half-Iife is caleulated in a two-compartment system {¢y;
= ().GY3/8).

Hybrid and Prime Kinetie Parameters-In Ty 36-19, the
stope of the late, slower elimination line is — 04348, where §
is a first-order time congtant for climination. However, /s
determined not only by the rate capacities of the irreversible
elimination processes but also by the vales at which drag is
transferred oul of and back inte compartiment 1, Therefore,
A is o compound, or hybrid, rate constant. 1t it equal 1o the
fraction of drug in the central compariment, sometines des-
ignated as /*, in the postdistribulive {clmination) phase
{imes the elimination constant, k., for the central compart-

ment. Thus
B [l [time 1] (44}
Alpha, «, is o hybrid constant that combines fyy, ke and 8
sk L
o © Jtime {45)

A

Interestingly, the equalion for a does ol include k., al-
though /% does depend upon (kyy & 2y ) ke The sum of o
and A can be expressed entirely in lerms of prime constants:
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740 CHAPTER 36

at@=lyy byt b,  [|time] (46)

Howevoer, these prime constants cannol be determined di-
reotly and must be derived from the hybrid constants that
are obtainable from graphical ov regression analysis. The
formulac are

L AEE ime™! 47
2 o1 A i {time™] (47)
w f
ARG "
R A TR+ By ameT “8)
and
{time™!] (49

where A and B are the zero-time intercepls of the residual
distribution line and the postdistributive (elimination) line,
respectively. Bach represents a fictive concentration that
doscribes a limit when the other variable is set to zero (ie, the
other progess is nonexistent),

The volume of eompartment. 1 (central compartinent) can
be ehtained from C}‘, (je, V| = fD/(_f:’,). From the fictive
concentration, 13, the apparent volume of distribution dur-
ity the postdistributive phase can be caleulated, since A + B
= (Y From A — B may be oblained the value of compart-
ment 2, (Volumes of distribution are discussed below.) Cj’,
can be determined more aceurately by summing the two log-
linear extrapolates than from extrapolation of the unre-
solved curve. "The coefficients A4 and 53 are also hybrid, since
the value of B depends upon all of kay, kyp and ke

Volumes of Distribution—"The volume of distribution, Vy,
of a drug is a useful pharmacokinetic parameter that relates
Cpto Ly (see page 727). Tven though itis fictive, it provides
not only some insight into distribution but also importantly
relales to the rate of clearance of drug from plasma, and
changes in pathological conditions reveal changes in the
physiological-biochemical conditions, By means of the dis-
tribution coefficient, &', dala from one patient may be ap-
plied Lo others of different bady weights (see page 728).

In the open two-compariment system, the determination
of Vg is complicated by the slow attainment of distribution
“equilibrium™ (ie, steady state} between (wo compartments,
and the volume of distribation is changing continually dur-
ing the distribution phase. It is especially important to
know Vy during the postdistribution phase (in which case Vo
only apphies during postdistribution times) or to estimate Vy
by methods that caneel the distributive factors.

Theoretically, the most aceurate method for estimating Ve
is known as the steady-stale method, of which there are
three variations. In this, the ideal procedure is to give o
coptinuous intravenous infusion until the steady state (ie,
plateau) is reached. During the steady state, the amount of
drug in the peripheral compartment (compartment 2) is
constant, Under these conditions

pe e Bz T B
o '3
ey,

-V, [vol] (50)

Note that V3 is independent of kg and f. There are, howev-
er, keveral disadvantages Lo this approach, the prineipal ones
heing that for mest drugs the steady siate is reached only
after prolonged infusion, since 5 or more half-lives often will
require days of infusion, and that Vi, ks, kg and f need to he
determined. This can be done by discontinuing infusion
and resolving the curve of the declining plasma concentra-
tion into its component parts, Fortunately, the same infor-

mation can be obtained from the mean plasma concentra-
tion during one dose-intervai at steady state, C i this,

(51)

where k., is the rate of elimination lvom the centrad compart-
ment. Provided that elimination oceurs only fram the een-
tral compartment, Bgs 50 and $1 are valid for any n-com-
partmont model. This method has Lhe same disadvantage
as the infugion method in that dosing must he continued Lo
the sleady state, which, however, with repetitive dosing is
more comfortable and less expensive than continuous infu-
gion. An advantage is thal extravascular routes may be
employed and that only one dose-interval need be sampled,
thus making the determination of Vi applicable to drugs
with Jong half-lives.

The value of Vi also can be determined from areas under
the curve (AU daring and after constant intravenous infu-
sion

(n2)

o
.

where (gs) is the time to reach steady state, Dy s the cumu-
lated dose at t(ss), AUCuy is the area under the plasma
concentration-time curve from ¢ = 040t = Hss) and AUCY
is the Ltotal area under the curve from ¢t = 0 lo { = o,
providing that the infusion is stopped at the achievement of
steady stale or that the AUC, during any overrun into the
plateau stale, is climinated from the determination of
AUCY = The method has the advantage that the determi-
nation of ki, kay, ke or V) is not necessary.

A socond method of determining Vy is that in which Vi is
catculated from V), kyand @

Viky

B
The designation Vg indicates the method of caleulation.
The rationale far the methad is the valid assumption that
plasma and tissue concentrations decling in parallel during
the postdistributive phase, so that the distribution vatio,
which will he cqual Lo A’ is constant after the distributive
phase has come Lo completion, The method has been shown
to yield the same values for Vy as one hased on area:

voooel DD
dlaria) AUC“ e (A/'(\‘ + B/ﬁ

The method is independent of the route of administration,
s0 long as the raction absorbed, f, is used,

On page 739, on which the parameters derived from curves
such as that in Pig 36-18 were discussed, it was pointed out
that the zero-time extrapalates A and B were fictive concen-
trations [rom which apparent volumes of distribution could
be obtained. The extrapolate 8 gives a volume known as
let-.rl'r'upll

Vo = [vol] (53)

m-": Vam [voll (b4)

p]
Vli'(f‘.\‘frﬂp) = {'ﬁ |V0[] (55)
The method does not take into account. the effect of process
hay Lo limit the size of the peripheral compartment and hence
tends Lo overestimate I, except at zero time. However, it
has the advantage of rapid determination.

The value of Vguea is the most correct approximation of
Vy Lo apply to the postdistribution phase and Ve, 18 correet
for constant infusion at steady state but otherwise underes-
timates Dp. By magnitude, these three volumes of distribu-
tion rank as follows;  V§*" > Vi> V),

Clearance—The definition and concept. of clearance can
be found on page 729, The definition of clearance applies
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whether the elimination oceurs in g one- or multi-compart.
ment system, henee clearance is model-independent. How-
ever, mathematical identities of clearance do depend on the
madel. In the open two-compartment model, # and Vicpen
are applicable in the ealeulation of total hody clearance:

Cloy = BV grey [usunliy ml, - min '} ()
Sinee L is customary fo express cleasance inounits of
ml/min, # musd be expressed in min and Vagees in mba, An
analogous Tormula is based on the condition of the model
that elimination eecurs ondy from the central compariment,
s Lhat the applicable volume and elimination-rate constant

are used:

Clye = k¥, [ml - min~!] (57)
Cl also ean De expressed in Lorms of o, A, B, B and Ik
Cly = Ial. s min~H (5H)

B/

Absorption Plus Pistribution and Elimination-—Aflter
extravascuinr administeation in a two-compartment system,
there are three first-order processes ocounrring simultaneoss-
ly: absorption, distribution and elimination. "These pro-
cesses all add algebraically, as fobiows
‘ )
They can be resolved by various methods, of which the
casiest is the method of residuals already ustrated in Figs
36-8 and 36-19. Hewever, in a two-compartment. system,
the first residual line is a compound line {absorption -+
disiribution) and must, he resolved further inlo #s two com-
ponent lines.  Figure 36-20 is an example of the method of
residuals applied Lo two-compartment data. ‘The first step
is the sublraction of the late postdisteibution (elimination}
tine (with slope —0.43473) [rom the curve, which leaves a twao-
component residual curve.  This residual curve has a late,
postabsorptive log-linear segment of slope ~0434a, I the
absorption segment of the curve of residuals is subtracted
from the extrapolaled a-line, o log-linear second residual
line with o slope of 0,434}k, will be generated. The extra-
palated intercepts A and B have the meanings proviously
discussed. The zero-lime intercept of the absorplion resid.
ual line is equal to C-‘:i and henee, theoretically equals A + B,
Kinetic parameters other than o, A, § and B are caleulated
by means of Bqs 44 und 45, The absorption parameters for
other routes of absorption can be determined similarly, ex-
sept with certain sustained-release dosage forms, which re-
lense approximately at a steady rate over long periods of
time,

In the example illustrated by Fig 36-20, only two or three
points each could be used for establishing the {og-iinear
segraents of the residual disiribution and abserption lines,
which, therefore, may be in considerable evror. This indi-
cates the importance of taking frequent enough samples,
especially during the alsorption and distribution phases, Lo
provide reliable kinetic data.

Multipte-Dose Administration--Fguations 3034,
which describe various aspects of the fluctuating plasma
concentrations in the one-compartment syslem, are com-
plex. 1L may be appreciated that the additional complex-
ities conferred by Lwo compurtments renders the anglogous
equations intricate and diffieult (o fetlow for the nenspecial-
ist. However, onc-compartment equations modified in mi-
nor ways apply to two-compartment systems with reason-
able accuracy, when the distribution phase after one dose is
approximately complete hefore the next dose is adminis.
tered, Under these conditions, # may be substituled for ky
and Ve Tor ¥y, to adapl one-compartment equations Lo
two-compartment systems for reugh approximations of the

- it ek
O, = Ae™ b Be M — e [wi - vol ™)

741
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Slope:-0.4345
j‘lntercem N <]

-Slope — 0,434 0
{ntercopt= A

Sl6pe:~0.434 4,
Infercept = (7

| 1 I | i ] i
O 10 20 A0 40 50 e
Hours
Fig 36-20. Resolution of absorption, distribution and efimination

components of a concentration-timo curvo of a dreg with two.com-
partment kinetics. The solid curve is a semilogarithmic plot of
plasma concentrations.  The method of residuals was used te resolve
tha component lines.  The postdistribution, or alimination, line of
slope ~0.434f (- ) was subtracted from the concontration-time
curve. Tha ditference, or residual ltno {¥—X) rotained the absorplion
ard distribution components.  The log-linear segment ¢f this line
reprosents the postabsorption (“distribution”') line, of slope —0.434¢.
A second residual ling representing the absorption phase was ob-
tained by subtracting the absarptive segment (tirst four points) of the
flret residual curve (XX} from tha extrapotated « fine of Slopa
0,434 {~--+) 1o glvo the residual absorption line of slepe ~0.434k;,
(««++ ), Tha zorvo-time intercepts of the extrapolated finos defined
by kp{>»« Y, o {-ees) and 3 e ) e © g A and B, respectively
{courtesy, data, Gibaldl and Porrio®).

two-compartment parameters and plasma coneentrations,
b
Fhus,

(%

[wt. - vol 1] (G0)

AV

Adaplation of one-compartment equations for aceumula-
tion ratios and Jeading dose also usually gives values that
sabisfactorily approximate those enleulated with move rigor-
ous equations,  The respective adapted equations are

1

1-e

darreay”

R, = 1)

[no units]

and
Dy=RD (wi) {62)

where R, Dy, and D are the accumulation ratio, oplimal
loading dose and maintenance dose, respeetively. In some
instances, eg, when u rapid response to lidocaine is desired, a
loading dose caleulated with Eq 61 will be too low 1o provide
adequate antidysrhythmic effects of the drug during the
distribution phase. o this case, o loading dose can be ap-
proximated by use of the formuia

¥ = V,(,‘,, [wi] (63)

where 2 1y the loading dase, V| is the volume of the centrul
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742 CHAPTER 38

compartment and Cp is the target (immediate centenl com-
partment) plasma concentralion,

The rate at which the steady stale is atlained depends
almost entirely on 8. The plateau principle essentially ap-
plies, and approximately 5 half-lives, based on §, are re-
quired to reach the steady stute, Essentially all precepts
emanating from the one-compartment plateau principle are
applicable i two-compartment. # is used in place of one-
compariment, fz..

Nonconformities and Misceliany

Fallibitivy of Assumptions—General pharmacokinetic
concepts rre applicable to many drugs without significant
modification. Implicit in these concepts are cerlain as-
sumptions which, however, do nol apply to all drugs or drug
recipients. Some of the basic assumptions are (1) the phar-
macolegieal effeet is elieited by the drog administered {and
whieh is being assayed in the bleod), (2) the pharmaeokinet-
ic parameters remain constant with both time and dose and
(3) the peak effect occurs when the concentration iz at ifs
peak at the site of action, binding and sequestration follow
first-order kinetics and, in short, the models chosen for ki-
netic analysis are correct.  When these assumptions are not
valid, significant clinical consequences accerue, and theoreti-
cal and/or empirical modification of the models may be
necessary, ‘Therefore, it is worthwhile to examine some
departures {rom the more common or commonly assumed
bebavior and some miseellancous pharmacokinetic consid-
erations not stressed elsewhere in this chapter.

Active Metabolites and Latentiation—Some drugs are
hiotransformed to a metabolite that has a pharmacological
action like thal of the parent drug. With these, the pharma-
cokinetics of each of parent drug and its metabolite may or
may not be simple and easy to define, but the combined
pharmacodynamic {and sometimes pharmacokinetic) action
may rise and fall in a complex way hecause of the different
time courses, distributions and routes of elimination of the
two active molecules. For example, the anticonvulsant tri-
methadione (PMO) is on-jonized at body pH, is little exceret-
ad and has a Vy of about 600 mL/kg and a half-life of ahout 4
hr, whereas its anticonvulsant metabolite, dimethadione, is
a weak acid, is excreled and excretion is affected by wine
pH, has & Vy of 400 mL/kg and has a ball-life of about 10

days. It is obvious that a study of the pharmacokinetics of

TMO alone wauld be of little value in predicting a therapeu-
tie regimen and precautions.

Two or more active metabolites may inerease the com-
plexity greatly, There are a few drugs in which it is only the
metabolite, not the parent drug, that is active; with these,
the relationship of pharmacokinetics Lo pharmacodynamics
is simpler, provided that it is the metabolite that. is followed,
1t is sometimes deliberately the practice to prepare a drug
that is ingetive with the intention that the drug be converted
to an active metaholite once it s in the tissues. This prace
tice & known as latentiation. Lalentintion may be used
when it is desirved te slow down the rate of delivery of drug to
the tissues, a kind of systeinic sustained rolease, as it were, or
when the active metabolite is locally texic al the site of
administration, Some drugs which generate active metabo-
lites are shown in Table 111, Not shown are drugs whose
metabolites have no therapeutic activity but which have
toxice or other pharmacodynamic setivity,

The amount of a metabolite of & drug in Lthe body at any
one time depends upon both the rate of transformation of
the drug to metabolite and the rate of disposition of the
metaholite, The body content of metabolite will continue Lo
rise 50 Jong as the content of precursor is high enough that
the rate of bictransformation to melabolite exceeds the rate

Table Ill—Some Drugs with Pharmacologically Active

Metabotitas

Paront Drug

Activo Molabollte(s)

Acetohexamide
Aflopurinel
Aldophosphoramide
Awilriptyline
Chloral Hydrate
Chlordinrepoxide
Cadeine
Dacurbazine
Diazepam
Digitaxin
FFlurazepam
Flaorouracil
Glutethimide
[mipramine
Lidoegine
Meperidine
Mephobarbitad
Methyldopn

Methamphetamine
Phenacetin
Phenytbutazone
Irednisone
Primidone
Propoxyphene
Trocainamide

Hydroxyhexamide

Alloxanthine

Phosphoramide mustsrd

Nortriptyline

Trichioroethanol

Desmethylehlordinzepoxide, Demoxepam

Marphine

S-Amincamidazole. 4-carboxamide

Desmuoethyldiazepam

Digoxin

Desatkyliflurazepam

Fluorodeosyuridine phosphate

4 Hydvoxyglutethimide

Desipramine

Glycinexytidide

Normeperidine

Phenobarbital

«-Mothylepinephrine,
a-methyorapinephrine

Amphetimine

Acelaninophen

Oxyphenbutazone

Prednisolone

Phenobarbitad

Norpropoxyphone

N-Acetylprecainamide

Propronolol $-Hydroxypropranolol
Spironalactone Conrenone, Canrenoate
Sulfasalazine Sulfapyridine
Tamoxiphen 4-Hydroxylamoexiphen

Trimethadione (TMO)  Dimethadione (1IMO)

of elimination of the metabolite. When the concentration of
drug or precursor falls Lo a level below which there is no
longer & net gain in content of metabolite, the metabolite
eoneentration will fall.

The kinetics of the fall in concentration depends upon
which rate is fasier, the elimination of drug precursor or the
elimination of metabolite. If that of the drug is faster, the
content of metaholite will rise above that of the drug, and the
drug will soon disappear. This eventually leaves the con-
tent of cumulated melabolite to decline according to the
kinetics of its own dispaosition,

In Fig 36-21, drug B illustrates the rate-limiting effect of
the disposilion of a metabolite. When the rate constant for
the elimination of the drug or precursor is slower than that of
the metaholite, as with drug A in Pig 36-21, the content of
metabolite never reaches that of the drug and it eventually
deelines acecording to the kineties of biotransformation of
the drug.  'That is, the content of metaholite is mainly that
which is being produced moment-to-moment. The figure is
adapted from a plotl of data from a computer analysis of a
multivariable model.

The kinetics of the generation and elimination of a metab-
olite relative to those of its drug precursor are important
when Lhe metabolite is either toxic or therapeutically aetive.
In the latter instance the kineties are the kinetics of latentia-
tion. Where the metabolite is toxie, a paltern such as in A
would be less likely (o generate toxic coneentrations ag in B,

When the disposition of the drug precursor involves more
than one process, or when there is more than one metabolite,
the kinetics necessarily are more complex than in the illus-
trations presented above.

Other Pharmacokinetic Models-—Apparent kinetic
nonconformities may resull when the system does not obey
the simple open one- or two-compartmeni models.  1n the
two-compariment model diseussed in this chapter, elimina-
tion took place from the central compartment; however,
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Fig 36-21.  Computer 30t of the refationship of the amount of drug

matabolite in the body 1o tho amount of drug in the body al different
refative rates of disposition of drig and metabolite,  With Drug A, the
mataboiite is eliminated at a much faster rata than tho parent drug.
Curve "IV Motabolite A the blood concentration when the metabo-
lite Is given infravenousty; curve “Metabolite from Drug A the
concentration of molaboiite aciuatly biotransformed from Drug A.
With Drug B the motabolite is slirinated at a much slower rate than
the parent drug (courtosy, combinad replot of twe figures, Martin '),

olher two-compariment models in which elimination takes
place partly or entirely in the peripheral comparlment are
more appropriate with some drugs.  Bven absorption into a
peripheral compartment appears Lo oceur with some drugs.
In addition to alternate two-compartment models, three- or
multi-compartment. models are required occasionally o ac-
count for the pharmacokinetic hehavior of eertain drugs. In
the common three-compariment model, the central com.
partment communicates with two peripheral compartments
(which are not interconnected), one ealled the shallow com-
partment and the other the deep compartment. Distribu-
tion into the shallow compariment is faster than into the
deep compartment.

Many drugs thal are described as having one- oy (wo-
compartment kinetics actually have more complicaled ki-
netics,  There is no drug thal displays (rue one-comjort-
ment kineties, since distribution is never instantancous.
With any drug, sampling within the first minute to one-half
hour will show one or more distribution phases.

Nonlinearities-Nonlinearity is a term applied (o all
nenconforities in which a semilogarithmic plot of plasma
concentration-time duta cannot be resolved completely into
log-linear components, ie, into first-order processes, There
may be various causes, such as capacity-limited elimination
(ie, saturation of elimination system), capaeity-timited ab-
sorptlion or transport, changesin protein binding, changes in
PH at the site of absorption, changes in blood flow to the site
of absorption and/or elimination, low or ervatie dissolution
or relesse rates from dosage forms, low solubility of the drug,
drug-induced or other change in body temperature, ete.

BASIC PHARMACOKINETICS 743

Some apparent nonlinearities are the result. of filting
straight lines to nontinear dats under the assumption that
deviations are experimental error.

Protein Binding—'The binding of a drug to protein or
other macremolecules can affect the pharmacokinetics of a
drug, the magnitude of the effect depending on the fraction
of the drug that is bound, the fraction of the binding sites
that are oceupied by the drug and the rates of associntion
and digsociation. 11 only a small fraction of drug is bound,
the kinetic consequences may be minor or negligible, even if
binding is very tight. The effect of the hinding of a large
Fraction of drug depends somewhat on whether the drug is
hound tightly or loosely; if the rate of dissocialion is quite
rapid in comparison to the rate of delivery to sites of distri-
bution and elimination or in comparison 1o the intrinsie rate
of elimination, the kinelic consequences also may be minor,
The greatest eonsequences acerue to binding with high ca-
pacity and slow disseciation,

It cannol be overemphasized that in the analysis of plas.
ma, the total concentration of drug (ie, both {ree and hound
drug) usually is determined. However, it is only the free
drug that ean move across cell membranes, and equitibrium
or steady-state conditions are established only through the
mevement of free drug. Therefore, total drug concentra-
tions are defective indicators of a true kinetic situntion un-
tess a correction is made for the extent of protein binding.
Without such corrections, errors can he serious.  Binding to
plasma protein bas a profound effeet not only on Vy but also
on apparent renal filtration fraction nnd cleavance, as may
be seen in Egs 13 and 15, 11 the plasma concentration was
not corrected for binding, Cly, would be in error by a faclor
of 1T/1 - ), where pis the fraction bound; however, when
excretion necurs mainly by active tubular transport, protein
binding often bas a negligible effect. on renal clearance.
Similarly, when intrinsic hepatic clearance is low, protein
binding greatly affects the clearance, the effect heing to
decrease clearance.

The binding of a drug to plasma proteins retards the rate
of digtribution and delays the attainment, of equilibrium or
steady-state conditions. 1t is as though the Lransport of
some molecules of the drug across a membrane has to wait
until these molecules dissociate and are free to diffuse.

When the amount of a drug bound to plasma proteins does
not approach saturation, ie, the binding eapacity of the pro-
teins, the fraction of drug bound approximately is constan
over a therapeutic dose range.  However, when the amount
exceeds about 50% of 1he saluration value, the percent of
drug bound may vary considerably with dose, which will give
rise 1o dose-dependent kinetics (see helow), Under the con-
dition of near-saturation, changes in the protein conient of
the bload also will make large differences in the percent
bound and henee in the various pharmacokinetic parame-
ters, Certain pathological conditions, such as uremia, some
congestive heart fathure, starvation, ete, may be accompa-
nied by hypoproteinemia and albumin with altered hinding
properties and hence abnormal pharmacokinetics,

Time-Nependent Kinelics—A drug with low to interme-
dinte intrinsic clearance, and which induces an increase in
the netivity of its own hiotransforming enzyme system, will
decrense &y and increase clearance and, i its kinetics show
two-compartment kinelies, its V. Since such an induction
requires time, usually several dose-intervals of repetitive
dosing, the kineties vary with lime and are ealled time.
dependent.  Allosteric (or feedback) inhibition by acenmu-
lated metabolites of a drug, or an effect of a drug to impatr its
route or climination, alse witl cause time.dependent (and
dose-dependent) changes in the kinetics.  Drugs that cause
the depletion of some slowly repleteable intermediary fac-
tor, such as the depletion of novepinephrine by reserpine or
the irreversible inhibition of aceiyleholinesterase by isofiur-

PFIZER, INC. v. NOVO NORDISK A/S - IPR2020-01252, Ex. 1013, p. 189 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


744 CHAPTER 36

ophate, will manifest time-dependent effects on body func-
tien which do not correlate with the drug pharmacokinefics,
With some drugs, especially central nervous system depres-
sants, the drug effect recruits time-dependeat homeostatic
counteradjustiments that tend to terminate the effeet pre-
maturely and to inerease the dose requirement. for effect (ie,
couses tolerance), so thal the pharmacokinetics lese their
predictability with time, Similarly, drug-induced changes
in the recoptor properlies of the response system will tend to
produce a time-dependent dissociation of the pharmacoki-
netics from the pharmacodynamics.

Dose-Dependent Kinetics—With some drugs, the phar-
macokinetics differ more with high, than with low doses.
Such changes may be due Lo: saturation of a biotransform-
ing engyme or exeretory transport system, toxic impairment
of the organ of excretion at high doses, differences in inter-
compartment permeability and Vg al high and low doses,
drug-induced changes in hlood flow and hence in distribu-
tion and clearance, saturation of protein hinding sites or the
recruitment of new binding sites at high doses, ele, In those
instances in which the elimination route is saturated {also
called cupucity-limited), it is evident that the half-life will
increase, as can be seen in Fig 36-22. The cause of the dosc-
dependent increase in £y at the higher doses is the satura-
tion of the cnzyme systems that form salicyluric acid and
carboxybenzoxyglucuronide. 1t is usual to speak of the ki-
nelics during the saturation phase as being zero-order, but
they are nol truly zero-order. The saturated system mnani-
fests zero-order kineties, bul alternative routes of ¢limina-
tion, such as through salicyl glucuronide and glomerular
filtration and renal tubular secretion, sti)] manifest first-
order kinetics, so that elimination is a mixture of zero- and
lirst-order processes, In any event, since elimination is no
longer completely a fivst-order process in the saluration
phase, there is no overall elimination rale constant and
hence no constant half-life. During repetitive dosing with
the large doses, the new C* will be determined by both the
zero-order and first-order elimination processes, as well as
the dose, but the time required Lo reach the new plateau will
he determined only by the remaining lirst-order processes;
since the first-order overall elimination constant, K, has
heen diminished, the time-to-plateau will be increased ac-
cordingly. Kinetic hehavior of this type is mathematically
analogous Lo the familiar Michaelis-Menten expression for
enzyme kinelics, and dose-dependent kinelics are some-
timen called Michaelis-Menten kinetics, They also are
called saturation, or capacily-limiled, kinetics.

Examples of important drugs which show dose-dependent
kineties are aspirin, phenylbutazone, probenecid, levodopa,

3000

2000 F
f} |000§
H 4

. & soek #nglnning of
< o first~order
£ kinatice
@
O
o 200F%
£ 3 °
5
£ 00
£
g
5 50
+ s
2
3
3
< zop
‘n 4* i i 1 1 J
4 8 12 16 20 24 78
Hours
Fig 96-22. Dose-dependent elimination of salicylate in & normal 22-

year-oldmale, Deses taken were 0.25, 1.0 and 1.5 g aspirin, respec-
tively. Vartical arrows on the time axls indicate tha time nacessary
to eliminate 50 % of the dose.  Statod hall-times (f,,;) are for straight-
line portion of curves whero ellmination rato is first.order. However,
during the aatly hours after the larger doses, the slope at any time
(tangont to the curve) Is flatter, hence &, is tonger, than during the
flrst-order phase (courtesy, Gibaldi and Perrier,? moditied from
Levy ™,

phenytoin and dicumarel.  Bthanol oheys essentially zero-
order elimination kinetics al blood concentrations above
0.02-.0.04%, which is a fact of considerable importance in
courl cases involving ethanol, The ¢linical significance of
dose-dependent kinetics will be discussed further in Chapler
37,

Chirality—Chiral drugs often are given as racemic mix-
tures, and the pharmacokineties and pharmacodynamics of
the drugs are studied as if the drug were one entity. Itisnow
becoming clear thal this approach may be in error because
evidenee is accumulating which shows that the pharmacoeki-
netics (as well as pharmacodynamics) of individual enantio-
mers are nol the same and that failure to differentiate
among them will give misleading kinetic data {or the active
{form of the molecule. Details of the importance of chirality
in pharmacokinetics have been summarized.?

Kinetics in the Evaluation of Drugs and Drug Products

The utitity of pharmacckinetics in devising appropriate
dosage regimens is obvious. Kinetic studies also are impor-
tant ta the study of the influence of inhibitors of elimination,
e, probenecid on the excretion of penicillin, and the effect
of one drug on the disposition of another.

Plasma or tissue concentrations and their kineties are not
only valid but essential in comparing the bioavailability of
drug products in which the excipients, adjuvants, ele, may
vary but the active ingredients are the same. Such datn are
critical to o proper appraisal of the practice of preseribing
drugs by proprietary names.

Kinetics also are employed lo compare different drugs,
but the meaning of such comparisons is often obscure, and
claims of therapeutic superiority based on kinetics must he
accepted cautiously, The kineties of disposition are impor-
Lant. to a comparison of drugs in a class in which toxic effeets

are frequent; it is often desirable to use a drug with a short
biological half-life, so that a toxic episode may be terminated
quickly upon discontinuation of medication. Furthermore,
it is valid Lo compare the fluetuations in plasma concentra-
tion amonyg drugs consequent to multiple-dose administra-
tion, provided, of course, that for the class of drugs in ques-
tion, the extent of fluctuation has an important bearing on
efficncy or toxicity.

A comparison of peak or mean blood levels achieved by
equal doses of different drugs i not entively meaningless. It
is true that the dose of a drug may be adjusted to compensate
for a differance in potency from some reference drug, but it is
often difficull for the physician to alter the dose except in
multiples of the unit dose provided by the manufacturer.
Parlly because of the inertia of precedence and habit and
partly because i, is easier for Lhe physician to memorize
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doses as a group, closely related drugs whose polencies differ
enly mederately may all be available in the same dose.
Thus, tetracyclines are available as “260°s™ or “500’s,” even
thougls they are not equipotent, sulfonamides as 14, ete. It
is therelore valid for the physician Lo choose the drug whose
unit dose yields a blood level closest Lo the optimum,  Un-
fortunately, many physicians do net. have the prerequisite
knowledge for such a choice and hence may be susceptible to
misleading promotional arguments alout the superiority of
one product over another. Some of these points will be
elaboraled in the following chapter on Olinical Pharmacokis
netics.
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CHAPTER 37

Clinical Pharmacokinetics

Douglos E Rollins, MD, PhD

Assoclate Profossol of Medicine and Pharmacology
School of Medicine and College of Phaimacy
University of Utah

Salt Lake Clry, UT 84442

In Chapter 36 the basic principles of pharmacokinetics
were presented,  Clinieal pharmacokinetics is the discipline
in which basic pharmacokinetic principles are applied to the
development of vational dosage regimens. In this chapter
the concepts of pharmacokinetics are placed into perspec-
tive with the development of individualized drug dosage
regimens. 'The clinical significance of the processes of drug
absorption, distribution, elimination and influence of dis-
sase states on these processes are emphasized. Examples
will be given of the ways pharmacokinetic principles can be
applied in the calculation and adjustment. of dosnge regi-
mens designed Lo fit the pharmacokinetic and pharmacody-
namic properties of drugs and specific disease states that
alter drug disposition. The prineiples of therapeutic drug
wmonitoring and the rational use of (his elinical science in the
managemernt of patients also are discussed.

An individualized dosage regimen for a patient involves a
decision ahoul the dose or amount of drug Lo be adminis-
tered, interval between doses, route of administration and
patient factors that may change duting the cowse of druy
administration. The latter implies that there is a plan for
monitoring the therapoutic and adverse effects of the drug.
Decisions about drug dose, dosage intervals and route of
administration are based on the clinical knowledge of the
disease being treated, efficacy of the drug in treating the
disense and absorption, distribution and elimination of the
drug.

Absorption

Drugs are administered by a variety of routes inciuding
intravenous, intramuscular, inhalation, oral, reclal, vaginal
and topical application to the skin. The choice of the route
depends on the many patient- and drug-related factors dis-
cussed in Chapter 85, In practical terms, the important
congiderations in this choice include the systemic availabil-
ity of a particular dosage form, rate and extent of drug
absorption and palient conveniente.

Oral Route—This route s chosen most frequently be-
cause of ease of administration and patient acceplance.
However, the niumber of variables involved in the absorption
of drugs from the stomach and small intesline make the oral
route of administration quite complex.

Plasma concentration-lime curves will reflect some of
these complexrities. One of these is the relalive rates of
absorption of different preparations of the same drug (I'ig
47.11), in which preparation A represents a simple, rapidly
absorbed preparation of a drug: 13 is a more slowly absorbed
derivative of the same base. Tha bioavailabilities of A and B
are identical and C is the same compound as B, bul in a
dosage form that is only 50% as bionvailable as B. A is
absorbed rapidly (e, k; for A is greater than for B or ) and
the peak level is in the therapeutic plasma concentration
range.

The advantage of such a preparation is that a pharmaco-

740

dynamic response can be expected to eecur quickly, provid-
ed the response is related to plasme concentration. To
appreciate the clinical relevance of the situation, consider A
10 be quinidine sulfate, an antiarrhythmic drug.  For quini-
dine sulfate, the absorption rate constant, ks, is large in
relation to the elimination rate constant, ky, and the peak
concentration usually occurs in I to 2. The vapid absorp-
tion is important in clinical situations in which some degree
of urgency exists,

1t may be desirable, in the initiation of therapy of eminous
ventricular premature contractions, Lo use a preparation
with the characteristics of quinidine sulfate. The half-life
of quinidine is 4 Lo 6 hr, so that frequent doses (every 4 hr)
are necessary Lo maintain effective blood concentrations of
the drug. The short half-life can be an advantage, since
steady-state concentrations of quinidine are achieved within
24 hr (plateau principle}. Therefore, one ean decide within
a day whether quinidine will be useful in suppressing the
ventricular premature contractions. However, the fact that
a dose must be administered every 4 1o 6 hr to maintain
therapeutic plasma concentrations is somewhat of a disnd-
vantage in that it is inconvenient and may result in noncom-
plianee,

B, with ils slower rate of absorption, reaches a lower peak
concentration al a considerably later time even though given
in the same dose. There are cliniend consequences of this.
FPor example, if B wos the sustained-release form of quini-
dine gluconate, it would be less desirable than quinidine
sulfate for the initiation of drug therapy, where a rapid
therapeutic response is needed. Because of ils prolonged

] ‘Toxit: Concantration

T

“\ Therapeutic
\ Plasma Concontrathsn
B Ranga
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Fig 37-1.  Plasma drug concentration-time curves of throe prepara-

tions of the same drug. A is rapidly and completely absorbed,  Bis
not absorbed as rapldly as Abut is 100% avaliabla.  Chas the samo
time-io-peak concentration as Bbul is anly 50 % as avaltable (Courte-
sy, adaptation, Benet').
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absorption, this preparation commonly is administered ev-
ery 8 1o 12 hr. This is 50 hecause the stower rale of absorp-
tion enables the dose W be increased commensurate with a
Jonger dese-interval without peak concentrations that rise
into the Loxic range.

When treating a patient in which a rapid (but not immedi-
ate) effect is required (as with asymptomatic ventricular
premature contractions), it is advisable to use a dosage form
to initinte therapy that is rapidly and completely absorbed.
Once the drug is shown to be effectiveina particular palient,
the dosage form can be changed to one with characteristics
similar to B, so that less-frequent dosing is required and
patient compliance is improved.

The preparation represented by Cin the same dose ag A or
B is probably not an acceptable way to administer this drug.
The total amount of drug € that is absorbed is only half of
that of B (area-under-the-plasma concentrations-time
curve, AUC, for € is half of the AUC for B), 'Thus, it would
require twice the dose o attain blood levels equivalent to A
or B,

The treatment of asthima with theophylline is an example
in which a rapidly absorbed dosage form is used Lo initiate
therapy and a prolonged-relense dosage form is used for
maintenance therapy. When a patient has an acute asthma
attack or worsening bronchilis that requires bronchodilator
therapy, it is advisable to use the theophytine-ethylenedia-
mine complex (aminophylline). This dosage form ean be
administered either intravenously or orally; the former
should be used to initiate treatment in the acute asthmatic
patient who requives prompt therapy, o thal neither n delay
in achieving therapeutic plasma concentrations nor hicavai 1
ability are factors in the initial therapeutic response.

Following the administration of n loading dese (see undor
Distribution, page 749), the drug should be given by contin-
uous intravenous infusion until the acute symptoms have
subsided, which may tuke 24 to 72 hr. In the patient with
Joss-severe symptoms, aminophylline can be administered
orally four times a day. Once the patient's eondition hns
improved and an effective dose of theophyline has heen
eatablished, then it may be possible Lo switch the patient te a
prolenged-refease formulation for maintenance therapy.

The absorption and bioavailability of Theodur and Sus-
tadve, Lwo sustained-release theophylline preparations, per-
mit 12-hr dosing intervals; Slo-Phyllin Gyrocaps should be
given every 8 hr. T'he tolal daily dose of theophylline that.
was required during intravenous aminophylline administra-
Lion is divided into smaller oral doses given at intervals
appropriate for the characteristic of the preparation or dos-
age form used.

It is important to keep in mind that the absorption and
plasma-time curve characleristics for these preparations
usually have been established in healthy volunteers or asth-
matic patients without other illnesses, Patients who elimi-
nate theophylline rapidly {ie, smokers) may have increased
dosage requirements, and the dosage interval may have to be
shortened to avoid recurrent asthmatic symptoms between
doses.

Prolonged-release dosage forms have the additional ad-
vantage that fluctuntions in blood levels of the drug will be
fess than with rapidly absorbed dosage forms. There is
evidence for some drugs that the reduetion in rapidly chong-
ing blood levels may improve efficacy and decrease adverse
effecls, JPor example, the dose of fentanyl or ketamine re-
quired to maintain anesthesia was reduced by nearly 50%
when the druge were given by continuous infusion rather
than by intermittent holus,®

This reduced dose also resulted in more rapid recovery
with fess-prolonged sedation. These findings suggest that a
reduction of fluctuation in the plasma coneentrations will
reduce total dosage requirement. 11 sueh o reduction in

CLINICAL PHARMACOKINETICS 747

plasma concentration fluctuation also gpplies to oral pro-
longed-reloase dosage forms, it would provide a distinet ad-
vantage for their use.

The bioavailability of & particular drug product, by any
roule of administration, ean be determined by comparison of
the AUC of a drug given by the route of interest with that of
the same dose given intravenotsly {see Chapter 35). In the
cage of an orally administered drug, it is the ratio of the AUC
after an oral dose to the AUC after an intravenous dose.
The decreased bioavailability of an oral dose may be due to
poar gastrointestinal absorption of the drug because it does
not go completely into solution, as it may be degraded in the
gastrointestinal lumen, or it does not pass across the intest-
nal mucose. Furthermore, in order to reach the general
cireulation, drugs taken orally must pass through the wall of
the gnstrointestinal tract and then to the liver via the portal
veln, Thus, drug metubolism may occur in the gut wall orin
the Hver and severely limit the delivery of parent drug to Lhe
general circulation.

If the extraction of the drug by the liver is efficient, oral
administration resulis in tow bioavailahility and semetimes
limited pharmacological effect. This is commonly referved
to as first-pass metabolism. Table 1 lists some of the drugs
known to exhibit first-pass metaholisth. Because their ex-
traction is high and their rate of metabolisin great, the rate-
fimiting step in the clearance of drags v Table 1is liver
blood flow. The metabolism of these drugs can be referred
10 as flow-limited. 'The clinical significance of changes in
liver blood flow on drug bioavailability will be discussed
under Drug Therapy in Hepatic Disease.

Different dosage forms of the same drug may have differ-
ent systemic bioavailabilities, The ratio of the AUC for one
dosage form to thal of anather dosage form is termed the
relative bioavailubility. A drug usually has the highest. bio-
availability if administered orally as an agueous solution;
finely comminuted drugs in suspension follow dosely.
Howaver, as a drug is packed into hard gelatin capsules or
compacted into Lablets, its bioavailability decreases. Fur-
thermore, a drug in one dosage form made by one manufac-
turer may have a difforent bioavailability from that of an-
other manufacturoer.

With drugs for which bioavailability varies significantly
from product Lo produet, if one product initially has heen
efficacious, it is advisable to continue with that product. Iff
for econmmical or other reasons the product must be changed
to that manufactured by a different company, it is wise to
abserve the patient carefuily for a possible change in clinical
response indicative of a change in bioavailability. Produets
designed for prolonged-release sometimes have a dow bio-
availability,. However, this may not be a problem during
maintenance therapy so long as therapeutic serum ¢oncen-
trations are achieved consistently.

‘The presence of food in the stomach or intestine can have
a profound influence on the rate and extent (hivavailability)
of drug absorption. Initial absorpiion stadies {or a new
drug, performed in healthy volunteers, commanly include
fasting and nonfasting conditions. Therefore, in general,
and for controlled diets, the effect that food may have on

Table 1—Drugs that Exhibit Firet-Pass Metabolism

Acctylsalieylie acid Metoprolol
Alprenslol Morphine
Amitriptyline Nitroglyeerin
Desiprumine Nortriptyline
Dopamine Pentagocive
Linipramine Prazosin
Isoproterenal Propoxyphene
Lidocaine Prapranols!
Meperidine Salicylnmide
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748 CHAPTER 37

drug abserption may be known when a druy is introduced
into the market,  Unfortunately, food-drug interactions are
not consistent, and the presence of food may enhance or
diminish the absorption of drugs. ‘The most common type
of interaction vecurs when a food constituent hinds the drug
and the food-drug complex eannol. pass through the gut wall,
For example, complexation of telracyeline antibiolics may
oceur when these drugs are administered with dairy prod-
uets or with antacids containing aluminum, calcium or mag-
nesium.

The presence of a large mealk in the stomach will delay
gastric emplying. If a drug that is absorbed in the intestine
is ingested with a large meal, the delay in gastric emplying
may result in & delny in absorption of the drug. However,
the presence of food in the stomach also has heen shown to
{nerease absorplion of some drugs. For example, the hio-
availabilities of the f-adrenergic blocking drugs, propranoiol
and metoprolel, are enhanced by the presence of food.?
Therefore, bocause of the difficulty in predicting the absorp-
tion pattern of a drug in the presence of food, il is usually
advisable to administer drugs when the stomach is empty or
30 min prior Lo meals; an exeeption is with drugs which cause
gastrointestinal irritation and nausen, These drugs must he
given with food Lo prevent these side effects, It is recom-
mended that such drugs always be taken with food Lo com-
pensate for the differences in absorption that might occur it
they wore given one time with foed and another time without
food,

Water taken concomitantly with certain drugs may in-
creaso bioavailability, The administration of aspiriy, eryth-
romycin stearale, amoxicillin or theopbylline with 250 mL of
water resulis in greater bioavailability than if the same drugs
are ingested with only 26 ml. of water 1t is probable that
the increased amount of water enhances the amount of drug
absorbed by improving drug dissolution as well as by hasten-
ing gastric emplying.

Diseases thal affect the atructure and function of the gos-
trointestinal tract also are capable of altering the absorption
of drugs after oral administration. However, no consistent
patiern develops; rather, there appoears Lo be a complex rela-
tionship between Lhe effect of the disease on stomach and
intestinal functions and the absorption of the drug it ques-
Liomn. For example, diseases, such as diahetes mellitas or
chronic rennl failure, which delay gastric emptying, will
markedly delay the absorption and onset of effect of drugs
that must reach the small intestine hefore they are absorbed.
This has heen a problem with the use of phenytoin in pa-
Lients with ehronic renal failure. Celiae disease and Crohn's
disease, which alter the intestinal epithelium, have been
studied i detaik® In these diseases, absorption of some
drugs is affected greatly, hut there is no consistent paltern of
altered drug absorption.

When a drug is to be administered orally to a patient with
allered pastrointestingl molility, diseases of the stomach
and small or large intestine, previous stomach or intestinal
surgery or gastrointestinal infection, there is a congiderable
probability that drug-absorption characteristics in these pa-
tients wilk differ from those in healthy volunteers, ‘This may
resull in o change in the time of peak blood level or the
extent of absorption. It is advisable to observe such pa-
tients elosely for clinical effect during initial drug adminis-
tration and during chronie dosing in order 1o assess the
influence of alterations in absorption and correct dosing
regimens accordingly. Monitoring drug blood concentra-
tions may be beneficial in adjusting dose.

Nonoral Routes—Irugs are administered by a variety of
noneral routes including subeutancous, intramuscular, in-
travenous, inhalation, pereutaneous, bucenl, sublingual, rec-
tal, vaginal, intra-arterial and intrathecal. In the cases of
inhalation, topicat application Lo the skin or mucous mem-

branes, rectal, vaginal, intra-arterial or intrathecal achminis-
tration, the route oflen is chosen to ensure that drugs reach a
specific site with a minimum of systemic absorption. The
rationale is that the maximum concentration of druy wili be
al the site of action s that side effects will be lessened.
Nevertheless, if large doses ave adminisiered by these routes,
enough drug may rencls the general circulation to produce
gside effects. ‘Therefore, the dase and preparntion should he
such that Himited quantities of drug roach the systemic circu-
lation,

"The heta-adrenergic agonists, metaproterenol and alhu-
terol, when administered by inhalation, produce bronchodi-
latation at doses that avold serious systemic side effects.
Similarly, the corlicosteroid, heclomethasone, also can be
administered by this route for the management of chronic
asthma.  Low doses of beclomethasone by inhalation are
withoul the serjous systemic side effects of oral steroids.
However, as the dose is increased beyond two inhalations 4
times a day, for an average daily dose of 400 g, there s a
grealer incidence of side effects, including adrenal suppres-
sion.

The topical administration of drugs rapidly is hecoming
an imperlant route of drug administration of systemic drugs,
Previously used only for the application of drugs for local
effects in diseases of tha skin, it now is being explored as a
means of administering drugs for their sysfemic effects.

Nitroglycerin commonly is applied to the skin in the form
of a1 ointment or transdermal patches; it is absorbed rapidly
and provides sustained blood levels, Sublingual nitroglye-
erin wso is employed 1o produce therapeutic blood levels; it
produces a maximal effect on anginal pain within 3 to 5 min
but lasts only 20 to 60 min. 1n contrast, nitroglycerin oint-
ment provides peak blood concentrations in about 1 hr and
she effect on anginal pain may laat for several hours, The
sublingual tablets should be used 1o suppress acite angina
attacks, wheress nitroglycerin ointment or transdermal
patches may be useful to prevent recurrence of episodes of
angina for prolonged periods, such ns during the night,
Whether or not the continuous administeation of nitrates by
this route will result in the development of {olerance is not
clear at this time. Transdermal patches containing cloni-
dine or estrogen are available for the trentment of hyperten-
sion or estrogen-replacement therapy, rospectively.

Close intra-urterial administration of drags is used to get
drugs directly 1o a targel site or organ in high concentration.
After it has passed through the target region it is distrifrited
in the entire blood volume, which reduces the systemic Jevels
of the drug and the conseguent side effeets, One example is
the use of cytotoxie drugs for the ireatment of primary or
metastatie tumors of the liver. The infusion of drugs into
the hepatic artery exposes the tumor to higher drug concen-
trations than can be lolerated with intravenous administra-
tion. If the drug is extracted efficientdy by the liver, the
exposure of sensilive tissues such as bone marrow and gas-
trointestinal epithelium to the drog will be decreased,  For
example, after hepatic artery infusion of floxuridine
(FUDRY), hepatic vein concentrations are 2 {0 6 times higher
than comparable drug concentrations fellowing intravenous
infusion, yel systemic blood concentrations ave 75% less.®
Thus, the therapeutic index of FUDR in the treatment of
liver cancer is increased considerably Dy hepalic arterial
infugion. This type of selective drug administration may be
beneficial with other drugs that have low therapeutic indi-
ces,

Intrathecal injection is used to deliver drugs to the spinal
cord or brain in sufficient concentration to produce an effect.
but at the same time 1o reduce the incidence ox soverity of
systemic side effects. ‘The intrathecal administration of the
cancer chemotherapeutic agent, methotrexate, frequently is
employed in the management of leukemic involvement of
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the centrad nervous system,  The epidural administration of
merphine, which produces long-lasting (6 (o 30 hr) analgesia
with minimal side effects, is proving to be of benefit in the
management of chronic pain.

Distribution

Onee a drug is absorbed inte the general circulation, it
dislributes into variosus tissues and body fluids. The nature
and extent of this distribution depends on several factors
such as the extent of drug binding to plasma or tissue pro-
teins, blood flow Lo selected areas of the body, lipid-solubili-
ty of the drug and, consequently, Hs ability (o permente
membranes. In clinical practice, concern aboul drug disiri-
hution often arises regarding the penelration of an antibiotic
into the central nervous system, into abscesses al any loca-
{ion, into hone for the (realment of osteomyelitis and into
specific body uids such as synevial fluid.

In most eases, Uhe distribution of a drug within the hody is
determined by the nature of the drug.  However, distribu.
tion oceasionally is allered by the discase process for which it
is heing used. For exampie, in healthy individuals, the con-
centration of penicillin in the nervous system is much Jess
than in gerum.  However, it patients with inflamed menin-
ges, as in hacterial meningitis, large daily parenteral doses of
penicitlin can result in bactericidal concentrations in the
cerehrospinad fluid.  Thus, pneumococeal and meningococe-
cal meningitls can be treated effectively with intravenous
penicilling  Increased penetration into the hrain in these
diseases occurs because the lnllamed meninges are more
permeable to the penicillin. - Also, active transport of peni-
cillin out of the cerebrospinal fluid back inte plasma may be
impaired in meningitis, thus eausing an increase in penicilin
coneentration in the brain.

In Chapter 36 the term volume of distribution (V) was
introduced. Despite the fact that the Vyof a drug is a very
important pharmacokinetic term, it is important to recall
that knowing the Vg of a drug does not indicate necessarily
how or where a drug is distributed within the body, The
abstract nature of the Vy is illustrated with a drug such as
the tricyclic antidepressant, amitriptyline. 'The V, for ami-
triptyling is 20 L/lgz, which represenis a total Veol 1400 L in
a T0-kg man, 'This large Vy indicates that the amount of
drug in the plasma is samall in relation to the amount in
extravascular compartments and implies that tissue coneen-
trations of ihe druy probably are very large.  Sinee the
volunte of total body water in a 70-kg man is less than 70 1, a
Vyof 1400 1, also illustrates that ¥y does not represent a real
volume, Drugs with a large V, usually are distributed ex-
Lensively Lo Lissues where they commonly are bound to tissue
constituents such as DNA or other macromolecules, or dis-
solved in lipids, whereas drugs thatl are bound extensively to
plasmea proteins will have smaller Vys.

One situation in which knowledpe of the size of the Vs
useful elinieally is in the management of the patient with a
severe drug overdose. 10 a drug such as amiteiptyline has a
larpe Vy, it is likely that after an overdose neither hemodinb-
ysis nor hemoperfusion will be an effective way of lowering
the total bady concentration of the drug.  Dialysis may
fower the plasma drug concentration temporarily, but there
will be redistribution from tissues into plasma soon after the
dinlysis is stopped.

Knowledpge of the Vg also is important in determining the
lunding dose of a drug, This is the dose of a drug adminis-
teved initially to bring the plasma concentration 1o 4 level
anticipated during maintenance, An example will illustrale
how the Vy is used to detormine the leading dose of theo-
phylline. The Vy of theophyliine is approximately 0.5 L/kg,
and o commonly desired plasma concentration is 10 ug/ml.
(10 mg/L). Bquation 7 (page T28) shows that ‘

—_
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where [ is the bioavailability factor or the fraction of drug
administered that reaches the systemic cireniation, 1) is the
dose of drug administered and C'is the plasma concentration
desived. Sinee the f for theophyiline is 0.96 {1 can be consid-
ered 10 be 3. Thus

R

0.6 Liky = -
> R 10 mg/L

and
1= B omp/kg = 3650 my/70 kg

T'his dose, administered as a 30 min intravenous infusion, an
ornl solution or as an uncoated, rapidly dissolving tablet, will
result. in a peak plasma theophylline concentration of ap-
proximately 10 mg/l. in patients whe bave not received
theophylline recently.

"Phe Vg usually is considered to be a constant parameter of
a druy, so that the loading dose is independent of subseguent
changes in drug elimination produced by disease. For ex-
ample, the loading dose of gentamicin in a patient with
severe renad fnilure usuully will not be different from that in
a palient with normal renal funciton. Therefore, therapy
can be ytarted with the conventional loading dose without
knowing the aclual status of renal function,

The severity of renal lailure as measured by creatinine
clearance (see below) nevertheless will have Lo be deter-
mined prior to caleulation of the maintenance dose. There
are some clinical situations, however, in which the Vs of
various drugs may be allered so that the leading dose may
have Lo be allered apprapriately. The Vy of a drog may be
affected by a variely of factors such as protein binding,
disease states, body habitus and age. As a rule, the effect of
changes in protein binding on the Vy are important only for
drugs which are hound 90% or greater Lo plasma proteins,

IPropranoclol provides an example in which in patients with
chronje liver disease the Vg is increased signifieantly because
plasnia protein binding is decreased.  This oceurs because a
preater fraction of unhound drag has ac Lo tissue, The
Vyof digoxin in patients with severe congestive heart failure
usually is decreased [rem that in patients with normal cardi-
ae output,  Conseguently, the loading dose of digoxin is
reduced in these patients.  Severe dehydration and sepsis
result. in contraction of the extracellular space and a conse-
guent decrease in the Vg ol drogs that fagely are conlined o
this physiological space.

The degree of ohesity also may affect the Vi of some drugs.
The relative Vg (A% V/kg) of water-soluble, lipid-insoluble
drugs varies inversely with percent body fat; the A of lipid-
solulle, water-insoluble drugs varies directly with body fat.
Fven in extremely obese patients the increase in body weight
may not be accompanied by an inerease in the Vy for water-
soluble drugs, such as aminoglycoside antibiolics, which will
not distribute into fat tissue.

Caleulation of the Joading dose of Lhese antibiotics in
obese patients illustrates this problem, 11 acual body
welght, rather than the ideal body weight or lean body mass,
is used to ealeulate a loading dose of an aminoglycoside
antibiotie, elevated peak concentralions may ocour in obese
patients. Nevertheless, an excessive loading dose is prefern
hle to the risk of possible subtherapeutic concentrations
from a miscaleulated adjusted dose in a seriously Hl patient.

Caleulation of maintenanee dosing should be made using
ideal body weight to avoid consislently elevatled peak plasma
concentrations.  In the first year of life, infants are known Lo
have g lavger extracellular space perunit of hody weight than
adults so that the A7 of seme drags is also greater. This has
been shown Lo be true for ampicilling ticarcillin and amika-
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750 CHAPTER 37

cin. Changes in the Vg oceur Irequently in elderly patients
as the result of changes in lean body mass, A linear increase
in the A" with inereasing age has been demonstrated Lo occur
with diazepam.”

1 should be kept in mind that the Vi for a particular drug
in an individual patient may change during therapy, An
example might oceur when a severely dehydrated patient is
treated with intravenous fluids. Unfortunaiely, there are
no acctirate means by which the V,y of a particular drug can
be determined in an individual patient without first admin.
istering the drug in question. Therefore, in siteations where
one suspects that the Vy may be altered, it is important to
monitor blood concentrations of drug, or clinical response, Lo
ensure that therapeutic, and neither toxie nor inndeguale,
plasmn concentrations are being achieved. This particular-
Iy is true during initial cumulative drog administration or
when a loading dose is being given,

Protein Binding—Pharmacological effect is related
closely to the free concentration of drug at its site of action.
However, all drugs are bound to some extent to plasma
and/or iissue proteins, and 1he free-drug concentration of-
ten may represent only a Iraction of the amount of drug in
the body., TFor most drugs the total-drug concentration is
mensured in plasma and related Lo an observed therapeutic
effect.  Thus, recommended therapeutic coneentrations
commonly are expressed as the lotal drug concentration in
plasma, simply because Lotal-drug concentration is much
sasier Lo assay than free-drug concentration, 1f something
accurs that perturbs the protein binding of drug, then either
more ot less may be free in plasma (and thus free at the site
of action) and “standnrd” therapeutic drug concentration
guidetines no jonger apply. This situation is made more
complex because changes in protein binding may alter elimi-
nation as well as distribution. ‘There js definitely a need to
understand the therapeutic consequences of alterations in
drug-protein binding in order to individualize drug therapy.

The major factors that affect drug-protein binding in-
clude the types of proteins available for binding, the binding
affinities and capacitics and the presence of competing sub-
slances, such as endogenous substances and other drugs.
Allumin is the major protein in seram, and drug binding (o
albumin, consequently, has been studied in detnil. Dirug
hinding Lo alpha)-acid glycoprotein and lipoprotein also has
been shown 1o he of clinieal significance for certain drugs,
There are Hitle data on the ability of other plasma proteins
10 hind most drugs.

For the purpose of discussing profein binding, drugs can
be classified as either acidic or hasic (Fable 11).  Acidic
drugs commonty bind to plasma albamin, and concomitant-
ly administered acidic drugs may displace one another from
their binding sites. Basic drugs may bind to either athumin
or alphas-acid glyeoprotein, 1 a drug is displaced from its

Table i—Drugs More Than 80% Bound To Plasma Protelns

f3asic drugs Acldic drugs

Alfentanil Acetylsalieylic avid
Amitriptyline Cloxacillin
Chlorpromasine Naproxyn
Desipramine Penjeillin
Dinzepam Phenylintazone
Flurazepam PPhenytoin
Tmipraming Probenecid
Lidocaine Suifinpyrazone
Lorazepam Tolbutamide
Nifedipine Warlarin
Nortriptyiine

Propranolol

Quinidine

Verapamil

binding protein by another drug or by o disense process, the
concentration of Iree drug in plasma {and at the receptor
site) will increase temporarily, an effect which then may
increase lemporarily the pharmacologic response.

Phe clinieal impaet of displacement depends on the totat
amount of drug in the body that is bound, the extent of
displacement, whether the drug is also tissue-bound, the ¥y
and whether the drug is a high-clearance or low-elearance
drug.  High-clenrance drugs are those with an extraction
ratio {sea below) of close Lo 1, 50 that the extraction usually is
insensitive to the extent of protein binding. A low-clear-
ance drug, on the other hand, has a Jower extraction ratio,
and the clearance of the drug may be very sensilive to pro-
tein hinding,

Warfarin is an example of a low-clearance drug for which
the clearance has been shown to vary with the fraction of
unbound drug.  ‘Thus, after warfarin has heen displaced
from protein hinding sites, Chipree inereases and clearance
increases, ‘The increased metabolism will result in the elim-
ination of excess Cpgrey and restore the origingl free-drug
levels. Nevertheless, the initial relense of bound drug may
cause n temporary depletion of clotting factors and conse-
quent. bleeding,

The effects of protein displacement are usually of ctinical
significance only when binding exceeds 85 to 90%. Consider
a drug which is 98% bound Lo plasmn proteins. A displace-
ment of 2% potentially will increase free-drug concentration
by 100%. However, this does nol mean necessarily that free-
drug concentration in plasma actually will increase hy 100%,
because free drug usually distributes quickly into tissues,
After redistribution, the actun] inerease in [ree-drug concen-
tration in plasma depends on the Vg I the Vyis large, the
increase in plasma concentration may be minimal; it the Vy
is small, the concentration al the receptor site may rise
significantly and elicil an increase in intensity of drug ac-
tion. To make matlers more complex, a decrease in protein
binding also can increase directly the Vg by decrensing the
total concentration in plasma, from which the Vs caleulat-
ed,

Diseases can alter drug-protein binding by decreasing the
amount of protein available for binding and by inhibiling
drug binding. Table 111 lists some conditions that increase
or decrease plasma proteins,

Hypoatbuminemia and elevated alpha;-acid glycoprotein
have been shown to bave the most dramatic effect on drug-
protein binding, A normal concentration of serum albumin
is 4 g/dL, and a concentration of 2 g/dL would be considered

Tabte Jll--Conditlons Capable of Altering Plasma Protelns

Adphn,-Acid

Albumin Gilycoprotein
Decreased plusma Burns Nephrotic
protein syndrome

Chronic liver disense
Cystie fibrosis
ProLein. losing
enteropathy
Nephrotic syndrome
Pregnaney
Chronic renal failure
Trawma
Ingressed plasina Hypothyroidism “eliae disease
protein
Crehn's disease
Myocardial
infarction
Renal failuge
Rheumatoid
arthritis
Trauina
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severe hypoatbuminemin, ‘The effect of hyposlbuminemia
on drug-protein binding has the greatest impact. it 90% or
greater of the drug is hound, if the mumber of hinding sites
on albumin are limited or if the drug has a tow Vg Tt has
heen shown thal a change in plasnia albumin concentration
rrom 3.5 down to 2.3 g/dl. causes the protein binding of
phenytoin to change from 90% Lo BO.8%.P "T'he reduced bind-
ing results In an inversely proportional increase in Lotal
plasmn clearanee, so that in steady-state the unbound-drug
concentration remains unchanged. Thus, it is probably un.
necessary Lo alter the total daily dose. However, the de-
crense it total plasma drug concentration poses a potential
preblem for the interpretation of routine plasma concentra-
lions. ‘This problem is discussed in further detail under
Drug Therapy in Renal Discase,

Diseases also can affect. the affinity of drugs for albumin,
The best-known example oceurs iy chronic renal failure, in
which accumulated endopenous compounds, which are not
significantly removed by dialysis, displace acidie drugs from
albumin hinding sites,  In disordess or situations in which
free Tatly acid Jevels are increased, scidic drogs are displaced
from albumin binding sites. Quantitatively, when the lree
faity acid/atbumin ratio exceeds 3.5, the binding of acidic
drags usually is reduced significantly.”

Elimination

The elimination of drugs from the body usually vcewrs
cither by excretion into the wine o by biotransformation to
metabolites that are eliminated in the urine or feces. The
mechanisms whereby the kidneys and liver eliminate drugs
and the pharmacokinetic principles behind these processes
were presented in Chapters 35 and 36, respectively.  In this
section, emphasis will be placed on the practical appiieation
of Uhese principles toward the development. of individualized
dosage regimens,

When drugs are approved by the FDA, their elimination
has been studied in detadl, usually only in healthy volun-
teers. Nevertheless, there is often enough informition
pvailahle to make rational decisions about the individuatiza-
tion of drug doses in patients who might have impaired
climination. The most important. information i whether
the drug is eliminated unchanged in the urine or hiotrans-
formed in the liver. With a drug for which the major route
of elimination is renal, it is necessary to know il excrelion is
by tubular seeretion, glomerular filtration or by a comhina-
tion of secration and filkration.  With a drug of which the
elimination is principally by the liver it is necessary 1o know
it the biotransformation is primartly by a Phase 1 {(oxidation)
reaction or a Phase 11 (eonjugation) regetion, if the metabo-
liteds} is/are pharmacologically active and il the drug exhib-
its first- pass metabolism.  With the knowledge of these facts
about each drug, one can determine if it is necessary Lo
adjust the dosage regimen in a paticnl with kidney or liver
impairment.

As indicated in Chapter 86, drug clearance is a more direct
expression of elimination than s bhalf-life, "This is men-
tioned bere only to remind the reader Lo be cautious ahout,
equating impaired renal or hepatic function with a change in
drug halllife. 1 a deevease in the venal elimination of a
drug is accompanied by an increase in half-life, it is neces-
sary to know this to adjust the dosage regimen, However,
the elimination half-life of a drug is a complex function of
elimination and the V., and it is possible to have & change in
the ¥y in patients with venal or hepatic impairment such
that there is no alleration in hall-life. Furthermore, it s
possible to have a drug with a high total body clearance yet a
long half-life.  This seceming contradiction oceurs when
drupgs with o very high clearanee also have alarge V.

CLINICAL PHARMACGOKINETICS 751

One class of drugs that displays this contradietion is the
wrieyelic antidepressants; the members have rapid clears
ances of about 1500 m1,/min as the result of hepatic metabo-
tism, but their plasma elimination hali-Iife may be as long as
20 hr, Because of their large Vg (1000 1o 2000 L) and rapid
redistribution between tissues and plasma, drug clewred
from the plasma nlmest completely is replaced by drug from
the peripheral compartment. As alveady mentioned, this is
important Lo remember when deciding about the use of ex-
tracorporeal {hemodialysis or hemoperfusion) systems {o
remove drugs from the body of an overdosed patient,

For a drug with a half-life of 20 hr it might appear that an
extracorporeal system would enhance drug climination,
However, cdlearance of the ieyelic antidepressants by dialy-
sis is small compared to normal hepatic clearance. If the
drug also has alarge Vo, redistribution Hikely would keep the
plasma levels elevated and hemodialysis or hemaoperiusion
would have Lo be continued for an unusually long time to
enfiance gignificantly the removal of drug from the body.

Renal Exeretion—{nchanged drug or drug metabolites
can be eliminated from the body by way of the kidneys, as
mentioned nhove, Drug axeretion by this route takes place
cither as a result of filtration through the glomerulus, by
tubutar secretion or hoth. A knowledge of bow a drug is
excreted can be useful in predicting the effcet that renal
discase will have on its elimination.  Erugs that ave excreted
by tubular secretion generally can be divided inlo organic
acids, such as penicillin and probenecid, and organic bases
such as ehmetidine.

As incticated in Chapter 35, the organic acids and bases are
secreted by separate transport systenms.  Among the organic
acids there is competition in transport such that the coad-
ministration of two such drigs can vesult in decreased elimi-
nation and clevated bload concentrations of each,

Sometimes this competition can be used Lo advantage, as
in the sdministration of probenecid in combination with
penicillin in the treatment of gonorrhea. The result is that
the clearance of penicillin is reduced and the plasma penicit-
lin concentrations remain high for a profonged period of
time; the combination is move effective than penicillin atone.
Since the therapeutic index of penieillin is high, such inter-
actions are useful. However, il probenecid is administered
with the cylotoxic drug, methotrexate, the secretion of the
Jatter drug is impaired and significant. texicily may oceur.
When tubular secretion is high, plasma protein binding usu-
ally does not affect. active seeretion by the proximal tubule,

Most drugs ave exereted by the kidney via filtration across
the glomerular membrane.  Glomerulay filiration s a pas-
sive, nonsalurable process, Because of the small size of the
pares of the glomerular membrane, only free drag in plasma
can be filtered; consequently, drugs that are bound to plas-
ma proleins are {iltered poorly.  Displacement from pro-
teins actually can inerease the amount of drug filtered in the
glomerulus and hence eliminated in the uring,

The glomerular clearanee of drugs s directly proporiional
to the glomeraar fliration vate {GFR). 1t follows that a
decrense in GIFR will result in a proportional decrense in the
rate of glomerular elimination of a drug.  ‘Thus, measure.
ment of the (PR can be very helpful in the individualization
of dosage regimens in patients with impaired renad funetion,
The GFR generally i estimated by measuring the clearance
of either inulin or crealinine.  Inulin must be infused intra-
venously, whereas creatinine, o product of muscle metabo-
lism, is released in vine al a relatively constant rate, thus
obviating the need for constant intravenous infusion,  Uri-
nary creatinine oxeretion usually exceeds the amount fil-
tered by asbout 10% because of a small amounst of renal
tubular secretion of creatininge,  However, because determi-
nation of GER by creatinine clearance js inexpensive and
asy to do and, hecause the difference between inudin and
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752 CHAPTER 37

creatinine clearance is not significant clinically, creatinine
clearance commonly is used to estimate GFR. Tt is very
important to realize that the creatinine clearance is an accu-
rate estimate of GFR only if renal function is stable. Ifrenal
function is decreasing, serum creatinine congentrations will
be increasing, und it may talke several days to reach a new
steady-state. Until a new steady state is reached, the GFR
cannot he estimated accurately from seruwm crealinine con-
centrations, and serum creatinine should not be used to
calculnte an individualized dose of & drug.  Although creati-
nine clearance only measures the GFR, it f requently is used
in the determination of the dosage regimens of drugs that are
eliminated both by filtration and by tubular secretion. Un-
fortunately, there is ne simple Lest Lo mensure tubular secre-
tion., Therefore, dosage adjustment based on-creatinine
clearsnce may not be approprinte for patients receiving
drugs that are secreted actively by the rennd tubules.!?

The effeet of changes in urine pH and urine flow on drag
excretion already have been discussed in Chapter 35, In
routine drug therapy, these paramelers are not considered Lo
be of great importance, However, the alkalinization of urine
to pH 8 by the administration of sodjum bicarbonate is used
routinely Lo treat overdeses of phenobarbital and salicylates,
since jonization of these weak acids reduces their reabsorp-
tion and inereases their elimination,

Drug Therapy In Renal Discase—Drug administration
to patients with impaired renal function is complicated by
their associated medical problems, by the number of drugs
they receive and by the altorations in drug disposition and
olimination that oecur. In renal disease, the protein binding
of acidie or neutral, but not hasic, drugs in plagma usually is
altered, Some of the reasons Lo explain changes in protein
binding imciude:

1. Hypondbwminenia that eccurs as a result of protein loss o the
urine.

2. Competition for protein binding sites with amall acidic molecules
that accumuiate in uremia.

3. Changes in the conformation of albumin that resulls in decreased
nffinity for hinding sites,

4. Accumulation of drug metabulites that might displace parent drug
from proteing,

Whichever the cause for changes in binding, the clinical
importance of changes in plasma binding and/or protein
concentration is that eave must be used to interpret plasma
drug concentrations,

Measured plasma drug concentrations usually are report-
od as total drug, ie, bound plus free drug. For axample,
therapeutic plasma concentralions of plienytoin in persons
with normal plasma protein content are 10 to 20 mg/l, of
which only 1 to 2 mg/L represents free drug.  In patients
with renal failure, the free phenyloin concentration iy un-
changed, wherens the totel drug concentration falls 10 5 1o 10
mg/l,, because of changes in protein concentration. The
clinieian might, therefore, be mislead mto thinking that an
increase in dose was necessary Lo increase the plasma con-
centration. In faci, because the free phenytoin levels are
unchanged in patienis with renal disease a dosage adjust-
ment is not warranted, ‘The renal elimination of metabo-
lites can also be affected by impaired venal function.

The uremic state has been shown to have an effect on the
biotransformation of many drugs. However, the effects of
uremia on drug metabolism often are inconsistent and not
predictable, and the clinical signilicance of such effects usu-
ally are not. known, The clinicnl importance of the reduced
climination of drug metabolites is better understood. Table
17 in Chapter 36 lists active drug metabolites, muny which
are eliminated by the kidneys.

Procainamide is acetylated in the liver to N-acetylpro-
cainamide, which has cardiac effects similar to those of the
parent drug,  This metabolite s eliminated by the kidneys,

and its plasma concentration is increased in patients with
impaired renal function. Patients with renal failure who are
treated with procainamide should be observed closely for
siggns of clinical procainamide Loxicity, and plasma coneen-
trations of both procainamide and N-acetylprocaivamide
should be monitored,

Dosage adjustment of drugs in patients with renal impair-
ment should be based on a knowledge of the pharmacokinet-
ic parameters of the drug and, when indicated, on MONHLOT-
ing of plasma drug concentration. The aiw of individuadiz-
ing desing regimens in patients with impaired climination
{renal or hepalic) is to maintain an average plasma concen-
tration (Cue) similar Lo that of patients with normal elimi-
nation and, thus, to avoid unnecessary toxicity or lons of
efficacy.

In Bq 32 in Chapler 36 it can be seen that Cyve is a divect
funetion ol dose (0 and bicavailability {f) and an inverse
function of the dosing interval () and dearance (Vpka). In
the patient with impaired elimination or decreased clear-
ance, Copye will incresse until a new platenu is reached
(plateau principle). T clearance is impaired markedhy or if
the therapeutic index of the drug is small, loxicily muy
oceur,

1t is apparent from the same equation that either an ap-
propriate decrease in dose or increase in the dosing interval
will offect a decrease in elimination, and a Cpgee can be
attained that is similar to that in a nonimpaired patient,

1 the patient with renal impairmend, individualization of
drug therapy requires knowledge of the dogres of impair-
ment and its effect on drug elimination in order Lo choose a
proper dose or dosing interval to achieve a desired Chver
As discussed above, the endogenous creatinine clearance is
usually the most practicnl index of G and it is used widely
{with the limitations indicated) Lo determine the degree of
rena) impairment in & patient with renal disense.

Phe translation of the degree of impairment into a dosage
regimen is not simple, In the liternture there are variety of
nomograms and equations available to aid in caleulating
dosage regimens in patients with renal impairment. Each
has its proponents and opponents and each is based on nset
of assumptions that provide limitations to its use. None
take into aceount all of the complexities discugsed above.
Therefore, & nomogram or ah eguation used to determine o
dose of a drug Lo be given to a patient with renal impairment
st be uged only as a guideline and, when possible, should
be used along with monitoring of plasma drug eoneentration,
when indicated, and careful clinical observation 1o ensuve
optimal therapy.

Druyg clearance in patients with renal insufficiency (L)
can be estimnied from the retationship of the creatinine
clearance in the rennl-impaired patient, the creatinine clear-
ance of normal persons and the elearance of drug by renal
and nonrenal clearance mechanisnw according Lo the egua-
tion
!

creat impaied o

nurels (8]

Czri = CIIL‘H:[' X ol

Eereal siormal

where Clug is the normal renal clearance, Cleea impaired 1%
the ereatinine clearance in the patient, Cloyey normat 15 the
creatinine clearance in normal persons and Clyral 15 the
nonrenal clearance. The renal and nonrenal clearances may
nol be available; therefore, Lo determine a proper dosage
regimen, ene must rely on the pharmacokinetic information
that iz available in the literature; the elimination rate con-
stants, kq, in pormal patients and in patients with complete
anuria frequently are available, The values for these con-
stants for many drugs have been listed in Table IV, Dettlit?
has derived a nomogram in which these elimination rate
conslants ond the creatinine clearance can be used o deter-
mnine an individualized dosage regimen for patients with
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Table {V—0Drug Elimination Rate Constants in Normat and
Anepliric Patients

Normal Anephric

f ko

[rug (hr'y [}
Alpha-mothyldopa 0.17 0.03
Amikacin 0.40 0.04
Amoxicilin Q.70 (.10
Amphotericin 13 0.04 002
Ampicillin 0.70 .10
Carbeniciliin 0.60 0.05
Colazolin (40 0,04
Cephacetrite 0.70 0.3
Cophuloxin 1.49 0,03
Cephalothin 1.40 .04
Cephaloridine .60 0,03
Chloramphenicol (R 0,20

Chlorpropamide .02 0,008
Chlortetracycline 0,10 0.10
Clindamyein 47 0,10
Cloxacillin 1.40 0,35
Catistimethate 0.20 0.04

Digitoxin 0.004 0.003

Digoxin 0.017 0.006
Doxveyeline 0,03 0.08
Frythromyein 0.50 014
Ethgmbutel 0.58 0.09
Fluaroeytosine 0.24 001
Gentamicin 0.30 0.01

Isoniszid

(fast acotylators) 0.60 020
(slow acetyiators) 0.20 .08
Kanamyein Q.40 0.01
Lidoeaine 0,40 0.36
Lincomycin 016 0,06
Methieillin 1.40 .17
Minocycline 006 0,03
Nafeiblin 1.20 0.48
Oxaciltin 1,40 0.35
Oxytetracyeline (.08 0.02
Denieillin G 1.40 0.05
Polymyxin B 016 0,02
Procainnmide 0,22 0.01
Propranalol 0.20 0.16
Quinidine o.07 Q.06
Rifampin 0,205 0.25
Streptomyein 02y .01
Sulfadiazine 0.08 0.03
Sulfamethoxnzole 070 0.70
Petraeyeline 0.08 a.m
TPiearcillin 0.60 0.06
"Pobraumyein 0.36 0,01
"Primethoprin .60 AR

Vancnyein 0.12 {003

decreased renal function,  This nomogram is reproduced in
i 374,

An exaunple of how this nomaogram can be applied is as
follows, The ratio Raumephiiao/Relnonman 19 the fraction of the
usual dose of a drug Lo he administered when there 1s anuria.
When this ratio is entered on the left ordinate of the nomo-
gram in Fig 37-2 and connected by aline Lo the upper-right-
hand corner, the dose fraction is described for a range of
creatinine clearances from 0 1o 100 mL/min (100 mL/min is
that of a normal 70-kg person). A line then is drawn vorti-
cally from the patient’s ¢reatinine clearance on the absclssa
Lo the dose fraction line.  IProm this peint of intersection, a
second line is deawn Borizontally to the left ovdinate of the
nomogram, The point of intersection on the left ordinate is
the dose fraction for that particular drug corresponding Lo
the compromised creatinine clearance,

Insolar as the maintenance dose is concerned, the dosape
regimen in the patient in venal failure can he modified by

CLINICAL PHARMACOXINETICS 753
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Fig 37-2.  Nomogram used to determine the fraction of 8 dose that
should be administered to a pationt wih a parlicular creatinine clear-
ance, An example is given for a pationt with a crealinine clearance
of 35 mL/min and a rato of Kygangpmia Koynommy 0f 003, Tho dose
fraction in this case Is determingd 1o be 0.36, This dose fraclion then
is usad fo adjust the dose or dosage intarval for a pationt with that
dugres of renal impairment (courtesy, adaptation, Dettfi'"),

adjusting either the dose or the dosage interval according o
the calcutated dose fraction. The maintenance dose can be
adjusted by multiplying the normal dose by the dose fraction

D = D-Dose Fraction {2)

where £ is the dose In renal insufficiency, I is the usuul
dose in normal persons and dose fraction is the value deter.
mined from the nomogram as described above, 'The dosage
interval, =, cnn be adjusted by dividing by the dose fraction

7, = 1/Dose Fraction {3)

where r; is the dosage interval in renal insufficiency. An
example of an adjustment in a gentamicin dosage regimen
for a patient with an impaired creatinine clearance of 35
mi/min is as follows:  the usual gentamicin dosage reginien
in a patient with normal renal function is a loading dose ol 80
mg follawed by 80 mg every 8 hr, From Table IV it can be
seen that

"“A‘nl(mu'phrix',]/kvlintmlml) = 0.01 /0'3() = U”:i

When 0.03 is enfered on the left ordinate of the nomogram
and o line i extended to the upper-right-hand corner, the
dose-fraclion line for pentamicin is deseribed. From a cre-
alinine clearance of 35 mb/min on the abscissa a line is
drawn vertically Lo the gentamicin dose-fraction line.  From
this point of intersection a corresponding peint on the left
ordinate of Lhe nomogram is a dose fraction of 0.36. 'The
dosage interval then can be adjusted as

14 = /Dose Fraction
8 hr/0.56
22,2 hr

i

Thus, in a patient with such an impaired renal function, a
once-a-day dose of 80 my is likely {0 maintain therapeutic
plasma concentrations. The maintenance dose for gentami-
citr in this patienl also could be adjusted using 13 2 as
follows
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754 CHAPTER 37

I = DDose Fraction
= 80 my-0.36
= 28.8 mg

Thus, 28 mg administered every 8 hr would provide thera
peutic plasma concentrations in this patient. The decision
o adjust the dose or the dosage interval aiso should be
individualized. Flactuations in plasma concentration of
gentamicin will be less if the dosage interval is lengthened to
24 hr. However, there may be o therapeutic reason Lo have
peak plasma concentrations oceur 3 times a day rather than
only ance.  As mentioned above this, or any other nomogram
or caleulation for dosage adjustment, is only an approxima-
tion. Once the dosage adjustment has been mude, careful
clinical ohservation and, when indicated, monitoring of plas-
ma concentrutions is warranted. Since the loading dose
depends primarily on the Vg, o change only in %y does not
necessitate a change in the loading dose.

Drug Therapy in Hepatic Disease—The biotransfor-
mation of drugs is discussed extensively in Chapter 35. Al-
thougly many organs are involved in drug biotransformation,
the liver is the most important. One might therefore as-
sime that all patients with liver disease would demonstrate
a predictable decline in drug elimination by the liver, This
is not the case. There are several factors thal complicate the
management of drug therapy in patients with liver disease.

There are no routinely performed laboratory tests that precdict the
effect of liver disease on drug metaholism,  Unlike the correlation be-
Lween crentinine clearance and renal elearance of drups, there is nat a
good correlntion betsveen the commaonly available tests of liver funclion
and drug clearance by the liver, ln fact, the elimination rates of mnny
hiotranaformed drugs are unaffected by liver disease.

Drug elimination by the liver may he alfected by several factors in-
cluding liver blood Mow, protein binding and volume of distribution, in
addition to drug-metabolizing capacity.

Liver disease is not a single weil-defined entity but compriges n nuwn-
bue of various stractural and funetionnd alterations,  These inchude in-
flunination and necresis, which generally alter only liver cell function
and hence drug-metabolizing activity; cirrhosis, which may impair both
Yver cell funetion sad liver blood fiow; cholestasis, which may impair
both blotranstormation and biliary elimingtion and neaplasia, which
maty both impair cell funetion and deerense blood flow,

The discussion of hiotransformation in Chapter 35 indi-
cates thal the process of hepatic elimination of drugs is
complex, involving many different Lypes of chemical renc-
Lions. While this is true, for practical purposes it is most
important to know whether a drug is metabolized by an
oxidation {Phase I) or conjugation (Phase IT) reaction. The
specific lype of chemical reaction is of less clinicul impor-
tance, Many drugs are biotranslormed first by an oxidation
reaction and the resuliing metabelite then is conjugated 1o
facilitate urinary excretion. In these casesitis the oxidation
renction that probably is most important.

The clinical significance of knowing the gencral reactions
involved iu the metabolism of drugs is related to adminisira-
tion of such drugs in the patient with hepatic impairment.
Tt generally is accepled that liver disorders which affect
hepataeyte cell function will impair drug oxidation Jong be-
fore drug conjugation is altered. A specific example oceurs
within the benzodiazepine class of drugs. On the one hand,
chlordinzepoxide and diazepam are metabolized initially by
oxidation reactions that have heen demonstrated to be im-
paired in patients with aleoholic cirrhosis"?

Accordingly, the elimination of these drugs is decreased,
and elevated blood levels may result during chronic therapy.
On the other hand, oxazepam and lorazepam undergo only
conjugation with glueurenic acid prior to being eliminated in
the urine.  Glueuronidation does not appear to be affected
in clinically stable alcoholic cirvhosis, and the elimination of
these drugs is no different than in healthy volunteers. 124
Fram a pharmacokinetic poinl of view, oxazepam and lora-

zepam are more rational choices than diazepam or chlordiaz.
epoxide for use in patients with alecholic cirrhosis.

Most. studies of drug elimination in patients with liver
disease have been performed in patients with either acute
viral hepatitis or aleoholic liver disease. One should be
carefu} about extrapolating these data to patients with other
types of liver disease, such as chronic forms of hepatitis,
neaplasias of the liver or cholestagie. Furthermore, one
must not extrapoiaie studies of the metabolism of one drug
in patients with liver disease to another drug, even though
the metabolic reactions appear to be gimilar. There is a
multiplicity of sabpopulations of cytochrome P-450 en-
zymes. One drug may be metabolized by one of these sub-
populations, while another drug is metabolized by another
enzyme. For this reagson, thore is often poor correlation
hetween the oxidations of two drugs.

Hepatic disease also can produce changes in serum pro-
teing nnd in liver blood flow which can influence the elimina-
tion of drugs. Because the liver is the site of synthosis of
serum proleing, patients with severe chronie liver disense
frequently have decreased protein binding of drugs. Inad-
dition, there may be decreased protein binding as o result of
qualitative changes in serum proteins, Liver blood flow is
dominated by the portal venous system that drains the mes-
enteric veins, Thus, all drugs absorbed from the oral route
pass through the liver via the portal vein, In certain types of
liver disease, most commonly alcobolic eirrhosis, there is
shunting of the portal circulation away from functioning
hepatoeytes. This leads to increased pressures within the
portal system and shunting of drugs away from the drug-
metaholizing enzymes.

One method of classifying drugs by the characteristics of
hepatic eliminatien is to divide them into those with a high
hepalic extraction ratio and those with a Jow hepatic extrac-
tion ratio. As described in the explanation of g 23 of
Chapter 86, the hepatic extraction ratio is defined ag

<
peluw=C
- ~
“ap

where Cyy, 16 the hypothetical mean of mixed hepatic arterial
and portal venous drug concentrations, and G, Is the hepatic
venous drug concentration. The hepatic clearance, Cly, of &
drug is determined by its extraction ratio as

Clyy = HBIRE

where HBF is total hepatic blood flow. The elassification of
drugs according to their hepatic extraction ratios is shown in
Table V. Hepatic bleod flow is usually the rate-limiting
factor in the hepatic clearance of drugs with high extraction

Tabla V—Classification of Drugs According to Thelr
Hepatic Extraction Ratlos

Drugs with an Extraction Radio Greater than 6.6

Lidocaine Nortriptyline
Propranolol Morphine
Pethedine Lahetnlol
Pentazocine Yorapemil
Propoxyphene Metaprolol

I)r-ugs.with an Extraction Ratio Less than (0.5
Binding-Sensitive Binding-Insensitive

Phenyloin Theophylline
Dinzepans Acetaminophen
Tolbutamide Hexobarbita)
Warfarin Chloramphenicol
Chlorpromaozing

Digltexin

Quinidine
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ratios, and the metabolism of such drugs sre considered Lo I)n
flow-Hmited wetabolism,  These drugs demonstrate first
pass metabolism in that after oral ndministre mun i mmm
portion of the drug does not reach the systemic cireulation,
Their bioavailability is low and their metabolism iy sensitive
1o anything that alters hepatic blood flow. 'Thus, for exam-
ple, the elimination of lidoeaine can be deereased substan-
tially in patienis with congestive heart failure, which usually
causes a reduclion in hepatie blood flow. ln patients with
cirrhosis and portal hyperiension, the shunting of bloed
away {rom functioning hepatocyles has the greatest impact
on drugs with a high hepatic extraction ratio.  In patients
with portal hypertension, the bioavailability of drugs with a
high extraction ratio may be increased significmntly, so that
toxic blood levels may result. At the present time there is no
routine laboratory test that will predict this effect in an
individual patient. Rather, it is advisable to start with a low
dose of drug and increase the dose slowly 1o achieve the
desired response.

The rate of metnbolism for drags with a low extraction
ratio is dependent on the concentration of drug at the hepat-
it enzyme site, which is proportional to the free concentra-
tion of drug in plasma.  Consequently, drugs in this class can
be divided further into those in which hepatic elimination s
cither gonsitive or ingsensitive to protein binding. Drugs
with a hepalic elimination distinetly sensitive to protein
binding are generally 80 1o 99+% bound, whereas drugs with
a hepatic elimination clearly insensitive to protein binding
are less than 30% bound.  Conditions that offect plasma
protein hinding can have a significant effect on 1he hepatic
clearance of a hinding-sensitive drag but usually not a bind-
ing-insensitive drag.

Altheugh much is known about the hepatic metabolism of
drugs and the factors thal can affect their hepatic elimina-
tion, the use of drugs in patients with potential altered
hiepatic clearance is still empirical in that there are no specif-
ie guidelines relating the severity of hepatic disease and drug
climination. To agreal extent this is due Lo the n‘m?liplicitv
of drug-metabolizing enzymes, and it is unlikely that a single
or simple battery of Inboratory tests will suffice to predict
the hepatic efimination of all drugs,  Applying the known
facts about liver disease along with the knowiedge of drug
elimination by the liver usually will permit a rational use of
drugs in patients with disordevs of the liver.

Therapeutic Drug Monitoring

Rational drug therapy requires individualization of the
dosage regimen for a particular patient.  In nany instances
this ean be done by monitaring the clinteal response Lo drug
therapy. For example, if a patient with hypertension is not
responding to therapy and there is no reason Lo suspect poor
compliance, it may be appropriate to increase the dose until
the patient’s blood pressure is under control, Whenever a
drug is administered, well-defined therapeutic end-points
should be a preferred part of the management phin

Observation of the clinical response or monitoring a reli-
able faboratory test may be easy with certain classes of drugs
such as antibypertensives, oral hypoglycemics, oral antico-
agulants, analgesics or drugs used to lower serum wric acid or
serum lipids. For other drugs, the definition of a therapeu-
lie end-point may not be elear or the onset of texicity may
aceur at dosages only slightly above therapeutic concentra-
tans,  For some of these drugs one should monitor the
serum drug concentration and thus determine if the dose
administered to an individual patient is achieving therapeu-
Ui¢ concentrations.

The following are several eriteria and typical examples
that should he considered before measured drug serum con-
centralions are of clinical value,

CLINICAL #HARMAGOKINETICS 755

The drag must have o recersible netion,  An cxampie of drugs with
irreversible netion wonld be e atkylating agents which exert a lasting
effect after & single done. AL Lhe prosent time there seems o he fittle
nead for routinely monitorisg the plasma concentration of Lhise drugs.

The developmend of taterance wt the re - wite showdd nat oveur.
A thevapeutic concentration range for maerphine is not ratjonal, sinee the
dose requiraments may increase with use,

The pharmacokinetiv properties of Ure drug are taken into aeeaunt in
the blood sampling schedide, 1 sampling is performed in o mainte-
panee regimen, steady state should have been achieved priov to sam-
pling.  Steady state may occur 4 Lo b hall-lives after the initlation of
herapy if o loading dose is not administered. Changes in drug hali- ]1h
produced by disease must be taken into account.  Qualditative d -
ences in the metabolism or excretion of driags aiso are known Lo oceur in
palients with hepatic and/or renal dises Iror expanple, prtients with
impnired renal function may experience prolonged respivetory depros.
won when treated with morphine, due, in part, 10 the accumulation of an
active melabolite, morphine8.glucuronide. For drggs with ashort half-
{ile, peade (1 or 2 hr alter orat desing) und trough (;)rn(hn;lnu) delerming-
tons wre advisable, The distribution phase should be complete before
drug concentlrations are measured,  Slow-release Tormulations of drugs
have difforent absorption characleristios and different plasmu concon-
tration versus time profiles that must he luken into account when inter-
preling & mn;;lv plasma concentration, The chrenic administration of
rome drugs Ge barbiturates) resuits in the induction of hepatic drug-
metabolizing enzymes. A decrense in Uhe steady-state plasmn coneen-
{ration of that drug, or others metabolized by the induced hepatic en-
ryines, may oceuy wiless the dese of that drug is inereased.

The presence of aetive matabolites should be taken inta consider-
ution. The serun concenleations of the N-acetylprocainamide sselabo-
lile of procainamide should be considred when a ing antimrhyth.
ntie aetivity after administering proceinmnide,  This is pasticularly true
in patients with resal failsre who may eliminate the metabolite stowly,
Active moetobolites also are responsible for toxicity Ge aceluminophon).
Mast assays for the mensurement of plasma drug concentrations do not
acceunt for active Loxic melabolites thal are present at very low plasma
coneenirations,

The analytical method must be seustitive chowgh 1o measure eecw-
rately the expected serum concentrations and selective enough to be
vertain that interfering substances witl not influence the results. Most
clinical drug aEsRYS do not. distinguish hetween ennnlionsers if a racemie
mixture of deag is administered. 1 s important to congider this when
inferpreting the plasma coneentration of a deugg i one enantiomer is
mare setive or there is stereoseleetive disposition.  The (S)-warlarin
vnm:tmnwr is aboul five times more potent in man an the (R)-enantio-
S -emmtiomer of disopyramide is bound more avidly 1o
PHasmn proteing than its carresponding £-¢-)-enantiomer. Some drugs
(n phenytoin) may be adsorbed by plastics in inteavenous tabing, sy-
g and blood-collvetion tubes,  When asalytien] results donot fil the
elinfeat situation, consideration should be given to adsorption &s a poten-
tal pratdem,

The data must be eveluated in the context of sound clinical judg-
ment. Proat the |)m|um not the serum drug concentration.  Ap exam-
ple is the patient whe is taking digoxin and develops o low plasma
potassium,  Hypokalomia makes the myocardium more sensitive to the
rhythin disorders produced by digoxin, Thus, the patient with 4 noraal
serum digoxin coneentration may experience drug-nduced cardiotox-
ieity il hypokalemin nlso is present.

Table Vi-—Therapeutic Ranges for Drugs

Amilein Trough 1.8 mg/l.
Peal 2030 g/l
Carbamazepine 4-8 mg/L
Digoxin 0.8-2 gl
Disopyrmmide 25 mg/l.
Bthoesuximide 40-300 mg/l.
Gontamicin "T'rough 0.5-2 mg/
Peak 510 mp/l
Lidverine 1,25 m/Le
Phenobarbital 16540 my /L
PPhenytoin 10-20 /L
Primidone (see 512 mg/L
phenobarbital)
Procainamide 4. 10 wg/l.
N-Acetylprocainmnide 10-30 my/LY
Quinidine 1.G-4.5 myg/l.
Theophyliine 10-40 my/L
Fobramyein Trowtgh 0.5-2 my/l
Peak 4.-10 mg/l,
Valproie Acid H0--100 mg/L

o Palgl of procainamide and N-acetylproeainamide,
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756  CHAPTER 37
Table VIl—Pharmacokinetic Parameters of Commonly Monltored Drugs
Voluma of Protein Oral Dose adjustmant requirad
distributien binding avallablilty Routa of Halt-Llfe onal var
[ag {L7kg) (%) {%) olimination Normal Anephric  tallure fallura
Amikacin 0.25 <h Parenteral only  Renal dhre 2-4 dnys  Yes No
Carbamagepine  0.8-1.4 kL) 70 Hepalic—epoxide 10-26 hr — No No
metabolite i active
Digoxin 5,174 20-40 5093 Renal 48-51 hr 3.6days Yes No
Digsopyramide 6.5 50-80 80--85 Renal and Hepatic 6-10 4h Yes No
Ethosuximide 0.62 Negligible 100 Hepatic 60 hr adults — No Neo
30 hir children
Gentamicin 0.25 <5 Parenteral only Henal 2 hr 9-4days Yes No
Lidoeaine 1.6 60 Paventeral only  Hepatic—maetabelites 1.5 hr e No  Yes
are active
PPhonobarbital 1.0 46 80--100 Hepatic primarily 3-4 days o No Yes
Phenyloin 0.6 40 90 Hepatic 10-80 hr o Np  Only in
concentation severe CayeH
dependent.
Primidone 0.6 14 100 Hepatic—phenobarbital - 3-12 he No No
and phenyi- 20-36 hr
athyimalonyl- metabolites
amide (PEMA)
arg active
metnbolites
Progginamide 2.2 15 75485 Renal and Hepatic 2,5-4.6 hr 10-35he Yesn No
N-acetylprocainamide
is notive
Quinidine 0.5 60-80 70-495 Hepatie—metabolite Ghr No No
aclive
TheophyHine 0.3-0.6 55 Complete Hepalic 3-9 b No  Yes
Tobramycin 0.25 <h Paranteral onty  Renal 2 hr 2-ddays Yes No
Valprode ncid 0.2 920 70-100 Hepalic 10-15 hir - No  Yes, use

with eaution

Therapeutic drug monitoring requires as much clinical
skill as does titration of an oral anticoggulant dose by moni-
toring the prathrombin time. A basic assumption in this
principle is that free drug at the active site is in equilibrium
with total drug in plasma or serum. This has been shown
probably to be true for many drugs. Furthermore, for these
drugs, oplinnun therapeutic effects and minimal toxicity is
ohyerved when the serum drug concentration lies within an
empirically determined therapeutic plasma concentration
range. However, there is overlap belween the therapeutic
and subtherapeutic serum drug concentrations, Therefore,
therapeutic drag monitoring should be considered as an aid
Lo, not 4 substitute for, careful clinical observation in the
management of drug therapy.

The purpose of this seclion is Lo provide some guidelines
1o follow for therapeutic drug monitoring and some of Lhe
salient fealures of the drugs being monitored. Table VI
contains a list of drugs commonly monitored and the serum
conecentralions thought to represent the therapeutic range.

Interpretation of plasma drug concentrations clearly re-
guires a broad knowledge of clinical pharmacokinetica, Re-
cently, several sources of pharmacokinetic data have become
avatlable.

An upPen(iix of phamnacokinetic data, developed by Benet
Sheiner, !t is available.  Included are excelient compilations of svailubil-
ity, urinavy exeretion, protein binding, elearance, volume of distribution,
half-life and therapestic and toxie concentrations for most of the cur-
rently used drugs.  Data ave accompanied by references so that the
ariginal work can he documented,

Fhe newsletlor, Derspectives in Clinieal Pharmacy,' provides timely
diseussions of popular topies in clinical phurmpéoldneties.

Another useful reference is by Gerson, V. Included are chaplers on the
magor drug classes with detailed discussions of the commonly used drugs.

‘Fhie plrarmacokinetics of abused substances ure covered by Harnett
and Chiang.'®

Table VII provides important pharmacokinetic informa-
tion for commonly monitored drugs. A sound knowledge of
the elinical pharmacokinetics of each drug, a critical use of
plasma drug concentrations as described above and a thor-
ough clinical evaluation of the patient will provide the data
required for the development of rational drug therapy.
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CHAPTER 38

Topical Drugs

stewart C Horvey, PhD

piofessor of [hormacalogy
sehool of Medicini. Univorslty of Utoh
Salt Lake Clry, UT 64102

A large number of chemical agents may be applied to the
skin and mucous membranes for their local effects. Many of
these, such as antibiotics, antiseptics, corticosteroids, anti-
neoplastics and local anesthetics, belong to distinet pharma-
cologie clagses treated elsewhere in Lhis text, and will not be
discussed in this chapter. The remainder comprise a heter-
ogeneous group of agents which, by exclusion, are mostly
nonseleclive in action.

Those focally acting agents that have Himited chemical and
pharmacologie aclivity generally have a physical basis of
action.  Included in this group are protectives, adsorbents,
demuleents, emellients and cleansing agents. 'The relative
inertness of many of these substances renders them of value
as vehicles and excipients.  Consequently, many in this
group re also pharmaceutical necessitios antd may be treat-
ed in Chapter 66.

"Phose locally scting agents that bave general chemical
reaetivity include most astringents, irritants, rubelacients,
vesicants, sclerosing agents, caustics, escharotics, many ker-
atolytic (desquamating) agents and a miscellaneous group of
dermatologies including hypopigmenting and antipruritic
agenis.

Although the skin and mocous membranes ditfer consid-
erably in structure and function, they are similar in penetra-
bility (to chemical agents) and in their response to certain
physicnl and pharmacologic stimuli.  Thus, many of the
agents found in this chapter may be applied 1o both types of
Nevertheless, it is obvious that many agents, {for
there is either contraindication or no rationale for
their application to the mueous membranes, may be applied
only to the skin.

In its broadest pharmacologic sense a prolective is any
agent that isolates the exposed surlace (skin or mucous
membrane) from harmful or annoying stimuli.  In common
praciice only those substances that protect by mechanical or
other physical means are considered to be proteetives, al-
though the surface action of adsorbents and demulcents
cannot be divorced fram their chemieal properties. Protec.
lives such as demuleents and emollients customarily arve
placed in separate categories; that practice is followed here.

The abridged category of protectives mainly comprises
the dusting powders, adsorbents, mechanical protective
agents and plasters,

Protectives and Adsorbents

Nusting Powders

Certain relatively indifferent (inert and ingoluble) sub-
stances are usod 1o cover and protect epithelial sarinces,
uleers and wounds,  Usually these substances are subdi-
vided very finely, They generally absorh moisture and,
thorefors, also aet as cutaneous desiceants. The absorption
of skin moisture deereases friction and also discourages cer.
tain bacteriad growth,

The water-ahsorbent powders should not be administered

o wet, raw surfaces because of the formation of cakes and
acherent cruats.  Starch and other carbohydrate powders
not only may beeome doughy bul they also may ferment.
Consequently, such powders often contain an antiseptic,
Most impaipable powders are absorplive, 1o somp exlent.
Whether absorption of substances, other than water, con-
tributes to the protection of the skin is uneertain; however,
absorption of Mty acids and other constituents of perspira-
tion, along with cutaneous drying, contributes to a deodor-
ant action of the powders. IL generally is held that the
adsorptive capacity is important Lo the gastrointestinal pro-
tective action of chemically inert powders taken internally.

The chemically inert dusting powders are not entirely
hiologically inert, despite the nome. When entrained in
pores or wounds or left upon parietal surfaces, certain of the
dusting powders, eg, tale, may cause irritation, granulomas,
fibrosis or ndhesions. Bven without direct irritation or ob-
struetion of the perspiration, dust ean be troublesome.

Several of the dusting powders are incorporated into oind-
ments, creams and lotions,

Bentonite-—page 1305.

Borlc Acld—page 1318.

Calcium Carbonate, Precipitated—page 7706,
Talc—page 1327.

Titanium Dioxide—pagoe 772,

Zinc Oxide—page 762,

Zinc Stearate
Oetadeennoie weid, wine salt

Zine steavate [057-05-1]. A compound of zine with & mixture of
solid orgranie seids oblained Trom fats, and comsists chiefly of vari-
uble proportions of zine stearate and zine palmitate. 1t eomtains the
equivalent of 12.5-14.0% of Zn({81.38).

Preparation-—An agqueous solution of zisw suifute is added 1o o
sodium stearnte solution, nnd the precipitate is washed with water
until free of suifate and dried.

Finsg, white, bulky powder, free from gritliness with
atic color; teutral Lo moistenaed litmug paper.
Tnsoluble in waler, aleobol oy ether hut is soluble in ben-

Blescriptie
faint. chirac

Solubitity
20N,

Uses-—In water-repetient vintments and as a dusting poteder in
dermatologic practice for its desiceating, astringent and protecijoe
effects. 1t has been removed from baby dusting powders, awing to
aceidental, fatal inhalations.

Mechanical and Chemieal Pratectives

Several materials may be administered Lo the skin Lo form
an adherent, continuows coat which either may be flexible or
semirigid, depending upon the substances and the manner in
which they are applied. Such materisls may serve three
purposes: (1) to provide occlugive protection from the ex-
ternal environment, (2) to provide mechanical support and
{8) to serve as vehicles for various medicaments.

157
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758 CHAPTER 38

The two principal classes of mechanical protectives are
the collodions and plasters. Neither is used Lo much extent
today. This is beoause Lhere is inereasing recognition of the
beneficinl effects of air in maintaining a normally balanced
cutanaous bacteria) flora of low pathogenicity. Also, the
mechanical protectives may of themaelves be somewhat irri-
tating because of interference with normal water transport
through the skin caused by certain oleaginous and resinous
ingredients, especially in plasters. It alsois recognized that
rubber in adhesive plaster may induce eczema. The ceratos
may be employed similarly to the plasters. Bandages, drass-
ings and casts also afford mechanical protection and support
(see Chapter 105 for additional information). A brief dis-
cussion of plastors is included in Chapter 87.

A number of insoluble and relatively inert powders remain
essontially unchanged chemically in the gastroinlestinal
tract. If the particles possess surface properties that favor
their clinging to the gastrointestinal mucosa, and especially
if they split up into tabular shapes, they effer mechanical
protection agrinst abrasion and may even offer slight pro-
tection against toxine and chemical irritants. Many such
protectives also ore adsorbents (charcoal, bismuth com-
pounds, kaolin) or astringents (zinc and bismuth com-
pounds). They are diseussed under those categories.

Aluminum Hydroxide Gel—page 775,

Collodion
“ontaing not less than 5.0%, by weight, of pyroxylin.
Pyroxylin 40 g
Ether .......... 760 mL
Alcehol ... .. 280 ml
"' mnke about 1000 mL

Add the nleohol and the ether to the pyroxylin contained in a
suitable container, and stopper the container well. Shnke the mix-
wire ncensionally until the pyroxylin is dissolved.

Description-—Clear, or slightly opalescent, viscous liguid; colorless,
or stightly vellowish and has the odor of ether; specific gravity between

0,766 and 0.775.
Alcohol Content—3i2 to 26% of CoHOH,

Uses—Chiefly to seal small wounds, for the preparation af medi-
eated collodions and Lo protect nonaffected aress of the skin from
topically appliced irritants, corrosives, etc,

Caution—Colladion is highly flammable.

Flexible Colledion I(:oilodium Tiexile]-—Seo BPS 18, page 717, See
also Salieylic Acid Colladion (pago 768).

Absorbable Getatin Film
Gellilm (Upjoitn)

A sterile, nonantigenic, water-insoluble, gelatin film obtained
from a speciaily prepared polatin-formaldehyde solution by drying
on plates at constant temperature and humidity with subsequent

sterilization by dry heat at 146° 1o 149°C for 32 hr,

Pescription— Light amber, transparent, phiable film that becomes
rubbery when muoistened.

Yolubility-——Insoluble in water; it usumes 4 rubbery congistency after
bieing in water for o few minutes.

Uses——Roth as o meghanical protective and a8 a temporary sup-
portive structure and replacement matrix i surgicel repair of
defects in membranes, such as the dura mater and the pleura.
When empiaced between damaged or gperated siructures, it pre-
vents adhesions,  When maistened, the film becowmes pliable and
plastic, no Lhat it can be fitted to the appropriate surface. Absorp-
Lion requires 1 to Gmenths, Xiis also a component of wlomadhesive,
to e placed around an ostomy.

Dose-—Applied in the form of sheots, previously sonked in isoton-
ie sodium chloride solution and cul to the desired shape.

Donnge Forms--Film: 100 X 125 mim; Ophthalmie Film: 25 X
50 i,

Zinc Gelatin

Zine Gelatin Boot; Unna's Boot; Unna's Paste

AT R 011 11 [ T I 100 g
Gelatin............. i 150 ¢
Glyeerin, ......... ces 400 g
Purified Water...... s . PR 1)1 F 4

To make about .. ... e e logog

Gradually udd the gelatin to the cold purified water, with constant
stirring, allow the mixture W stand for 10 min, and then heat on a steam
bath wntil the gelatin dissolves.  Add the zine oxide, which previously
has been rubbed 1o n amooth puste with the glycerin, and stir carofully
until o smooth jelly result.

Uses—Melted nnd applied in the molten stale hotween layers of
bandage to act as & protective and to support, va ricosities and gimilar
lesions of the lower Limbs. After a pexfod of about 2 weeks the
drossing is removed by soaking with waym water,

Dose— External, as an occlusive hoot,

Dosage Formu—Impregnated Gauze, in 10-yd Yenpgths in follow-
ing widths: 2Y, 2%, 3 and 4 in; impregnated with white or pink
paste (the latter colored with a small amount of ferric exide).

Kaolln—page 796,
Lanolin—pege 1312,

Lanolin, Anhydrous—pags 1311,
Mineral Oli—page 788.

Mineral Oll Emulston—page 788,
Mineral Ol, Lighi—pago 788.
Olive Oll—page 1300,

Peanut Oil—page 1303,
Petrolatum-—page 788.

Other Mechanical and Chomieal Protectives

Petrolatum Guuze [Petrolated Gouze]—Absorbent gauze sturnied
with white petrotatum. The weight of the petroiatum is 70-80% of the
weight of the Gauze. EUis slerilo. Prapared by adding, under aseplic
conditions, molten, sterile, white petrolatum to dry, storile, absorbont
jnuze, previously cut Lo size, in the ratio of 60 g of petrolatum Lo each 20 ¢
of gauze. Uees: A protective dressing; also ns packing material {or
postoperative plugs, packs, rolls and tampaons, nnd as 8 wiek, drain or
weap-around for tubing. 1t ia claimed that there is o danger of tissue
maceration ond that no growth of granulation tssue through it eceurs,

Dimethicone [Paly(dimethylsiloxans; poiy[oxy(dimcl,h_\'lﬁilylune)]
(4006-65-9] {CuHa0Si,—A water-repellent silicone 0} consisting os-
sontially of dimethyi siloxane polymers of the 200 series of fluids {see
Silicanes, bolow). 1113 a water-white, viscous, vil-like liguidi immiscible
with water or alcohol: miscible with chioroform or ether.  Usas: Has
skin-adherent and water-repellent properties, It is both a pratective
and an omollient, for which ita FDA classifieation is Catogory 1. Applied
10 the skin, it forms n prolestive Hm that provides a barrier to ordinary
soap and water and water-soluble irritanta. The film may lust several
houtrs if the skin is exposed mainly to aqueous media, The film provides
o less-effective barrier 1o synthetic detergents and lipid-soluble materi-
als, such na organic solvents. 1L should not he applied excent in contact
dermatosos and dermatoses nggravated by substances that can be ve-
pelied by the niliconu, Itis useful in preventing irvitation from ammonia
produced by the urine of infants, but it may exacerbats precxisting
irritation. The oeclusive protoction by the silicona is delrimental to
inflamed, traumatized, abreded or excoriuted skin mal 1o legions requir-
ing free drninnge. Towever, appliod adjacent to such lesions, it offers
protection against irritating discharges und maceration. It practieally is
harmless, and does not sensitize skin bul it dees cause temporary irrita-
tion to the eyes. Jtmay beincorporated into ointments, ereame and gals,
Duse: Apply uniformly with rubbing 3 or 4 tines for the firat day or two,
then twice daily. Dosage Forms: Aerosol, Cream nnd Ointment: 20
and 30%.  All concentrations from 1 Lo 30% ure approved.

Silicenes (Polyorganosiloxanes)—These are erganosificen pelymers
containing chains of slternating oxygen and silicon atoms with substitu-
entorganic groups, frequently methyd or phenyl, attached to eachsilicon
atom.

Preparation; These polymers may he prepared synthetically by con-
densing alkylated or arylated silanofs.  Disubutituted silanediols
{R4SHOH),] form lingar polymers having the general lormuln

1 I

J

MO8 () }-lh =) v.ﬁ‘JIh()“
R0
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Cross lndked polymoers resull from condensalion of mistures of substi-
nsted wilanediols and monosabstituted sifaneiriols (RSO ), repre-
sented by Uhe Toliowing partial formutn where B s o hydroearbon radical:

!
R L R

- i

One methed of preparation invelves inferaction of silican Letrachlo-
side with appropriate Grignard reagents (o yield alkylated or arvlated di-
chlorosilanes,  After hydrolysis to the corresponding substituted silan-
pls, delydration procedures e wsed Lo effect condensalion polymeriva-
tion. “The avernil reaction, as it involves s disubstituted silanediol, may
b representasd as:

oy

Bl ol SMMs qosic,0M

Bii 5 H,SIC,

Silicon Disubsiti- 1Hsubsti- Silicone
{eira- tuted tuted linear
chloride dichloro- silanediol pelyner

silane

Properties: Silicones wish o wide range of properties may e pre-
duced by varying the substituent R and the degree of cross-linking.
Pliysically, silicones vary Trom mobite liquids thraugh viscous Hquids
and semisolids to solids,  Viseasities ringe from 0,65 to 1,000,000 eenti-
stokes. o genernl, they display high- and Jow-temperature stubility.
They are oderless, Lasteless, relntively inert chemically and physiclog-
cally, water-repefient and possess antifomn characteristics, Uinmdi-
fied silicones are generally insoluble in witter; hecnuse of Uais the bquids
often nre termud silicone oifs; however, o wator-soluble sedium sult ol o
simple silicone, chemically sodiem methyl siliconaie [CHaSI-
(O, 0ONal, has been marketed.

Lises: Preparations conlaining siicones have various dermatological
wses (soe Limethicone) and are used as ingr i of hases for oint.
ments ancd Jmiments, In the form of inhalation sprays, silleone prepara-
{iong have been employed in the reatment of pulimonary edema involv-
ing Mrothing of fluid in the vy rrntory tract. They wso are usod
oratly as antiflatulent or gastric defonming agents (see Simethivone,
e 7993, A silicone bawneing prity has found neceptanee for use s o
physical agent dn tewting conditions reguiring linger excercise. The
waler-repellent properties of the silicones have found considernble use in
wgrent variely of applications where com plote drainsge ol agueous fhaids
[ronm surfaees s desirable,

Silivones virtually ie nonireilaging; consequently, silicone rebbers @
used in various indwelling cutheters, tabes, ele, and in some Lypes
prostheses.  Liguid silicones are wsed also to Ml in hypaplastic body
areas for cosmotie purpoges, althougl they tend Lo celocate because of
flow under gravity and moetion,

It nelckition Lo uses invelving anlifoaming, waler-repelientand sonir-
Lating characteristics, sificones also are employed Lo prevent sticking of
one objeet in another and then are referred to commonty as relense
agents, lixamples of sueh employment. inclucke release of rubber and
l rony niokds, food fram matal, lee rom the wings of airerall and
eitpsules and tablets from mokds and dyes in which they ave fabriealed,

Silicone ubers are used to encapsulate steroid hormones and other
drugs intended for chronie tse, in order (o retard absorption and effect. a
reposilory solion Jasting in some insta for ag lomg s 1y, Continu-
ing developnents in Uis field offer inte ng possibil

Zine Carbonate [CO.2n{125.38))- White rhombohedroids, Soluble
10 ppm in waler at 159 soluble in dilute acids, abalies or solutions of
ummenium salis,  Uses: Both Tor its lubricity and as o drying agen
As a skin proiectant it falls into FDA Category 1 1t s included in
commercinl topical burn and sunburn produets asd extemporary protect-
anis, Joge: 0.2 10 2%,

Demulcents

Demuleents are protective agents that are employed pri-
marily to alieviate irvitation (demufeere—to smooth down),
particularly of mucous membranes or abraded tssues,
They also often are applied (o the skin, They generally are
applied (o the surface in viscld sticky preparations that
cover the area readily, The local action of chemical, me-
chanical or bacterial frvitants, thereby, is diminished, and

TOPICAL DRUGS 750
pain, reflexes, spasip or catarrh are attenuated. ‘They also
preveni drying of the affected surface. The demuleents
may be applied 1o the skin in the form of lotions, cataplasms
or wel dressing, lo the gastrointestinal ¢ract in the form of
demuicent liquors or enemas and Lo the theeat in the form of
pastilles, lozenges or gargles.  Demuleents also are included
in artificial tears and in wetting agents for contact lenses,
When demulcents are applied as solid material (as in loz-
enges or powders), the biquid is provided by seereted or
exuded fluids. Demuleents fregquently are medicated. In
such instances the demuleent may be an adjuvant, a corree-
tive or a pharmaceutical necessity. Many of the demuleents
are also laxatives (page 783) and are used as such, or they are
used with laxatives or antacids for their demuleent and lu-
bricating action,

A variely of chemical substances possess demuleent prop-
erties.  Among these are the alginates, muciliges, gums,
dextring, starches, certain sugars and polymeric polyhydric
glyeols, Mucus, in itself, is a natural demuleent.  Certain
silientes that form silicic acid on exposure to air or gastric
juice and glyeerin, although it is of low molecular weight and
has relatively low binding power, frequently are placed
among the demuleents. Also the colloidal hydrous oxides,
hydroxides and basic sgis of several metals are claimed W be
demulcent, but acceptable elinical proof of the chaim has ot
been provided.

‘Phe hydrophilic colloidal properties of most of the demul-
cents make them valuable emulsifiers and suspending
agents in water-soluble ointiments and suspensions.  They
algo retard the absorption of many injections and, thus, may
he employed in sundry depot preparations,  Many af the
demuteents mask the flavor of medicaments by imeans of at
least three physical phenomena: (1) they apparently coatl
the taste receptors and render them less sensitive, (2} they
incorporate many organic solutes into micelles and, theveby,
diminish the free concentration of such solutes and (3) they
cont the sur{sees of many parlicles in suspension. Because
of the adbesiveness of the demulcents, they are employed
widely as binding agents in lablels, lozenges and similar
dosage forms.  Consequently, certain demuleents will be
discussed in Chapler 66.

Acacla-—page 1304,

Benzoin
Gum Besjamin; Benzoe

The balsamic resin obtained Irom Styrax benzein Dryander or
Styrax paralleloneures Perking, known in commeree ag Sumaten
Banzoin, ar from Styrex tonkinensis (Pierre} Craib ex Hartwich, or
ather spocies of the Section Anthestyrax of Lhe genus Styrax,
known in comimerce as Siam Benzoin (Fam Styraceace).

Sumaten henzoin yields not Jess than 75.0% of alecohol-soluble
pxlractive, and Siam benzein vields nol less than 90.0% of aleehol-
soluble extrnetive,

Conrtituents-—Siam benzoin conlains shout 88% of crystalline
conifoeryl benzoate |CrH Oyl up e 10% of an smorphous form of
this vompound is also present.  Some coniferyl alcohel {m-
methoxy-p-hydroxyeinnamyl afeohol, mp 73-74%) oveurs in Lhe
free state as well,  Other compounds that have been isolated are
Benzoie acld 11.7%, d-sieresinolic acid 8%, cinnamyl benzoate 8.3%
and vanillin 0.53%,

Sumatra benzain has been reported Lo contain benzoic and cin-
namie acid esters of the sleohol benzoresinel and probably also of
coniferyl aleohol, free benzofe and cinnamic geids, styrene, 2 to 3%
of cinnumyl cinnamate (ulso called styracing, 1% of phenylpropyl
cinnamate, 1% of vanillin, a trace of benzaldehyde, a itle benzyl
cinnamte and the aleohol d-sumaresinol |CuglwO4).

Deseription-—Sumatre Benzoin: Blogks or lonps of varying sice
made up of compreted (e with a reddish brown, reddish gray or
prayish brown resinous m Siam Bonzwin: Compressed pebble-like
tours of varying size and shape. Both varietios are vellowish o rusty
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760 CHAPTER 38

Trown externally and milky white on fracture; hard and brittle at ordi-
nary temperatures but sofiened by heat; aromatic and balsamic odor;
aromatic and slightty aorid tnate,

Uses-—A protective apptication for irritations of the skin, When
mixed with glyeerin and water, the tineture may be applied locally
for cutaneous wleers, bedsores, eracked nipples and fissures of the
lips and anus, For throat and bronchiat inflammation, the tineture
may be administered on sugar. The tineture and campound tine-
Lure sometimes are used in boiling waler as steam inhaldnts for their
expretorant and soothing action in acute laryngitis and croup. In
combination with zine oxide, it is used in haby ointments,

Dose—Topical, as a 10% tincture or compound tineture (helow),

Compound Benzoin Fineture {Balsamum Lquilis Suncti Victoris,
Balsamum Commendatoris, Balsamum Catholicum, Balsamum “Frau-
malicurt, Bolshmum Velnerarium, Balsamum Persicam, Baksamum
Suecium, Balsamum Frind, Balsumuin Vervaing, Guitae Nader, Guitae
Jesuiturium, Tineturn Balsamica, Bulsam of the Holy Vietorious Knight,
Commander's Balsam, Priar's Balsam, Turtington’s Drops, Persian Bal-
snm, Swedish Balsam, Vervain Balsam, Twlington's Balsam of Life,
Balsam de Maitha, Ward’s Balgam, Jorusefenn Balsam, Saint Vielor's
Ralsum, Wade's Drops, Wound Blixir and Balsamic ‘Tincture]-—Mrepa-
ration: With benvoin {in moderately conrse powder, 100 g, aloe (in
moderately course powder, 20 g, storax (80 g) and tolu badsm (40 g),
prepara a Lincture (1000 ml.) by Process M {page 1543}, using alcohol s
the menstruunt,  Aleohod Content: T4 to 80% of CuHiOH. Uses: Fs-
peciaily valuable in acute faryngitis, also in eroup, when added 1o hof
water ancl the vapor inhaled. By adding & Lenspoonful of the tinelure to
boiling water in an inhaler, and inhaling the vapor, very effective results
muy bi obtined. See Chapter 104, Also adiministered, on sugar, for
throal g bronehind inflammation and a& & Joeal application, whin
mixed with glycerin and water, Tor wleers, bedsores, eracked ripples nnd
Jissteres of Uhe lips and anus, Dose: Topivel, as required; inhalation,
T i very ot water

Carbomer Methylcellulose—page 13086.
Gelatin-—page 1306.

Glycerin-—page 931,

Glycerin Supposltories—page 785.
Glycyrehlza—page 1295,

Hydroxypropyl Cellulose—page 1306,
Hydroxypropyl Methyicellulose-—page 1306.
Hydroxyethyl Cellulose—page 1306,

Hydroxypropyl Maethylceliulose Ophthalmic Solutlon

A sterile solution of hydroxypropyl methyieellulose, of o grade
containing 19.0-30.0% methaxy and 4.0-12.0% hydroxypropoxy
proups; may contain antimicrobiad, buffering and stabilizing agents.

Usos—A welling solution for contacd. lonses, s demuleent nc-
tion decrenses the rritant offoet of the kens on the cornes, Tt also
imparts viscous properties 1o the wetting solution, which assists the
jens in staying in place. The demuleent effect also (inds application
its ophthalmic decongestants, “Artificinl tear” formulations con
taining this drug may b used when lacrimation is inadequate. A
2.5% solulion is used in gonioscopes.

Dose-Topical, to the conjunctiva, | drop of 0.3 to 1% solution 3
or 4 times » day.

Dosage Forms-—-0.3, 0.5 and 1% solutions.

Methylcellulose—page 1306.

Methylcellulose Ophthalmic Solution

A sterile solution of methyleelluwbose; may contain antimicrobial,
buffering and stabilizing agents.

Uses.-For the same purposes, and in the same manner, as Hy-
droxypropyl Methyleelfutose Ophithalmic Solution, ahove.

Dosuge Forms-25, 0.5 and 1%,

Poctin—page 796.
Polyvinyl Alcohol--page 1307.

Polyvinyl Alcohol Ophthaimic Sojution
VasoClear A (Cooper Vision)

A aterile solution of polyviny! nleolol, which may contain antimi-
crobial, buffering and stabilizing agents and other demukeent sub-
stances,

{9002-84-6] (Polyviny] alcohol).

Preparation.—By partial hydralysia (ce 90%) of polyvinyl ace-
Late.

Deseription--A white powdir which is a tinear polymer, —(CHy—
CHOH),—, where the value of n is between 500 and 8000; pH (3 in 25
rqgueous solution) between 5.0 and 8,0,

Solulility—Sotuble i water; imsoluble in organic solvents.

Usos—A weiting solution for contact lenaes, ‘Fhe polyviny aleo-
hot has & demuleent action that helpa protect the eye from irritation
by the contact lens, It is alse used in “artificial tears” employed
when there is insufficient lacrimation. I is applied Lo the conjunc-
tiva, 1 or 2 drops, 3 or 4 Umes a day or as deeded,

Dosage Formy--1, 1.4, 2, 3, and 4% solutions,

Emollients

Emollients are bland, fatly or oleaginous substances
which may be applied locally, particularly to the skin, and
alao to mucous membranes or abraded tissues, Water-solu-
Ible irvitants, air and aivhorne bacteria are excluded by an
emoliient layer. The skin also is rendered softer {emol-
lier—to soflen) and more pliable through penetration of the
emollient into the surface layers, through the slight conges-
tion induced by rubbing and massage upon application and
especially through mechanical interference with both sensi-
bie and insensible water loss.

Kmollients have cerfain disadvantages. 1t now s recog-
nized that retenlion of perspiration below the emollient and
exciusion of air render conditions favorable to the growth of
anuerobie bacterin. Furthermora, the rubbing during appli-
cation aids in the spreading of cutaneous bacteria,  Con-
sequently, the use of emollients Lo cover burns and abrasiong
is diminishing. The liquid emolliexnts may be used for mild
calharsis (page 783) and for protection againsl gastrointesti-
nal corrosives: however, castor oil is hydrolyzed in the gut to
the irritating ricinoleic acid and, hence, is employed as an
emaollient only externally. Oralty administered liguid emol-
lients may be aspirated into the trachea and lungs, especially
in infants and in the debilitated, and, thus, induce “oi) aspi-
ration pneumonia.”  This condition also may be induced by
emuollient nose drops.

T'he chief use of emollient substances is to provide vehicles
for lipid-soluble drugs {as in ointments and liniments),
hence, many of them are deseribed among the pharmaceut-
cal necessities (Chapter 66), It is widely, but incorrectly,
held that such vehicles facilitate the transport through the
skin of their aclive ingredients. Oun the conlrary, when the
oiliwater partition coelficient is greater than 1.0, the pene-
tration is retarded and the emollient vehicle protongs the
action of the active ingredient, Bmollient substances also
are employed commonly in both cleansing and antiphlogistic
creams and lotions. Compound ointment bases, creams and
other medicated applications arve treated elsewhere in this
hook (Chapter 86), Only the simple emollienis and impor-
tant compounded ointments that ave used frequently for
their emollient actions are listed below.

Castor Oil-—page 785.

Castor Oll, Sullated—page 1311.
Cocoa Butter—page 1611.
Coconut Oll—page 1317.

Cold Cream-—page 1312,

Corn Oll—peage 1303.
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Cottonseed Oll--~-page 1303,
Otntment, Hydrophillc—page 1312,
Rose Waler Qintment—pags 1315,
Sesame Oll--page 1303.
Theobroma Oil—page 1320.

White Olntment—page 1309,
Yeilow Ointiment-—-page 1309.

Gther Bmollients

Myristy) Aleoho) [Tetradoey) Aleohol [112-72-1] Cl(CHY
CHOH (25488 —While erystalline aleohol; specific gravity 0.824;
melts al 30°, Insoluble i waler; soluble in ether; slightly solable in
aleohol, Oltained by reduction of fatty acid esters. {ser Emoltiont in
cold creams,

Shark Liver Oil-—The oil extracted from the livers of the soupfin
shark, Goleorhinus zyapterus or Hypaprion brevivistels, ot of which
are rich in vitaming A and 1D Uses, An emolliond and protectant, the
DA clagsificntion of which is Category I Hods used in burn and sunbura
einlments, 3

Dane: Usually 8%,

Astringents and Antiperspirants

Agtringents are locally applied protein precipitants which
have such a low cell penetralility that the action essentially
is limited to the cell surface and the interstitial spaces, ‘The
permeability of {he cell membrane is reduced, but the cells
remain vighle. The astringent action is accompanied by
contraction and wrinkling of the tissue and by hlanching.
The cement. substance of the capillary endothelium and the
basement membrane is hardened, so Ut pathological trans-
capitlary movement of plasma protein is inhibited and local
edema, inflammation and exudation, therchy, are reduced.
Mucus or other seeretions alse may be reduced, so that the
affected area beeames drier,

Agtringents are used therapeutically Lo arvest hemorrhage
by coagulating the biood (stvptic action, page 816} and to
check diarrhes, recuce inflammation of muacous membranes,
promote healing, toughen the skin or decrease sweating.
The andfperspivant effect. is the result both of the closure of
the sweal ducts by protein precipitation (o form a plug and
peritubular irritation that promotes an iberease iy inward
pressure on the tubule,  Astringents also possess some de-
adarand properties by virtue of interaction with odorous
fatty acids liberated or produced by action of bacteria on
lipids in sweal, and by an action suppressing bacterial
growth, partly hecause of a decrense in pH.

Many astringents are irritants or caustics in moderate Lo
high concentrations. Consequently, striet atiention must
be paid Lo the appropriate concentration. Most astringents
are also antiseptics, hence, many of them ave diseussed in
Chapler 82,

The principal astringents are (1) the salts of the cations
aluminmm, zine, manganese, iron or bismuth, (2} certain
other salts thal contain these metals (such as peronanga-
nates) and (3) tunnins, or related polyphenolic compounds.
Acids, alcobols, phenols and olher substances that precipi-
tate proteins may be astringent in the appropriate amount
ar concentration; however, such substances generally are not
employed for their astringent elfects, because they readily
penetrate cells and promote tissue damage.  Strongly hyper-
tonie solulions dry the affected tissues and, thus often, hul
wrongly, are called aslringents, unless protein precipitation
also oceurs.

Alcohol—page 1314,

Alum

Sulfurie acid, pluminum potassium satt (2:1:1), dodeenhydimie
Sulfuric seid, sluminum ammonium aatt (2 dodpeshydrate;
Alumen; Alumen Pucilicatum; Purified Alum

TOPIGAL. DRUGS 781

Alumsinum ammonium sulfsie (1:1:2) dodecahydrate | 7784-26-1[;
anhydrous |7784-26-0] (287540 o aluminum potassinm sulfale
(1:1:2) dodecahydrate [7784-24-9]; anhydrous |1004:3-67-1] (238.19).

The label of the container must indicale whether the nult is amn-
monium alum JAINHS00: 0254 = 453.32) or polassium nfum
(AN (SO 12,0 = 474.38].

Preparation-Prepired from the minerad bawxiie (a bhydrated
aluminum oxide) and sulfuric acid, with the addition of ammeniom
or polassimn subfate for the respective alums. Apmoniam aluim is
prevalent an the market because of its lower cost.

Nescriplion—Large, colurless civatals, ervalalline fragments or a
white powder; odorless and has a sweetish, strongly asteingent toste;
solulions are acid Lo liamus,

Solubitity-—1 g ammoeniuvm alum is soluble in 7 ml, waler, and ) g
potassium afuny is soduble in 7.5 ml, water; hoth are soluble in aboul 0.3
ml, builing water, hut they are insolubile in aleohol; alum s freely
alowly sotuble in glycerin,

Incompatibilitics - When alum is dispensed in powders with pheaol,
saligylates or tarnie acid, gray or green colors miay be developed due Lo
tenees of fran in the alum, A partial liberation of its water of crystatliza-
Liom prrmits it 1o sel s aeid towad sodivm bearbonate, s liberat-
ing carbun dioxide,  Ammonia is libernted simulancously from ammao-
ninm alum,  Alkali hydroxides and carbonaies, borax or ffine waler
precipitate aluminum hydroside from selulions of alum. The aloas
possess Uhe incompatibilities of the water-soluble sulfates.

Uses— A powerful astringent in acidic solutions. 3 is slightly
antiseptic, probibly due to bacteriostasis throwgh liberation of aeid
on hydrolysis.  Hosometimes is used as o local styplic, and (requent.
ly is employed in making astringent fotions and douches. 1L is used
especinily by athletos 1o loughen the shin. As nn sslringent it is
used i concentrations of 0.5 to 8% Some valvavaging) eleansing
and deodorant preparations conlain aium.

Styptic pencils are made by fusing potassium shom, usuadty with
the addition of some petassium nitrate, and pouring inte suitable
motds.

Caution—Do not confuse styptic pencils with catstic pencils
(page T67); the Jatler conlain sifeer nitrate.

Daae--Topieal, ns a 0.5 1o 5% solution.

Aluminum Acetate Toplcal Solution

Acetic aeid, alumingm salt; Liguor Burowii; Burow’s Solution

AOGOUS L

Yields, from sach 100 ml,, 1.20-1.46 g of alumimmi oxide [ Al =
101.96], and 4.24 to 5.2 g of acetic acid [CalH 0y = 60.05], corre-
sponding 1o 4.8 to 5.8 i of sluminum neetate [£89-12-8] CoHyAlOs
(204.12),  Komay be stabitized by the addition of not more than 0.G%
of horie acid.

Caution—This solution should wot be confrsed with Aluminum
Subacetate Topical Solution which is a stronger preparation,

Note—Dispease only elear Aluminem Avefule Solution.

Deseription—Clear, coloriess liguid having a faint acetous odor, and
a saveetish, mstringent tastes spocific gravily about 1022 pH LB Lo 44,

Ungsi—As nu astringent dressibg or as an astringent mouth wash
and gargle.  Aluminum acelate is included in prepuations (o treal
uthlete’s foor, dermatidides, diaper rash, dry skin, poison ivy poi-
soning and inflammation of the external

Bose---Topieal, o the skin, as & wet dre
1:40 dilution of the solution.

sing conlnining a ;1040

Aluminum Chiorlde

|7784-13-6] AICLLGHHO (24 1.48) anhydrous [T446-70-0) (133.34).

Preparation--By heating aluminum in chlorine gas, then dis.
solying the product in water and crystallizing, or by dissolving fresh-
ly precipitated aluminum hydroxide in hydrochloric acid and con-
centrating to permit erystallization,

Daosoription - White or yetlowish white, erystalline powder; deliques.
cent] awent, astringont Guites solutions are acid to itmus,

Solubility-—1 g in ahout 0.8 mL water or 4 ml, aleohal; selulle in
gtlycerin.

ively employed on the skin as an astringent and
5 incladed in some proprietary preparations forma-

Usoes-
anhidro
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62 CHAPTER 38

lated for this purpese. 1t is used especially in the treatment of soggy
athlete’s oo, to promote drying nnd, hence, Lo enhanee the efficacy
of specific antifungnl drugs. For ordinary antiperspirant use the
hasic salt aluminem chlorohydroxide, AlCIOM ), is preferable as
iLis less irritating nnd causes less deterioration of clothing than dees
thisdrug. It may have a spocial use in the trentment.of hyperhidro-
sin nf the palms, soles or axillae, fox which a 20% aolution in ahysolute
ethanolis used. In the presence of water, it hydrolyzes to alwninum
chiorohydronide and hydrochioric acid, which can cause irritation,
especinlly in fissures, discomfort and also deteriorntion of clothing.
Concentrations below 15% cause o Jow incidence of irritation. Con-
saguently, it is essential thal the area Lo be treated is completely dry
before application.  Ta proloct bedelothes, the trented area is some-
times covered with plastic wrap, but such ocelusion of the axillse
may result in boils or furuncies. It should not be upplied Lo the
axillie immedintely after shaving or used where the skin is irritated
or broken.  Concentrations ahove [5% are used as coustics.

Dosc—Topical, io the skin, o8 6.25 Lo 30% selution. The 20%
aleaholic sodution may be applied on 2 successive days and twice a
week thereafler, except that il may be applied twice a day for
athlele's foot,

Aluminum Chiorohydrates

The hydrate of aluminum chloride hydroxide [1327-43-9] Aly-
CHOM),).

Uses-—Mainly employed in antiperspirnnt. produets, for which
they have been rated safe and effective by concentrations of 25% (as
anhiydride} or less, Sinee solutions or suspensions are less acidic
than those of aluminum chloride, they cause n lower ineidence of
irritation (o the skin,

Dose— Tapieal, o the axilla, ns & 2.6 to 25% eake, ointinent,
solution or suspension.

Aluminum Sulfate

Sulruric acid, aluminum sall {3:2), hydrate Coke Aluny;
Patent Alum; Pear] Alum; Pickle Alum; “Papermakers Atam”

Aluminum sulfate (2:3) hydesto [17927.65-0] Al(80¢)a.xHa0; an-
hydrous {10043-01-3} (342.14).

Preparation—Ry reacting {roshly precipitated aluminum hy-
droxide with an approprinte quantity of sulfuric acid. The result-
ing selution s evaporated and atlowed to ceystatlize.

Boseriplion—White crystulline powder, shining plates or erystalline
Tragiments; slable in air; odoriess and hos a wweet, mildly nstringent toste;
agueous solution (1 in 20) is acid and has a pH not less than 2.9

Soluhility—1 g in ubout 1 ml water; insoduble in aleohol.

Uses—A powerful astringent, scting much like alum. It is used
widely as a focal gntiperspirant and s the effective ingredient in
some commercial antiperspivant products. Sclutions ususlly are
buffered with sediun aluminum lactate Lo make them loss irvitat-
ing, N s used far water purification in the “alum floceulation”
provess. 1L is n pharmaceutical necessity for Aluminum Subaee-
tate Selution.

Dgso—Tapical, to the skin, as an 8% solution.

Blsmuth Subcarbonate-—page 799,
Bismuth Subnitrate—pagse 775,

Catamine

Fron oside (Fep0g), mixt. with zine oxide; Prepared Calamine;
Lapis Calaminaria; Artificial Calanine

Calnmine [BO11-96-8; contuins, after ignition, not less than 98.0%
ZnQ) (B1.38),

Preparation— By thoroughly mixing zine oxide with sufficient
{erric oxide (usually 0.5 o 1%} to oblain a product of the desired
color,

14 originally was obtained by roasting a nalive zine carbonate,
then known as calamine, hence, the name.  This name alse is ap-
plied by mineralogists to o native form of zine silicate, which is not
suitablo for making medicinal ealamine.

Deseription-ink powder, all of which passes through a No 100
standard mesh gieve. 14 s adorless nod almost. tasteless.

Solubllity —Ingoiuble in water; dissolves dlmost eompletely in miner-
al neids,

Uses—Similar to these of zinc oxide, being employed chiefly asan
astringent snd in protective and soothing ointments and lotions for
sunburn, juy poisoning, ete. 1t often is preseribed by dermatoio-
Kists Lo give opacily and a Nesh-like color Lo lotions or ointments,

Dose—Tapieal, to the skin, in various coneentrations in lolions
and cintments.

Calamine Lotion {Lotic Calaminac|-~Preparation: Dilute henton-
ite magma (250 mL) with an equal veiume of caicium hydroxide solution.
Mix ealamine (80 ¢ and zine oxide (80 ) intimatoly with glycerin (20
L) and about 106 ml. of the diluted magma, trituraling until o smeoth,
uniform paste is formed.  Gradually incorporate the remainder of the
diluted magma. Finally add caleium hydroxide solution (gs) to make
1000 ml,, and shake well. F 2 more viscous congistency in the Lotion is
desired, the quantity of bestonile magma may ho increased o ot maore
than 400 ml.. Note; Sheke thoroughly before dispensing.

Phenolated Calumine Lotion |Lotio Calaminae Composiia; Com-
peound Calamine Lotion]-~Preparation;  Mix lguefiod phenal (30 ml)
and enfamine lotion 950 mL) to wake 1000 mL. Commercial prepara-
Liohs also contain 8.4% isapropyl alcohal and have various other modifi-
calions, Sce Culamine. Note: Shake thorouphly before dispensing.

Glutaral—page 1166,
Potasslum Permanganate—page 1173.

Resorclnol—RPS-16, page 1107.
Sliver Nitrate—page 766,

White Lotion
Lotie Alba; Lotio Salfurats
Zine Sulfate ... ... .. ... 16 g
Sutfurated Potash . ... 40 g
Purifiod Water, s sufficient quantity, U
Tomake ....... PPN Cereeae e 1000 ML

Dissolve zinesubfute and sulfurnted polash seperately, cach in 450 ml,
purified water, and filter each solution. Add slowly the sulfurated
potash solution Lo the zine sulfate sofution with constant stirring. ‘Then
add the required amount of purified water, and mix.

Note—Trepure freshly and shake thoroughly before dispensing. For
further discussion see Sulfurated Potash (page 1327),

Uses—An astringent, proteetive and mild antimicrobinl prepara-
tion, ‘The nstringency is atiributable to the zine ion. The thio-
sulfates and polysulfidos in it exert antibactorinl and antifungal
actions (see Sodium Thiosulfate, RPS-16, page 1176). White lotion
is used in the Lreatiment of acne vulgaris,

Dose--Topical, to the skin, as reguired.

Zinc Oxlde

Flowers of Zine, Zine White; Pomphaolbyx; Nibil Albumy
L.una Philosophice

Zine oxide {1314-13-2) Zn0 {(BL.38).
Preporation---By henting zine carbonate st a tow red heat until
the carbon dioxide and water are axpelled,

Description—Vory fing, odoriess, amorphous, white ov yellowish
white powder, free from gritty particles; gradually abserbs enrbon diex-
jde from the air; whon strongly heated it assumes a yellow color whieh
disappenrs on cooling; its suspension in water is practically dewtral.

Solubility—Insoluble in water or alcoliol; soluble in dilute acids,
solutions of the alkali hydroxidus or ammonium enrbonata solution,

Incompatihilition—Neacts slowly with fatty acids in ofts and fals to
produee tumpy masaes of zinc olente, stearate, ete.  Vanishing creams
tend 1o dry out and crumble.  Whenever permissible, it is advisnble to
levigate it to a smooth paste with a little minorad oil hefore incorporation
illl(_) an oi nimond.

Upes—Has a mild astringent, protective and andlsepiic action,
n the form of its various official ointments and pastes iLis employed
widely in the treatment of dry skin snd such skin disorders and
infeclions as acne vulgaris, prickly heat, insect stings and bites, ivy
poisoning, diaper rash, dandruff, seborrhea, eczema, impetigo,
ringiearm, psoriasis, baricose wleers and pruritus. 1t is contained
in some sunsereens. 1 is included in some vulvovagingl deodorant
preparations and in preparations for the treatment of hemorrheids,
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1t also is used in denial cements and tempornry fillings, I is the
essentinl ingredient in Calamine {(page 762).
Dase— Topieal, as 8 5 1o 25% cremn, lotion, ointment, paste, baby
powder or rectal suppesilory.,
Doange Formy—Qintment;
combinations: 2 1o 15%.

20%; Pagte: 26%. In numerous

Zinc Pyrlthlone—page 1173,
Zinc Sulfate—-page 1170.
Zinc Undecylenate---page 1237,

Other Astringents and Antiperspirants

Aluminum Zireonium Cliorhydrote--Uses; Mainly in antiperspi-
rant produets. Because of the prepensity of the zivconiam o eicit
allergic reactions and sarcoid-like grunwomas, e compound is not
included in aerosols, hecouse of possible pulmonwy eomplications if
inhaled. Dose: 'Po the axilly, in o concentration nol 1o exeeed 20% {as
anhydride). '

Ponnie Acid [Gallotwmic Adid; Tannin; Digallic Acid] 11401-55-
4]--A tannin wsually obtained from nutgalls, the exereseences produeed
on the young twigs of Quercrs infectoria Olivier and allied species of
Guercus Linnd (Fam ](U'tll(’rlt’) Yellowish white Lo light brown amar-
phous powder, plistening seales or spongy massos; usuatly odorless with a
slreng astringent (aste; gradually darkens on exposure to air and light. 1
g dissolves fn about 036 mLowater or 1 ml, warm glycering very soluble in
aleohol; practicslly insoluble in chloroform or ether, facompatibilit
Solutions gradually darken on expogure Lo air and light through oxida.
tiot: of phenotic groups 1o quineid stractures. Tt s incompatible with
most. enzymes, gumi, sults of many wetals and meny other substinnees.

Usea: On an open sore or denuded surlace, it fornis a film of protein
tannate that acts as 1 mechanical protective which excludes external
irvitants and infectives and, thus, provides some relief from pain. How.
ever, it is not antibacterinl and not only does not inhibit $he growth of
hacteria entroined hencath Lhe fitm hut nctually may create favorable
conditioms for the growth of certain annerobes. Por this reason, and atso
the fact that i ks absorbed sufficiently from large denuded arens to cause
liver damage, it is no tonger used in the treatment of Hurng andd should
nol be used o any large losion,  Nevertheless, it s incorporated in 8 to
10% concentration in several products 1o treat. i |v\' or oak poisoning. Asa
P9 gl s vsed on cold sores, fever blisters and cankers, Itisincluded in
2.16% concuntralion ing ht-mm'rlm';(l.—ii preparation and in 4% coneenira-
tion in a keratolytic produet for vemoving ¢orns, calluses and warts, these
concentrations probably heing tee low 1o contribute signifieantly 1o the
supposed efficacies,  Tn 25% solution it is used to reduce inflammaiion
and harden skin around ingrown toenaily, Lhus inerensing comfort and
making nait-cutting ensier,

I content i ten aceounts for the use of strong ton as an internsl
anti<lote, presumably for the dual purpose of precipitating toxie alkn-
loids nnd hardening (he surfnee of the gastrointestinal mucosn and iis
mueons layer,

Zine (‘upl yinte [Zine solanoate [m)'? 09-8] CigHanQq¥dn
(351.79))-Lastrous seales. Sparingly soluble in hoiling water; moier-
-il(ly soluble in boiling aleohol,  Lisvs: In the treatment of athiete
fool. “Ihe natringency of the zine decrenses inflammation and wethess.
I'he caprylile bas o weunk antifungul action. Dose: Asa 5% ointment.

Line Chloride {Zine ciloride [7646-85-7] 4nCl (336.29)] - Prepared
by rencting metatlic vine or zine oxide with hydrochloric neid and evapo-
rating the solution to dryness. White, o nearly white, odor|ess, eryatal-
line powder, or as porcelain-like masses, or in moulded pencils; very
deliqueseent; aqueous selution {1 in 10) is aeid to titmus, 1 g dissolves in
0.5 ml, water, about 1.5 mL aleohol or about 2 ml, glyeerin; solution in
water or aleohol s usuatty slightly turbid, but the turbidity disappesrs
on addition of & small quantity of HCL  Tncompatibifitivs: Soluble zine
sults are precipitated as zine hydvoxide by alkali hydroxides, incloding
ammonivm hydroxide; the precipitat sobuble in un exaess of either the
fixod or the ammenium hydroxide.  Corbonates, phosphales, oxalates,
arsenntes, and Lannin cause pr adion,  The precipitation with aodi.
um horate can be prevented hy adelition of an umount of glycerin equal in
weight o thesadium borate,  In weak agucous sotutions, it has o tenden-
ey 1o forny the insolulle basie sait by hydrolysia and about one-half its
weight of wnsmonium ehiloride las been used for the purepose of stabiliza-
tion. K is very deliieeseent, 14 has the incompatibilities of chlorides,
boeing precipitated by silver and lead salts. Uses: 1n high ¢oneentra-
tons it is cnustic and has heen vsed as o caustic agent Lo tread cors,
ealluses und warts,  In the Jow concentrations in which it is macketed it
i astringent and mildly nnlthm torinl and probably docs not umm!)ule
Lo keratolysis, Althougli it is used in mouthwaoshes, the contaet time is
Loo short, sad only an astringent and not.an ﬂlil—”m{flﬂl‘iﬂl aclion results,
Dosa: Topiead, to the feeth, as 2 10% solution; Lo skin and mucous
membranes for nstringency and antimicrobial actions, as a 0.1 to 8%
solution.

Zine Ricinoleate |Zine |R-(£}]-12-hydroxy-S-octudocensate
(CigMa Qi (660.24) ] Only a5 a deodorant. for ostomies,

Zirceniwm Oxide [Zirconium Dioxide; Airconic Anhydvide, Zivconis;
(3814-23-4] ZrQdy (128.22)]--White powder or erystals.  fusoluble in

TOPICAL DRUGS 763

water; seluble in acids.  Lises: Hag wenk astringont and adsorplive
activity, for which itis employed in topical preparations for trenting rhuy
dermntitis (ivy and onk poisoning).  Fowewver, it is not only poorly
effaetive for this purpose bul it also can cause allergie reactions that may
give rise 1o sarcoid-like gravulomas.  Consequently, its use should be
condemned, ZAirconium salts iso are subjeet 4o Lhe same criticisms,

Irritants, Rubefacients and Vesicanis

The trritants are drugs thatl act locally on Lhe skin and
mueous membranes to isduce hyperemia, inflanunation
and, when the action is severe, vesication, Agents that in-
duee only hypereria are known s rubefacients. Rubefac.
tion is accompanied by a feeling of comfort, warmth and,
somelimes, itehing and hyperesibesia.  Appropriately low
concentrations of direcily applied or inhaled vapors of vola-
Lile aromatic irvitants, such as eamphor or menthol, induce a
sensation of coolness rather than warmih.  When the irvita-
tion 1s more severe, plasma escapes from the damaged capil-
laries and forms blisters {(vesicles). Agents thal induce blis-
ters are known as vesicants, Most rubefacienis also are
vesicants in higher concentrations. Certain fritants may e
rejalively selective for various tissues or cell types, so that
hypersecretion of the surfoce, seborrheic abscesses, pares-
thesia or other effects may be noted in the absence of appre-
ciable hyperemia.

Trritants have heen used empirieally for many centuries,
probably even prehistorieally. They may be employed for
counterirritalion, the mechanisn: of which is poorly under-
stood. A moderate 1o severe pain may he ohscured by a
milder pain ariging from areas of irritation approprintety
placed to induce reflex stimulation of certain organs or gys-
tems, especially reapiratory. Sensory and visible efTects of
irvitation sometimes give the patient assurance that he is
receiving effective medication. Taken internally, many irri-
tanty exert either an emetic or laxative action. Irritant
laxatives are listed on page 783. A few irritants, especially
cantharides, on absorption into the blood stream, irritate the
urogenital tract and, consequently, bave been dangerousty
employed as aphrodisiacs. Certain irritants also possess a
healing action on wounds, possibly the result of local stimu-
lation. Many condiments are irvitants. In high concentra-
tions, many irritants are corrosive.

Alcohoi—page 1314.
Alcohol, Rubblng-—page 1164,
Ammonla Splrlt, Aromatlc—RPS-17, page 15

Anthralin

1.8.9-Anthracenetriol; Dithrsuol; .
Dioxyanthranot; Cignolin Anthra-Derm {(Dermile); Lnsan (Sticfed)

OH 0 m

1,8-Dihydroxyanthranol [480-22-8] C)4H00x (226.23).

Preparation-—Anthragquinone is sulfonated 1o the §8-disulfonie
neid, which is isolsted from the reaction mixture and then heated
with a calcium hydroxide-caloium chloride mixiure to form 1,8-
dihydroxy-9,10-nnthraquinene, which is reduced with tin and HCI
to anthralin.

Deseription—Yeollowish brown, crystalline powder; odorless and
tasteless; moelts botween 175° and 1817,

Solubility—Insoluble in water; stightly soluble in alcobol; soluble in
chloroform; stightly soluble in ether,

Unes— Although long considered Lo be an irrilant, its prineipal
thernpeutic action is the reduction of epidermal DNA synthesis and
mitotic activity. I is used in the treatment of psoriasis, alopecia
areala, cezeme and pther chronic dermatoses. Tt usually is used in
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764 CHAPTER 38

combination with ultraviolet light and a daily eoal tar “bath.” T'o
avoid harmful irritation, medicaments containing it should not be
used on the fuce, scalp, genitalin or intertriginous skin areus; they
should not be applied to biistered, raw or oozing areas of the skin,
and should be kept from the eyes, since they may caune severe
conjunctivitis, keratitis or corneat opacity, Renal irvitation, costs
and albuminuria may result when the drug is absorbed systemicatly.
The hends shoutd be washed immediately after applying mediea-
tion. A reversible slight discolaration of the skin may ocour,

Dose—Topical, to the skin, a5 & 0,1 1o 1% ercam or oinbment,
once o day with croam and onee or Lwice a day with aintment. The
concentration shouid be tow initially and inereased only as neces-
sary.

Dosage Formg-~Croam: 0.1,0.2,0.26, 0.4, 0.6 and 1%; Qintment:
.1, 0,25, 0.4, 0.5, 1 and 2%.

Benzoln Tincture, Gompound——page 760,

Coal Tar
Pix Carbonis; Prepared Coal Tar BI%, Pix Lithanthracis; Gas Tar

The tar obtoined as a by-product during the destructive distilln-
tion of bituminous coal.

Description-Nenrly black, viscous liguid, heayier than water, with a
charactoristiv naphtislene-like odor and & sharp buraing taste; on igni-
tion it burns with a reddish, lumineus and very sooty flnme, teaving not
mare than 2% of residue.

Solubility—Only stightly soluble in water, (o which it imparta its
charncteristic odor and taste and n faintly alkaline reaction; partially
dissolved by alcohol, acetone, methianol, solvent hexane, earbon disul-
fide, chioroform or clher; Lo the extent of about 95% by benzene, and
entirely by nitrabenzene with the exeeption of n small mnount of sus-
pended matter.

Uses-—A loecal irritant used in the trentment of chronic skin
diszeases. Like anthralin, its primary action is to decreasc the epi-
dermal synthesis of DNA and, henee, to suppress hyperplasia,  Oe-
casionally, it may cause rash, burning sensation or other manifesta-
tions of excessive irritation or sensitination.  Since photosensitiza-
tiem may occur, the treated area should be protested from sunlight.
. should be kepl away from the eyes and from raw, weeping or
blistered surfaces. Temporary digcoloration of the skin may oceur.

Dosn— Topical, to the skin:  cleansing bar, 2% once or twice a
day; eream, 1610 5%, 2 or 3 tines a day; gel, 5 te 7.6 % onco or twice
a day; lotion, 2 10 5%, 2 Lo 4 Limes a day; oindment, 1 to 5%, 2 or 3
times a day; poste, 5% once or twice a day; shampoo, 0.5 10 16%
twice a week: solution, 2.5 Lo 20% straight or difuted 1:3 wilh water
1 1o 3 times a day; suspension, 7.5 to 33.3% diluted in lukewsrm
water at intervals directed hy the physician,

Dosnge Formu—Cleansing Bar: 2%; Cream: 1.6 andd 5%; Gel: &
wnd 7.5%; Lotion: 2 and 5%; Ointment: I and 5% Pastes 5%;
Shampoo: 0.5, 1,2,3,4.3, 5,9 andd 10%; Topical Solution: 2.5, 5 and
20%; Topical Suspension: 7.5, 30 and 33.3%

Green Soap—RPS-17, pago 786.
Graen Soap Tincture—RPS-17, page 766.

Methyl Salicylate--page 1205,

Resoscinol-—RPS-16, page 1107.

Resorcinol Olntment, Compoung-—RPS-16, page 1107.
Resorclinol Monoacetate --RPS-16, page 1107.
Storax—page 1326,

Tolu Balsam-—page 1299

Turpentine Oll, Reciifled--RFS-18, page 808,

Other Irritants, Rubefacients and Vesicunis

Camphor [Iicyclo |2.2.1] heptane-Z-one, 1,7,7-trimethyls, 2-Cam-
phanone; 2-Bornanone [76-22-2] CidhaO (162.24);  Gum Camphor;
Laurel Comphor|—A kelone obtained from Cinnamomum comphora
(Linné) Nees ot Bbermaier (Fam Laurvecae) (Natueal Camphor) or
produced syntholically (Synthetic Camphor),  Preparation:  Natugal
critde camphor may be oblained by steam distilling ebips of the camphor
tree; the erude cumphor so obtnined is purified, usuadly by sublimoation.

One method of producing synthoetic camphor starls with pinene
€Mt 1 hydroenrbon obtaibed from Lurpentine oil. The pinene is
siturated with hydrogen chloride at 09 forming hornyl chieride
{C1HECL. On heating the bornyl chloride with sodium neetste and
glacinl aeetie acid, it is converted inlo isobornyl acelsto, which i subse-
quently hydrolyzed Lo isoborny) atcohol [CigH (;OH] and oxidized with
chromic neid o campher, Synthetie enmphor resembles natural cem-
phor in mast of its propertics except that it is o racemic mixture and,
therefore, Incks optical activily.  When enmphor is mixed in approxi-
mately molectlar proportions with ehioral hydrate, menthal, phenol or
thymol, Houefaction ensues; such mixtures are known as ertictic mix-
tures (see pago 176).

Deseription:  Colorless or white crystals, geonules or erystalline
masses; or ns colorless Lo while, trsnshucent, tough masses; a penetrating,
characteristic ador, a pungent, aromatic taste and is readily pulvesizable
in the presence of a little aleobel, ¢ther or ehloroform; specific gravity
about 0.99; melts hetween 174° and 179° and slowly volatilizes al ordi-
nary temperatere and in steam,  Sofubitity: 1 gin about 800 mL water,
1 mb aleohol, ahout 0.5 mi chloreform or | mb ether; freely soluble in
earhon disulfide, solvent hexuno or fixed and volatile nils.  Treampati-
bilities: Torms a figuid or a soft mass when rubbed with ehloral Iy
drate, hydroguinane, menthol, phenol, phienyt selicviate, resoreinol,
salicylic acid, thymel or other substances. 1t is precipitated from ifs
aleohelie golution by the addition of water. Tt s precipitated from
camphor water by the addition of soluble salts.

Uses: Laocally, weakly analgesie, mildly onalgesic (antipruritic)
and ruebefaciont when rubbed on the skin, The spirit is npplied
locally Lo allay itching cavsed by insect atinga. It algo in used as a
counterirritant in humans for influmed joints, sprains and rhey-
matic and other inflammatary conditions steh as coldw in the thront
and chest.  Although the patient may feel improved, the inflamma-
tion is not affected. Howeyer, reflexly induced local vasoconstrie-
tion may mediote a mild nasopharyngeal decongestant effect.
When taken internally in small amounts it produces a fooling of
warmth and comfort in the gastrointestinal tract, and, therefore,
formerly was muach used as a carminative, Systemically, it is a
reflexly active eireulatory and respiratory stimulant, However, ity
use ns o alimulant is obsolete. 18 nlso possesses a slight expectorant
action and 73 included in some cough-suppressant mixtures. Con-
centralions nhove 11% are notsafe. Toxicity consisls of navsea and
vomiting, headache, feeling of warmth, confusion, debirium, eonvul-
gions, coma or respiratory arrest.  Campher is a pharmaceatical
necessity for Flexible Collodion and Camphoraied Opium Tine-
ture. Dase: Topical, to the skin, rectum or throal, as a 0.1 Lo 3%
letion, cream, spray or ointment, ar 10% tincture (spirit), no more
than 3 to 4 times a day.  For topieal analgesia, concentrations of 0.
10 3% are used; for counterirritalion, 3 ta 11%.

Cantharidin {(30e,44,70,Tae- Hexahyd re-8a, 7a-dimethyl-4,7-epoxy-
isohonzafuran-},3-dione[56-26.7]) CioH 1p0s (186.213]—The selive prin-
ciple of Canthurides. While platelets soluble 1 g in 40 ml. acetone, 65
mi, chloroform, 560 ml, ether or 150 ml. ethyl acetate; soluble in oils.
Uses: Produces intradermal vosiculation. - is used to remove warts,
particulpely the periungual type. 1t is applied under an occlusive bua-
dage, The vesicle eventually breaks, becomes encrusted and falls off in §
10 2 weeks. Dose; Topical, 1o the wart, as n 0.7% solution,

Capsicum—The dried ripe fruit of Cupsicum fruteseens
lonaceus, which contains less than 1% of capsaicin [(£)-N-|4-Hy .
metlmxypheuy!)molh_\fl]-8-mothylvt}-mmnnuumide[d()d-ﬂﬁ'd;
CisHaNOy (305.40), whick is the active ingredient, Uses: s active
ingredionts are mildly irritent, cnusing erythemin apd a feeling of
warmth without vesication. [t preparations are weed us counterirri-
tamts. Dose: The eyuivalent of 9.026 to 0.25% of eapsicum applied o
the skin no move than 3 or 4 times o day.

Tehthammel [Ammonium Iehthosulfonate; Sullonated Bitunen; le-
tiok; Ichthymall {Mallinckradi), lehthyal {Sticfel) [B029-68.3]] It ir
ohinined by the destructive distiltation of cerlain bituminous sehists,
sulfonating the distillate and neutralizing the produet with ammonin.

It yiolds not less than 2.6% of NH, (ammonia) and not less thay §0% of
total sulfur.

Constituents: 1 belongs to a cluss of properstions conlaining, as
essential conatituents, salts or compounds of a mixlure of seids dosignat.-
ed by the group name sulfoichthyolic acid, formed by sulfonation of the
oil obtained fn the destructive distilintion of certain bitwminous shales.
Sulfoichthyolic acid is charneterized by o high sulfur content, the sulfur
oxisting largely in tho form of sulfonates, sulfones and sulfides.  De-
seription and Solubility:  Reddish brown to brownish black, viscous
fluid, with a strong, characterirtic, empyreumatic odor.  Miscible with
watsy, glycerin fixed oils or fats; partially solable in alcohol or ether.,
Incompetibilities: Becomes granutar in the presence of acids or under
the influence of heat.  In solution, it is precipitated by acids and acid
salts us 0 dark, sticky mass; alkalies Jiberate ammonin; mony metallic
salts cavse precipitation.  Uses: A mildly natringent irritant and loead
antibacterial agent. with moderate emollient and demuleont properties,
It is uned alone or in combination with other antiseptics for the treat-
ment of skin disorders such s insect stings and bifes, erysipelas, psoria.

PFIZER, INC. v. NOVO NORDISK A/S - IPR2020-01252, Ex. 1013, p. 210 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


sis and dupus erythematosus and to produce healing in ehronic influm-
madions, 1L ko is used to trent inflammation and boils in the external
ear canal, Medical opinion is divided ns 1o whether this agent is uselut.
I higher concentrations, irritation i freguent and rashes may develop.
1 showdd be kept mway from the eyes and othor sensitive surfaces. Hhas
heen reported to eause hyperepitholinlization, an action that would be
eounterproductive in the treatment of psoriasis, Hose: Topicol, to Lhe
slin as w10 or 20% ointiment or external ear canal as a 10% sintment,

Juniper Tar [Cucde Oil]—The empyreumatic volatile ofi obtained
from the woody portions of Janiperus oxyeedrus Linne (IFam Pinaceas),
Vark brown, clear, thick liquid, having a tarry edor and & faintly aromat-
je, bitter tuate. Very slightly soluble in water; | volume dissolves in 9
volumes of alcohol; dissolves in 3 volumes of ether, leaving a slight,
flocenlent residus miscible with chloveform, | o A mildly irritast
oil that is omployed a8 n topical antipruzitic in severnl chronic dermata-
logic disorders, such ns psoriasis, alopic dermuiitis, pruritus, eczeme
and seborrhea. Since it s irritant 1o the conjunctive and also may cause
chemaosis of the cornea, enre should be taken to keep it out of the eyes,
53 e absarption may resullin ronal damago. Dase; Topical ns 1o
5% gintment applicd once n day; it slso s used a8 a 4% shampoo or 34%
bath.

Menthal [Cyclohexanol, 5-methyl-2-(1-methylethyl)., p-Menthan-3-
ob Peppermint Camphor [1490-04-6] Cyelin® (15827 An aleohol
obtained from diverse mint oils or prepared sysnthetically. It may be
tevorotatory {(-3-Manthol] from natarat or ayntheticsources, or rucemic
|(::)-Menthol].

Preparation: Tt owes its odor chiefly to menthal, which is ob-
tained from it by fractionnl distillation and allowing the proper
fraction to crystallize, or hy chromatographic processes.  Among
numerous methods of synthesis of an oplically inactive menthod, the
most poputar mvolves the calalytic hydrogenation of thymol (ob-
tained from natural sources or synthesized fram pe-cresal or eresylic
seid), The difficulty in the synthesis of (—)-menthol arises from the
fact that menthol containg three asymmetric carbon atowms, and
thoere are thus cight stereoisumers, designated as (=) and (+)-
wmenthal, (=)- and (4-)-isomenthol, {=)- and (+}-neomenthol, nnd
(~)- and (+)-neoisomenthol. ‘To obtain a product meeting USP
reguirements, il is necessary to separate (=}-menthot from ity sler-
coisomers, for which purpose fraetionnl erystaliization, distillation
ander reduced pressure or esterifiestion may be used.  The other
stereoisomers differ from the official (—)-menthol in physical prop-
ertios and possibly Lo some extent in pharmacologic action.

o

Degeription:  Colorless, hexagona!, usually needle-like erystals, or
fused masses, or a orystatline powder, with a pleasant, pepperming-like
odor; (—)-menthol melts between 41° and 44%; (4)-menthol congeals at
270 Lo 2H°, Selubility: Very soluble in aleohol, chloroform or ether
freely soluble in glacial neetic scid, minaral oil or in fixed and volatiie
oils: slightly solublo in water, Identification: When mixed with about,
un squal weight of eamphor, chioral hydente, phenol or thymal, it forms s
“ateclic” mixture liguefving at room temperature. Tneompatibifities:
Produces a liquid or sofl mass when triturated with eamphor, phenot,
clloral hydrale, resoreinol, trymol or numerous other subatnnees. La-
beting: The labe! on the container indieates whether #.is levorotutory or
racamie.

Uses: In low concentrations, selectively stimulates the sengory
nerve endings for cold and, hence, causes n sengation of coolness.
Some local analgesic effecis nlso accompuny this effect.  Highor
concentrations not only stimulate sensory endings for heal and
other pain, but also may cause some irvitation.  Consequently, there
may {irst be a sensation of coolness, then a slight prickly and burn-
ing sengation.  The loeal analgesia and sensation of coolness are
employed in the treatment of inseet bites and stings, itehing (anti-
praretic effect), minor burns and sunburn, hemorrhoids, toothaehe,
cankers, cold sores and sore throat. The local analgesic effect also is
the probable busis of the antitussive use, although the value of the
drug as an antitussive remaing unproved.  Care must be taken Lo
avoid the inhalation of irritant concentintions,  The contribution of
a placebo effect. to some of these effects cannot be diseounted, 1t is
incorporated into irritant products used o troat sene vulgaris, dan-
druff, sehorrhea, calluges, corng, warls and athlete's foot and in
vaginal preparations to lessen the songe of rritation.  Whatever
effects the rubbing of menthol-containing ointment on the chest
possess to releve pulmonaiy congestion in eolds and allergy are
attributabie e counterireitation and placeho offects. Tt also is
contained in counterirritants for the treatment of musele aches,
Dase; ‘Topical, to the skin, 1 a 0.1 Lo 2% Jotion or vintmeni; to the
throat, as o 0.0810.0.12% lozenge.  Tnhalation, b mlof 1%liguid or
10 mi. of %% eintment per quart of water, to be dispensed by steam
inhalation,

Paruvian Balsam [Peru Balsam; Balsam of Perii Indian Balsam;
Hlack Batsam]--Obtained from Myroxylon pereirae (Royle) Klutzseh

TOPICAL DRUGE 765

(Fam Leguminusee). Contains from 60 1o 64% of a volatile oil wrmed
cinnametn and from 2 0 28% of yesin, Cinnamein is a mixture of

~ compounds, smong which the following have boen identilied:  the exters

benzyl benzoate, benzyl cinnamate, cinntmyl cinnamabe styroaein) and
the ateobiol peruviol {eonsidered by some 1o be identieal with the sesgui-
terpene aleohol nerolidal, G GO s ester, free einnantic aeid; ahowt
0.06% of pandilin: and & traee of coumarin,  The resin congists of benzoic
and cinnamic acid.  Description and Sodubility: Durk brown, viscid
liquid; transparent and nppoars reddish brown in thin layers; agy hle
ador resembling vanilla, o bitter, nerid laste, with a peesistent alter-tuste
aned free from styinginess or stickiness. [ does not harduen on exposire
o air; specific gravity 1,350 to L1970, Newdy insoluble in water, but
soluble it aleohol, chloraform or glacial acetic acid, with not more than
an opalescence; parily soluble in ether or solvent hexane, Uses: A locad
irvitant and vuhierary. 1t once wos usedl as a dressing (o promole
grawth of epithetial colls in the treatment of indolent wleers, wounds and
curliin shin diseases, eg, scabies, 16 prosently ks an ingredient in sup-
positories used in the treatment of hemorrhoids and anal provite. Al
Tergic roactions 1o it neeassionally oconr. Ointments contaising huth
this ind sulfur present o problem in compounding, since the resinous
paet of e balsam tends W separate. This difficutty may b overcome
by mixing the Dalssm with wy equal wnount of eastar oil, prier to incor-
porating it-inte the baso; or alternatively, by mising itwith solid petroxo-
tin {An oinlment vehicle (oxygenated petroleum) consisting of tiguid
paraffin, oleic acid and ammoninted aleohol|. Duse: Tupical, rectal,
£48to 30 mg in suppositoriea,

Pine Tar |Pix Pini; Pix Liguida; Tar]--The product obtained by U
destructive distillation of the wood of Pims palustris Miller, or of other
species of Pinus Linné (Fam Pinaeeae).  Usually obiained as a by-
product in the manulacture of charceal or acetie acid {rom wood. Hika
complex misture of phenolic hodics for the most parl insolulle in water.
Amonyg these are cresol, pliarad, feaineol, pyracatechol, caeralignel and
pyrogallol ethers, Traces of phenol and cresols also are present as well
as hydrocarbons of the paralfin and bhenzene series, Deseription and
Solubility: Vury viseid, blackish brown ligquid: lranglucent in Uhin lay-
ers, hul becomes granular and opague with age: hos an empyreumatic,
terehinthinate odor, s sharp, e pyreumatie taste and i mord ate
waler; solution is acid to litmus,  Miscible with aleohol, ether, chioro-
form, glasial acetic acid or with fixed and volatile ofls slightly saluble in
water, the solution heing pale vellowish to vellowish hrown, Uses: k-
(erandly as a wild jrritant and tocal antibucterial agent in cliroaic skin
diseuses, espeeinlly eezema and psovipsis, s volalile constiluents are
claimed 1o be ex peetorant hut their efficacy iunproven; iis inhalations

were formerty used for this purpose. Dose: Toplead, as & 1B 1o 30%
shampon,

Scierosing Agents

A number of irvitant drugs are of sufficient activily to
damage cells but are not so potest as to destroy large num-
bers of cells at the site of application, Such agents promote
fibrosis and are used to strengthen supporting struciures,
close inguinal rings, ete.  The intimal surface of blood ves-
sels may brealt down under attack by such agents and thus
initinte thrombosis, which may be an undesirable side effect,
This action is 1he basis of the use of sclerosing agents in Lhe
reduction of varicose veins and hemorrhoids.  Sclerosing
agents generally are regarded as obsolete.  They can be
harmiful when improperly used and sometimes even when
ugsed with caution,

Selorosing Agenls

Morrhuate Sodium Injection A sterile solilion of the sodium salts
of the fatty ncids of cod liver ol L containg 50 mg of sodium morsin.
ate/mle A suitable antimierobial ngent, not Lo execed 0.5% and ethyl or
benzyl aleahol, not te exceed 8%, nuey be added. Note: H moy show
separation of solid matfer on standing, Do not nse the materiol if such
solid does not dissolue completely wpon werming. Prepared by henting
eod liver oil with alcololic sodium hydroxide until completely saponi-
fied,  After dilution with water the gleohol is remeved by distillation,
Dilule He80 is then added 1o the agueons solution, and the lihernted
orpanic acids are separated or prefershly extract ed with g suilabie im-
miscible solvent such s sther.  Just-swfTicient squeous NaQV then i
added Lo neutralize the acids.  About 20 mp of benzyl alcobod/mi, of the
Injection usuaily is added to lessen the pain of injection. Uses: o
merly, widely used g n selerosing tnd fibrosing agear for obliterating
waricase vefis. Trritants of this type onee weve emploved for ol osure of
herninl rings, fibrosing of uncomplicated hemorrhoids, removal of eon-
dylomats seaminats and in ether conditions whore the ultimate ol
live was production of fibrous tissue. Daser Introvenous, by sy al
injestion, 0.5 (o 5 mb, of a 5% injection Lo a localized ates; usial, 1wl
Dosepe Formes: 5 and 3l
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7668 CHAPTER 38

Sodium Tetrndeeyl Sulfute {7-Fihyl-2-methyl-d-undeennel hydro.
gen sulfate sodium aalt [189-88-8] CraHaupNaO45 (31848} 8'TS; Sotrade.
col Sodivm (Kkins-Sinn}]-- One moethod of preparation reacts the cor-
responding alcobol with CI50,H and neutralizes the resulting hydrogen
aulfnte entor with NaCOy  Occurs as o white, waxy, adorless solid,
Soluble in water, alcohol or ether, Uses: A selerasing agent similar in
aclion to sodium morrhuate, I formerly was used widely as a buffered
solution in the obliteration of nericose neing and internal hemaorrhoids.
for such purposes, the solution is injected directly into the vein. Injec
tion oulside of the wein may cause sloughing.  For Lhis reason, the
substance is not used to close inguival vings, The privcipul untoward
effect is pain imiediately upon injection, although brief; mild anaphy-
laetoid and iciosyneratic responses mrely ocour. Because the substanee
is an anionic surface. active agent, it also is used 1y n wolting agent to
promote spreading of vortain topical antiseptics. Dose: By injection
directly into the targel vein, 45 n 1 or 3% solution, depending on the size
of the vein, The volume then to be injected at any one aite varies from
0.2 to 2.0 mL, depending on the concentration and the number of provi-
ous injections al Lhe sile, the larger volumes heing given only after
severn previous injections.  No more than 10 ml ol the 3% solution or 6
ml, of the 5% solution should he given ai any ene time.  T'he interval
hetween injections varies from 5107 days.  Dosage Form: Jnjection: 1
and 3% in 2-ml, ampals,

Caustics and Escharolics

Any topical agent that causes destruction of tissues at the
aite of application is 0 caustic {or corrosive),

Caustics may be used to induce desguarmation of cornified
epithelium (“keratolytic” action) and, therefore, are used to
destroy warts, contdylomata, keratoses, ceriain moles and
hyperplastic tissues.

If the agent also precipitates the proteins of the cell and
the inflammation exudate, there is formed s scab (or eschar),
which later is organized into a scar; such an agent is an
escharotic {or cauterizant)., Most, but not all, causlics are
also escharotic, Furthermore, cerfain caustics, especially
the alkalies, redissolve precipitated proteins, partly by hy-
drolysis, a0 that no scab or only a soft scab forms; such agents
penetrate deeply and generally are unsuitable for therapeu-
ticuse. Escharotics sometimoes are employed o seal cutane-
ous and aphthous uleers, wounds, etc. Since most escha-
rotics are hactericidal, it formerly was thought that chemical
caulerization effected sterilization; however, sterilization is
not achieved always, especially by these agents which re-
main bound to the protein precipitale. The growth of cer-
tain bacteria even may be lavored by the chemically induced
necrosis and by the protaction of the scab,

Acetic Acid, Glaclal—page 1317,
Alum—page 761.

Aluminum Chloride—page 761,
Phenol—page 1323.

Podophyllum
Mandrake; May Apple

The dried rhizome and roois of Podephylium peitatum Linné
(Fam RBerberidaceae); it yields not less than 5% of podophyllum
rosin,

‘onptituents—From 3 Lo 6% of reain along with up to 1% of quer-
cotin and podophyllotoxin and peltatin glucosides. At least 16
different compounds have boen {solnted and characterized. ‘The
aglycone padophyliotoxin {CoH 04 i the lactone of L-hydroxy-2 -
{hydroxymethyl) - 6,7 -methylenodioxy -4- (346" trimethoxy-
phenyl)-1,2,4,4-tetrahydronaphthalenc-3-carboxylic acid.  Hydro-
Ivtic rupture of the lactone ring vields pedophyliic avid [CaaldaQl,
the 2,3-trans form of which is podophyilinic aeid while the 2,3-¢is
form is picropodophyllinic veid.

Although podophylotoxin has been demonatrated o possess
mnrked cowstic, cathartic and toxic propertien, it is beticved that not
it, but an amorphous resin, called podophylloresin, is the chiof
cathartic principle of the drug.  However, podophyllotexin is safor
and ultimately probably will replace the crude preparations,

Uses and Doso—See Podophyllum Resin.

Podophyllum Resin

Usey-- Supersedes podopbyllum (above).  Certain glyeosides
and palynuciear lactones in the resit interact with tabulin and,
thus, interfere with coll eyeling and intracellular dynamies such as
o cause the eventual death of affected cells.  Applied topically, it is
corrasive in the rogion of contnet. 1 mainly is used in Lhe treatment.
of condyfoma aecuminatum but also of juvenile papillomea of the
larynx, multiple superficial epitheliomatoses (hasul eell and squa-
mous col} carcinomas), precancerous keratoses (seherrheic, actinie
and radiation keratoses), verrucae fibroids and coflises. Some
pain usuaily vecurs al tho site of application; if it is excessive, the
drug should be removed with ethanol or isopropyl aleohol, Resiv on
adjacent normal tissues also should be removed. Pain may be
avoided somewhal hy tresting only a small sres of srface at uny ohe
time, It especially is irvitating to the eyes and mucors mem-
branes. 'Freatment of large surfaces also may result in excessive
absorplion and systemic effects, sueh as nausea and vomiting,
tachycardia, shallow reapiration, Jeukapenia, thramboeytopenia, re-
nal damage, pavalytic iteus, lethargy, stupor, psychotic confusiona)
states and peripheral neuropathy, ineluding flnceid paralysis. Sys-
temic absorption ks enhanced by veclusion. The drug is conteaindi-
cated in pregnancy and actation,

Doso—Topical, adults gnd children, Lo the skin, condyioma gc-
cuminata, as a 25% sotution, the resiy Lo romain in place for G hy;
application may be repented weekly for up to 4 weeks, if necessary;
superficial epitheliomatoses and precancercus heratoses, as a 25%
solution once & day, to be continued until several days after a slough
has occurred: ta laryngeal lesions, juvenile laryngeal papilloma, as
a 12.5% solution ta the papitloma, initially once a day, bul progres-
sivaly longer intervalz may be elected as the lesions shrink (medical
attherities hold that shovt intervals ure more effective); the 12.5%
solution is Lo be extemporized by diluting the 25% solution in 95%
athanol.

Dosago Form—Topical Solution: 26%.

Salleyllc Acld—page 768.
Sliver Nitrate—page 760.
Silver Nitrate
Nitric acid sitver(14) sall; Argenti Nitras

Silver(1-+) nitrate {7761.88-8] AgNOy {169.87),
Preparation--By the aclion of nitric acid on melallic silver.

Deseription—olorless or white ervstals; on exposure Lo fight in the
presence of organie matter, il becomes gray or grayish blacks pH of
salutions about .45,

Setubility-) g in G4 ml water, S0 mL alcohol, about 250 M1 neetone,
slightly more than 0.1 mL boiling water or about 6.5 mi, of hoiling
adeohod; slightly soluble in cther,

Incomprtibilitios-- Basily reduced 1o metadlic silvor by most reduc-
inge apents, including ferrons solts, arseniles, hypophosphites, tar
trates, supars, lanning, volatile ofls and other organie subslances, In
neutrnl or alkaline solutions, precipitated by chiforides, bromides, io-
dides, borax, hydroxides, carbonates, phosphates, stlfates, arseniles
andl arsenates. Potassium permangaaate, taanic avid and soiuble ci-
trates and sulfutes may coune 8 precipitate if sufficiently concentraled.
In acid solulion, only the cldoride, bromide and fodide are insoluble,
Amnonia waoler dissolves many of the ingoluble silver salts through
formution of the sllver diammine complex, Ag(NHa)'.

Uses—Silver ons combine with proteins and couse denaturation
and procipitation. As a result, silver iong have astringent, caustic,
bactericidal and antiviral properties, In low coneentrations, silver-
denatured protein is confined to the interstitial spaces and the
surface of denuded, weeping arcas, so thal only astringent and
antimicrobial effects oceur; with higher concentrations, cell mem-
raned are disrupted, so that caustic effects result. The corroded
site will become covered with a senb of silver protein precipitate.

It is used mainly in podiatry as 4 caustic to degtroy excessive
gramdation tssue, such as corns, ealluses, granuloma pyogenicum
nnd plantar warts, to reduee neurovascelar helomas, remaove pupii-
{lomas and cauterize small nerve endings and blood vessels, As an
astringent, it is used Lo Lreat impetigo vedgarts and pruritis as well
s indolent uleers, wounds and fissures. Tt also is used as a styptie,
especinlly in dentistry,

As an anliseplic, it mainly is employed prophylactically against
ophthalmia neonaterum. It formerly was applied regulardy 1o

PFIZER, INC. v. NOVO NORDISK A/S - IPR2020-01252, Ex. 1013, p. 212 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


Hurned surfnces beeiruse of ity high efficacy against both stuphylo-
cocet and pseudomonas. Howaver, the precipitation of AgClal the
site of application and in dressing depletes plasma choride and can
eause serious elecirolyte disturbances: consequently, the drug sel-
dam is used in burn therapy today.  Refer (o RIS-17, page 1165, Tor
n cHscussion of ilg prior uses ss an antiseptic,

Excessive corrosion al the target site and corroston from inadvor-
tent application or leakoge away from the intended site can aceur.
Dantal cones or picees of toughened silver nitrate that are aceiden-
tally ingested can couse denth,  Elemental silver fram the hioredue-
tion of silver ion may reside permanently at. the site of application
and cavae a Muish-to-Mack discoloration called argyria. Locally
injected sodium thiosulfate sometimes can remove the silver.  Ni-
wrade fon absorbed from large, denuded surfaces can couse mothe-
moglobinemia. Only concentrations 0.5% or helow should be ap-
plied to raw wounds, fresh cuts or broken skin.

Blose-—Topleal, antiseptic, 1o the confunetiva, 0.1 mL of 0 1%
solulion; to the burned skin or open lesion (neither advised), 0.1 1o

0.5% mlulmn asn wet dl'(‘h‘xll‘l[.\ Astringent, to the affeeted skin, as
i 10% solution for impetigo vidgaris ad as n 10 or 25% solution for
pruritis. Caustic, 1o the Ie.sum only, as 8 10% solution o Gintment,
for helomas and 16 cauterize small nerve endings and dlood vessels.,
a8 8 25 or 50% solution for plantar warts and as a 50% solution for
aranulation lssue, gramdoma pyogenica and papillomatous
growths.

Dosage Forms—Qintment:  10%; Topienl Solution: 10, 25 and
50%. For Toughenad Stlver Nitrate, see RPS-17, page 784.

Othor Caustles and Escharotices

Bichloroncelic Aecid |Dichloroscetic acid CyliuC
(128.95)] - Pungent liguid miseible with waler, aleohol or ether. L
See Trickioroacetic Acid.

Nitrie Acid—Containg 67-T1% HNGy. A fuming liguid, very
with a characteristic, highly irritating odor; boils nf 120%, apeeific i
whout 1.43, anh]e with waler. [ses: As o canterizing agent for the
immettinte storilization of dangerously infoeted wounds, such as the bite
from o rabid animal; it does nel penetrate oo deeply nnd Forms a firm
eschar,

PodephyHotoxine [ (58 528 010)-5,5:,8.5,80.9- Hexahydro- 9.y -
droxy-5-(3,4,5-trimethoxyphenyluro[¥ 46,7 [naphthof 2,3 d) - 1,5 di-
uxol-8-one {518-28-5]) CoHply (414, dl)] ~Found in the rhizomes of
several species of plants, principally Podophytlum peliatum 1, Berberi-
daceae, P emodi and Juniperus virginiana L, Coniferae. For the syn-
thesis see JACS 103 G208, 1981, Occurs as hydrated crystals; melts
aboul 118% {dee) and about 184% after drving a number of polymorphic
forms exisl,  Very slightly soluble in water; solulile in aleohal, chlove-
form or acetons,  Uses;  Actions, uses and wdverse effcots are those of
Podophyllum Resin (page 766}, except that Lhe therapeutie index is
greater, It s seversl times more potent. It is an investigndional drog,
Dozer Topical, to the shin, adults and children, ns a 0.5 (6 1% wolution
twice u doy Tor 3 days,

Potassium Hydroxide [Potassium hydroxide; Canstic Potash; Lyes
Potash Tye [1310-58-3} contains not less than 85.0% of toln alkali,
enleninted as KOM (56, 11), including not more than 3,5% of .00,
(13B.21)] Caution——Exercise great eare in handling, as it rapidly de-
stroys tissues, Do nothandle it with bare hands, Prepared by electrot-
vals of a solution of potassium chloride in n dluphrugm cell that does not
allow liberated chlorine Lo react with it 1 &8 prepared in the Torm of
stichs, peliots, flakes or fused masses.  Sticks or pellets are made hy
evaporating axolution of it to a fuid of vily consistency and then pouring
the hot Hguid into suitable motds in which itsolidifies.  Deseription and
Solubility: White, or nearly white, fused masses, small pellels, Nakes,
slicks, ond other forms; hard md brittle and shows o cevatalling fraeture
exposed to nir it rapidly absorbs carbon dioxide and moisiure, and
detiguescen; melis at about 360-380°; when dissolved in water or alechol,
or when ils solution is treated with an acid, much heat is genersted;
solutions, even when highly diluued are strongly nl]mlinu 1 g dissolves
in 1 L water, 3 ml aleohol or 2.5 mL glyeorin at 25 very soluble in
boiling aleahol. fncompatibilities: Buses react with aeids Lo form salts,
tiberate alkaloids from nguoous solutions of alkaloidal sults, and pro-
mofe various hydrolysis resctions such as the decomposition of chivral
hydrate into chloroforin and a formate or the byeakdown of saled into
phenol nnd w safioylate. Only the alkali hydroxides are a
soluble it water. Nearly all common metals will be precipi
hydroxides when solutions of their salis are added Lo solutions of the
alkali hydroxides, Certain hydroxides, however, notably thoae of alumi-
i, zing, arsenic or lead, will dissolve in excess of sodium or potassium
hydmxulo Uses: A ecaustic, pringipally in veterinary practice. The
end of a stick of potassium hyrlrumdc may be inserted into n seclion of
rubber tubing, or wrappod several times wills in Toil, to avaid canterining
the fingers of the operator. 1L is used alvo asa piumnnm'um'n{ neenssify
in several pharmpgopein! preparations,

Trichioronentic Acid [Acetic acid, trichloro-, Trichloroncetic aeid
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176-03-9] CoHCILO, GERIN]- Usually made by axidiziag chioral hy-
drate with fuming nitre acic. Colorless, deliqueseent erystoks having 2
alight, charneteristic odor; mells ot about 589 and boils ag 1069 197°,
‘wh{blhl}' g inaboset O F mls water; soluble in alechol arwther, ses:
Precipitates proteing and usod as 1 caustie on the skin g macous mem-
hranes to destroy loval kesions and for trest meat of variows dermatologic

o5 s ehief use is 1o destroy ordinary warts and m\vmiv (.
5. Hois employed extensively as a precipitant of protein in the
hemical anal f body Tuids and Lissue extncts, 1 wel as 1 decadel-
fier and fixstive in microscopy,  CawtionTrichloroacetic Acid is high-
Iy corvosivr ta the skin, Dose: Topieal, W0 the sking, ws a 15 160 100% w/v
solalion, earefully applisd with a cotton-tipped applicator or grass rod.
Concenlraticis uhove 50% are not recommended,

Zinc Chioride—page 763,

Keratolytics (Desquamating Agenis)

T'he epidermis consists of inyers of flat cells, eailed strati-
fied squamous epithelicl cells. They are bound together by
desmosomes and penetrating tonofibrils, both of which
largely consist of keratin.  The outer layer of the epidermis,
the cornified epithelivm or stratum cornewm, is made up of
the collapsed ghosts of {he squamous cells and, as such, is
principally a tight network of keratin and lipoprotein.  Cer-
Lain Cungi, especially the dermatophytes, utilize keratin and,
therefore, reside i the stratum corneum in those places
where the degree of hydration and the pli are sufficiently
high. One way such mycoses may he suppressed is that of
removal of the stratum corneum, a process that is called
desquamation,  Certain chemical substances, especiaily
among phenols and suithydryl compounds, loosen the kera-
tin and, thus, facilitate desquamation. These substances
are called keratolyties. Aqueous maceralion of the styatum
corneum also favors desquamation.  In addition Lo the treat-
ment of epidermophytosis, keratolytics are used to thin hy-
perkeratolic areas, Most kevatolytics are hvitant. hrritants
also can couse desguamalion by causing damage to and
swelling of the basnl cells.

Benzoyl Peroxide
{Various Mirs}

Ol OO g2y

194-36-0] €y b 1004 (242.23); contains 66-89% of benzoyl peroxide;
also containg abowt 26% of wader Tor the purpose of veducing flars-
mabitity and shock sensitivity.

Preparation---Bonzoyl ehloride is reacted with o cold solution of
sodium peroxide.

Deseription--While, granuiar powder, kaving o characteristic odot;
malis aboul 1949 may explode willt heat,

Soluhility---Sparingly soluble in water or aleohel; seluble in acetone,
chloraform or ether.

Cawetion (For the dvag entiby-—nol the dosage forms) - may
explode ol temperaiures higher than 60° or eeuse fires in the
presence of reducing substances, Store {Uin the original contain-
or, frealed fo reduce stadle charges, Do nat transfer it o metal or
Hass containers fitted with friction tops. Do nel return unused
metarial to {ts origina container, it destray it by breatment with
NaGH soludion {1 in J0) untid addition of @ erystal of Kl results in
o release of free fodine,

Ugos—Posseskes mild antibacterial properties, especially against
anaerobic bacteria, 115 also mildly rritant, and it exerts modernte
keratolytic v nntiseborrheic actions.  Its principal use is in the
troatment of mild aene culdgeris (in which it is comedolytic) and
acne posaeeae, bul it also is ased in the reatment of decabital and
stasis uleers.

1 causes stinging or buming sensations for a brief time after
application; with continued use these effeets mostly disappear. Al
ter 1 or 2 weeks of use there may be i sudden excess dryness of the
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768 CHAPTER 38

skin and peeling.  The drug must be kept. away from the eyes, and
from inflamed, denuded or highly sensidive skin, such as the circum-
aral nress, neck and skin of ehildren, Tt should net be used in
conjunction with barsh abrasive skin clennsers, T4 can eause con-
tact dermatitis, 1t can hlench hair and fabr

Dose—Topical, o the skin, adidts and ehildren 12 yr or older, ax
a5 or 10% cleansing bar 2 or 3 times a day, 5 40 10% cream or gel 1 or
2 4imes a day, 5 10 20% Jotion 1 1o 4 times a day, 5 or 10% cleansing
lotion 1 or 2 times n day, 5% facinl mask once x day, 10% sonp Lor 2
times a day or 10% stick 1 to 3 times a day. The 20% lotion is used
only for the treatment of decubital and stasis uleors.

Dosnge Forms—Cleansing Bar: & and 10%; Cream: 5, T and
10%; Gel: 2.5, 5 and 10%; Lotion: 5, 6.5, 10 and 20%; Cleansing
Lotion: 5 and 10%; Facial Masle  6%; Stick:  10%,

Fluorouracll—page 1151,
Resorclnol—RPS-18, page 1107,
Resorcinol Gintiment, Compound—RPS-16, page 1107.

Salicyllc Achd

Renzoice neid, 2-hydvoxy-, o-Hydrosyhenzoie Acid
cooH -

@ CH

Salicylic acid §69-72-7) CoHgOq {138.12).

Preparation--Mostly by the Kolbe-Schmidi process in which
0y is reacted with sodiwm phenolate under pressure at about 130°
10 form sedium salicylate, followed by treatment with mineral acid.

Deseription-— White, fine, needle-like crystals or as a fuffy, white,
cryetalline powder; the synthetie acid is white and odoriess; sweetish,
afterward acrid, taste; stable in the air, melts between 158 and 161°,

Solubility-—1 g in 460 mL water, 3 mL aleobol, 45 ml, chloroform, 3
mi, ether, 136 ml, henzene or about 1% mi, boiling water,

Usos-Used externally on the skin, where it exerts a slight anti-
septic action and considerable keratofytic astion, 'The latier prop-
orty mokes it o beneficial agent in the loca) (reatment of certain
forms of eczematoid dermatitis. 1t alse is includedd in products fer
the treatsent of psoriasis, for which the FIA classification is Cato-
gory 1. Tissue cells swoll, soften and ultimately desquamate, Hali-
cylic Acid Plaster often is used for this purpose. The drug is espe-
cially usefut in the troalment of tinea pedis (athlete's foot) and
tinen capitis (ringworm of the aealp), since the fungus grows and
thrives in the stratum corncum,  Keratolysis hoth removes the
infected horny layer and aids in penetration by antifungal drugs. I
is combined with benzoic acid in an ointment long known as Whit-
fiekd's Ointment. 1t alse is combined commonly with zinc oxide,
sulfur or sulfur and coal tar. T3 is incorpoeated into mixtures for the
treatment of aene, dandruit and sehorrhea, insect bites and stings
and inte soaps and vaginal douches, but elficacy remaing Lo be
establighed. In high concentrations it is canstic and may be used Lo
remove corns, calluses, warts and other growths,

Collodions or solutions of 17% or higher and other forms shove
26% concentration should not be employed if the potient has diabe-
tes melkitus, peripheral vascular disease or inflammation or infee.
tion at the intended site of application. Continuous application of
the drag to the skin can eause dermatitis. Systemic toxicity result.
ing from application Lo large areas of the skin has been reported. 1
i not employed internalty as an analgesic beenuse of it Jocad ivritat-
ing effect on the gastrointestinal tract.

Dosge-Topical, to the shin, keratolytic, ns o 16.7 or 17% collodi-
on once & day, 2.5 to 10% cream under occlusion onee every 310 5
days, 2% foam onev or Lwice a day, § or 6% gel under ocelugion once
a doy, 1.8% lotion once or twice a day, 3 10 10% ointment onee a day,
2 or 4% shampoeno omee or twico a weelt, 3.5% soap ence a day or 17%
solution once n day; antipsorietie, as o § or 6% gel under ocelusion
or 3 Lo 0% ointment once adoy; anliseborrheic, as o 1.8% lotion, 3
10 10% ointment or 2 or 4% shampoeo once a day; entiecne, s a 2%
foam onee or bwice a day, B or 6% gel under oeclusion once a day, 3 1o
6% ointiment once n day or 3.5% soap once a day; cawstic, ng a 25%
croam onee overy 3 Lo b days, 25 1o 60% ointment under ecclusion
every 3 Lo B days, or 40% plaster once a day.

Dosage Forms.-Flexible Callodion:  18.7 and 17%; Cream: 2.0,
10 and 26%; Gel: 5 and 6% Lotion:  1.8%; Ointment: 25, 40 and

60% (1 to 10% ointments must be extemporized); Plaster:
Shampoo: 2 and 4%; Soap:  3.5%; ‘Topical Solution: 17%.

40%;

Suifur, Precipitated-—poge 1247,

Tretinoin

Retinoic acid; Retin-A (Ortha)

. o o
HyC,, CH, s CHdy
O;/%/gt\\/f\ly.gl cooh
iy

all trans-Retinoic acid [302-79-4] CooHasOs (300.44),
Preparation--By oxidation of vitamin A aldehyde which may he
ohtained by oxidation of vitamin A, Biochem J 80 56, 1964,

Deseription. Yellew ta light-orange crystals or erystaltine powder
with the odor of ensilage; should be atored in cold and protected from
light. and air; melts betwees 176 and 181°.

Solubility-—Insoluble in watey; slightly seluble in alcohol; slightly
soluble in chloroform: 1 g in 10 ml, boiling benzens,

Uses-—11 is relinoie seid, or so-called vitamin A ocid, which is
formed when the aldebyde group of retinene (retinal) is oxidized toa
carboxyl group. 1L is not known whether retinoic acid has a physio-
logic function, but sume authorities consider it to be the form of
vitnmin A Lhat scts in the skin, This view is supported by the fact
that retinol and retinal have very little action on the skin but large
syslemic doses of vitamin A evoke prominent dermatologic changes.

Topically, it causes inflammation, thickening of the epidermis
{acanthosis) and loen) intercellular edema, which leads 1o some
separation of the epidermal cells. Follieular epithetinl colls hecome
less adhesive, tho siratum comewm loosens and exfoliation may
oceur. High concentrations can couse vesiculation, These nctions
are used in the treatment of ecne vuelgaris. The loosened horny
layer makes it easier for the comedo Lo rise up and discharge, and the
inflnmmatory reaponse mobilizes white cells which attack the bacto-
ria in the follicle. In the carly stages of trontment, the sudden
surfncing of obscured preexisting comedones makes it appear that
the aene has heen exncerbated, but the new comedones do not
coalesce into eysts or nodules and scarring does not oceur. The
exnggerated stage may last for as long as 6 weeks, after which
improverment comes rapidly,  Shortly after discontinuation of
trentment, rebapses rendily oceur.  Deep cystic nodular acne (acne
conglobata) or severe cases usually are not impreved by the drug,

Various hyperkeratotic conditions are reported Lo respond to I,
responses being sometimes exceptionally dramatic,  Solar and fol-
liewdar keraiosis, lamellar ichihyosis, keretosis puimaris and plan-
tarts and other hyperplastic dermatoses have been treated success-
fully with the drug. It nlso has been used in the rentment of some
shin cancers, Recent reports indicate that it may somewhat rejuve-
nate sun-nged skin,

It is an antioxidapt and free-radicat seavenger.  There is some
avidence not ondy that topical applications may provide same pro-
tection from actinic and other radiation effects on the skin, inelud-
ing eancer, but that internally it may be protective againet carcino-
genesis from radiation and carcinogens. Systemically, it does not
causo the toxic offects of large doses of vitamin A, '

In concentrations of 0.05 1o 0.1%, i(. causos a transient {eeling of
warmth or mild stinging, and erythema follows, Peeling of the skin
may vecur.  Trritition and peeling are marked more when the con-
centration exceeds 0.1%.  When peeling, crusting or blistering oc-
curs, mediention showdd be withheld until the skin recovers, or the
concontration should be reduced. The dmg ahould not be applied
around the eves, nose or angles of the meuth, beeause the mucosae
are much more sensitive than the skin to the irritant effects. 1t also
may cause severe britation on eezematous skin, L should nol be
applied along with, or closely Tollowing, other ivritants or keratolylic
drugs. Fxposure to sunlight should be avoided if possible. Both
hypo- and hyperpigmentation have been reported, but the condi-
tions appear 1o be roversible and temporary.

Dose—Tepical, usual, to the skin, 0.01 Lo 0.1% once a day at
bedtime,

Dusage Forms—Crean:: 000 and 0.1%; Gel: 0.01 and 0.025%;
Topical Solution:  0.06%.

Trichloroacetlc Acld—page 767.
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Urea-—page 931,

Cleansing Preparations

The skin may be cleansed with detergents, solvents or
abrasives, singly or in combination. Among the detergents,
the soaps have enjoyed the grealest official status, more
through custom than through special merit.  The nonseap
detergents became important, not only as household hand
cleansers, but also in dermatologic and surgical practice as
well, However, hecause many nonsoap detergents do not
decompose in sewage disposal plants, there bas been a return
to renl soap. Some of the antiseptic “soaps” slill contain
synthetic detergents. Soap interferes with the action of
many antiseplica, which is one reason synthelic deterpents
often are used in anliseptic cleansing preparations,  Howev-
er, synthetic detergents also interact with some antiseptics.
Anionie nonsoap skin detergents rarely sensitize the skin
and, thus, ave preseribed when the user is allergic Lo seap.

Ordinary soaps tend Lo be allkaline, with pJd ranging from
9.5 10 10,5, Superfatied sonps have a pH in the lower end of
the range.  Synthetic detergents usually have a pH of 7.5 or
legs. Neuteal toilet hars contain synthetic detergents.

Shampoos are liguid soaps or detergents used to clean the
hair nnd sealp. Both soaps and shampoos often are used as
vehicles for dermatologic agents,

Many bar soaps contain cither triclosan or triclocarban as
antiseptics in concentrations which suppress hacterial pro-
duction of body odors but which effectively are not antisep-
tic, A number of seaps and shampoos contain keralolytic
and nntiacne ingredients.  Abrasive seaps contain particles
of alumina, polyethylene or sodium tetraborate decahy-
drate.

Tt commonly, but erroneously, is believed that soap has an
antiseptic action. The promotion of either soap or synthetic
detergents alone for the contrel of acne is unwarranted;
andiseplic substances must be added to the cleansing materi-
al or he used separately. Quantitative studies of the cutane.
ous {lora before and after eleansing with soap or with other
anionic detergents show a negligible antiseptic effect, How-
ever, the removal of Ioose epidermis lessens the likelihood
that cutaneous bacteria will be transferred from the skin to
other soructures. Certain cationic detergents employed in
dermatology are antiseptic. Detergents are trented under
Surface-Active Agents (page 267).

The chaice of organic salvents Lo cleanse the skin depends
largely upon the nature of the material to be removed. In
medical practice ethanol and isopropy! aleohol are the most
frequently emplayed organic solvents, Cleansing creams
act both as solvents and as detergents.  Other soapless
cleansers variously contain petrolatum, vegatable uils, lane-
lin, high-molecular-weight aleshols, various carbohydrate
derivatives, oatmen] and other ingredients.

Alcohol--page 1314,

Alcahol, Rubbing—page 1164,

Benzalkonium Chlorlde-—page 1164.

Greon Soap-—RPS-17, page 786.

Hexachlorophene Claansing Emulsion-—pago 1166,
1sopropyl Rubbing Alcohol—page 1167,

Sodium Lauty! Sulfate---page 1307,

Miscellaneous Dermatologics

Gargles, nasel washes, douches, enemeta, ele generally
contain ns basic ingredients substances described under oth-
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er categorics in this chapler, These preparations are de-
seribed under Agueous Solutions, page 1521,

Antiphlogistics include alcohol and several creams and
lotions that cool the skin by evaporation. Many antiphlo-
gistic preparations also eontain an astringent and a local
anesthetic or camphor or moenthal,

Commonly employed andipruritics also depend largely
upon local anestheties and the soothing effect of cooling,
although emollients or demuleents may be included, espe-
cially depending upon the ctiology of the pruritus, The
antipruritic properties of phenol preparations largely derive:
{rom superficial loeal anesthesia,

Vutnerary and epithelizing properties are atiributed io
pumerens irritants and to several dyes; however, few reliable
data exist to support most claims o vilnerary action,

Sunscreens contain aromatic compounds, like aminoben.
soie aeid, which efficiently absarb the harmful ultraviolet
(UV) rays [rom the ineldent sunlight and transmit mainiy
the tess harmful wavelengths, or titanium dioxide, which
reflects sunlight from the surface of application. UV lghtin
the spectral range of 200-320 nm causes switan and sun-
burn; therefore, a sunscreen to prevent fan or burn should
have a high molar absorptivity in this range, However,
photosensitization (i, the photeactivation of chemicals to
malte them Loxie or allergonic) may oceur with wavelengths
as high as 500 nmy consequently, Lo protect recipionts of
certain drugs (tetracyclines, sulfonamides, eryihromycin,
promazing, chlorpromazine, promethazine, psoralens), sun-
sereens with a brosder absorplion spectrum are required.
An adeguate hroad spectrum is usuatly achieved with combi-
nations of sunsereens (e, dioxyhenzone and oxyhenzone),

Melunizers are substances that promole the pigmentation
of the skin.  Mest melanizers produce their effect by sensi-
tizing the skin to UV light,” se that the efTect is principaily
the same as if the subject had boen exposed for along time o
the sun,

Shin bleaches, ar demelanizers, mostly contain hydroqui-
none derivatives.

Hair bleaches generally contain peroxides.

There is a large variety of depilatories on the markel.
Many of them are sullhydry] compounds, especially thiogly-
vollales, which reduce the disulfide bonds of keratin, thus
softening the hair to the point where it can be separsied
easily from the epidermis. Some of the same compounds are
used in lower concentrations in hairwaving preparadions.
There is one drug, minoxidil, an antihypertensive drug,
which ean increase hatr grawth and treat baldiess, Diagox-
ide probably will prove to have similar aetivity.

Antiperspiranis have been included among the astrin-
genis,

Aminobenzoic Acid

Benzoie acid, 4-amino-, PABA

u,r\'»<(""')> caon

p-Aminobenzoie acid [150-13-0] CyH NGOy (187.14).

Preparation-—p-Nitrotoluene is oxidized with permanganate 1o
p-nitrobenzoie apid, and the nitro group is then reduced Lo amine
with iron and bydrachloric acid.

Doseriplion - White or slightly vellow, odorle

crystals of crysialline

qowder: medts hetween (869 aud 180 discolors on exposure Lo air or
B
ight.

* This action is Lermed o photadynanic aetion, The Lerm Das been
wsed loosely fo inelude bl instar [ entwnced sensitivily Lo light, hug
i el dolinition ik s confined to phatosensitizntion i which the
participetion of oxygen is required. I the photodynantic procesy, light
of wavelengthe ton long Lo bo urdinurily effective may be used, so that the
getivaiting spectrum may be shifted toward lenger wavelenphs.
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Solubility—Slightly soluble in water or ehlorolorm; freely sotuble in
aleohot or solutions of alkali hydroxides and carbonates; sparingly solu-
bie in ether,

Uses-—A sunscreen. 1t absorbs UV light of wavelengths in the
region of 260 to 313 nmy its molar absorpiivity at 288.5 nm is 18,300,
However, it does not abmorb throughout the near UV range, so that
drug-related photosensitivity and phototoxicity may not be pre-
vented by it, but in eombination with benzophenone it does protect
against. some drug-induced phototoxicities, Nevertheloss, n the
260-318 nm range, it has the highest protection index of curreni
Sunkereen agenla.

For animal species (hat do not use proformed folic acid, which
eontaing the p-aminobenzoyl moiety, it is 8 B-vitamin, However,
man does not use it, and its promotion in vitamin preparations preys
on the ignorance of the consumer, 1t or its potassinm sakt is promot-
ed as an agent that zoftens or regresses fibrotic Lissue in Peyronie’s
disenne, nelerodermn, dermatomyositis, morphen and pemphigua.
The claims for the antifibrotic actions are substantisted poorly, and
the actions and uses are not mentioned in major works on pharma-
cology and therapeutics,

Topicaily, it is rarely allergenic to recipients but phototoxicity
and photoallergenicity oceur. Systemic side elfocts inelude nausea,
anorexia, fever and resh.

Dose—Tapical, as o sunscrecy, 4 to 16% in solutions, lations,
crenms and lipaticks, Oral, adults, 12 g a day in 4 1o 6 divided
doses; children, 1 g/10 h a day in divided doses, 1o he diluted and
taken with food.

Dosage Forms---Capsuies: 500 my; Cremm: 4% (may also con-
tain sodivan PABA)Y; Gel: 5%; Lotion: 6% Powder: 2, 100 and 453
g Selution: 5%; Stick: 5% (may constain red petrelatum}; Tablets:
30, 100 and 500 mg.

Cetyl Alcohol—page 1312,

Dloxyhanzone

Methanone, (2-hydroxy-4-methoxyphenyl}(2-livdroxyphenyt)-,
Spectra-Sorh UV 24 (American Cyanamid); Solaquin (Elder)

O HO

OO

~OCH,

2,2-Dihydroxy-4-methoxyhenzophenone [131-58-3] C)sH )0,
(244.25).

Preparation-—By a Friedel-Crafls reaction in which o-methony-
henzoyl ¢hloride is added gradually to a mixture of 1,3-dimethoxy-
benzene, chlorobenzene and alwminum chloride.  The reaction con-
ditions wre such that both methoxy groups ortho to the carbonyl
bridge in the initia) condensation product are demethylated, US
Pat 2,853,521,

Deseription—Off-white to yellow powder; congeals ot lowor than
150

Sotubdlity--Practically insoluble in water; frealy solubie in aleohol or
toluene.

Uses—A sunsereen of intermediato molar absorptivity (11,950 at
262 nm), but it absorbs throughout the UV apectrum and, hence,
affords protection not only agninst sunburn but also againet the
photodynamic, photosensitizing and photoloxic effects of drugs.
At presont, it is marketed in combination with the closely related
Oxybenzone (pags 771).

Dose—Topical, as 0 8% lotion,

Dosago Forms—Toxybenzone and Oxybenzone Cream: 3% of
each ingredient.

Etretinate

2,4,6,8-Nonanetelraenoic acid, 9-(4-mothoxy-2,3,6-trimethylphonyl)-
1, 7-dimethyl-, athyl ester (olI-BY; Tegison (Roche)

Chy GHy CHy

CH,WCOUC;HS
CHy0 (Hy

[B4350-48.0] CpsHaoOy (354.49).

Preparation—One scheme involves the Wittig condensation of
diphenyl 2,3,6-trimethyl-4-methoxybenzylphosphonium chloride
and B-ox0-3,7-dimethyl-2,4 8-octane-trienoke acid (all-trans) in the
prosence of butylene oxide; Experientic 34: 1113, 1978,

Deseription-—Crystalline solid melting about 1042,

Usesi—Although not a topical drug, it is n retinoid closely related
to {retinoin and is used only for ity dermatologic actions; conse-
quently, it is includad in this chapter. T4 is used in the treatment of
recaleilrant psoriasis, especially the severe pustular erythrodermic
type. I decreases sealing, erythems ang the thickness of lesions
and causes epithelial and dermal cells to vedifferentiate to normal
cells, Semetimes, dramatie improvement otcurs within 2 weeks
and complete elearing in 1.5 to 4.5 mo. However, relapses are
frequent ohee treatment is diseontinued and sometimes even during
chronie maintenance, It ¢an be used alone or in kow-dose combina-
tion with PUVA thorapy. The mechanism of action is unknown,
but it is undoubtedly like that of vitamin A, Activity resides in the
acid metabolite,

Adverse offecta occur in more than 75% of yecipients. They in-
clude chapped lips, pecling of the palmg, soles and fingertips, dry-
ness of the mucous membranes, sore tobgue, cheilitis, rhinorrheq,
nosehleed, gingival bleeding, loss of hair, nail abnormalities, dry and
irritated cornen, sclera and conjunctiva (50%), epidermal fragitity,
oasy sunburning and other effecta.  Qccasionally, proudotumor cer
ebri, metastatic cajcification of ligaments and tendons, and tivor
dysfunction or necrosis oceur. In children and adolesconts there
may be premature closure of the epiphyses.  Plasma cholesterol and
triglycerides rise und high-density lipoprotein decreases. 'FPhe diug
ia also teratogenie.  Adverne effects are Joss with the low doses used
with PUVA.

Absorption after oral administration is incomplete. It is in-
creased by whole milk and other lipid-containing foods. ‘There ina
rapid metaboliam during which it is deeaterified to the neid metabo-
lite. A much slower dogradation and conjugation follows, the me-
tnbolites being secreted into bile and urine.  Nearly all of the circu-
Inting drug is bound Lo plasma lipoproteing, but the netive metabo-
lite is bound to albumin,  Ultimately, it is taken up into fal, where it
may be found even as long as 2 yr after the lust dose.  The apparent
climination half-life is about. 120 days. This persistence of drug in
the body militates ogainst the use of the drug in fertile women of
child-bearing nge, since the ineidence of congenital defects is high
even when conceptlion occurs months after the drug is discontinued.
The drug also is excreted into milk; effects in the nursing infant are
not known,

Dose--Oral, adult, initiolly 0.25 to 1.5 mg/kg a day in divided
doses, the dose depending upon the type and seriousness of the
diserder; with erythrodermic psoviasis, the initinl dose in 0.25 mg/kg
o day, incressed weekly with increments of 0.25 mg/ke a day until a
rerponse occuls; maintenance, 0.5 to 0.75 mg/kg & duy. Mainte-
nance usually is not begun until after 8 1o 16 weeks of treatment.
The sbove doses are higher than those used concurrently with
PUVA treatinent,

Dodage Form—Capsules: 10 and 26 mp.

Hydrogen Peroxlde Solutlon—page 1171.

Hydroquinone

14-Benzenedioh p-Dihydroxybenzene; Hydroguinal; Quinok; Eldoguin
ant Kldopngee (Flder)

]

@)

o

Hydroguinone {128-31-9] CsHg0, (110.11).

Proparation--Various processes are empleyed. One involves
reacting a sulfuric acid solution of aniline with manganese dioxide
and reducing the resulting p-henzoguinone with sodium bisul{ite.

Deseription—Pine, white necdies; darkens on oxposure to aiv; melts
hatween 172 and 174¢,

Solubility-—) g in about 17 mL water, 4 mE aleohol, 51 ml. chloroform
ar 16.5 ml, ether.

Uses—A hypopigmenting agent. employed percutanecusly lo
lighten localized arcas of hyperpigmented skin, such as skin hlem-
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ishes, lentigo, melasma, chloasma, freckles, ete, Tts action is tempo.
rary, so that it is necessary to repeat the application at frequent.
intervais, 1t is o mitd irritant, and ervthema or rash may develop,
which requires discontinuation of the drug. It should not be used
neqr the eves or in open ewts. 1t is contraindiented in the presence
of sunburn, miliavia or irritated skin. 16 is not Lo be used in chil-
dren.

Doge-—Topical, Lo the skin, adults and ehildren aver 12 yras o 2

1 4% crenm, gel, totion or oindment 1o the affected area once or

twice nday.
Bosage Forms.-
ment: 2 and 4%.

ream:  %and 4%; Gel: 4%; Lotion: 2%; Oint-

Hydroxyurea—page 1158,

Isotretinoin
13-cis-Retinoic Acid; Accutane {Roche)

My, CH iy ity

[/ \L[ i:.wf'-l‘:-:.,--"i'.:;-_;z
e

3,7-Dimethy]-9-42,6,6-trimethyl- 1 -cyvelohexen-1-y8)-2-cis-4-
Lrans-B-frans-8-frans-nonatetraenoie acid [47569-48-2) CapHapgOy
(300.44). Differs from tretinoin (vitamin A) only in the configura-
tion of the unsalaration at the « and 2 carbon atoms, which is ofs
rather than trans.

Uses—Although not. s topicat drug, il s a dermatologic agent and,
hence, is deseribed here.  Hs primary action is to deorease the
production of sebum, which lends itself Lo the trentment of severe
modular and eystic aone {aene conglobata).  The size of the seba-
ceous gland is decreased and there is a change in the morphology
and secretory capaeity of the cells (dedifferentiation), Complete
elearing of legions i seen in about 90% of cases,
treatment usually brings aboul long-lasting, sometimes permanent,
remissiona,

1t also appears to diminish hyperkeratosis and has baen reported
to he effective in rosaceq, gram-negative folliculitis, lamellar fch-
thyosis, Darier’s disease, pityriasis nebra pitaris and keratocenth-
IR,

Adverse effects include facial dermatitis, fragile skin, thinming
and drying of Lthe hair, reversible eheilitis and dry skin, mouth, eyes
and conjunctivitis in 25 1o 80% of recipients. Peeling of the palms
and soles and sensitivity to sunburn eecur in about 5% of users.
Urethral inflammation also oceurs freguently.  Joint paing and
exacerbation of rheunsatord arthritis also has been reported to oceur
in aboud 16% of patients.  Sedimentation rate, serum triglyceride
concentration and seram levels of alanine and aspartate tramsani-
nases transiently occur in about 26% of users.  In spite of the
relatively high incidence of side offects, treatment rarely has to be
digeontinued.

After oral administration, penk Hlood concentrations oecur within
1104 hr. The compound is oxidized to 4-hydroxy-13-cis-retinoic
neid, which is then glucurenidated and is secreted into the bile, 'The
elimination halfelife is L1 to 39 (moean 20) hr.  Isetretinein should
not be given during pregnancy or nureing.

Doge-—{hal, adult, for acne, 1 (o2 mg/kg aday in 2 divided doaes
for 15 to 20 weeks, 1f the eyst count has not. been reduced by more
than T0%, a second couvse of treatment may be given after awailof 2
months. Persons over 70 kg or swho have severe chest and back
involvement usually require doses nt the high end of the range. For
severe rosacen or gram-negative folliculicss, 0.25 1o 0.5 mg/kg twvice
aday, Tor hyperkeratoses, up Lo 4 g/ kg,

Dosage Forms..Capsudes: 10, 20 and 40 mg.

N conn
iy

Methoxsalen
TH-Furo [3,2-g1 1 [benzopyran-7-one, -methoxy-, Ammeidin; 9-
Methoxypsoralen; Xanthotoxing Oxsoralen (Kider)
OCH,

O ~0 i N
IO
{998-81-7] €)1 (215.19).

Preparstion--Occurs naturally in Psorales coryfolic, Ammi ma-
Jte, Ruty chalepensis und various other plants. 14 may be synthe-

A singlo course of

TOPICAL DRUGS T

sined by methods described in JACS 79; 3491, 1967, and in US Pat
2,889,317,

Degeription-~White 1o eream-colored, odorless, AulTy, needle-like
cryslals: melts between 1437 and 148°,

Solubitity—Practically inseluble in cold waler, sparingly soluble in
boiling watoer; freely soluable in chloroform; seluble in hoiling alcohol,
acetone or acebic acid; soluble in agueous slilios with ring cleavage;
reconsiitution oceurs on neutealization,

U4es-—A psoralen melanizer, 1t incresses the photodynamic pig-
mentation of sking i does nod induce plgmentation in the absonce of
UV light or melanocytes,  Feis used in the treatment of oitififo and
1o desensilize (o .sunlrgfh! Severe sunbuming can veeur with topi-
cal application; it 1s customary Lo protect the surrounding skin with
asunacreen, Jialso is used in PUVA treatiment of psoriasis, myva-
sis Jungoides und cudaneous T-cell lynephomu; in these, irradiation
activates it (o cross-link DNA, 1¢ may have value in the PUVA
trentment of alopeciu areata, inflammatory dermatoses, eczema
and lchen plunus. After orat ndininistration gastrointestinal ups
and centrad nervous system Loxicities, such s vertigo and excil
ment, atso accur,  Consequently, the drug shouid be used ovally rm}v
under medical supervision. 11 is additive with other photosensitiz-
ing drugs and the furocumarin pigments in earrots, celevy, figs,
limes, mustard, parsley and parsaips, 16 hibits the metabolism of
caffeine.

Daso—Topical, ns a 1% lotion (see the package lorature for
details of application and use},  Oral, adidts md children over 12
wr, for vitiligo, 30 to 40 mg once a day 2 to 4 hr before exposure to
ubtravioled light or at longer than $8-hr intervals 2 or 3 timoes a weelg;
for prortasis, mycosis /um,'m'dc\l- or cetaneous T-cell lymphoma, 16
mg/kg 2 or 3 hr before UVA exposure (see the package literature for
details),

Dosage Forms-—-Capsules:

10 mg; Lotiont 1%.

Monobenzone

Phenol, 4-(phenyimethoxy) -, Monohenzyl Eiher of Hyvdroguinone;
Benoquin (hlder)

Oreao-{Op-o

p-{Benzyloxy)phenal [103-16-2] CiaB 105 (200.24),

Preparation--FPrepared in varioos ways.  One method involves
condensing sodium penitrophenolate with benzy chloride to pro-
duce henyyi p-nitrophenyl ether followed by (1) reduction of nitre (o
aming, (2} diszotization of amine and (3) hydrolylic decomposition
of the digzonium compound 1o the corresponding phenol,

Reseription—White, adorless, crysialline powder possessing very it
tle tuste; melts between 117° ang 1207,
Salubility—1 gin > 10,000 ml, water, [4.6 mlaleehol, 20 ml ¢hloro-

form or 14 ml. cther.

Uses—-A depigmenting agent or demelanizer. Iacls hy inler-
fering with the formation of melanin, which is the principal cutane-
oug pigment. 11 is recommended only for the final depigmentation
in eitilipo, I i nol recommended for treatment. of lentigo, severe
freckling and otber types of hyperpigmentation, H.is nol effective
ngainst pigimentod moles or matigéunt melanama.  Its pigment-
decreasing action is somewhat erratic,  Jrritation of varying degrees
secwrs in o considerable sumber of palients.

Dore-—Topical, adults and children over 12 yr, 1o the sidn, s a
20% cream 2 or 3 Limes a day,

Dosage Formys-—Cream:  20%.

Minoxidli—-page 837.

Oxybenzene

Methanane, (2-hydrexy-4-methoxyphonyDphenyl-.
(Various Mfrs)

OO

2-Hydroxy-4-methoxybunzophenone [133-57.7) CyiH 0y
{228.25).
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772 CHAPTER 28

Preparution—Benzoic ncid is condensed with resorcinol mono-
methyl ether by heating in the presence of ZnCls or polyphospharic
acid (103% HyPOy equivelent), snd PClg, US Pat 3,073,866,

Deseriplion-White o off-white powder; congeals not lower than

DL

Solubitity- Practically insoluble in wate frealy solubke in aleohol or
toluene,

Uses-—A sunsereen with a high molar absorptivity (20,381 at 290
nm}, and it absorba in both the jong and shert UV spectrum 270-350
nm, Therefore, it serves not anly to prevent sunburn but alse to
proteet against the photodynamic, phatosensitizing and photetoxie
effects of various drugs.  Contact with the eyes shoukd be avoided.
At present, it is marketed only in combination with other sun-
BOTEGNE,

Doso-—Topical, ns a 3 to 5% crenm, 0.5% lipstick and 2 or 3%
lotion in combination with other sunscreens,

Ringer’s Irrlgation—RPS-16, page 762.
Sodlum Blcarbonate—page 777.

Sodlum Fluoride

Sodium fluoride {7681-49-4] NaF (41.99).
Preparation—By interaction of 0% HI* with an equivalent
guantity of NaOH or Nag(:0;.

Deseription- White, odorless powder.
Sotubility--1 g in 25 mL water; insoluble in sleohol.

Uses—A dental caries prophylactic, Fluoridation of municipal
water supplies is considercd a safe and pyactienl public health mea-
sure, a concentration of about 1 ppm of fluoride in the water supply
resulting in a 50 to 65% reduction in the incidence of dental earies in
permanent teeth. Injgested fuoride is effective oply while teeth are
being formed. The Auoride is incorporated into tooth salts as fluo-
roapatile. Wxcessive intake during development of teeth may cause
mottling; henee, motlling of newly erupted teeth is an indication to
reduce fluoride intake.  Where drinking water containe less than 0.7
pom of flusride, dietary supplements for children with unerupted
teeth may provide some future protection.

Topleal application results in changes only in the outer layers of
enamel or exposed dentin, In children, repeated application of a 2%
solution of the drug to cleaned toeth results in a 16 to 49% reduction
of dental caries; adult teeth are proteeted to a lesser extent by
Lopical applieation. ‘Topical application also is used to densensttize
teeth.

Orally administered, it produces new bone formalion ity some
patients with osteoperosis, espocially when culéium and vitamin 1d
(nnd estrogena in women) ave administered concomitantly to facili-
{ate mineralization of the new bone. However, the hone may be-
come brittle.

It removes caleiwm from tissues and alse poisons certain enzymes.
Large oral doses may cause nauses and vomiting, which ususlly can
be prevenled by taking the substance with food. Pastos, rinses,
solutions and gels for Lopical applications should not be gwallowed.

Dose (s sodium Muoride)—Topical, ta the teeth, as 4 0.02 Lo 2%
aolution, 1,1 or 2.71% ge! or 0,22 to 2,3% Loothpastie. Oral, Lhto 3
ppm {equivalent 10 0.7 to 1.3 ppm of Nucride ion) in drinking watey
an asupplement, when the drinking water containg fess than 0.3 ppm
of flyoride ion, .55 mg a day for infants from 2 wk to 2yr of age, 1.1
mg ence n day for childeen from 2 10 3 yr and 2.2 mg for those from 3
to 13 yr, and when the drinking water conlaing 0.8 to 0.7 ppm of
Muaride jon, 550 gg once a day for children 2 to 3yrand L1 mg for
those 3 to 13 yr. T'he fluovide ion equivalents of 550 pg, 1.1 mg, and
2.2 mg of the drug are 250 ug, 500 pg, and 1 mg, reapectively. Wor
asieoporests, wp 1o 60 mg a day. Caution: It is poisonous.

Dosage Forms-—Dropsi 0275, (.65 and 1.1 mp/drop; Gek 1.1
and 2.71%; Tinse: 0,02, €.05, 0.2 and 0.44%; Solution: 1.1, 3.3, 5.5,
and 20 mp/ml: Chewable Tublets: 0.55, 1.1 and 2.2 mg. Sodium
Flueride and Orthophosphoric Acid: Gel: 1.23% fuoride ion ond
1% phosphoric acid.

Sodlum Monoflucrophosphate

Phospheroflueridie aeid, sodium sait

FROIONN;

Thsodium phosphoroflueridate [10163-15-2) (143.85).

Preparation—Substantially pure drug is produced by fusing a
mixture of sodium metaphosphate and sodium Ouoride, in sloichio-
motric proportion, in a closed vesse] from which moist air is exclud-
ed.

Description—White Lo alightly gray, oderlees powder.

Solubility—Ireely soluble in water,

Useg—Like Sodium Fluoride, above, it promaotes the replace-
ment of the hydroxyapatite by fl Juoroapatite in the looth saits and,
henee, is used as a dental praphylactic against dental caries, It has
the advantiage over sadium {Tuoride in that the 1eeth do not require
apecial prepazation before application, it is effective when included
in dentifrices and in dentifrices there is no hazard with respect to
local toxicily to the gingivae or systemic intoxication from ingestion,

Dose—-Topical, Lo the teeth, in dentifrice containing 0.76%.

Stannocus Fluorlde
Tin Difluoride; Fluoristan

Tin fluoride (Snly) [7788-47-3} (156.69); containy not less than
71.9% Sn? {stannous (i), and about 24% F- {{luaride).

Preparation—Stannous oxide is dissolved in 40% HF and the
solution is evaporated out of contact with air.

Pescrption —~White, eryatalline powder with o bitter, snity taste;
metts el nhout 213°.

Solubility—Freely soluble in water; practicndly insotuble in aleohol,
ether or chloroform,

Uges--Alters the composition and crystalline structure of the
hydroxynpatite-like salts that make wp the bulk of ename} and
dentin, so that the tooth material is more registant to acidic erosion
and dental caries (decay). 'The substance is applied only topicaily,
so that the tooth substance is only affeeted in the suporficial layers,
and it must be applied periodically. It is most offective when
applied to the tooth surfnce after the tecth have huen ¢leaned thor-
aughly by a dentist. However, there is good evidence thal oven
when incorpornted into tooth pastes the drug has a retardant effact
an the development of dental caries.

Duke—Tapical, to the teeth, gencrally as 0.4% gel or 0.1% ringe.

Dosnge Forme—Capaules (for solution): 0.4, 0.65 and 0.8 @
Concentrate: 30%; Gel: 0.4%,

Titanium Dioxide
THanic Anhydride

Pitanium oxide (T0,) [13463-67-7] Ti0, {70.88).

Proparation-—By adding ammonia or an alkali carbonatle to a
solution of titanyl sulfate (TiOS0,).  Titanie acid [Ti(OH), or
TIO(OH),] it precipitated and, after filtration and swashing, is dried
and ignited.

Thescription—White, amorphous, tasteless, odorless, infusible pow-
der; dentity about 4; suspension in water (1 in 10) noutral to Hithus,

Solubility-Inseluble in water, HCI, HNO; or dilute H504.

Uses—-Its powder has o very high reflectonce at visible and UV
wavelengths, and, hence, it sorves as an excellent white pigment. In
ointments or lotions it reflects a very high proportion of incident
sunlight, hence, protacting the skin from sunbum nnd serving as &
sunblock. 1L also is used in cosmetics and as o dusting powder.
Topically, it ia devoid of toxicity.

Dono-—Topical, ag 2 o 26% cream, lotion or eintiment as re-
quired.

Trloxsalen

7H-Furo|3,2-4)[1benzopyran-T-one, £,5,9-trimothyl-, 6. Hydroxy-A.2,7-
trimethyl-5-benzafuranacrylic Acid o-Lactons; Trisoralen (Elder)

Gy
[l A THy
CIOY
CH,

[3802-71-4] Cy4#11505 (228.25),
Caution: Avord contact with the skin.
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Preparation -2 Methylresorcinol s cyclized with ethyl seeto-
acetale with the aid of sudlurie acid (o 7-hydroxy-4.8-dimethyloo
warin (B 'reatment with allyl bromide in the presence of pots
i carbonate ranslorms | into the T-allyloxy compound which, on
rencting with aceticanhydride in the presence of N N-diethylaniline
and anhydrous sodium testate, rearranges and esterifies 1o give Lhe
7.acetoxy-6-aliyl compound (1), Bromination of 11 {ollowed fy
reaction with sodiun methoxide yiclds wioxsalen, US Put
3,201,421,

Deseription-While (o off-while, adorless, tasteless crvstalline solid;
atabde i light, air and heat; imelts at about 200°,

Soluhility- 3 5 in 1160 ml. aleohel, 84 ml, chloroform or 43 ml.
methylenedichloride; practically fmceluble in water,

Uges-—Although ot a tapical drag, it dosely relates Lo other
drugs in th . 1t focilitates the action of near UV light (o
inchuce melanin (skin pigment) formation. 1 is used Lo cause repig
mentation i idiopathic vitilige and to enhance pigmentation (o
fnerease tolerance to sunlipht or for cosmetie purposes. The in
cransed tolerance 1o sunlight does not eeewr until enhanced pignen-
tation has occurred, and the vser must be caulioned that severe
sunburning with loss than normal expoesure con oceur early during
the course of Ureatment. The inerease in dermal pigment oceurs
aracually over a peried of several days of repealed exposwre. Care
st be taken 1o protect the eyes and lips during treatment,  The
manufacturer’s recommended schedule of exposure should be used
except al high altitudes, where exposwre times should be appropri-
ately reduced,

I s eontraindicated in persons with photosensitizing discuses,
such as infectious leukoderma, porphyria or lupus erythematosas
and when photosensitizing drogs are being given. The drag some:
Limes may cause gasteic rritation and emesis,  Children under 12
should not take it.

Dose-Oral, adults and children over 12 v, 510 10 mg 2 hr before
exposure Lo sunlighl. For the treatment of vitiligo the exposure
should be repeated once a day for 4 days, and subseguent exposures
should be determined according 1o the resulls of the isitial 4 days
Por the enhancement. of pigmentation, trealment should not exe
2 weeks, and the totad securnulated dose in any one troatment. course
should not exceed 140 mg. Persans who shew side effects of the
drug should take only 5 my; the duration of use will be necessarily
prolonged over thal in persons taking the usual dose of 10 nig.

Dosage Forms.-Tablets: 5 mg,

Urea—page 931.

Other Misceltuneous Topienl Drugs

Allanioin 2,5 DHoxo-4-imidazolidinyluren [97-59-6]: CaHgNJOy
(IH8.12) P l'])ﬂl(’(l by exidation of wric acid.  Colorless erystals mell-
ing at 2387, 1 g dissobves in 190 mi, water or 500 mL aleehok neatly
insoluble in ether. ses: In World War 1t was naticed that maggot-
infested wonnds seemod 10 heal betier than mninfested wounds, an effect
atiributed (o this dygg prodsced by mgats, It s used Lopieally as a
vulnerary 1o stimalate tssue repair n suppating wm:ndﬁ. resistand
wleers, aene, schorvhea, cold sores, hemorrhoids and various dermatolog-
ic infections and psoriesis. 1 frequentdy is combined with wsiringents,
keratolylies, cond Lar, antisepties and antifungal drugs. The silver sall
has been used in the tepical lreatment of extensive burns.  Dese: Topi-
eard, 002 10 2% in ereams, lolong ar shampoos and 0.3 Lo . w"i ineintments
Tor hemorrhaoids,

Cinoxale I? Fahoxyethyl p-methoxyeinnemate [104-28-9]: CiabliaQy
(2530.29)|-—A viseous hquu{ that may have a slightly yollow tinge; lcils al
about 185, Practicatly insoluble in waler; miscible with® alcohols.
Hses: A sunsercen that absorhs UV lght el 270 1o 328 nm and has n
relatively high moler alsorptivity (19,400 al 306 nm) but net ahsorbing
well throughont the entive offending rangeof UV light,  Consequently, it
is used principally in preparations intended to promote tanning rather
than (o prolect against pholosensitivity and phololoxicity.  Dose;
Topival, 175 1o 4% in creams, gels or lolions,

l)uxn'mmmm' [Dextran 2,3-dihvdroxypropyl-2-hydroxy- 1L3-propan-
edivl ether [HGO8T-11-7) Dostran potymer; Delrisan (Pharmacio}j-
Small, dry beads of a (hree-dimensional dextran pelymens highly hygro-

TOPICAL DRUGH

173

1 g ahsorhs abont 4 g owater. Uses: Tor deying, eleansing and
umun! of xuclm.i\'u} werois stusts uleers, infeeted waunds and
i 0 for cleansing nonexudative wonads or lesiens, 'Fhe
beuds not. only o h\m:h water bul also proteing, ine imhnr filrindibring-
degradation produets and, s, prev
are powred into Lhe elem l wuum! wln(‘h is

SeHe.
dleebrid

’I‘h[- I_)l.:u 5
Care must be laken
On the floor

1 etore skin pralting is atlemploed,
antanination from patient o palienl,
y and, Lhus, buzardous.

Digatloyl Trioleate [[17048-38-4, 27436-80- 2] Gl e O
(11151 ‘J)] {ses: A sunsereen with an absorption basd at 270 to 320
nnn H s used Lopically ns o 3.5% cream or 2.5% lipstick,

Dikydroxyncetone {1,3.-Dihydroxydimethy! ketone [96-28.4)
Clg 0 (90,083 The ketone resoalting irem oxidation of the secandiry
aleohol group of glyveering A erystafline powder; airly hygroscopic:
charscteristic odor and sweel faste. The nermal form iz the dimer,
slowly soluble in t partwater or 15 parts aleohol; the nwenomer forned in
solsltion is very soluble in water, aleohol or ether. ses: Inleracts wilh
keratin in the stratmn cornenm to fonm a dark pigment that simulates
the appearanee of & suntan. 1L s incorporated in several sunwluvu
preparations.  Sinee the sunsereen component is usunlly present in o
concentbeation Jower than optimal, such preparations may nol provide
protection to photosensilive persuns,

Ethy) Dihydroxypropylnminobonzonte [15thyl 4 [bisthydroxypro-
oyl Jaminchenzonte [58882-17-0f CilyNO,y (281.85); Amerscreen
{Amerehol)]— Uses: A sunsereen with o fimiled sbsorption spocteam
(250 10 330 nnn) characteriatic of p-aminchenzoates hul a relatdvely high
molar shsorptivity, 13 is used mataly insuntan products. Lose: Topi-
pal, in concenteaiions of | 1o H%.

Lihylhexyl Mothoxycinnamate {2-3thylhexyl p-methoxyeinna
mate | 546677 3] CaHlyOq (290.40)) - Uses: A sunsereen with a narrow
abserption band of 290 1o 320 nm and & moderade molar absorptivity.
Daose: Topleal, in 2 1o 7.5 concentrstion in areiumg, folions and oils.

Glyceryl p-Aminchenzonte {1,233 Propanctriel 1-(4- aminoben.
oute) {11 :()»rld T Cal aNOg (211, '71})--- I'repared by esterification of

icacid wllhu!\'u-rln A wn solid orsyrup,  Insulubie
inwater, ml., or faty; seluble in ethanol, isepropzool or propylene glycal.
Uses; A sunserven Ul absarbs 1TV Eht al 264 10 315 nm and which s
a relalively high molar absorplivity {17,197 at 295 nm) but 4 limited
spoectrum, therefore used primarily to promots tnuning rather than to
protect sensitive persons.  Dose: Topical, 2 10 3% in Jotions,

Homosnlate Trimethyleyelohexy! salicvlate; homomenthyt sa-
licylale [118- ’x(»-'l]( i O (262.36); ing of € up;)mmnt-(i'.'nugh) Fiftro-
wol "A' (Norda), Hellophan (Greeff)]—Uses: A liquid with relatively
low molar absorptivity (8,720 af 310 mn} and limited shsorption in 1
near uliraviolet ranpe (200 10 315 nm), so that it s used wainly 1o
promote taoming,  Photosensitive pessons may not be pro seted Mron
burns and photoloxicity, Fose: Topieal, 4 1o 10% in creams, lotions or
wils,

Moethyl Antlernitate [Methy! 2-aminohenzoate {134-20-3] CalliNG,
E13) 163 ) A conslitnent of severa] essential oils; also obtained by esteri-
fying mnthranilie acid with methyl pleohol. A crystalline substance;
at26%, Blightly soluble in water; freely soluble in aleohol or elher.
A sunsereen, wily the lewest malar absorptivity of all sunsereens
(D41 a1 315 nind; nlm it does 1ot absorh throughous the near UV range
{ahsorplion land, 200 to 320 mm) and, therelc sl i combination
withoth ot light-protectives, E tasa perfume in
ointments . Doser Poplead, 1o the % in creams,
Lotions or eintnents.

Octyl salieylnte - Dres: A sunsereen with an absorption hand at 280
to 320 nm and a moderate absorptivity, s nsed primarily in conjune
tion with other sunsercens in suntnn produe

Puadimnte A [l’[‘nl\'l p-Celimethylunino)bensoate [14779-78-3]
(,,“H-;N()u (200000 (Variows Mirs)}—A mixtare of pentyl, isopentyi
and B methylbuty esters of p-aminohenroi Yellow liguid witd ¢
Twint, aromatic odor.  Practically insotuble in water or gyeering soluble
in aleohol, chleroform, isepropy! slcohal or mineral vil. Uses: A sun-
serewn of moderate molar absorptivity bul selatively narrow UV absorp-
tion speetrum (290 (o 335 nn) characteristic of other aminobenzoie acid
derivitives.  Dose:  Topical, 10 the skin, as a L4 Lo 8% cream, foam,
Tortiom o stdek.

Padimate ¢ [2-Fihylhexyl 4-(dimethytaminolbenzonte {21245-02-3
My NOy (277,40, {Vaviows Mirs)h—A light-yeliow mobile liquid with
a faint, aromatic ador. I saetivally Drnluble in waler, aleohol or nineral
ail. H. See Padimate A.

Red Petrolntume- ey
croams, sintments and sticks,

i b regnos
o prevent or
Lhe bonds sre slipy

il is used in sunblock
ange frone 30 Go 100%,

Chwving 1o ils opaet
Concentralions 1
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CHAPTER 66

Pharmaceutical Necessities

Ewart A Swinyord, Phl, D3¢ (Hon)

Profestor Ervoritus of Phaimacaloyy

Colloge of Phaumncy and School of Modicine
Unlverstiy of Uinh

St Lok Qi UT 84443

Werner Lowenthal, PhD

Profesyor of Phannacy and Phousacoution and froferson of Educational Flonoing and Be velopmen!

Scheo! of Phommncy
Vllplnla Cornraonveaodth Unbvenily
Richmand, YA 23900

"This chapler describos substonees that are of litthe or 1o
thergpoutic valug, but which are useful in the manufactire
|m(| (1()11\3)0\1)1(11:\” of vorious pha.nmm'(sum nl mr:pm'nnmm
Henee, they are referred 1o nw pharmaceuntical necossities.
The wubatances desevibod include antioxidants aod proser

vatives; colering, favoring and diluting agents; emulsilying
and susponding agents; ointmmmt bases; pharmaceuticnl aol.
venlg and miscelluneous ngents.  For o more detailed reviow
of Ul unos of those agents, the interasted reader in reflorrad
Lo the various chaplers in Parl 8 of this hook,

Antioxidants and Preservatives

An antioxidant is o substanes gapable of inhibiting oxida-
tion nnd that may be added for thin purpoe Lo pharmacenti-
cal producty subject o deteriormtion by oxidative provessos
as, for example, Use development of rancidity in oils and fain
o the insgtivation of same madicinals in e environment of
their dosigge formane A preservative s, in the common phae-
maceuticad senug, @ subsianee that provents or inhibits mi-
erobinl growth and may be addod Go phamnaceutical propa-
rations for this purpose (0 avoid consequent. gpoilage of the
preparations by microorganisime,. Both antioxidonts and
presorvatives have many applicutions in making medicinal
produats.

Alcohol--page 1314,

Ascorbyl Palmitato

L-Anearbie peid, G-exadecnnonle; Ageorbie Avid Palmitte (esgor)
NG M gl iy

i

Hid dHt

L-Asvcorhic ngid G-palmitate [17-66-6] Callg(y (414.54),

Fropuration By condeniing pelmltoyt ehlovde with ancorbic
acid in the presence of waailablo dehydrochlorbanting agen sach an
nyridine.

Doscription- WHItS t vellowish white prowecler having a ehwaetodin
Lie: aneloors vl l(h"’ el 117",

SolubiHay-.. 1 ;i > 1000 m of witer, 135 md, of aleshal, 2 HO0 i, off
chloraform or = 3000 mb, of ether,

Unok—-An antioxidant used in fonda and pharmaceuticals, 1
also v used Lo prevent rancidity, to prevent the hrowning of oul
apples, b maend, curingg and in the presorvation of cannod or frozon
foodu,

Benzole Acld-—puge 1230,
Benzaikonium Chioride—pape 1104,
Bonzethonivm Ghtorlda—page 1170,
Deneyl Alcohot—page 10606,

Butyinted Hydroxyanisole

Ihonol, (3] -dimethylothyl)-4 methoxy-, oo BIA (Kestnan)
(1]

0ty

tertBhutyl-d-mothoxyphenol [26013. 18-0] Oy FL a0y (180.25),

PrepurationBy oo addition internetion of ponethoxyphenal
andd Bemethylpropone, Ul ot 2,428,745,

Dineription- While or wlightly vellow, waxy solld hiving a0 Tuind,
chavacdterintle wior,

Salubiliey. - Fnsoluble waer; 1y bnod ml, of pdeahod, 2wl of chlern:
form or 1.2 wkof ef hor,

Unap-—-An antinyidant in dosmelies and pharmicoutionds con-
tadviing fads and oils,

Butylparaban-—-—page 1170,

Butytntod Mydroxytoluane

Mhenanl, 246 bin(1,1-Dnolhylethy)) 4 methyls, Butylatst
|'l_v(]r|,m_\'lnhu‘ﬂlr} ﬂr.\'ulumlm (ﬁl\amlm(.f-.',\‘.'mml‘m.‘h)', "l‘mmi Rl'l'l\

(Bustman)
i
[ (TN
oy

B0 Dietarrt hutvl-p erapol [128-37-0] CipHy O (220.30),
l'uupurution By an additlon interaction of pevesel sl 2
mothylpropene. U5 Pat 2,488,145,

Doseription. While, tustoleas eryatatn with o mikl adors stable in
Ujght nnel air; molts ot 0%

Huluhﬂlt,y Jnsistulde in owater; T in 4 mboof aleohol, 1,1 nk of
ehtorolorm or 1V b of athey.

Usiipodn antioxidant smpioyad 1o rotand oxidative degeadation
of ofls nod Tags in various comnotics and pharmacouticnls,

Cotyipyddinlum Chtorlde—-page 11771

1286

PFIZER, INC. v. NOVO NORDISK A/S - IPR2020-01252, Ex. 1013, p. 220 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


Chlorobutanol

2 Propmnal, 1,1 -trichlora-Zanethyd, Chlosbuted; Chlorbtanol:
Acoton chloroforng Chloretone (Paike- Daviy

(COCICT 0 H

1,1, 1 - Trichiora-2-methyl- 2. propano! [§7- 1h-8]) O H OO
(17AGY;, hemibydrate [B001-64-5] (186.45),

j‘rr(-_pm-uuun-~--(l||l<)ml"(‘||‘1n undargroes chemical nddition o nee.
Lo Unddor tie antalytie influoner of powdoered petarsim hydrox.
wle,

Peneriptlon. . Coloress 10 while crystaby, of 1 chasciorlatie, some-
whid eampshoracoons odor and tuder anhydrous malta ahont 86° hy-
dramn e ahont 76" buils with name decumposition 160 and ToKRE.

ﬂ(illih”")’ g in 126 ml o of water, ) ml. ol aleohol or et 10wk, of
lyevein: {ready saludste i ehterolorm, ollwr ar volad i oflh,

[neompilibilitdosThe anhydroue form must e osed iy order to
propure n clent sulution in liquid petrelitam. 1L s deconmposad Ly
wlitie: ophoddrine (s softiciatdy alkaling w enuse ite breakdown with
the fovmation of ephedrine hydrochioride which will separate from o
figuid petrotatum solution. 1 is enly slightly ealuible in water, hpnee
wlveolial mved he usod Lo dissolve Uie reguirod amonnt in cottabn vobielos,
A woft mass i rraducod By trituration with anfipyrine, nentiol, pheno
el ot her subut o,

Unen-'Popically, an o solution in clove oibas o denfal ancelyesic,
1t b foead aaesthetie potoney Lo a mild dogeoe and i been
aniployed as an anesthetio dhading powdor (110 B%) o sintmont
O0%), 1 haw antibacterial ond germividad preperties. T s wed
chiefly an 0 pregeraative i ielations of cpimephieine, postorfor pita.
itary, ete, When acministersd ornlly, it hae mmtich the same thern-
poutie va s ehloral hydrte, Henee, it has boen employodd s o
sedativee angd bypnotie. 1Chan heen takon aradly to allay vomiting
due Lo ol iitis,

Dowe- Pagpieal, os o 26% solution in el all,

Odhier Dose Information.. The oral dose is 300 mg o | g, givenin
Ldslets or enpsules,

Dehydroacetlc Acid

Kaoto Topm: 20 Pyrans 24001 dinne, 3oavotydBomaliivd-,

)

(IR [Ty l(\f_u
Q\COCH,‘ \Q""" 1040Hy
a QOH

{enly Bl fanid drn)

Enol form:  3uAcetyl-4-hydvoxy -G-methyl 211 pyvean- 2o (5304
Al-5 (Ketond, (771200840 (onod)] CuHpd)y (LEH1B).

repnrution-. By troctional distillation of o mixtare of vihyl
geetoniotale and sodium bicerbonnie, madntaining atvamst tolad re.
fluw conditinme, nllowing only ethanel to e renovad, Phe raciduo is
dintilled under vacium, ey Sy Cold Yol L E30, 1956,

Poseription-While to ereamy-white eeystalline powder melting

ahout 11O% with subdisad on.
Solubillty.  One i dissalves in 25 g ol ucetose, T8 ) of bengene, 9 ¢ ol
vantnal ar e of e henal,

Ulebgrg- P pesurvatbivi.

Ethytanadigmine
1.2 BErhanediomine
HuNCH G NTL

Bithylnedinmine {107 15-3] CallaNy (Gl 10),

Cenettan oL core in fandling bevne of s eaysgic nedare and
the Dreitating prroperties of (a vapor.,

Notewdt fs strongly alhaline und may readily absorh coerbon
dinxide from the aiv to form o nonoolaliti cavbanate,  Proleet it
apstinat e wxposire to the almnsphere,

Prapiration--33y roscling ethylone thivhloride with rnmonis,
then atdding NaQI nsd distilling,

Donceiption Clear, eolorlosn or onty slighty yedlow liquid, having wn
winmondn-1he odor aned strong alkinling reaction; wiscible with wates nnd
wendml; pohydrous boils 116 1o 1177 and golidiiies o alenat 8% volitil
with sten; o slromge e ained soadily commbines with ngids to form selty
with the evalution of mueh heat,

PFHARMACELUTICAL NECESSITIED 1287

URoR--A pharmacentical necensily Tor Aminophyliing Injioction.
1 iw drritating to akin and macous membrones, 36 also may e
apnmilization charaeterizod by authimg and alkergic dermatitis,

Ethylparaben-—page 1171,

Ethyl Vanhiin—page 1204,
GQlycerin-—page 1027,
Hypophosphorup Acld-—page 1322,
Mol hyiparaben—page 1172,

Monothioglycerol

1.2 Propanediol, dnercagie.,
HECH,CHOHCH,OH
A-Merenpto: ) 2-propoanadind [86-27.5] CaM0a5 (108.16),
Proparation—An ethunulie solation af S-ehlorn-1 2-propanmdiol
in honted with potagsium biauifide,
i pilon - Colorlos or pade vallow, vleeous Hyuid having o elight
audfidie odor; hygraseople: specifie gravily 1R @ 12603 pH {0 b 10

unlutiony L6 ta 7.
Rolubility-—Freely soluide o waler; miible with aleolot; inselable

in wthor,

Una— A phirmnceutic aid stuted 4o o used na o prosorvalive, 11
Fews boen uaed in LROO0 solution to stdmulate healivg of wounds, and
aa n 11000 jelly in atrophic chinitia,

Phenol—page 1323,
Phonylethyl Alcahal—paga 1287,
Phanylmercuric Nitrate-—page 1172,

Potpssium Benzoate

Henzoie acid, polassium snlt

| 52-20-9] CHTEAICO, (180.21) {nnddrous).

Dararviption- - Crystallioe powder,
Solabilivy-Soludsiy in water or aleohol,

iy Pronervative.,

Potagsium Metableullite

~ Dipotadum pyrosolfito
(VG BhR] WySuldy (22251,

Dagexiption - White ceystala or evyataliline powder with in odor of
00, Onidlizen inair to Che sulfnte, Moy ignile o posdering in s mortar
if too mueh hont. dovelops,

Solubility - Froaly solublo By widors nselubile in aleohal,

Uaos. Antioxidant,

Polagstum Sorbate

w4 Hoxuclionele neid, (2K, potasdum st 20 Hexadionoiv ncid,
ot nemdunt gty Potpsstum 24-Texudivnonto

R
VIR

Potasgium (0 aorbate; potissium sorbote [HOGA00-1] 24634
G1-B] CyH KO, (150.22),

Proparation.- Sorbic Acid is rencted with an aquimolar portion
ol IOFL  Tho renglting potissdum sopbate may e oryatallinod from
aguoaus eihanol, U5 Pt 3373044,

hmeriptian--White crysinls or powder with o characlaristic dor;
ol abont 2700 with docotpmilion.

Holubftity. 1 g in 40 o of water, 3% mis ol adcohel, > K00 . of
ehloraforim or & 1000 mly of vidier,
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1208 CGHAPTER GR

Uty A witersotublo saftof sorhic aeid uned inlplhul'n‘u\c‘.wtiﬂl!ﬂ
Vo inthibid the growt? of molds and yeasts, T LRIty 1 low, but it
may irritate thi skin,

Propytparabon-——page 1173,
Sassafras Ol-—pags 1300,
sodium Banzeato.--page 1173,

Socium Blsullile

stulfurons deid, monosocinm salts Sodium Hydragen Sulfile; Sodivm
Acid Sulfite: Latesen

Muomonodium sulfite 7763100 6] NaHSG: and sodinm mutabisl-
fite (Maz0,) in vieying propartions; ylolds BE.-B7.A% of 56

Dapeebption - White or yeliowlisl white cevalals or eealar powider
Daeving e vdor of sulfur dioxide; unsiable i nfr,
Balubility-1 g o mlof watae nlighily solule in alealiol,

Vet - Ap antsexidant and stabifiviog agent. Wpinephrive hy-
drochioride solutions mry be stabilized by the additiom of amall
yuankilion of the salt, T also du used Lo holp solubilize Kidney
whomes, I i o) for semoving permanganate stning and for sobu-
Litizing certnin dyes mond ather shumieals (son Minadione Sedium
Hisutfite, RPSAY, page 1021).

Sodium Metabisuliite
Digulmeawm neid, divotlivin salt

Yhinncliun pyrensllive [TEH1-57-4] NS0, (190,10,

Prepnration-FPorted when sodium Dinefiie undargoes thorma
debydeation. Ttalse may e proparad by pessing salfur dioxide over
podium carhonme,

Pogeriptlon. - Whito cryat ol or white to yellowish ceytalline powdar
aving an edor of witliuy divxide; o vipoane o nir und modndace, it s
wluwly oxiclizect 1o silfate

Halubility-- 1 ¢ fn 2 b of watir wightly soluble in aleobol: fronly
whulse in glyeerin,

Uod-A pedueiing ngent, W oia unend 10 l'!l\llill\‘ oxptized pharm-
couticals, such as epinophrine hydeochloride and phenylephsine
hydeachloride injecticnn, (o retard oxidatiom,

Sodium Proplonale--page 1230,

Qorbic Acld

2,4 Herndiencie acid, (5, 1), 94 Hoxadisaoie neid

n W
H( (‘ !
it
= e g
[
H "

(F)-Sorbie neid: Sorble neld (22600924 [1I-44-1] Caldy0),
{12,

Preparalion- By viimous processon,
WA O

Ponerkption  Tree-Cowing, wivite, cevstolline poweler, hoving o chae.
acterintiv ador; pelis about 1337,

Selubility - 1 g in 1000 ml of wiater, 10 i of abealwl, TH mt. of
chbaraferm, 90 mi. ol olher or 14 mi. of propylene glyeol.

Roefet 1o B Ity

Uror-- A tobd and yeast inhidttor. Talso is used na a fungistatle
agent. for foous, oapecinlly choeses

Sulfur Dioxide

Sullue cioxide |7440.00-5 50 (G406}
Preparation.- 1y burning sulfur oF sulfides and by renctimg »
Dioadfite o u subttite with a strong acid,

Doseriplion...Colordess, nostinmmalle gas, with a atrowe, auflocat.-
ing, odor charaetaristie of lneaimg aulfue 18, waigle 2027 ¢ a1 760 my
e 0% vonelily liguedion sndey pramare forning a colurloss Hunid with o
denaity of npieoximately 15 gfml and a holling poine of - 107,

Solubdlity.- 1 votume of witor digsolves n roximatoly B volumes o
itk e A e 20" 3 vobune of aleolwl dinsolven aymeaximataly 1[4
volim e vnder $he aemo conditioni; sobulle in othor or chiovatir,

Note-d i sed mostly In the forse of o g in pharmacendival
applications, aad is deseriled herein for sueh preposis. Homeoer, it iy
waan iy piehaged under pressieee, lenee the UST specifleations {Wa.
tor, Nemotatile rosgetie wnd Sulfupie acid), are dosigned for the teating
vf fes Hgutd furi,

Ukt~ 'Fhao s in Who prosence ol motsture forns sullurous seid
which in o fenching agent, fungicide and buetoricide, Vor this
reon frails afton ake axposed o the ge befure deying to provent
darkening and the growth of maolds and baetoring. The go s aheo oy
antioxidont and g pharmaceution] necensily For fnjerdines, 1mny
liw intenaedy feeftating 1o the eyen and roapivalury tract,

Thimerosal---page 1173,

Othor Anthexidants and Troservatives

Anoxaier |14 Benrenatial, 200, 1-dimuthylethyl)-, polymer with
disthany] benseno, 4-(1,1-dimet et hyD phonol, 4-mof huxyphonal, 4,47
(L-methylothylidenedbisphanol] and d-meathylphenol {BORST-07.4)
i ”|.|‘.);-)|.(“.“|||i'!||\)\(“|uj”H()}u((.‘-’iHN()‘I)a‘CHlHl'.v("1l,\'((-‘"iH-“O!')rl
Plees: Antoxidnal nod Fond pdditive

Mudede Aoid TP leis- Butenedinie neid CoHEy (06075 Tesilie neid)
wePreparatien; Boneene vapor i oxtdized hy pasiogu over haated vann
dium pentoxide,  Odotlens, white, erystalline powder Tiving o strongly
neld tanler mwlts whour 136, Solublo in LA party of walor, & parta af
ateohol e 82 paeta of other, Csewn; 10 the progaration of orpometring
maleate injeetion o s i rnedkdity retardnnt i s nod ofle (110,000,

Prapy) Gullnde BE [Preopyl 84,6 Trihwdroxyhomsonte) - White to
creniny -whilt eyt nitine powdor, vedurlessg wlightiy bilter taste, Bobuble
it 1000 pue s o8 water or 3 parts of niealel. Ukes: A prenervative,

Coloring, Flavoring and Diluting Agents

"The unir of properly coloved and avored medicinul sulr
stances, although of foring vo pavticular therapeutle advan-
Lage, is of considerable importance pasychelogieally, A wa-
ter-clenr medicine is not particularly aceeptadlo to most
patients, and, ingoneral, is thought to be inert. . Many very
netive medicinal substanees are quite unpalniable, ond ihe
pntiend, may fail (o take the medicine simply hocatse the

wste o appearanee s objectionable, Disagreeahle medica-
Lion ¢an he made both pleasing to the tagte o attractive by
eareful seloction of the approprinte coloring, finvoring ind
ditutisgg agonta,  Therelore, judicious use of Lhese duls
slaneen is Important i securing pationt cooporation in tak-
ing or using the preseribed medication and continued com-
pliance with the presoribec’s intent,

Coloring Agents or Colorants

Coloring agents may e definod o compounds employedd
in pharmuey solely for the purpose of imparting color, They
may be elussified in various ways, ey, iorganic or organic,
For the purpose of this discussion Lwo subdivisions nro used:
Nutural Coloring Prineiplos sod Synthatie Colaring Prined-
p!(a.-:, e members of Chese roups ove used as colors for
pharmnecuticat preparptions, cosmaoebics, Tk and as baeto-
rivlogica) stnins and diagiosiie agenls,

Naturat Celoring Principlos

Naturnl eolorbng prineiples are obiained from mineral,
plant and animal gourees, ‘They are used primarily tor artis-
tie purposes, ms symbolic adornments of natives, as colors for
foody, drags and cosmeties and for other peychologien] et
(eets,

Mineral eolors (requontly arve Lermed pigments and are
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used 1o color lotions, conmetion and other preparndicns, usuy-
ally for external application.  Ixamples ave Red Furriv (s~
fde (page 1328) and Yelow Ferrie Oxide (page 1328), Litani-
um divside (page 772) and carbon black,

The tern pigment also is applicd genorieally to plan
colors by phylochemists.  Many plants contain coloring
principles thal may be extracted snd used on colormta, o,
chlorophyll.  Analiencs are obisined from annaito seutds
and givo yollow Lo orange wator-soiuble dyes.  Matural betu-
carotene i yellow eolor extractod Mot enrrots and waed 1o
color margaring,  Aliznziv ix a reddish.yallow dye obtained
from (he madder plant. "The indige plant. is the souree of o
Mue pipment, ealled indige.  Flavenes, such a4 riboflavin,
rulin, hesperidin ond guerceiin, are yellow plgments.  Saf-
fron is a glyconide that gives a yellow color to drgs and
foods,  Cudbenr and red saunders are bwo other dyos ol
Lainod from plants, Mont plant eolors now have hoen chare
netorized and syuthesized, however, und those witl the de-
sivable quatities of stability, fastness and pleasing hue are
available commercinlly nu synthetic products,

Animals have been asource of coloring priveiplos from the
earllest periods of recorded history,  For examplo, Pyriun
prerple, onee s sign of royatty, was prepared by aiv oxidation
of 1 colorloss secretion obtained from the glands of a snail
(Murex brendaris), 'Fhis dve now is known to be 6,6 dibro-
moindigo, and has been synthesized, but chenper dyes of the
anmmne color are avallable. Cochineal from the insset Codceirs
euodi eomtaing the bright-red coloving priveiple carminie
acid, u derivative of anthraqninene,  This dye is no longer
used in fouts and pharmaceuticals duoe to Saimonelly con-
tamination.

Synthetic Coloring Principles

Synthoetie coloriy principles date from 1856 when W H
Perkin neeidontally discovered mauveine, alko known ws o
Perfein's purple, while engaged in unsuccessful attampta o
synthesize quining,  He obtained the dye by oxidizing ani-
line containing o- and p-toluidines as impurities,  Gther
diseoveries of this kind followod soon after, and a major
industry grew up in the Held of conl-day chemtstry.

The earliest, colors were prepared from mniline and for
many yoats all conl-tnr dyex were catled aniline colors, ivve-
spective of their origin, The conl-tar dyea include maore
than n doztn well-delined groups nmong which are nitroso-
dyas, nitro-dyes, aro-dyes, ovazines, thiuzines, pyrazo-
[ones, xanthenes, indigoids, anthraguinonos, aeridines, ros-
anilines, phthaleing, quinelines and others, Thase in arn
are elassilied, according Lo their method of ase, as eoid dyes
and buste dyes, or direct dyes nnd mardand dyes.

Cloptain atructural elements in organic molecules, colled
chiromophore groups, give color Lo the molecules, of, nzo
(~NwsN-—), nitrose (—N==0), nitro (NOy), auoxy
(om N N oo O}, e bonyl (= Ce=0) and ethylone
(e, Other such elements nugmeont the chromophores
Zroups, ay, methoxy, hydroxy and mming groups,

Hrability Mont, dyes are relatively wistable chemiealy
due o their unsaturnted structores,  They ave ruhiesl o
fading duo Lo light, metals, hoat, microorganisms, oxidizing
and reducing agents plus strong acids and Lnges,  Fn tabloeds,
fading muy appear as spolting nud specking,

Uses-—Mont. synthetic coloring principles are used in col-
oring fabrics and for various artlatic purposos, Thay nlao
tind application ax indieators, bucteriologienl stains, diag-
nastic nids, repgents in microscopy, ole,

Mary conl-tnr dyes originally wore used o fondstufts and
hevermges without careful solection or diserimination be
tween thone that wora barmloss and these thal were Loxis
and without nny supervision ns Lo purity or freedom from
poisonoua constitnents derived (rom their manafuoture,

—
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Aftor the passage of the Foord and Drugs Act in 1006, the
LS Departiment of Agricuiture establishod rogulutions by
which a few colors cume 1o Do known as permitied colors,
Sartain of those colors may e used in foods, drags and
cosmetics, Bt only after certification by Wie FDA that thoy
meet certain specilications,  From this fist of permitied
golors mway be produced, by skillful Blending and mixing,
other colors that may he used In foods, hevernges nnd 1shay-
mnceutical preparations, Rlends of cortified dyes must e
racirtifiod,

The word “permitted” is used iy 6 rostricted sense, 14
does nol carry with it the right, to use colors for purpeses of
doception, even Wough they are “permitied" eolors, Tor ull
food lows hava clauses prohibiting the coloring of Taeds nnd
Dheverages in g manpner so as to congenl iferiority or Lo give a
fulse appenrance of vilio,

The cortified colom are classified inte threo groups:
PI&C dyes which fepally miy be used in foads, drags and
cosmetion, D&C dyey which legaty may be ueed in drogs and
eoumeticr nad xternal D&C dyes which logally may be vaod
only in externally applied draps and cosmetion, There nre
wpoeific ity Tor the pure dye, sulfaled ash, ether extene
pives, sotuble and ingoluble matler, uncombined intermodi-
ates, oxides, chlorides sod sullides. As the use stafun of
these calors i subjoet Lo change, the Inlest regulations af the
DA should e consulted 1o determing how they may be
aed- especially sinee sovoral FIMGC dyes (formorty widely
waed have been found Lo be eareinogenie even whan “pre”
and, therefore, have been bromed from ase.

The Conl-Tar Color Regulntions spocity that the term
“uxternally applicd drwgs and cosmedies” menns drogs and
vosmitics which are applied only 1o extornal parts of the
body and not to (e dipge or any body surface covered Ty
mueous membrane, No eerbified dye, vegardios of its cote-
poty, legalty may be used in any articlo whicl s 1o be npplied
1o the aren of the ey,

Lakes are coleium of aluminun salts of certified dyos
extonded on a substrate of nluming, They are insolubla in
waher and organic solvents, hence are used o color el v,
pharmaceuticals, foods, havd aondies and food packaging

The npplication of dyes to pharmaceistical preparations is
an art that can be sequired only after wn wndorstanding of
the charaeteristion of dyoss snd knowledge of the composition
of tho products to be calored has heen ehiained, Speeific
rules for the cholee or applieation of dyes o pharmaceuticnl
preparations are difficult to formulate. Koch preparation
muy present unigue probloms,

Praparations which wiy be coloved inelude most lguid
pharmacenticals, powders, sintnents and emulsions, Some
comorad hints may e offerod in consection with solutions
and powders, but desirod results usually can be ohtained
anly by i sories of trinls, 1o general, nw inexpesienced pern.
Lo seneks Lo vuse 1 mueh higher concentralion af the dye than
i necossary, resulting in o dull color, The ameunt of dyo
priment in any pharmaceutical preparition shonld e of a
comeantration high ehough Lo give e desired color and low
enovigh L prevent Loxie reactions and pormanent stainiag of
fnbrica nnd tissacs,

Liguids (Soletions)—"The dye concentration in tiguid
prepurations and selutions usually should come within a
range of L0006 (I in 00,0000 and GAO0I% (T in 10(,000),
depending upon e depth of eolor wanted and the thick e
of colupn fo bo viewed i (he contniner, With some dyes,
coneanirations s low me 000018 (1 i 1,000,000) may have a
dintined tinting effect. Dyes are used most aonveniently in
the form of stock sclutions,

Powdars-—White powders daually reguive the incorporn
tron of 0.5 % (1 10 1000) of o dye tn inpart a pastel color, Tha
dyas may be incorporated into the powdor By dy-Dlending
finn bl milh o, on oo smndl seale, with o morloe and postle,

e
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The dye s incorporated by trituration and geomeotric dilu.
tion, Powders also may be colored avenly by adding o soelu-
ton of the dye in nleobol or seme other volatile solvent
having only s slight solvent action on the powder being
colored, When this procedure iv omployed, Lthe solution is
added in portions, with thorough mizing after vach addition,
wlter which the solvend is allowoed 1o evaporate from (he
mixllre.

Many of the wyrups nnd vlisirs used as favoring snd dilut-
g agents are colored,  When sueh agents nre usid no
thor coloring matter s necossnry, The use of colorad Mavor.
ing agonts is discussed o a subsegquont section,  However
when it s desired o add eolor to an otlwewise colorleas
mixtury, one of the agents deseribod in Lhe first section may
b used,

Incompstibilition- FD&C dyes are mainly anionie (sadi-
um sadts), henee are incompatible with cationic substances,
Bince Lhe concentrations of these wubstances aro gengeeally
very low, no procipitate is evident,  Polyvalent ions such pe
cateivm, magnesivn uod aluminum alse may form indolublo
compounds with dyes. A pH ehonge may enuse the eolor Lo

change.

Acids may release the insolubite acid form of the
dyo.

Caramal
Litrm S Coloring

A concontratod solution of Lhe product ohtained by henting P
or glacose untll the swoel Gste i dostroyed and s wnitorm dack
brreswens snaias posurlts, nosmall smound of alkoli, alkaline arlonate or o
traae of minerad acid buing wslded while henting,

Poseription - Fhick, dark brown liguid with the ehaeactoristic oy
of Tt agar, and o plegiagit, BLter tisto: speeific gesvity nof e Lan
Fai6 1 part dissobvord Dy (000 parta of water iolds o clunr sudutio Tinwejigge
a ckistinet yellowlsh arange color which s rol chonged and no iJI'lf(‘il)il(1‘(:
i fortied nftor exprosuye to sunligdo for G by when spread oy B layvey
ary o glasg plode, Bappears omaogoneoan, reddish brown and 1m|m|;'m-.
ent,

Bolublity. Mincilde wich watgr in ol proportions sed with diluie
adealyib upy 1o & by volume; immiseible with ether, echloroform, aeetape,
Trznzone, solvent diexane o o ponbing ail,

Llges-.''o produce 0 brown color in olxsim, syraps ond athor
P Lo,

Flavaring Agonts

Flavor

The word flavor refers to n mixed sensation of taste, toueh,
smetl, sight and sound, afl of which combine Lo produce an
infinite number of gradations it the porception of o sul-
stance,  The four |-n'inm:'y Laples-sweel, Dilfer, sue and
salino—appear Lo be the result partly of physicochemicnl
andd parily of psychoelogies) action, Paste buds (i 66-1),
Socaled mainty om the Longue, contain very sensilive nerve
ondings that react, v the prosencs of molstiare, with the
flavers ip the mouth and ag o result of physicochemieal
ackivity eleetrical impulses ave produced and lransmitted
via the seventh, ninth and tenth cranin) nerves (o the nreas of
tha brain which are devoted to the parception of tnsto.
Somg of the taste buds are specinlized in their Tunction,
giving rise (o arons on Whe tongue which are sensitive to only
one type of tasto.  The brain, however, usually pereoives
Lot an A composite sengation, and aceordingly the compo-
nents of any flavor are not readily discernible,  Children
have more tagte buds than adulls, heneo are more sonsitive
to Laslos,

Taste purtly depends on the dons which are produced in
the mouth, but peyehologists have domonstrated that sight
{eedor) and sound alse play a definite role when cortain
roflexes bocomo conditioned through custom and nsdogin
tion of sense percoplions. Thus, in the clossic experimonts
of Puvlov demonstrating “conditioned reflexes,” Lthe ringing
ol a bell or the showing of o civele of Tight caused the gnsteic

Fig 6643, Uppar Surtace of tha 1onpue, ol Taale recaptors for alf
tosten: I wwoet, salty and gour; 6o selly and sour; & sour only: e:
ne taste nonsation; @ sweet and saur and g biter, swact and sour
(adaptod from Crockar EGr  Flavos, McGrowdthl, New York, 22,
1046),

Jutcen of adog to Mow although i food wis placed before i,
and much of the enjoyment derived rom eating colery is due
W iy erunchy erispiess e the fibrovaseular bundlor are
erughed, Phe effeet of ¢olor i Just as pronounced; oleomar-
garing s unpalatable Lo mosl people when it is uncolored,
but once the dye has been incorporated gotmets rogquen iy
cannol distinguish it from buller. Color and taste must
coineide, g, cherry Mavir i associated with a red color,

A person waflering from 4 hord cold finds his food muoch
less palatable than usual beemme hig sonse of smell i im-
paired, sud, i the nostrily are held closed, row onjons Guite
gweal, and 4 i nuach onsier 1o ingest castor o) and other
nauseating medicines,  The volalility of a substance is an
important faetor that. i influenced by the warmth and mois-
ture of the imouth since the moro volalile a compowd, Ui
more pronounced i ador. The sensc of smel] detects very
ninute amounts of material and is wsunlly much mare sensi-
tive in deteoting the presence of volatite chemionls, ut the
tongue s able Lo dotect infinitesimal nmounts of some vi-
pors if it is protruded from the month so that solution of Uw
guses in the sabive mny take place. o this manner traces of
sullur dioxide can be delocted in the nir since it diksolves in
the aativa and crentos asour tnslo,

Blavora deserilied as hot are thase thet, exert o mild coun-
terirritant effect on the mucosn of the mouth, those that nre
astringent and pucker the mouth contain tinning o aeids
that produce 1his effect by reneting with the lining of the
moubh snd wines possess o boguet due (o the odey af the
volalile constituents,  Indian turip {(JInck-in-the-pulpit)
owen its Tavar largely Lo the stinging sensation cased by the
minute acieular erystals of caleium axoalate which ponetrate
the mucous pembrang,

Other physiologient and physical Toctors that also may
affect tanta dre conrsenoms o grittinesi due to small parts-
eles, e, ton-vxchange resins,  Antidiarvhen] preporations
have s chalky taxte.  Menthel imparts n cool Uiste beeause it
affocts the coldness roceplors,  Muannitol gives o cool sensi-
tiom whon it dissolves because ity nagative of heat of solution
will cause the lemperataie to deop, 1or thig rengon, manni-
Lol often v used as the baso For chewable tallets,

Thare is a dofinile threshold of taste for every sulmianee,
which varios somewhat with the individual and with the
onviromnent. The experienced chet' wwtos his delicnciens ot
the temperalire nt which they will e served sinee hoot anl
eold alter the flaver of many preparations,  'Thus, lemon
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lones il sour Laste entirely ab an slevatod tomperaiure and
ather Mavars hucome almest nonvolitile, tasteless nnd ador-
{ens when cooled sufficiently. 1naddition o Whe influence of
Ltemperature, the sensitivity of each individuaal must be ¢on-
sidered.  For example, it has boen determined by experi-
wient that the amount of sugar that ean just be detected by
the avarpge individualis about 7 me. Bowever, this iimount
canned e tastod by some and it is definitely sweet Lo athers.

People are mors sensilive to odor thay Lo taste. There are
aboul 10,000 to 80,000 identifiable seunty, of which the aver-
aige peraon can identify aboul 4000, Woman are more gensi-
tive to odors than men,  Additional insights can be obtaned
by veading Cagan RH, Kara MR:  Hiochemistry of Taste
and Nfuction, Academie, 1981, and DBoeidler LM (ed)
Huandbooh of Sensory Physiology, vol 1Y, ple 1 and 2,
Bpringer-Verlag, 1971,

Presorvition of Flavors-—Most monographs of official
products eonlain spoecific dircetions for storage.  Proper
methods of storage are essentinl Lo prevint deterioration
which in many instances resulls in destruction of odor and
tusle, Under adverse conditions undesirabilo ehintijies ocouy
due 1o one or & combination of the following:  enzymntic
netivity, oxidation, ¢chunge in moisture content, absorplion
of odora, netivity of micreorganisms and effects of heat and
dight. In certnin producis some of the chumges wrought by
Lhose factors aro tlesiralle, ay whon esters ore formed due (o
the activity of enzymus and when Mending and mellowing
resulls from the interehange of the radicals of esters (drans.
asterificatinn),

One motheod lor prolecting readily oxidizabloe substances,
such as lemon ofl, from deteviorating, and thus preserving
their original delicote flavor, is to microencapsulole them by
spray-drying,  The capaualos containing the avors then are
ctclosed in various packaged products (e, powdered gela-
Ling) or tublets which arve flavored deliciously when the cap-
palo in digintegrated by mixing and warming with water or
snliva,

Correlation of Chomical Structure with Flavor and
Odor--The compounds employed as tlavors in vehicles vary
considerably i theis chamical structure, yanging from sim-
ple osters (methy) salicylate), sleohols fghyeering and alde-
hydes (vanillind to carbohydrates (honey) and the conyplex
volatile oils {anise oil).  Synthetic flavors of abmost any
desired type nre now available, These {requently possess
the delicate Mavor and sromn of e natural products and
alno the desirable characteristion of wlalilily, roproducibility
and compatatively fow cost.  Synthotic products such ag
ecinnamaldehyde and benzaldehyde, first officially recog-
nized when several of the caential oils bocame searce during
Waorld War I1, have heon used widely,

There s 1 close relationship botwoeon chomiecal structure
andl tante, Solubility, the dogree of fonizntion and the Lype
of iong produced in the saliva definitely influence (e sotue-
tion interpreted by the brain,

Sour tuste Is caused by hydrogen fons and it is proportion-
al to the hydrogen-ion concentradion and the dHpid selubility
of the compound, 18 ig characteristic of agidy, tanning, alum,
phenols gad lnctones.  Saltiness ts due Lo simultaneous prow-
enco of antons and cationn, og, KIr, NHCl and sodivn
salieylnte. High-molecular-weight salls may have o bitter
Lasto, Bweel tste is due o polyhythoxy eompounds, poly-
halogenated aliphatic compounds and c.nmine acids.
Amino and nmide groups, especially if the positive cffeet iy
halanced by tha proximity of o negative group, may produce
o swoel Laste, Swoolnoss incroases with the number of
hydroxy groups, possibly due Lo increase in solubility.  Im.
{des such as snecharin and sullimnotes aueh as eyclamales are
intensoly sweol.  Cyclamatos have beon remoeved from Lhe
market hecpnse thay reportodly onuse bladder tumom n
rats, Froe bases such o allialoids and amides sueh as am-
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phetamings wive bitter tnstes,  Polybydroxy compounds
with a molecular woight greatoes ihan 300, hatogenated sud-
atanees andl aliphatic thio compounds adse may have bitter
tastes,  Einsaturation frogquontly Destows a sharp, biting
ador and Lmte upon compounds,

Na progise relalionship between choemienl straclure and
ador has beon found, ‘There are no primary adors, and adory
blend inlo each other. Polymoerization reduces or destrays
odor; high valency gives odor and unsaturation enbances
ador. A lertiary corbon atom often will give a camphora-
ceous odor, esters and lactones have s fraity oder and ke-
tones have a plessant odor, Bireng odors oflen ure accom-
panied by volatility and chemical reactivity.

Salection of Flavors

The proper selection of flavors For dinguising nausenting
medicines aids in their ingestion,  Oecasionally, sensitive
palients have hoeome nauseated sulliciently to vomil ad the
thought of having to take disagrecable medication, and it iy
particilarly diffieult to persuade children Lo continue Lo use
and rolnin distasteful prepovations,  Thore inincoed 1o imow
the allergies and idicswynerasics of the patienty thus, it is
foolish to wse o chocolate-flavored vehicle for the pationt
who dinlikes the Mavor or wha ix allergic Lo I, notwithstand-
ing the fuet that this fTavor is genorally neeeptable,

Flavoring Mcthodalogy

Faeh Navoring problem iy untguo and reguires an individ-
unl solutien. The problem of flavoring i farthor complicnt-
e heenuse flavor and daste dopend on individunad profer-
ences.  In solving Mavoring problems the followlng tech-
nigques have been ured:

1. Hieading. - Froié Oovoes hiletd with sone taste: bitler lastes v be
Bleneledl with anity, swoel and sour Lo nall veduces soumess and
increason dwnokneat: chemiealy sueh s vanillin, menosodiom ghitamate
and honzaldelyee are sod for BDlading.

2o Cuershodow - Addition of & favor whosy ingensdey s longe and
strongor Wy the obvious taste, ey, methyd satieylite, glvesarhiza and
nlograsing.

B Mvicade Fovmition of inelulhe compotbde of the affidivg
drag, ex, subfonmmidess emdsificalion of oile elferveseony, og, Mugne-
v bl rate solttion; igh viseonity of fluids o il contnet of dywgg with
tho tongae, miud meshanical progedures suel as conting (nlilats, are plys
jend merhodu 1o redves Pnvoring problums,

A, Chemivad. . Aduorption of the dreag on ossedstbrate, o formaition of
a complex of tho drug wilh fonsexchango resing or complesing apents,

S, Phoysiolupical - Tho toslo buds may be anesthetived by menthel ar
mint flavors,

Flavors, ns weed by the pharmaciat in eompounding pro-
neriplions, may be divided into four main eategories aceord.
jng to the type of taste which is 1o be misked, ax follows:

1o Haity Poste--Cinpumton ayrup has hean foand Lo be the how
valiiele for ammoniu ehoride, nhd other palty deage auch ne sodium
sahoylute woed Ferric atnmoniwn citeale. o study of the comparative
officioney of Mlavoring sponis for disquiniyg sdty Lakte, the following
acdditlonid vohiclos were nrvunged in doseending ordur ol useluliess:
oramge syrup, citric aeid syrup, chorry keeap, conon syrap, wild chony
uyrugy, P pherey syrap, plyeyeehizs slisie aromadie elisie and glyeyrehizn
syrup, Phe Intenamed patreutarty yselal ne a veliielo For Che satines
Iy virtue of it eolloitn) propedies and Uie sweetnoss of hodh lyeprhis
i e Hueroge,

W I ber TanteseCocon syt was Tound o bo tho heosl vehlce o
diaguiving the hitter (et of guinine bisulfate, followed, in deseenting
lll'c{nr of nedulneas, by rasplarey sy, coeon wrag, cherry syrap, cima-
wen gyrap, conpoid garsaparBla syeap, citeie acid syeap, ficovles vyrs
ups, aramatic alixir, orsoge syrapand wilil cheery gyrap.

A, Aerid or Sour Paste - Ruspberry syeapy snd athor Sedd syaps are
eupocinlly afficiont In muimhing the taste of aour substmems sueh o
hydroehiorie neid,  Acnein syrup and other mueiligineus vehielss are
Latmed, Tior disypuadndnngg thie il dnota of s Dulisces, AUCH Qs Capsiain, sincg
hey tond Lo Tora a solieidal protective contivg over the tute bude of the
tongue.  Tragaennth, anliko sengin, moy be used in an aleoholic vohiclo,
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1202 CHAPTER 08

4. Oty Tate-Castor nit may e made palatable by exnvaifying with
o enquad wetumie of nreniatie rhulieely syeap v wille compuovisd seomapan-
il syrigs, ol livar ol da disgoined olTestively by ndding wintorgeen
llor peppermint oil, Vomon, oo wnd inise or combinntions of (e
s ol naselul. 18 G Botter 1o mix most ol Qe Basor wit)y the ofl hedapeg
cimolsifyivg: (G Lo the sinall vemuindng guantity ean be added aftor
(he preivvary eoaulsion is Tormaed,

Thoso flavors 1hal are mosl ploasing Lo Lhe majority of
poople are associnted with some stanulant of o physteal or
physiologionl nature.  Thig may he a contral pervous stimu.
lant such mw entfoing, which s the resson so many enjoy Loy
and coffee an o beverage, or ibmny bo o counterirritant such
s ong of the spices that produce o “biting sensation or an
agent which “telles” the throat such os soto wator, Sherry
awes its shavp flovor to ity acetaldebyde contont, nhd some of
the volatile oils contnin Lerpanes sk are stimuolating ta the
meeus surlfacos,

Seloction of Vehicles

Too few pharmacists realize the unigue opportunity they
have in acquainting physicians with a knowlodge of how Lo
ineroase both the palatability and offioney of their pre.
seribed medicines through the judicious selection of vehis
cles, Bocnuse of the training a pharmoncist reeeives, his
Jnowledge of the charseleristion ol virious pharmaceuticals
ahd thevapeutie agents and his beelinigoe and skitl in prepar-
ing eleganl preparations are well-developed, so that he is
gualifiod admirably to advise concerning Lhe praper use of
vehicles,

Adarpe solection of Navors is available as well as o choice of
eolovs, no that one may preseribe o basie drug for o prolonged
poriod, bul by changing the vehiclo frons time o time, the
taste and nppearance are so altered that the patient doos not.
lire of the preseription or show other peychologien] ronclions
o it.

‘I'he statement of the Into Dr Bernord Fontus that “ihe
bt wolvent is the best vehicle™ holpy Lo oxplain the proper
tise ol o flavoring veliicle. For expmple, o substance (hal s
seduble in nleohol, og, phenobarbital, will not leave an aleo-
holie vehicle rendily to dissalve in the aguesus saliva,

Walors—These are the simplest of the vehicles and are
avaihible with sovoral Havors, They contain no sucrose, a
fnel Lo bo considered Al dimes, sines sucrose uadoer coriain
cireumstnnees may be undesivaide. They pre lkewise non-
aleoholic, snethor fact which froguently influeneer vehicle
sedection,

Flinirs-These hove ndded swootoous that waters Jack,
nndd they wsually contain aleohol, whieh imparts an added
sharpness te the flavor of certain preporatios, mnking the
latter mora plonsing to the taste,  Blixire are suitnhle for
aleohol-seluble drugs.

Syvups--Vhose vehiclos, e olixirs, ofTer o wide selection
of flavors and colors Mrom whicelh Lo eaoss, ey 3])(-!(:“1.(!
value, bowavor, Hes particulavly in the fact that they are
intensely sweet and contain little or o aleahol, s combina.
tion which males o of sivgulie vidue ay masking agents
feor waler-soluble drags,

Vohicles comsisting of n solution of pleasantly {favored
volutile oils in syrup or ghycerin {15000 have hean gniplayed
sugeessiully in |1l‘()th!t:lnt;‘ uniform and stable pl\(a;mruﬁnnﬁ.
These vehicles are prepaved by adding ¥ ml. of the volntile
oil, diluted with 6 il wl thenhol, to H00 ml; of plycerin or
ayrup, which hos been warmed gontly, The solution is add-
od a little ot a time with continuous shakiog, nnd then wuffi-
cient glyeerin orgyrap s wdded (o make 1000 ml, and mized
waoll,

Alcohol solutions of volutile oils are sometimes used as
Hatocl solutions' for fiavoring pharmucouticals,

A listing of substances, most of them officia), used as

Tabie I--Flavoring Agents

Acnein ayrup

Anethole

Andae oll

Aromntie olixiy

Boenzaldohyde

Bonzaldehydo alixir,
compound

Charnway

Caraway vil

Cardgmom oil

Cardumom sood

Cordumon anrt,
compound

Curdnoni tineture,
(?{)ﬂ'l]JU\lnd

Chorry juice

Chorey ayruyp

Clinndinon

Cinnamon oit

Climamon waler

Chuie aeid

Citrie acid syrap

Clave gil

Cocon

Caeon nyrag

Coriandler ol

Daextrone

Frjodictyon

Friodictyon Auidextrael

Iiriodiclyon syrap,
aromntic

ithy] acetate

Fathiy] vanitlin

Fennel oil

Gingror

Gingar Flaidextract

Cingeor oleovoxin

Clueose

(Glycerin

Clyeyrehiva

Glyeyrehian olixir

Glyeyrrhiza extract

Glyeyarhiza extreact, pure

Glyeyerhiza Huidextraet

CGlvovrehizg syrup

Honey

1so-Alcohalic elivir

Lavenciv il

Laotnon oil

Lomon linetuee

Mannitol

Methy! silicyiate

Nutmoy oil

Orange, bitter, elixir

Orange, bitter, oil

Oranpe flowar oil

Qrange flower water

Orangee oil

Qraage peol, bitter

Ornngrn poet, swons, e

Orange spirit, compain

Orearuge syrup

Peppursint.

Peppermind. oil

Pepporniin. spiri

Popporminl wate

Phenylethyl aleshol

Ruspberry juice

Runpherey syrop

Rusennry s

Rone odl

Iame water

Lo warlor, strcger

Sacchnrin

Saccharin enleinm

Baechirin sedium

Srsaparilla syeag,
compamd

Sarlitol wolution

Speariint

Spoearmint oil

Bucroye

myrup

Thyme oil

Tolw bdnam

Tedu linkarmi syrup

Viwilla

Vinilln tincture

Vanitlin

Wild charry syrup

flavers, flavored vehicles or as sweeloners, 14 given inTable |
Additional informntion on flavoring ingredionts may be oh-
tnined in Furip T, Bellanen Ar Fenarolt's Handbook of
Flavor Ingredients, Chemienl Rabbor, Cleveland, 1971,

Acacla Syrup--so0 page 1301,

Anothole

Henma, L-mothoxy-4-(1-propongll, (8}, Apothol: Anise Capphor

313
A

{FY: p-Troponytanjscly {4E80-23.-68] Gl (S880% obtained
fromm anixe oil ad other nourcos, or prapaved synthotienlly.,

Prepuration--It in o principal conistitumt of anise and fonnel
oil md usunlly ix obtained from e sourcen by feactionaling snd
chilling the proper frnetion wherely it orystndlizon oy,

Neseviption--Cotorlpsg or fuintly Wlluw ligpdel a1 shovo 3195 e
midic ador of sirdeo and w eweet tistor affeetod by light; speeific geavity
0,883 1o 0.988; dislils complotoly 231 10 237° and conpenly at not koo L
2073 it nleohal auladion is neutraf to lithus,

Solubility-- Vory slighily soluble in witer; freely solubbe in aleshol;

mised bl with ehioralorm or ot her; yields o eloar solution with & volumos

af glestinl,
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U - A flgpering apent. 196 aros o simitae Lu those of anieo oil.
M1 sasmotime in sk Syeethetie or drtificiad Anfae OF for Bavoring
and i oa Heorier Jike Qavor uned in Liphengsdramine fydvaehio-
ride Itixir,

Anise Ot

Anmaed (il Blae Auigo (4]

Pl volatibe nil distidled with stenm Prom the deied, ape Tl of

Pioepinetle aafmim Linnd (fnm Hadedliferae) or from Lhee clvieel,
yipts Peuit, of Hlefwm vernne Hooker filius (itam Magnolineeae),

Noteo ) solid podderial has separated, corefetly wmem the ol
wihid it i compdetely guefiod, and iy it befurs wsing, ‘

Clonatitients - Uho ol feinl oil vieien romehal in compasition,
dopotcling upun whethar it wos oblained Trom Pimprinethi onlsim
or Lhe star antse, Mdieicn oorunt, Anethole s the chiet ecotslifuend
ol both wils, secwreing (o U oxionl of 80 10 O0%, Medlipl chaneal,
nn iwomer of anethole, and misfe kotone [Cab U] are sdso Tound
in Both oils, ax are sinnlt snuaants of vty othas conatilumis,

Brpperiptita-- Colaehes op pale \o”u\\' rongly 2efenetivoe hatd, oy
g the elarneteringie odor and Tinle ol vt Sspocific geavity 05578 o
(.08 mangealn not hefow 1h*,

Bolubibity  Balabie fn s volimmes of S0% aleshul.

Ulnos  Ixtensively as n flaiadng apent, poeticadaely for lieorioe
candien, 11 D b given oo eoeprfnotioe inoadose of abaot a4
ml.

Aromatic Elixirepage 1302,
Aromaile Blixly, Rod--f28. 15, page 1240,

Benzatdohyde

Arlificind Fasentinl Aol 013

qu',/.u]:h,!hyl‘i:,' {lI)H ) O MO 106G 1),

Preparation-1y the intaenetion of hetgal chlarida with e i
the: presenee of walor,  Donzal cltboride is oblsined by Lroating
Dasiling toheeno with chloringe.

Desvription - Uolorlom, stvongly mefimetive Houid, having, e widnr
yosvnhling thaat of Bitter alnond ol and o bnarndgd sromatic dnste,
sifeetod Dy fights wpeeitie gravity L4 te 10406 hoils ghont 1809, solidj-
e 8130 - AT el ony expemare toonie 1 peaduatty oxidizes Lo benaeic

sl
Solulibity  Dissohes i abont 350 volemes of water; mineible with
atushied, ok, charoform ar fxed and volnite ol

Usiose [n place of bitkor slrsowd oll toe floooring PUFPRIACE; il is
it anfer than the latder beenaun 3 containg e bydroeyanie aeid,
T4 s it wmod oxdensively i perfamery wnd 0 the oot el of
dyentulty ancd many other ongnic conpownds, mivh o apiling, ncet:
antlid or mandulic acid.

Crompouigd Booveddohydo Wlsie e Pregaeation Pissobee bongal
dehyde (0.6 ml) el venillin (1 ) i adevtiol (a0 m1)y add syragy G100
wld eeanfit Sowor water (150 wml) and soffieient puritled water, in
several portiog, shaking the mistare wroughly after el addition, Le
make U produet meaaore (000 mb then Gllpr, i secessary, antil lht-
procuct melear. Aleohol Content: |I Lo D%, Hheess A umseful \ullh‘i('!m
administering hromidom and othor sl ospecindly when a L aleohalie
cantuin, in dosired,

Camphor Witer-f15. 13, pago 436,

Caraway
Crrnng Caraswwny Becd; Cnenwny Fruin Kinynol

The dried vipe e of Cartm cargd Tawnd {Fam Laibetliferae),

Conatilwont s Aol 5% of et ihe oid, with n litthe fixeed i and
other conatiluml,

User- A flapor. 1 nlso b been usd erapivieally moa carming.
tive nol sfinradand,

Carnswny OiF [Olovg Cai] A valitile b kst od rrom e deied,
Fipo fruit ol Cargm sarni | Anod (U Lhindedliferoe); vields not loss than

PHARMAGCEUTICAL NEGE

TS 1201

O oded of O O tenevonie). e chiel ndopiferous com puosienl wl thie
ail in the kelone d-carenne §0 mli..(ll wlibeh in Uhe optiend moner of the
Yevoratilory wariety seeureing in spearmintail, The cemaintder of g ol
vonints wdily of U torpee g fmoming [Col ] Colorlessom
yarllosw Biopuied, with vhe characteristie ssdor amd Tnste of caraswiny; specilin
pravily GO0 Lo IO, Divess Dy muakdigg earpwny wadoe and an o Voo
el eesrratgen e i ol her ]lhllrlma(:(‘\lli('n| Prepuirilions,

Cardamom Sagd

Cavdammm ity Cavcdansonn Covdosee Malabay Sardimnm

The dritd vipe sved of Eletiarie cardamaonuon {Linnd) Maion
tHam, Hinpiheracons),

1 shownkid be vemraeed recentdy from o vapeole,

Conatitwendn A valaiile o, e vield ol which & 1080 Tron
Ml Coylon Secds and 268% (o Mysore-Ceylon Seeds. Pioed
id i greetend, to Lhe extoal of T0%, akatareh, mucilage, ole,

Clgew A fleoor, Tormany ,w!.nl.uil. was asa oy eopivieadly anon
caraoctiine,

Svdaom €01 The volntile vil distilled from the seed of #hetiario
eirradermnrien (Ldnné) Maoion {(fnns /uuuhw weenn). Voarketies ol {he oil
anntingd-n- forptieed 301 0H | Teth Tree andd o the aeotnde, oo,
pieal | |,,I[,,|U] wdl dimonene [l bl The Cevlon O, howewvoer,
vontabin the aleolol d-terpineal Grarlmmentened) | ;..Ilhﬂlil. the
torposen feppineite ail sobiveene, migl aeetie and formic eeidy, probably
conbyingd o sty Colorlong i veery pade yellow Heuid oy ng the
Aeane, penelring s somewhal cimploraceos ador of enedaimom,
miwd o persistently pungent, sieangly srommic i offectad Dy Tight
Hpueifie | O 1o O andnedlde with aleahol; digsolves in &
vl Henhad,  Luexs A flopore,

Cardamom Tincture, Compound-page 1303,
Charry Juico---page 1320.
Charry Syrup---pago 1301

Cinnamon
W M NI [N L ]
Bt Cinnammon; ' Priee Cinpnmon: Bnigon Cussin

Ther ddeieel bk of Cinpemamies fugreindt Woox (Pann Lowra
aein),

T contuins, in eneh 100, ot ooty 6, al voladile sil.

Ulwi A fliworing agent. Formorly, it s used as o enrming
tivien

Cluganon O {Cpssia O Ol o Chinese Cinnaton]- Tl volanike
st alingil el with s Sroom the o aed T of Clopermeen s
(Newes) Meos ex Blune (P Gotaeaned, veatifiod by distillation: sen
(i 1w | Phruy JO%, by voluie, of Che Total addeliyades of el
el Cinnansaddabyde s U ebiol sonstitgenn, Yellinwish or Lrownish
lingnied, becoming dorlier nnd thicker omoaging ar exposuee voche e, onel
larving W chiraeteristic odor ad Luste of vassin oo, wpeeilh:
grnvily LA o DG Solulihe in o eynaaed solsume of alvalul, & voliinen
a1 aleabot or :»(]Wl| werdzna ol glovssl acedie aewl Flacas A flawor,
1 forrnorly wi tnsed 1y oo ol 00 mE G Catadent vakie

Cocon

fonenn LB XV l'r;q)urw] Lracon owdesed Cenong Coron Powder;
Muaclivam Il £ ocon

A powevr preparet from the ronsted, caved levnols of thae eipe
wewel ol Thoalipoma oacao Linnd (Faw Sterenlfaeean,

11 yickehs 19 10 22% of nonyalnd e adhoraslable axiractive,

Prapuration - 1'he eocoa bean is davk mothe resedt of o formesta-
i and retuding provess which B andergoes. Plain eliacofate o
windst ol ghafled con boans tencoa afBs) ground o a smonth o
whieh forms o hard onde when i engdn boepnue of che Digh fai
contoand. (0 1o il

1. e Pl povepurod by pulverizging the rosidue convaiimg aller
part of Hha Gt hins boes) ropessed by exprosaion Mrom plain choenlate.
1 may be fhovored by (he addition of pround sapieo, ground vanila
Lvithy, vasilling, eLhylvnnstling cotnnarin, salCaned ot v
an Uy do nek imibnds i Clavor of elcalale, milh or hudler,
typus nre rocopnized doponding an fut content: breakfast coeoa or
Blgh for eovon (2% swinisum), cocan o medicim-fid coeog (10 o
ST wod fonw fad eocon Uit 10%),

Sipeet chaeolate B plain chocolnte plus added sogne mud oaver
(asnally vonilln}.
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1204 QHAPTER 06

Mith chuewfate in o mizture of swont chocolute and milk powder or
other dniry produet. Chocolato and the produets desesibed alwve
gontain the purinos theobramine and aaffuing, med sonsidersblo
quantities of fal (eocea butter or theobroma oil), og well na protain
s stireh, These fuctors nre lowerod in uweet choeoline becape of
the large amount of added sugar (move than 0% of tho final prod-
uelh

Dewoription -Wenk earddish to purplish brown Lo ssdurate brows
pirwdder having a choenlate-like odor and Lite, free from wweiline,

Usps—-A fond and phormanceutiondly ns a ffavor in tablots, ayraps,
pill mnd tnblat coatings, troches, ete

Cocon Syrup—-page 1301
Corlander—page 1200, :

Corlandor Ol

Phe velntle oil dimtiled with stesn from the driod ripe froit of
Coriandrum sativam Linng (Fam Dmbelliferac),

Conptitaenty-—"The aleohol d-fneloi (formerly termed “eorion-
drod™ iu the chiol comtituent of this oil, oeeurring iy amounty
varying from 60 Lo 80%.  Other constiluents inchucle & hormeal, pera
iwd, pinencs, terpinenes and p-eyniene.

Degaription--olorloss ar pade yollow lguid, having Lhe charctoria-
Lie ador Al tiste of corfander; spoeifie pravity Q.86 10 0875
Soiubitity. - Soluhle fn 3 volumes of 70% aleohol,

Usitp-—A avorimg agont, It formerly was omployed i a dose of
L) mil ana carminatiog,

Denmlontum Benzaate--pape 1321,

Erlodictyon
Clonnmptived' Weed; Mountain Balng Yerls Santa

The dried leaf of Eriodictyon catifornicum (Monker el Arnott)
Parrey (am Hydrophyllocese).

Constituonti-—A bitter resin, volotile off, erodictyonane
10 a0, also called homuoeriodictyol], fixed ofl, tannin, gum, ote.

DA pharmiemutical pecoadty. 10 ie usod i the proparntion
of Brjodietyon Fluidextrart,

Hriodietyon Fluidox Urued [Yerbn Santn Fluldestonat]—Prepae:
tivn: Using Toriodictyon (i moderately consse sowder, 1000 1), propire
W Hoddextenet by 1Procoun A (page 1043}, waing it mixturo of 4 volumon of
wleahal maed T velime of water au the mostraum, Macornte U drug
during 48 iy, s porcolate at s moderate ole snd reneeve Lho i 34
mloof percolate.  Aleahol Caontent: 1 to G2%.  Uwews A peeulir,
nromatic flevor vsed inowyrups ani olixivs, ospectally Tor maslame the
tuate aof hitior dyijs Hite quining. Beesuse of its resinous chameter it
retpuiven an alkali o render it seduble Dy tgueous mixtros,

Eriodiotyon Byrup, Aromnatic..page 1301,

Ethyl Acetate
Avothe peid, ethyl ostor; Acedic Klher

CHAGOOCM,,

Fithyl avetate IM 1-7H-6] Cal0h (8811
Propuention. By slow dintillation of o mixture of alcohol and
seetie acid in the prosenee of sulfuric neid,

Dasepiption. Tranwporent, colocless lguid with o Crageant and ve-
Freshing, xlighily neetous odor, wud o peesliar acetous, barning (sl
it ety O Co TREDE; distile 70 (u 7750,

Sotubility--1 wml in aboul 10 mi, of waler: mikeible with aleslhod,
nentane, ether, chlorolbenn of Tised o volitil: oily,

Usod--Chiclly ns o flecoeing agerts 100 aamd indudrindly in
et feinl Mait ossonce, as a sefvent for sltrocellulose varnishes and
Tnaguers and as o solvent in onmnie chomiry,

Ethyi Vanikin

Betwaldehpdo, 3-othosy- -livdrosy-, Bourbnaads Bthovan;
Yanilluli Yanivome

e

- 10thasy-4-hyd rosyhenzaidohyde [128-83240] Cold Oy O166.13),
IPl‘ﬂl"l}'"li“"”‘--l:’-\\l' venctity o-othosyploaal with Gorakdehyde and g
nitrosodinethiyvlnmiling in the prosence of muminum aod waler,

Danoriptien . Fine, white or sdiphtly vellowisl crssiulsg odoe gl
Lanle simtlar to vaniliing adfeetod by Nphte solutions wre aeid 1o litaa
mets nhout 77 )

solubility- 1 gin abiowt 100 mb of water s 50 frouly selublbe in
nleohol, ehloroform, ethor ar solugions of Gxod alknd hedrogides.

Ut -A flaver, liko vanithin, but alyongor,

Eucalyptus Oil

Ths velntie oil digtilled with soam from tho fresh loaf of Kuea-
Fygatses lobiedis Labiflardigre or of seme othor upecies of Micealypias
LA Heritier (BFmn Myriaceas),  Iocopliits notl lom than 70 of
bl {ouenlyptal),

Sanntitaents - The most impertant constituend, is coealypi
(eineed), Oihar compounds include d-g-pieene, plodutod, piiocaer-
uenl, pinocaroone nnd sovoral akcdehyiles,

Doweriptian. . Colockens or palo yellow Hevidd, haviog o chiracterinlic,
wronatie, somewhat campharmoo ador, andk n punpgent, spicy, cool iy
Yendary npoellie gravity .00 Lo G996 nd 26°,

soinbility - -Solablo in A volumes of 70% aleohol,

gesoo A flavoring agent angd an expeetorand i eheonie bronchic
vis. 1L nleo has bacteriostutic properties. Thik oll may he toxic.

Fennai &

The volatile oif distillod with steam from the deiod ripe Teic ol
Foenientum vpdgars Miller (Fam Linbetliferach,

Nutee- ] solid material has sepoavaded, carefully warm the oil
watil it s completoly Bowefind, and mix 1t before using,

Conutituents—Aneiiate 1G5, 0) is the ehiel condtioi, or-
wurring to the exlent of MY Lo 80%, Some of the abber conelituenty
are o pinesn, pholinndrene, dipeotone, fonchese, mothylchavical,
aniandduhyde nned poinie aeid.

Troweriptlon. - Cualorbons or pole vellow Lguid, levisg the characeteris.
tie edor wid tayte of fenel; specilic grevi e 0051 G 0878 congealing
Yeangaeraiure ool bolow 3¢

elubility - Solublo tn 8 volumer of BO% sleuhol or (s 1 volume of 904
uleohol

Usioh A flnvoriig agant. W formorly v amployed i dose of
b mloas a earmingd o,

Glycyrrhizn

Ldvoriee oot Liguorice Jood; Bweelvwaod; Thlinn Juies Ml
Spnnlely Juicw Hoot

The dried rhizome amd roots of Glyeyerkizo glabia Tammd, known
in eommeree iy Spanish Licories, or of Glyeyrefiza glabra Lanné var
pludvdifers Walditeln er Kitaibed, kmowin in comamerco as Russian
1bearien, or of othor variotion of Glyeyrrhiza glabiva Linné, vielding n
yollow nnid awoel wood (i, Leguminasae).

Constituenty--This woll-known root contalng b 1o % of the
st iniple glyeyrelizin, or glyeyrrhizie avid which is 50 1mes
wet weet oo ening sagar There also Js prosent an oluorosinms sub-
atance 1o which its stight neeidity s due, 1 aleohal ar an ki i
waod s i venatruum for the root and the propreation sof treated Lo
deprive it of naridily, it will have a disqgroentde aftortaste, Jor this
peaan Loiliogg wator i wed for s gxdruetion in both e ostract and
the (luldestract,

Dueription-—The UAIYNE provides dvseriplions of Higratotd
Spaninh and Russton Glyeyrrhizos, Histology sl Dowdered {iyeye
rhizn,

Ukon - Vaduadie In pharmaay chiefly for e steet flavor. [ is one
af the most effigiont substancon known Tor smasking the tante ol
Iitior sudmtancon, like quining,  Acids precipitate the giveyrehizn
wnd should not be added to mixturen in which glyeyrebiza is intond-
el 1o mank dikagreeable taste. Most of tho Imported leoriee is gl
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by lobpeen munavtrory (o avor tabaceo, 1ol is uned i
maleing cnndy,

Pure Glyoyrehien B et (e Licoriee Hool Wxliraat] e
Ve Wuiaten 000 p ol glyeyrehie, B granaday posdor, with hotling,
wrbary Gl it 1o perenlntor, ad percotale with Lailing wuler unidl
vt prdyevrehio is vxhinuted, Add enowgh ditnied snanie solution 1o
this pepealate Lo impn i adistinetiy mnsmenineal ader, then Yot bl Hugiaied
wndor gori! nbmonpheric prosane antb it s rodueed to o volune off
about 1500 mi. Wiler e Hauld, snd immediately evaporate Uhe fil-
tribo unt il U v e o pilidee consisteney. Pare extemel of plyeyr:
Hhaiwn diflers freams Chi commmoreiod exOaet in that il inbiest cnisiptotedy
woltthibe i sepeeents mistaven TP large sdnount of Tilker wnnd i the
comnereiat edrpel Ao give 3Ures sandee Woantit 1o use os o substi-
thife oy the pure estroel, Deseription: 1ok, Psididar s huving &
ehwrnelorialiv, s, Lasti, eess A fusaeing agee. Gne of the ingre.
el in Aramdfe Caserg Suprade Fleidecteoel .

Ulyeyrrhizn Fluldentraet [Livovico oot Fhiidestracl: Ligui 15
Vst ol Lduuative |- Peepeeation. Do 3000 ol conraely prond lyeyr-
i sedel 2l 000 L of olling water, mix, andalluw (o macerals o
auitahle, eovered perenintor Tor 2 e, Then alluw the peregdalion o
proveed al o ente of £ o3 mldnin, gradunlty ndding loiding water until
the pheyerhisn i pxlatigtod, A el diluted somoniaoolation fo
thee pareolate b dmpart nelistinedy swnaeniveal aor, Then il the liguid
aetively andar normal almosphoric premuze untsl U in redueel ooa
wolume ol mhout 1600 10t Filter U o, evaporste Uhe (1Lt on o
atisein Dbl wnGl L vesidue s 250 1l onl, prachunliy wedd 2060
il o el wleolwd and snoup)y witer fu mako e prodnel measurs 1o el
el ik, Adeodiof Condar M0 o 2%, by veltine, (o A plusint
Plenme for wne i wyruge and elizivs 1o be wspluyeml iy vebi antl
correelivon.

Giyeyrhtza Ellule-—page 1302,
Glyeyrriiza Syrap-—pago 1307,
Honaypoge 1302,

Hydrtadlo Acld Syrup—pnge 1302,
lsg-Alcabolle Elbxir..page 1320,

Lavender DIl
| avenuchir Ploveers Oil

Nhe volatile ofl distilled with stann from te Trenh Mowaring lops
af Tetperchadu uffivinuhis Clnix ex Villars (Lacandida wera odan.
dobled (P Lakintae) or produeed synthetivally, 10 gonlaing not
Jesie, e 3459 of entors eolenbutud ns Gl Oinlyd acelnte),

Conmtibwents 10 i psshaet of considernidbe imporianee i pee-
fomuey. Linalyt acotate s thechied constibaent. Citeal appears Lo
b ol cotwbitent of Bughish oile, Other conalibnonis fnelushe
amyl ateahal, d-eaeol Gmadl amount); peranfol, lauendutol
(0 &0 Hisraloitls peroly geediv, bestyrie, vaderic, and eapeoic arids
(o ot eras tnees o e pineiie, Heoneae G 1ngiish oits anly) i)
Ve sesgquilerpene ceryophyllenc; vbhiyl d-anyd fetite; un alidvhyde
(protidly nelerie aldviyda) md eoearario,

Deseription. - Calalmn are yallow lguid, having the chirait ainkic
adder o Lisle of fuyender Mowares speeilic genvity 0870 1o (0,88,
Solullivy 1 volume dinsolves i 4ol of 70% nleahiold,

Ukan Drimonily as n porjiene, AU formorly win used i doses of
0.0 mlas o carmdntioe,

Larman Qfl

The volnlile oil abtained by expremsio, without the wd of head,
from the Presh podd of the Trailo of Cieus Haon (1Linne) Hunnunn
(il (Fam Butaceae), with or without Lhe previous sepornlion of
the pulp and the prels The tetad wdolyde conlent, calendated an
citn] (Cyo ), i 22 it for Califrnin-type ofl, and 20409 for
Tralinn-type oil,

Nistr Do nof wse ofl that has a fevebiinthive ador,

Canntitaongg Fran she stnndpoint ol odoe and Haver, the maat.
nedeworthy constituont i the aldobyde eitral, whicl in prosont te
the oxlen of aboul 4%, About 90% of d-tmonene in prossots sowll
amsounty of baapinene, f-pinene, e plrene, fi- phetlondeens and
- Lorpinene alko oceur. Alaut 2ol a selid, nosvalatile subrtance
culled eiteoptin, moefiin or topron-eanghior, which is disseived
ot of the peol, alao in prosend. T aclition, Thore ara Lrides ol
wovornl olher vanipscs a-tergpinenly the aeelates of linaloit and
perniny ettronettul, octylmd nonyl aldehydes; e sesguiterpenes
Distbodere ynd vadirene and the Tedone peed i plenone,
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Whets fresh, fhe oil has the Gngrant adar of Tranane. Baeiue of
the inelabifity of the teepehes present, the oi) ceadily nndurpoes
duterioration by axidntion, acgquiring u forety ntbinate odar,

Deription - aie vellow 1o dorp yollow or groenish valluw liaid,
with v alneseterislie ador and Gaste of e outor part of Tesh o
pely specific pravily 0840 (1 0405,

Solubility. -Holuhle in 5 velymon of aleohol naciblo Snoali propor
Ginns wilh delidrabed alealol, enrhon diantlide or huial woetic mid.

Unoi A Jwour in phacmaeention] preparvations and in eevtnin
prnetion nned Toadi,

Methyl Salicylate

Plonaoie ueid, S-lvdvoxy eyl osor Conplihesria Ol Winleaieen
Ol Mot ik Seet Birch Ol Vonhorry (hk Avtilicial Wintargren
Ok Synthuiie Winlergeeen O

RN

RN

Mathyd salicylate {1380008] Gl (OHICOOCH, C1HE 1) eo-
dueed synthetienlly or oltnined by macoration aned sabsegient iy
tillatian with stenm from the foaven of Gadtheria prosusibens
{dont {Frum Mricaeeaey or from e bak of et tenta Linnd (Fam
Betwlaceae).

Noti-1t pust be fabobed (o indienio whother it was tando syn
theticty ur distillod from either of (he plants meationed above,

Propuration Fowrd nataradly in gonfthorinand betila ails and
iy iy other phintt but (e comnnercind produet is sistandly syt
e nndle Ly esteritying anticylie acid with meihyd alenhinl in the
prenenee uf st peid el distling.

Paenerip o - - Golorless, yedlowish o vmlibind) figuid, hanviyg the chie
neterimtie odor el tiste ol winlergreen, spee penvity (ynLled
LoV 10 ) 158, (romn panh i or Detabnd, LT7G fo L3 il Tmtwe
10 28" with some deconposition,

Golubility. Alightly solible fn waters solulle By aleshol or glaclud
werlie awitd,

L - phinranasontiond necessity and cosntevipeitani (acal an-
aliesie), As onpharmaceatieal necessily, it i uked to Oavar the
official Apnradie Cosern Saprada Flaidestraet, and s squal i
every respect W wintorgeeen oil orsweet biveh ol Az o countering:
Lty e |||)')]i(:(| Ler L slein in Lhe Tt of 1 Higiment, aintment or
wrenn: varis shautd be exereisod sinee alieyTne s nhsurhsg through
the akin,

Catetion- Vioenme st amells Hlo wintorgroen endy, it s ingested
Precquently by ehildren and has enusisd many fatalities. Keepmd of
thi reaedt of children,

Eroge - Topdend, i1 fotions nnd soluginna in 10 1o 6% voncentra
L,

Monouodium Blutamate
Cilwtmic ek, monasadism salt, menohydenle
[142-47 2] RN NaC Ty (718}

Proprralion - Feom Lho fermeantation of beet s ar molosses
or by hydvolysin of veye alilo profein.

Deseription. - White, evyatalling powder, Phe puatahydvade of-
floresces i iy Lo fovm the mobohydrate.
Solubility . Very sofublu it witer; spavingly stuble in aleohind,

Ulgen - Flavoring agent rnd porfumme.

Nutmeg OH

Myristicn Oil N¥ XL fan. Endign Nutinagg O
Weal Linlinn Nutnwy Oil

Tha vilalile oil distiled with wteam from tha dried Lernela of
vipo aeeds of Myrisiiea fragrons Mouayn (tam Myristicocrae).

Constituants-- 11 contning ahoul B0% of J-pinene and oo
phene, 8% af dipontene, aloul 8% of the alhals d-ber ol gereni-

ol d-dinatont nad Lerpineat, A of myeistiven, 0.6% of sufeol, 0,3 of

anvristic actd free mul an entors, 0.2 of etjioned and iseengenal aid
tratos of L aleolhal foppieond 4, 5 eitral-iko aldehyde and soveral
acidn, ol proseind ug ¢

it
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1206 GHAPTER GG

Donepd prion--Cnlovious or paln yullow Hguid having tho ¢haraed oris-
L ooy el Gasle of nubme: specific gravity (Bt Indian Oi) 0880 o
010, (Wt Tnedinn O Q.80 10 0,580

Solublity: - Solulle i nn wpeal anodnl of nleohol; 1 velume of Bast
Ticlian O3l in 2 volunses of 0% mlenhiol; L volunie of Wit adian CL i1
valymes ol 90% afenhnl.

Uson- Primarily a# o Fravaring agent. 10in ured Tor Whin purpusg
in Aramatic Ammeania Spteit (pnge 1688), 'T'he oil also s employed
wi o flepor i foods, eertain alooholic lovermgen, dentifrices and
tobinion: 14 sonie axtont, i aleo I8 used in pecfumery. Tt formerly
was el a0 it ioe wnd focel stimulant o the gaidroinbesti-
wad tract inoa dose of .08 mla o avordones, iU acls s o narcotic
poiken,  Phix oil {5 very difficalt (o feep and voen if alightly tere-
hinghinate & anfit for flavaring purpises,

Orange Ol
siwuel, Orangio Oil

Pl voltite oil ablained by vkpregsion Tram the Trash pool of e
vipe feuil of Citrus sinensis (Linng) Osheek {am Ridaceas), The
tetnl aldelyde sontont, entednted an decanal {Qpd), s 1.2 Lo
& N

Notefo not wse ofl thal fas o berebinthine odor,

Constitumis. Copuintn of d-fimonene W the axtent of ol leest
D% i e Pernaining b to (0% aro the odarotus conrtitients, among
whicly, i samples of Atverican origing are nedecylie abdehyde, oitral,
d-tinadodd, n-nonyl wlovhol and traees of esters of formie, avelic,
capeydic and eaprie acids,

T ndedition Lo most of these compovndn, Wnlanproduead oil
containg o ferplieol, terpinene, a terpfinene antl mathyl unthro-
itflale,

Kept undor the usanl conditions 1 i& vory prong Lo decomgone,
anel rapldly neguires o Lerehinthine oder,

Dyewordption. - Infensely vallow oo or e aranje Tiguid, which
possomen the neteeladic odor nad teste of i outer poel of Treh
awcnt orange peel: apoeilic grovity 02498 Lo Q86

salubilify - MineilHe with (:lt?h:\'(h‘lt(\'d alenhol and wilh crebon disil-
Fiele: chinsnlyim i i ogunl volame of glacial aetie aeid,

Ukt~ A flavnring agent in olixles and other proparationd,

Orange Flower Ol
MNarali {4

e valatite oif distilled fram the Mresh Howors of Citrus auran-
it Ldnnd (lam Rirbeeeac),

Conglittienty-— ﬂ'..()(y,‘m(mu, f—(.‘-,_l(‘"(’”l"h i’-(?(”n]?hr\‘f”‘. t”l}f.’n‘”(‘l!l!.
linaloid, geraniol, furnesol, d-terpineol, phenylethyl aleohol, ne-
sl nerolidol, decylic aldehyde, jusmonn, nethyl anthreitate, in:
dole, woetie witers of the alesliols presont and weos W ey of
hanzoie, phenylacetic nod pafmitic aeids.

Dieneription- - Pale yollow, alightly fuorescont Dguic, whieh Deaone
veddizh hrown on exposare (o s wnid alr; distinetive, Mrajesnt odor,
aimilar to that of arange Blosems, msd an storistie, al Tird awees, ten
somowhod bitder, taale; may beeoine taehic or solid al low emperadiives:
wpecilic gravily 0851 to .80 neutral 1o Hine paper; sy pleoholie
sodutlon e n pindes flunresoenee,

Uson---A flavor and parfume, Sovornl lean vadundde vorieties of
v il are known commorcially. Nheso nro denignated sa Bigarade
{rom tha frosh Mowers of bitter orange, Whe ordinnry noroli oil},
Dgrtiged (oo the fresh fowers of swosl orange) and Patitegrain
{Pyons b Joavon and poung shoots of the biuer orange), "The finost
varlaty Iu lanown an Pudale,

Grange Flower Water-.-page 1300,

Swaet Orangy Poel Tincture

Peoparntion - -From sweoet orange poel, whiel is the onter ring of
e sonneificinlby colured, fresh, vipe fruit of (flrus sinensis
(annt) Orbeek (Fam Hutatean), by Process M (page 1643), Mace
wrile 500 g of the sweet orange peal (Nobi--Bxelude the imaer,
white preton of the rind) in 900 ml of aleohol, nod complete the
preparntion with aleohol to make the produet mensura 1000tk
Ul tadee g Ahe filkoring medium,

Tlie white portion of the yind must nol e vsed, wcthe proportion
ol aif, which i only i the yallow vind, is reduesd, and the Bitter
prineiple Aesperidin i introdaewd,

Aleghol Contont. - 63 to 7.

Uttt 2 fluoor, wudd in wyrups, elisivg nnd embsions, This tne
ture was infroduced to provide o delicate orange favor direat, from
Lhe Iruit i!ngt.c.ul of depending apon ormpge vl which so freguen Uy s
terebinthinate and andit for use, 'Phe tinctore keeps well.

Compound OGrongé Split
Cantaing, it oach 100 mb, 5 1o 30 mb of the mised oila
Drange I oo
| FUTTTSTI S H I
Corvinnder Gil oo
AnbwaChl L
Alvghul, wwatli
’1‘(7mulw....H.\.l.,..u-u-----nv--‘.,..w..‘...'Ili‘il‘l‘l‘i‘n‘l‘i}
Mis U oits with sufficient aloahiol fo makie Use prsduet mimsure 1903
ml.
Adeoltol Contosit - G5 0 it

2t wl,
s el
o Ml
A ml.

DAL GUsntity,

Uses-- A flaver Tor olizies, Al aleoholic sobidon of this kind
permits tho wniform introduction of nmal} proportions of ails nnd
itlwo pronerves argnge and lemon oils from rapid wxidabion.  Thise
two ofls shonld be bought in small quantities by Lhe pharmaeiat,
wince the apiril s made most sotisfadtorily from wils tuken From
botbies not previously opened. This will insura that delieaey of
Havor which ahoudd nlways be characlerislic of whinivn,

Qranpge Syrup
Syrip of Qrimge Pocl
Contiing, in each 100 mly, 450 1o BRO s of eitele neic (CHO0,

Swoot Denege Peal Thaeture oo eeeae el
Citrie Aokl (nphydrows) oo P X
e v PR WK
HUUEUHY e RSO V1 ¥
Parified Wator, o mlficlont qnantity,

Mo BKE oo e e R [T

Triturats the tale with the tneture nud eitrie acld, ol gradually adil
A00 b, of pskifiod water, Fhn fitler, roturning e first portiom of the
filtrate untdt it bogomens cloar, and wakh e mertor e filter with
onateh pozitiod water to ke the fltrate moirg 460 wie Distolvo
L ercme i Uhin (i1t y by g itation, without hesting, snd ncil enough
purified water to make W produet mewuee 1000 L, Mix and stroin.

Nobedda nat uge syt dhat hng o terebinthine odor or taate ar
sl ather indications of detoriortdinn,
Aluahiol Gontunt - % 10 1%,

Usen-A ploasant, acidie vehicely,

Peppermint
Ameriey Mint; Lamb Mint; Brandy Mint

Cotwists of th dried fonl and tlowering wp of Menthe piperita
Litind {1'am Lechiatee),

Ui 1lie source of groon color for Peppermint Spirtt (page
T0H), ‘The ador of Mronh peppermind is due to the presenc of kit
2% of nvolatile oil, much of which is Just on deying the loaves in air,
1 i ealtivatad widely both in the US and Franco. 16 Tormerly wis
uned i 0 cnrminitive,

Poppieming Ol Ihe volntite sl distilled with stenm fron Lhe fesh
overprownd prrtn of Lia {Towaring plsnt of pMenthn piperita Vinnd (Fan
Labintae), rectifiod by disiillation and neither partially nor wholly d-
mnenthalized, 10 yiolds not Jes than 6% of estars, cnlenintad ax menthyl
pentate 10O, and not Tow than 60% of tetad menthel |Gt
Trew anet g eators,  Copetitients; Thin i ono of the most important of
iy group of voludile oils, "Phe chial combitiunt in Menthal Qe )
which oceurn i the leverotatery form ils eslor, menthyl qeelate, i
prosnt in s much saller asiount. Othor compounds which are presont
inclutte the hotene menthone, piperitone, wopingn, Himaae, phel-
Jaetidrene, cadinene, menthyd ovalerate, Gsovaferie eldefivde, aeat i fedei-
v, manthafuran, cireol, an unldentified lfactone (G M| nnd
prolmbly anyf acelate, Cololess or pnlo yellow [aguried, uving noulyong,
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penmtiating aldor of peppormint and o pangent Gamte, Blowerd iy g
rensntion of vl whenn nire kol Dt His oty s B prn ity .0
i DK ) vl dimedves a4 volunies o T pieolwl, Do A
fhoiariag gt cuvinutioe, antiseptic amd focel aaesthedie, 10als in
wrsd exLansdvely oo flepor reandy, chewing pam, ot

Popparmint Spirit--page 790,
Pipparmint Wator- page 1300.

Phenylothy! Alcohol

Henzamrent il 3 Fhenyletheaem)

Phenotly] abeoho] it s8] CyHygt (2R, 17k oekees i b
if tsnbin | b sueh s Uhose of rose, neroli, iyneinds, enrdadion i
otlhern,

i owith o oo like odor sod nosloap,
Lpewiagg (it e selichles st supecifie geavity 1087 to bk,

Soludadlity -1 g0 far 80 ool waley ol of aleahinl, ehilorolinm oy
elher: very sofuble in fised ol pleeerin ar propylene giveals stighady
nohuble in nuneral et

Dxetevipiion Colorkas e

Elaas - nbradungin For tee m mg arstHaeterial apenl it ophthshaic
woltafions, bul il is ol S lad of fect veness.
sedd i flopes, ae nsoe s perfine and in e prparntion of
s rome and stmilee ower ofls, T i adae o valiable
pirlume Sixntive,

Pine Nagdie Ol
Diveartl e OHi

The valatile ol distilbed with stoptn ot the frosh lonl of Piows
miggie P wnel it variely jremifio (Haenke) Zeaned (00n Pina-
g'mm); conbnii e 18, by werght, af esters enleulated as O gl Tty
hornyd poelate),

Constituents- 10 oontnim Uhe terpanes &a-pinene, d-plnene, (-
el poepie, (ffmemtene, dipentene, and possihly syloesrene, the
ety dorayl geetode ol several unidoptifisl terpone and songui-
torpene aleahols,

Dreseription - Colodeas To yellowish Tigaid, boang o pdeseant, o
et anlese ond o it teee, gasaegeead Dnsle; dpecilie gravioe e Lo 05 a1
:)f)\'l

,‘-.ulnl;“'n“\: I'masaolves in 40 o volupes o $080 adealiol, often with

rhidity,

UstsieoChielly ne oo perfuae ol oot ageat, 11 alio s cane
ploved wn an inhalant in bronehidis,

Rasphorry Syrup-—page 1302,

Rose Qit
Chigo ol Wowy, Atiar of Hose

i vashiubile ofl disgitled with steass fron the rash Nowers of fose
grlliea Vi, Rose clemusevaa Miller, Wose alba binng, Rosa contie
[l Bivnd annd vaviction ol (s spedies (Fnan Rosaeaee),

Constitaon (e Fron Lhe uaastibative standpaoint tie ehiel com-
ponenty are e aleshols geraniol (bt ond  Ledtronetlod
{0 Phe sewpuiteepone aleohols frrresol and ool veeay to
the extent of %ol § o 1%, cospeetively, Togeshor, the four
aleobols constitato ¥ 0e 5 al the oil. Pheaydothpd atvadisd, whiclh
cobnpetigs 1% ol the oil, B8 an Bnpoviant odoriforous constituent,
(Hher compaounds prosent e Hnadodd, eapgeaad, oyl alidvhiydo,
fruees ol erfeal wod Daersolid lydrocaein of th paralTin series

Description A coluctos or yeltow fiquid, which his e eharaeioris-
i dor ma) taato of rone; ol 2", o vikeous i e gradual umlmp it
ehityzon Lo s brmslaeent, erystnline s, whichonae o lgoeial eanily
By wariningg npuvmrmtwn_\'il W £ 0,885 0L compared | wales il
1A% ) b mixes with b oml ol ehloroforme withaist tarbsdityg un tha
adeitinn of A, of 90% aleobiod Lo s sobulion, e venalting il in
wealeat o acid (o moiabinigd Himmas paper il dipositg o eeystalling
vesaicling swithin bovnis an sianding al 20v.

Liwos - Peineignilly peonoppeefecene. 10 i recagnized of Gieiably tor s
Ut i ity ingrediont n Beose Waier Ctment and cosmatice.
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Sirongar Rose Walar
Triple Rome Water

A saburatad solulion af taadoriferaus prindiplen of tha owors of
Nown condifofin Linnd (Pam Kosaveac), propared by distilling the
ey flenwers with wadoe and separating Lhe oxcem volalile oif fiem
the elenr, water portion of Uhe diatillsto,

NateWhen dilstad with an equal volume of puriticd walor, it
many e mynlied whon Roese Woter i roguired,

Eropeription Noarly coberlos nad cloar Tl which possesiog the

;)l(q"mm ador el tante ol Treslt rose hlnmmlnh: st e froe o ey
i, pntant b i Sunpal growlbs,

Viges...An ingeediont in Ruse Water (inément. 1 smnslimon is
propared oxtenperanamely from concentrates or From fose oil, g
wuedy witer is not official and rurely compures fuvorably with the
fresh distillule vorn rose pelals,

Saccharin

Lt emine il A0S one, 1,0 diexddo; Gloside; e benmnsndimdele
suwin (ferrowphs Welleomne b Sweola O 1|)(Hfh’i)

#-Bongisothinnalin foone 10 dioxide [$1-07-%] CyM,NOGE
(183,18).

Propareation. . Poluene s reacted with eborosubonie aeid to
torm e tologoesalfonyl slloride, which s convortod o e sulfon-
amile with soimania, e methyl group then iy oxidized with
diehromate vinlding o-salfmnoyllenzeie ekl which, when heatel,
Fovanes Lhe eyelie imide

Poseripton . White ervitnds or o white cryatnlline posden odorless
ar how o fuinl peomatie vder; i dilute selobion {1 s antepsely swest;
weoludiomast e peied Lo Lzt melin hedwaeen 226 (o WY

Solubitity1 g In 200wl of wolee, 33 mil of aleolul or 2ol ol
Dooidirmge watlars wligchg 1y sodubile in ehiloratorm or ot voadily diseolvid by
dilate walnticnt of wimanonin, sobutions of alkali hvdvogidoer solutiogs of
abeali enrbasanton weith (e esodudiom of O304

Uhken- A wwonlepity mont i Aromane Casegra Supraidi Pleid,
exteact wl highly afeaholie proparationn, B s an inleguely swoeel
sulmliee, A Gy porbion s eouivalent in swestming powed Lo
approximatety 0 0 of suerone. 10 is st as o steedening agent in
vehicles, coinal fonda, beverages o in dicls for dialntlies Lo re.
place e wuerone, The retnlive sweelening power uf raccharin is
inereman] by ditation,

Saceharin Galcium
A-Honzwathinga) 200 one, 1 dioginde, sakion saly, bydrate S07)

Calejuns o Benzosnlfisnide

Ca o AEHL0

o
o ‘I,,

1.2 Bearginothigadin- $-ome L1 dioside eadeinm sall hydrate (49
[GABE-018] O O NaOus e L0 (ART.A8); andisulrous |G-
3] 1404 43).

Propurestien-Haceharin s ronetod with a semimaoloag qunitity of
wlebam hydrmade in sguoous medivm and the resalting selotion is
conepntraled Ly eeystablizaim,

Dexeription  White erystaly or o wiite, eryatadling powder; odorless
o Jaes n Ddeg arediaubis odorg mnd an oty )iv rever Taste e b diline
st ions; e lilute wolupisan i g nhout 3 e 1w WO (8 $LCTFoun,

Molubility 1 in 00 ml, of wator or 25l of aleolul,

U anel Poage - Sae Secchorin,

Saccharin Sodium

1,2 eisobtismeal - 8UCH Y o, 8 ddan e, sedivone salt, ditisdre
Sefude Swectoeing, Sodebde Oasicle; Sodiens o Benzasuifandde
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1200 CHAPTER 66

1,2-Bunzisothingzolin-3-ane 1,0 -dioxide sodium sl dihydrate
[B166:87-3 CyHNNaB.2H0 (241.10); anhydrons [128-44.9)
(205, 16),

Proparntion-—Saecharin is dissolvod inan squimolnr quantity of
agueows sodinm hydroside mul the solution is concentroted Lo eeyn-
tallization,

Besoription. - White erysénls or n while ceystalline powder; odorless
or Ban o faint aeomatie eder and an intensoly sweet taite sven i dilute
solutiona: in ditute sedotion 1 D aboat 300 tines o sweel ay sueroee
when In poswdered fonm B usuntly eontalna aboul Y the theoretiesl
araound, of waler ol hydation dun L offloreseenen,

Sotubility -1 in L6 ), of water or 50 mlL ol aleshol,

Ukon-—8nmu an Saecfeein but e the advantage sf haing moro
soluble in rewatke agueous soeluliots,

Appiontbon-—15 to 80 g as Hociemnry.

Dormre Form. Fablets: 15, 360 and 60 me

Sorsopayilla Syrup, Compound-.RPS-13, page 445,
Shorry Wine--page RPS-15, page 1240,

Sorbhol

siuniin Sorbit; i Sorhitel; 10 Glaei o) Sovhe (At fux)
nopnh (l‘m (1N}

oMM HoH

peClueitol [A0-70-4) CaldpgOu (B217) it may coutain small
amownta of pbher pelyhydric aleohals.

Preparativn--Commeroiadly Dy reduction (hydrogenation) of
eortnin sugars, such as ghucosn,

Deucriplion-— While, hygroncopic powdor, graniies or ke, having
s e, tasto; Lhe usaal Torm molis nlioil 6%,

Boluhilit it alsonat kAl mlL of water; stightly selublo in aleohol,
wethanal ar neetie acid,

Us08--AR osote diveetie given intravenously in 5% (w/o) wolu-
tian o diminish edemn, Towoer corobrospinn] prossure or reduee
inbrpoeular prosure in glaacoma, Tonlwo b used on o tunative,
sweoloner, Bumectant, plosticizer shd, in T0% {w/w) selution, as o
vahigle,

Thokias---B8 Lo 100 L of o B0% solution; inxative, vral, 30 1o 80 g,

Sorbitol Bolution is o wator soliition containing, in each 1001, 6901
of tolal gollids consteting essentially of 1-soebital and a umall amount of
mannitel and other somode polyhpdrie aleahols, 'Che contoat of b-
gorhital [CoHy(OH Y] in anel 1000 g s nol less than 64 . Freseripdivn;
Claar, colorlom, nyrupy Hauld, having a sweot late niud no uhuraeberintic
cidory noutra) do Lo spocifie geavly nel ks than 1285 rofractive
indox ol 200 LASG 10 LABS, Ceeds 14w nof b b injecrel. L Tag Doen
e nr o vesinemaand for progivleng glyeol md gdyeein,

Speswymint
Spewrming Leaves; Bpoarming Heely Miot

Tha deied leal and flowering top of Menthe spieota Linné
(Mendhy wividiz Linné) (Commaon Sponrmint) or of Mentha cerdia
e Gorard ox Fathor {Seoteh Spearmint) (Fam Lehiatie),
frowl nposrmint ig used i propaving minlsauco anl alae the well-
Yenown mint fulep, Ihe volatie oil is the anly comadinent of impor-
tanee v thia plant; Uhe viold is from ' 1o )%,

Unos—A flavoring agonk,

Speapmint O in the volatile ofl distillog with kleam from the fresh
e i paets of Wee Neweriog plant of Menthe spicata e of Meniha
et eontaing ek et Qan S5%, hy volumg, of Cid 1O {oarvone =
L5089, 'Phe shiol atdorilvrous costituont iy the ketow foearvone,
Amorienn oft nso containe dibydracaroeal aeediute {(_}] WOOOC o 4, -
timonena [Caotal, @ waall ainsunt of phellandraan [CigFag) ad Doy
of extors of vaforie and copeoie sofds. Colorlens, yellow e greenish
yallow Tigwid, having the elnmeteringic odor and teie of spearming
specific pravity 0807 to 0834, soluble in ) volame of 80% alcokol,
wpun furshar dilation may beooine tarbid, Usess Primacily nson flovar-
ingg ogeent. L aloo b beon usad ai s egrorialine in cones of (1 mb.

Bugrong

ek CGloeopyrinoside, A - froctiodurunosy)-, Sugne; Cane S el
Hugar -

Suerow |69-60-1) CuHpddyy (8300 0 sagar oliained from See-
charan officiiarum Linnd (Fam Gramineoe), Beta siiparis Linng
(Fam Chenopodineeae), snd other sourees, T containg na added
wulmLaneen, ‘

For the steuctiural formuln, ave pago 382,

Proparation--Commereinlly from the nugnr cane, buoel root and
sorghum, Oviginally, sugar cand was the oy soureo, hat at present
tho oot of Heta wmdgoris nusod largely InddSurope, mnd Lo un iseyous-
iy dogres [ Lhis country, For making suoron,

The suggne cane incrambod nnd Uhe funice amotniting 1o ahout. B0 iy
oxpresacd with roller mills. The juice afler “defecntion” with Lme
and removal of excoss of o by enrbonie neid gag, s o it
vieam pans for coneentration and the sacehorine faien is ovagaorats
ol i thin unddl it begion to coystallize, After the eeystallination s
compbete, the waren mixture of aryabaln aid syvap is ran fnlo cenbes
tager, in which tho erystals of eaw sugnr are dradned and dried, The
wyrug ronalthg o o ysproduct (eem raw sugor i known g mofas-
sen, aw beot sugor is made yoa mimflar process, ba is moro
troubloseme to purily thas that made [rom suger cane.

The refined wagar feom either raw cane or heot. slgar i propoced
By dissolviog the raw wagar by wator, clarifying, ering and, finaty,
docelovizing the salution by passing @ thieough bone-Black e,
The wator-white solation tinally i evaporated under ratuced pros.
surg Lo the eryatnllizing pointand then foreed to eryatnbize in amall
granudes which are collectod anel drained in a contrifuge,

Dokeription. . Colorlewt or white crystals, erystalline vvomen or
blocks, or 4 while, (‘I'_VH‘HIH]][! powvilor adoclemt: sweel Laste; utable inoning
aolutione nouteal Lo Tiomus, melts with docomposition D TG0ty 1857;
specitic geavity of aboat LAY apecific wmintion at 207 nol Jews than
(638, 4 untike Che otdior of Tigiad sugais (oxOtose, feuetoss and Lactose), it
dopw notradnee Waliling's solution cven in hot aolotione nbee difters o
Uk s in that it s dorkoned sl chaeeed by sulfurie acid in the
valel; fermemabie and, in dilinge aqueawn solutfons, i Tferoents into
neohol and oventunlly acetie aciel.

Hucrone is hye rolyzod by dilute minesal seids, glowly in the eolbd, and
rupidy ob henting into ong molecule aneh of degtross or Tevalowe,  This
prucess i known toahmisnlly s ivardon” and e praduet v referred Lo
i irvert pugar” (ho Lorm invoraion huing dorived from the chango,
throtgh the Iydrolyniu, i Uhe opticn) votation from dexro of Lhe siscron
(o Jowor of the T rolyzod product,  The aosyine ineertese alwo hydr-
lywes sucrono,

Balubidity-—1 g in 6 ml of woator, £20 mL of aleohol or in slighly
more tham 0.2 w1, of bojling water; insoluble in chloroforin or sther.

Urpg.- Principally as o pharmacentical necossity for aking syr-
wpr el lovengren, W gives vineorily and commistency te Vnids.

Intravenous adminiguntion of hypertonie solulions hag been pme
playadt chiofly to initinte psotalio digeesis. Such o procedure i nat,
complotoly anfe and ronal tubwalar damage miy result, porticularly
{n padionts with existing renal pathology, Safor wnd more offective
divretion are available.

Comprassibio Supar

Sucrose thit may contaln somo stareh, mablo-destein or fnvart
augar; containg Qb0 Lo DA% of Aucrose,

Prasesiption . Whits, eryn(alling, odorloss powder; sweet (sl utnble
i1 it
Solubiliey - Mhe suerane povtlon s very soluble i waler.

Uson-A pharmaceutic aid as o tableting excipient windt stoceten-
Ing agent. S0 alve Seerose,

Confoctioner's Bupar

Suerast ground togethor with corn starel to u fine powdor; con-
Lrdiv 0.6 L 7.0% of suerone.

rouceiplion. . 1Mne, white, adorloss powdor; mwvool Laste; slable in aje
spocific rotation nob loss thay G262,

HolubdHuy -1 v niecvese prastion it o coldh woter thia is ontiva.
1y solable iy boiling wator.

Unon--A pharmaeeutie eid onm tableting exelpient and soote-
ing agent, Bee alao Sucrose,
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Syrup-pagn 1302,

Tolu Baleam
'3‘|,|||‘|

A hadnan obtnined fom ALyroxylor balsamonr (L@ Tharmg
gt Logrominusai).

Conntitmentn-Up o 80% poxin, alasat 75 eoletile ofl, 12 ta 155
froe edn e oeied, 2 Lo 8% bonzoie acid wnd 8% caniflin, The
valptile oil fwcomponed chiofly of beweyf brzoate nsd benavl einna.
mmte, athvl benzoate, ethyl cinpnate, nowepee collod tolene
(possiDly idemtical witdy phedfundrene) and i pesquiorpone nbe-
hiel farniesod nlsao have Dew reported o be presont,

Draneription  Breavn or yedlowish browi, plasticsalid; toomparent in
thin Toyers and britile wien old, dried or oxposed 10 eold lemporniares;
plonsant, avonustie ey cenembling that of vanilla nad o milil, arowntie
[HLETFCR

Sululidbivy  Nearly ingaluble inwaler or biselvon? hexsnna: soluble in
alechol, ehlorodurni or ater, somotioe wit)y alight rosidae o tarhicdity,

Ut A wedeiede, flirtoiingy apend aaed stimainlivgy expectorant an
gonprnn, L plug an ingrodicnt of Compowed Benoim Tineture
{prayyee THOY,

Foln Baloam Syvrap [Syrap of Talw Polw Symp|odreporeation:
A fula hiadsos tieetars (il all al vheod Lo magiesivem carhonals
L4 e) and miwrose (G0} o a o, and s intinmatoly, Gradually adad
Pt wator CIIY mL) with teitueatioan, mod flaes Dignolve Ui ras
Fpnivsder ol st CARD ) D the elear Tilirate with penede heathing, sirain
whe nyrap while warm nod aded poeified woter {ynd through s ntrariner e
sl the prediel mepagre 1 L. Mix thorouglity. Nefe: Moy he
waile alieo 0 e Jollowing snaonsor Pluee thn rennlodsge soceonn 760 i)
ina sithiabile pereokslor, the noel of whiel nensly s Glm] with foondy
packie] colton, mointiaed after pacifigg with o fow deaps of water, Pour
tha Filtents, ohiained g diroeodd i e trinin whove, appon the asnerose,
nod regratate the outtlow to asteady drig of porcalute, Whon all of the
Veprin] Ty vian Do, vetarn portions of the povesdate, 1 hediaary, {0
chigsebvr adl o thee soeone. ' Thon pavan enoug b purified water through the
eolfun fo vadin e procduei maossare 1000 mib. Mix horonghly, Afee.
Foid Cosrtinde % oo D% lses: iy Tae it mgraonhlo feoar iy vough
wyrnps,  oger (Ui

Tadw Balswm Ploctare Pobs Vinctiee]- Prepareation:  With 1olu
Lashsaany G200 g0, peoprre o Ginelare by Procesy M (page 1HARE, wning
aleahal an W sseosbeoaum, Afewhial Conrent: 07 1 R Uyess A
Dslwanie prosealiun g loyed aoan adedition to expaetormnt misures;
plun o i Chae prepueation of Tefu Bateam Syvape Doser 2l

Yantlln
sandtla Boan

P ueed, ullrrown, vnripe Feoil of Vaniflo plavifviie Andsews,
offen Loy i cormmeres ne Maoxieas or Boucbhon Yanilla, or o V.
nilln fahitensis )W Maore, Tsown in commgres acCTahits Vanilla
Ut Crehidaeear); yiclds nad doss thnn LG of anhydrous exirae-
tive soladre in ditutod abeohol,

Constiluenti--Contadng o Leaee of & votatile oil, lxed oil, 4%
rosin, i, van e aeid asd abosd L% paaition oe balaw), T'his
Dtghontgaade of vanilla comses from Mudaganear; considesable quo.
tikion of the deag nleo are praduead in Moxices,

Lttt Ay Tivor,

Norbieer Jdopal rese if 8 s Decone britide

Vaniil Thaciore [Bateact of Yanillo] - Preparation: Add sangr
(200l tu cemamingled sunitla (enl info smail plocer, {8 g) 0«
athinl e govorad container, s macernio darving 12 by, proforably in
wirms plaes, Adid pleshol (300 mbLY o e mtigtare of viaillond watee,
mix well mnd racerate abont B daya. Tramsfor the misture (v perealy
tar containing suerse Gn conee granubes, 200 0, and deain; Len pack
Uha dewge Tiemly, nnd pereodato spewly, nuing dilutad aleohel (gan) wi the
moenaleuum, 0 e pergalitar in paeliod with an ovonly distribuiod
mixture of the cominuts] vanidlla, sagrono nnd elesn, dry sand, the
serensod surfaen aren porm it nore efticienl pereelation, This tincture
S unnitand Byt i b e anly al Tieind ope i which sverone i spreeiled an
an bapeliont Aleedd Coment. 38t L%, Usim! A Plasering mlent,
S Flgars, g 1200,

Vanllin

Benznldeliyile, 4-hydroxy- b met hoxye,

kR 1200

4-Mydrosy 3 mothesybeosldehyde [0 008.06] O] 1k (1RLITR).

Propavation - Fram vonilla, which contains 2 o 8%, Hoalea
found D rany other substanees, incloding Lismaes of certadn phints,
ernde boot sugar, asparagus ard ovoreassfelidn, Commercinlly, i i
wade synthetion)y, While chemiendly identical with Uw produet
obtained Trom the “vanilia bean,” “Havaring propoeations” made
from Hoasever evund in Aevar e praparatiot in which wonilloals in
o] hetause yanilla containg other gurons producta, 10 i syathe
wized Dy oXidation provesos frony either coniforin o etgennd, by
trouling mmin(_'nl wilh chdaraform i the prosenees of an alknli, nnd iy
ather methoils,

Trmeription. Fine, white tonlighily yelow eryn wadly o b
lilar having i ader amd Gt supggeative of vntbe uffeeted by dight;
el o g seld o Tty saetin from HI Lo 839,

Sobukdliy 1 cin nboud P mds of swater, aloud 200wt of glyesrin e
w el of water ot BOY Procdy soluble i aleobol, ehlmaforny, ether or
welibioom ol e foced allali Diydeoxidoes,

Tweampu it - Cotibines with plveerin, forming o compotind
\\l|:i(:1| it aling! hmn]uhln in nl(:n|1u|. o (]l!('llll)l)().”-l'(l h‘\' uh‘mﬁ-':x illli] [t
exidizod wlowly by (e air.

Uigen - Only aa flavor, Sobations of it somedimes sre sold ona
wynthetie st tute for vanilhy for Tlavoring foody but it b dnfurior in
flavor to U veal vanitia extract.

Water.-page 1300.
Watar, Purifled - page 1307,
Wild Cherry Byrupo-page 1302

Cther Flavoering Apgoents

Anine NEF X [Aniw Seal, Kavopesn Aniseed; Sweot Cuaming - The
e wipe Mrait of l"fmpl‘m'”(l antsam Lhind, 1 cartndim st |TH0 o
valatilo ol e A Tlaver nid enrminative.

Cevlon Chonumas - “Uhe dried isner bk of e shoas ol cojpiced
Ve ol CVRpetiiini g Seydaneiewn Nows (10em Laurgaene); vontaius, in
anely 100 g, 1ol Tona han L5 ml volnlile ol flees: A carmioadioe and
Fhuaoe.

ClovePhe deind ower- g of Bugesio caryopleylio (Sprengel)
Butloek ol Disrrisan (M Myrlaesaed Hconlaing, o ench 100, vl
lew by Lo mady ol edove oile Gimer A grosntie tcdomtes o 10,880 antd i
e insmyl ip Gt

{lorinnde “hasadvindl vipe vuit of Carfendeaan sotinre Linnd (R
Panholliferav: yiehds not les Uean .25 i1 sl ile goriasdien o/ 100 .
Seeleonn vined nlong, Dt wemelimes is commined with o her agons,
ana (e, 10 also i vmed s enndigon s Favor i anhing.

Fanalyptal (Cinenl; Cajeputal; il Byl ) (1R 2003 Oldninaed Trom
pyenlyptio it Tram other sonreces. Cotordess Bguld, haviog o chacne:
L, meorsatde, distinetly eanphorneeous odov and a puagent, aoulig,
wpiey Lawte, 1 valume fuoveltohle i & volume al G505 el riseiie
with aleolnl, chbsrofirnn, other, glncial neotie seid oa figed oe volalionils,
foluliks iy water, Uaess Privowily s o Baenrdog agent. Tweally it is
soyoyed 1o ite ontéeepdie wif ininflnnmations of the nose el
tharond msel i evetpin o diseanes, T mied e baged by inhndation in
Ireonchitis,

tmnal |Foonel Soed] - driml vipe froit of eslivated vavketios of
Fowndeddem ondeee Mitler (Foa Lnibelfiforee); sontnbig d G % al an
l})i,\’jllmrll(‘(l volitihe il nngd 10% ol n hixed o, hes: A ﬂmmr abd
curminetine,

Ginggor NI {Zingitwe| Ve dried chigonse of Zingeher affivisede s
con (IPnm Zingiberaceaed, KW i eomoiooo on dimiicn Gimger, Al
any Ginger and Coshin Gl "The auter cortieal Tayors often are
peanpeneeed elUhor parkindly or canmpletely, Cunediteenis, A pumgent sl
ki, gegreal; volntite oit Ghmaiey Ceinger, odnoud PR Aftica Giagor, 8
to 3%), condnimmg e feepenes d-compdie and i pheflendeone ol
tha semcguiterponn ingibaeene: it pal eineod s borneaf, Usest A fla-
wrig aaent. 10 Torinesly wan el inoa duse of $00 g s an
trtestinnd stisabot and envadnative i eolic and in diarrhon,

Giinggor Oloovesin . Yields 14 g0 35 mby o volulile gimor oit/106 1 of
eluoraiin, freparation: Bxteaet e oleoresin from ghoger, i moder-
tely eonrse powdor, by percolation, wing oither aeetone, pleolinl o
eiler ns the menairiam.

Glveyrehben Wxtrpel [dvarien 1Tony Bxtract, l.il'nl‘im'l-w An oslmel
preagaead From e rhizeme ol eoobs ol species of Glveyrelize Tovene
fort ex Linnd (Fam Legtominasoe), Oesersptiont Beowa ewider o in
Patdenad, evlinedrical rolls ox Dy masses; 10 relle o massos v atiossy
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1300 CHAFTER 00

haek eolue axiarnnily, and o hrittle, abarp, wnoeth, coneholdul fracture
Uhes extonet. by o characieringic niid nweet Limte which s poel more Uah
vory shightly nevide  Dses; A flugaring agenid.

Vavvomdor [Lavindula] -1 Dowers of Lomardnli spiod (Lywunduly
affteinaliz o Lasendidy vero}; contodng a wolilile oil with the pringipn!
conttiluent L linalyl weetngo,  Uses: A perfume,

Lamen Peol USE XV, 317 [Mreah Lowen Peoll-Phe outer yollow
piod of Lha frosh gipe frait of Citr fmen (Linn) Baemoann filiug (Fam
Hictacaae): containg a volatile o] and hosperiding s A flavar.

Lemon Tingturn 58 XVIT [Lemon Peal ‘Pinclure}o Hrapuration:
Prow o peel, whic s the antor vottow rind of the s, vipe fruit of
Citrus fimon Ganng) Burmamy Glivs (Fam Rutocoue), by Process M
(panjper 159:3), 500 12 of the poel being ucoratud in 000 ml. aleohol aid the
propueation being completed with alealol o maky the product measuro
1000 mI. Une tade nw thee [tering medivm, "Phe white portion of he
yind muat not he used. s the propertion of oll, whicly is found only in tho
vollow rinl, in voduced and the bitter prineiple, henporidiv, introdueed.
‘Weahnl Contont: G62tn¥a%. Unses Aflavor, ity fineness of flavor heing
el o1 cumes Sram the freah frait, and hoing an adeohiolie solution it
i mory stndlo than the otl,

Myreia O3] [Fay Qi Gl of Buyd- Tho volatilo ofl distilled from lenen
of Dimenin rocemosd (Miller) J W Menre (Fnm Myrtuceae); aontaing
the phenolic eomprniids sugenol wnd chovicol,  Leess Bn the prepara-
Lo of by Tum i & perfiome,

Oranggd O, e The volutie oif obininad by oxpramton from the
froh peol of Uve frait of Cirus aurantiem Linnd (Fam Rulaesae); con-
ting primarily o-limonene,  Pale yellow Lguid with n charactoristic;
aromntic ador of e Soville orange i it haw a toeohinthinate odor, it
shotle ot by disponaed; vefractive indox 127256 te La'thh at 2% N
Alffors Bt from Orenge O (page 1290) exeegrt for the hotmsical smyren,
Miscible with anliydrous alechol and with about & voliime uleohal,
Llacs, A flavor,

Cringe Peet, Wlter {13ittor Oranges Curacan Orange Poet; Bignrado
Orago - The dried vind of the wripe bl Tolly grown feaie ol Citras
prantiom Linné (Fam Refecenc), Conatiteents: The mer part of
Vhar preod From the Ditter orange vontaing i velntile ail andd the plyeoside
hesperidin. (Caubladdi). This, upon hydrolysin in the prosence af
M), vieldy Rrospeestin (it pharepone (Ol 00, mul 11 -ftla:
cort (CaFLpQu) Uress A flavorimg ogert. B8 b Tuoiy unech s Bitior.

Orange Pool, Swoot UEP XV-The fresh, outer visul ot the non-
artifielally colared, ripe fruil of Cifeus sineasis (Lné) Osbeck {1'wm
Rutaeopwd; the white, inmer portion of Vhe i in o b oxeluded. Con-
tuine 1 valatile il hut o hesperiding sinee tho yoside seeun i the
white portion of the rind, Usear A floe

Oreh [Orein Root; 1eis Florontioe Orvia] o joolod and dricd rlii-
wotme of Ais peemanive Linub, inclucling s variety flovending Dykes

(ets florend ioe Linndd, o of Jris pollide Tavanreh (Famy {ridacene);
containg 0hout 0,7 (@ 0.8% of w valutile oll (oreis buttery, savistio peid uml}
Uit kaLossee ivones irone prowides Do frogrant odore of llil‘ihl; Umn}g; A
perfume,

Pimonta Off [Pimento Qily Allnnico il - Phe voladile oif dindtled
fromn The (it of Pimente officinalis Lindiay (fam Myrtaceae).  Uses;
A carminabive and stinddeat and aliso paon eondiment i Moo, '

Tonemary OR--The volntile oil digtilled with stewn from the Ceanh
flowering Llopw of Kusmoarinus officiaalis Linng (Fun Lebiatae); yioldw
1aart dovak than 3 5% of entora elenintec an bornyl asetnte (CssHCy), mnd
vt lows than 8% of Luatat Bornool (Gl €, T and an entaers, Conrstitue
enins Phe ngount of ealer, caloulnted as bornyt acetate, and of lota)
horneal, respectively, vori sounwhit with i googeaphic snwres. Cin-
col i prosent 1o the exbont of ahaut T9-26%. dopending on the souree.
The terpenes o aml {-e-pinire, dipentene and campliene, and thy
ketohe congakor alse oeeur in this oil, Peneription:  Colavlens or pado
yellow lguid, having Lhe charsetoristio ador of roseistary, and o warn,
enmphiraeeoud {nsto; specific gravity 884 to D95 Selublo in © vl
e of 0% ateehel, Dy volume, hul npen further diution may leeento
rhicd,  Uwes: A flaeor and perfume, chiely, i rebadiedent Honhuents
wueh s Camplor and Soap Linimeat,

Gruignrns---1he deied bark of L root of Sussefras albidon (Nutiall)
Nees (Ram Lopeaeeae), U Principally becouse of its Ll vonslent,
of volntdie ofl which serves to disguine the twle of disagroonbly sl
ctanees,  An dnTusten (easste/ras tei) formerly wie used oXlensively as o
home romaddy, particulnrly in U et Siofes,

Samipleas Ol Phe volutile oil distilled with stowm Tron Sassnfros,
Usews A flavins Dy confoetiones, particularly in hard cindios,  [Hither
e it or aalral iy usod me n peasercative in mucilage sud bty pante,
Titingg [ supperbar 1 raethyl anlicylate For Lhin purpose, Since b il is
nrdivepdie, it aomethmss employed i conjimetion with olher agents for
bseal npplivation in diserses of U nose ald Uhront: safrol whe is usod i
1his way,

Wild Cherry [Wild Buck Ghorey Bark]--The eavefully dried slem
bark of Prumes seroting Bhrhmt (Fon Rosacene), free of borka and
proferably having beon collectid in autwmn, - Constibeents: A glucoside
of detmnedetonitpile (CalRCHOHLONT known ns prinasin {page 365),
Lho onpynie emudsin, fanniln, o bitter principle, staceh, rewin, ele n the
TP gl the Boghteh Lterrture this drug by hron toratéd " Virginian
Prane - literal hut iisorrect trahsition of the aldor hetanicad name,
Pronus oirginiana. Usews A flavoring apgent, wupeeinlly in vough prepo-
bl 10 is an pgredient. in Witd Cherry Syrup, A with bitter
almond, contnal with woter, in Lho prescepce of emuludn, redulits in the
prrodueLian of busealdelyede nnd HOMN. Al proparations of wild ¢lmrry
arould b miivde withawt hnat D3 ordar to wvoid dentesitin of the oy
which fs respongible For the produstion of Uie feee active prineiples,

Diluting Agenls

Dituting agonts (vehicles or carrviers) nre indifforent, wuly-
wtaneos which are used ns solvents for active medieinnly,
They are of primary importanes for dituting and flavoring
drugs which are intended for ornl administeation, but & few
ateh agents are designed specifically for diluting parenteral
injections. 'The latter group i considered separately,

Phe expert selection of diluling agents has Bieon o imgpors
tant tactor in popwlarizing the “speoinlties™ of manufuetur.
ing phurnmicisia, Sinee 2 larga seloction of diluting agents it
available in n cholce of colors and fnvors, the proseriber has
an opportunity to mnke his own preseriptions moro accepl-
able to the patient. The hest diluting agent is usially the
Dest solvent for the drygn Water-sotuble substances, for
example, should bo flavored and diluted with an aqueous
agent and aleohol-aelubla drugs with an aleeholic vehicle,
Thus, the diluting mgents presented herain ave divided into
three groups on Lt busis of their physical properfios  ngue-
aug, hydronleaholie and aleoholic.

Agieeos Diluting Agents

Aggous diluting agents include aromatic waters, syrups
and mucilages.  Aromotic wators are used as diluting sgents
for water-noluble subslances and salts, but, cannot mask the
tanto of very disagresable drugs. Somae of the more common
flavored ngueous agents and the official Tornig of water are
listed helow.

Orange Flower Water
Stronger O Flower Waler, Priple Ouonge Flower Water

A wLursted sotution of the oderifornus principles of the flowoers of
Cirue nurantinm Linng (Fam. futaceae), prepuned by distilling
e fronh flawers with water amnd separabing the exotss vobalilo ail
Prom thie elenr, water porlion of Lho distillnte,

Propesiption--Should be noearly colorless, cliay or only Tnintly e
contd the ndor shoudd ho that of Uhe erange blonuma; it must Lo Feee from
oripyrena, muslinons winl fungod growtls,

VoA veldele flavor and perfume in syraps, oigirs and kolu-
Lions,
Poppormint Water

A clone, saturated solution of peppenmint oil iy purified water,
prepaved by wie of tha procouses deseriled under Aronretic Waters
{puge 1622).

Unes A carminatioe nnd flavorcd veklele,

Py 15 mla,

Toly Batsam Syrup---page 1200,

Watar

Watar 7132 18-6] 10 (18.02),
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Iirinking wator, which in ndsjvel b JRRA veailations with rewpueet
Lo dvinking water, and whiclnin dolivored by the oedipal o other
Tocal pulitic wyutetn or drawn from i privato woll or pesorvair, 4 e
starting matorint Tor ) farng of witer covared by Pharmacopeisl
ORI s

Drinking waler may be vsed in b preparstion of USE drug
anhsbameen (og 10 the sxlenetion of certain vepetnDlo deog dod i
e manuletare of & fow preprrations yued externally) Tt nob in
Lo prapareation of dosage forbie, or in the pregsnrtion ol rengents ar
owd solbioni. 3 oo omper the anliect of 6 wepueada monogeph
i e LS, fnnmsich sa Che eiled sGodords vary o ong conne
iy to anothor aned gemeratly are bayand Lher contewd ol privine
|)l_|l'|,im; nr m!t‘j)m‘n(-i(u!ﬁ.

Puritlod Wastor

Wiitee ohtained by divkilntiun, jon-exehunge Loaumont, roverse
anmmanin or any vther suitably proes; contains i added suletases,

Crared fostt--Ed ot wse this fr properedios ot eaded for perenter-
al aeminiuiration, For sl purposis, wae Woltee for Injection,
Rocteriostadic Waler for Infeetion, or Stevile Weter for injeetion,
e Lk,

Proparation - From waloe complying with 15°A vepintiong with
rsppeed Lo drinldg water. A Dormer ullieind provuss (or widor, when
propared by distillation, i given below. The pharmacint whe in
praparing aterili solulions, ail st have Frexhly distitied water of
oxeeplionatly high grade, notonly froe from alk naberind or viher
miesnneapie growlhs It adao free from Lhe produets ol motalndic
pracuses resafting from the prenel o sueh urysnigias in Lhe wator,
achennbmunndy may fullesy this o, ' Fhe metbolic products com-
mondy are wpuken of we pyrogans g usnally conist of euniplex
wrgnnie conpounds which coune felwile ronitions it present i the
malvont for pareaternl medivinalsbustaoees,

Lhinthbbation Frovoss

LG vt et ae v e e e A0 VI
Tormnl, ... e e Lo THD V]

§95ali) theswater droo nsiitnble s provided with s hloeletn or
plise condonuer,  Uotlet 1he 100 vorlures ot vt Uhis portioo.
e eodleet T valums aid ko e disdilled water i p bt sl gy
Bt wihiceh bave been rinmecd with stoans or very Tt it il water
fymedintely boloze iing Tilfasel, “lies Firsy 100 valumes ave diseasgeld 1o
elimiiete forehgn volst e subataeen Gosnd i ordingry sealee o ondy
S5 valames wrn eoltected, snee Ui residie i the atilheantne coscen-
Lroasd dissobved sididn.

Phenerlption  Colorlesm, eleny figud, withou uidor ay tisle.

Eluon- A ’.'p,,‘n'”'”'f(wr-l(dp'r afed (veehdele el sdventl, 11 et he
el i venpound g dosoge forme Tor internal {ornl} achministea-
Uiany an well aw aterle plormaceaticads apglied externally, sueh as
vellyrin and dermatologien] propaeations, bul. those nisl be steril
Prartd Dafre uage.

Wihaitever walor ts entlod for i official tosts and assays, Uis sl
[T

Sy Used as Dileting Apgends

Syraps are uselal s diluting agonis for water-sehiblo
drugs wid act bolh s solvonts and tlavoring agents, The
Navored syrups usually consist ol simple syrap {B5% sucrose
it wartge) containing approprinte Movoring substanges. (rhye
cyrrhiza Syrep s an excellent vehicle Tor saline aubatances
hoenuse of it colleldal praperties, swoeel Maver and lingering
Laote of Leoviee. Aeaein Syrag is valuable in digguising Lho
Laske of uren,  Jeait syrups are especialty effective for mask-
iog wour bastes, Aromatie Eriodictyon Syrap is Whe diluting
agent of ehoie Tor masking the bitter tnato of alkaloddls,
Croeou Syrup and Cherry Syrgy are gond general Havering
aprends,

Acagia Syrop
L ey or povdored L 1i4

Sodijwm Benvonte ... P R R L
Vamilla Tinelore oo fimh

PHARMACEUTICAL KECESSITITS 1301
MUOTONG ... ... e e e oo MUHEg
Tryelfied Water, usalfieient guantity,
Tosade e e TOR L

Mix the menein, sodinm Leszoade aved snerose; $hon gl s ol
parviliod woler, el miix wedl. Hent the misture on b stenm hatly unlil
wolulion it completod.  When rial, remeye Qe setin, i e vanill
Uit aned snfFiebant purified wader W omake the product seeguaye THI0
ol nnd slrain, i socomnry,

Chatry Syrup

Hyruput Ceeasi

Chorrvdnbes o0 A6 ml.

Bucrase L. P[] ¥4

Aleohol o e oo Mbml,

Parifiod Water, a sulTicient quantity, )
Toomake ... P R [ (T P

Pindrivee Lhe mucront 0 chenry juice Ly feating on o sleam hath, cool
sl vemnee the fomm and Honbing salidn, Al (e aleohol and s Tigient
vipified woter toamke 10U mil., s s,

Advshid Cmdeni. | Lo 28,
e - A pleasnoatly faered oelive which s pardenlarly iseful
i emsking Lhe Lusto af sadine and sour e,
Coacon Syrup
Coaean SNy rigps Chesolates Tvorod Syeap; Choealatn Byrap

ot P T I coa R W
Buerokn L P [ T1I]

Laaquid Ghusame . T L.
GHVCOTIN L0 e L oml,
Sodin Chleride ., .o oe . n P 1
Yanitlin, oo e ney
Sodiwan Bongonde . I &
Purifiod Wator, o sulTicient quantily,

TR Y1 R e 10 ml

Mix the serase snd She e, s W thio mixtue geadually e a
wolulion of 1he Haguid lucose, gyeerin, vanlinmy chluride, vanillin and
worlivn Beroste Dy 385 mbof Dot purilied waler, Briag e wnetivg
s iore Lo n boil, and madntaln at Bodling emperatore for 3mine Alow
el Ta vome tempueradave and add walTicient purilisd wider o make
thu protluet s 00 1.

Nt -LUloroo conaining ol e (ian P volatile, othersolnblo
sl Faretive (Tt iekds sy avingg i tonleney o separude.
“Hroalifunt covn ™ eontina gver 3% "

thsos A plivsantdy fluvored eehinte

Aromatic Erlodictyon Syrup
Avoanatie Yoerbu Santn Syrags Sy pum Coredens
Eredadictyon Flaidestrael oo woml

Paotassinm Hydroxide Selutlon (00207 oo 260 mb
Compound Cardamom Thdurd oo 08 ml

Leman il .. thoml,
Clove il { ml
Aleabod o a2 omh
Buvrese ... P oo
BMagnusium Crbotte oo bR
Fupifhed Water, o sulficient gunntity,

omale ... I

Vhimsnlve e wils iy Cho adeotul, aded the Maidex et nd thae Uuetuie,
Uien The pobvesiyn hydrosida solition and 525 ml, of poritied water,
Add the wagneaiam cachonste, shake fhe anixtorg, afbow i o atand
avernighi, (ler and adil aufTicient purifiod wiler theongh e filler to
yourtko Clae o mesnure S0 m i, Poe dhis Flinee spon the saevose
combpined iy Gotde, dissotve Ty plading e botOe in ot wider ol
agitating the eonlonts Prequently, Gool the solulion anc ndd aTieie,
|Mll‘|“n(| winlor 1o make the proviuet memities 1000 ],

Aleohigl Content. 0 Lo 8%,
Tneompntibifition  Alliding i cewcion due 1y e potmminm iy
dyoxichs med in s manufnetues,  Aelds aee meratined with osdly o

PFIZER, INC. v. NOVO NORDISK A/S - IPR2020-01252, Ex. 1013, p. 235 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


1302 CHAPTER 08

eomeurrent provipitation of the renivs of Lhe syrup, The tannin which it

containg introduces the Incompriibilitios of that sulmtanco,

Liges-A plansantly flevored ochicle, especinlly adapied b the
ndmindstration of Hitter sabrianees like quinine.

Syrup
Simplo Syrup
Hucrosn ... ... P 14N
Purified Water, o sufTiient quantity, o
AR s v e et Lo Tl m,

May be prepared by wsing boiling waler of, preferably, withoul
hent, by the follewing process:

PPlbeste Wsa suerose in wsnitably prrcolator thi uwck ol which ia nearly
filled with loosuly paclod cotlon mosstoned, afler pooing, with a fow
dropu ol water, Pour careiully abont 450 ml. of puriffed walcr upon the
anicrono, nnd rogalate the oulfTow to o atoncy drip of pureolnte,  Return
Uit perentata, 11 nocominey, unliLall of the sucrose e dissolved, “Thon
wialy thiy ficle of the poocolator and tho cotlon with sullicient praritied
vl 1y Brity thee volume of the percolate to 1000 1wl and mis,

Hpoctfio Qravity-Not lews than 1330,

Unen—A siwzet vehicle, swoslaning agont and s the hnuls for
many (avored and modiented ayrups,

Other Syeaps Used A THIuting Agonts

Ciirle Ackl Syrap VEF XVIHD [Serap of Lemon]-Peeparntion:
Dingerbvis vitrie ueid (hedrous, 1040 in paritiod wator (10 mLd, and miv the
aplution with syrap (G50 mL). Add lenon tineture (0 ml), s vnough
wyenps to make the product momsure 1000 151 ungd mix, Note: o not
clinppentue (0 8f H s o terebinthine odoi ar st or shones other fndica-
tinng nf deterioratiun, Aleohil Concent; Lass than 1%, Inconepatibil.
itice: Reactions oharneivristic ol Lho neld whieh it containg; honee, i i
nal o svitable vohiele Tor alkaline ingredionts mueh by phienoharbital
waddivm from which it proedpitates phenobarlitnl,  Deagl Solely s o
pleasant pedtiete, the Toromda wniiog i pessibie Lo prepare extomxna-
yoeusly nnd aquiclly o syrug having the Siver of lenon,

Glyeyrehiza Syeap USSP RVIL [Licovies Syrapl- Preparation:
Add Tenned oil (0.00 mL) and anise oif (0.5 mL) o glycyribiza Buides-
troet (250wl and mitate wtil mixed. Fhon add ayeup (ga} to make
the product mensare 1000 ml, ahd mix. Adeohal Condenty i b (%
fercampud ihifitivs: FPhe characterintic flavor deatrayod by ncids due 1o
n procipitation of the giveyrrhizin,  Les: A flogored vuhiefe, onpueially
acapled to the administration of hitter o naukeous submtuneon.

Hydrlodic Acid Syrup--Containg, in eneh 100 mL 13 0 146 g 1l
(197.91), Preparation: Mix diluted hydrindic acid (140 mL) with puri-
o witer (551 ml), and dissolve dextvose (450 ) in Lhis izt by
naitntion. Add purified waler {qs) (o make the product mensure 1000
b, andd Filtse, Cation: 2 must nod be cispensed if 01 eantniing froe
fodine, oy voidencad by a ved coloretion, Degeription;‘Trumparent,
colurlews, or nob more U pale stenw. coliroad, syrapy Tiguld; odorkoss
and has 1 sweod, aciduloss tiste; spoeific gravity ahout 118, hydriodic
avirl i doeomposed onstiy i single nquoous selution {onless protoclod
hy hyponhonphorous acid) free iodine hoing Hherstad, sid (ke inter-
iy, whims in thin condition, iUl Ireitading Lo the wimentary Lindt, I'ho
duxtbann used i Uhis syrap shold b of the highest grade abininniy,
Ineomprtibidition: Ve veactions of the acids (pago 1500 an well e
o of the wateraofublo fodide sults, Oxidizing wgonis libarata Lodino
allinloida may b precipitated, Usen Traditionally as o uethicle fur
expectorant drugh My therapontic propertios are ioue of tho fodidos,
Doge: Usieal, Bl

Rasphorey Byrup USE XVIL-Preparation: Drinsolve gucrone (300
) in rasphorey Sl (176 mL) by heating on n atonn brth, coul and
romove the fane nnd Floating selids, Adsd aleohal (20 m1L) nnd purified
watur ) Lo maeke 1000 mL, and mixe Alvohoi Content: 1 Lo 2%
incompatibilitive: Wanpburey juite iw propared (o contain not Jows thai
1.6% oitrle achd: the syrugs, tharofors, hun roactions charpeteristic of tin
acil, notably its fncompstibility with alkaline stibatancas. Uses: A
pleasantly flupored vehicle kot Lo disguinse Whe sally o7 woug tiste of
anllne modicnmenis.

Wild Chorrey Syrup USEP XV - feparation: Tack wild chorry
{in conrae pawder, 1), previeusly moistensd with wator (100 ml), inn
cyblilrient peroclutor, s ndd walor {u) to lenva i liwyer of it nhove the
powdar,  Mawapite for | I, then procoed with ragsiel pircolation, waing
nided water, witil 400 mL, ol poreolato ik colloclod,  Filtor e poreolate,
it neoensary, add suorone (675 1) apd dissolve it by ngitation, then mild
wycurin (160 mL}, aleoh) (20 ml} al wator (4o} 1o make the product
measure 1000 mrls  Strabn i necessary, [ vy e pracde alse in the
fotlowing mamnvr: The suerony may be dissolved by placing it in n
wocand pereolateyr on divected Tor preparing Syrup, and allowing the
parcalaty from tho wild cherry to flow throweh il aed into o graduatad

vowg] conluining the ghyearin and aleohol untit thi totab volume mor-
waren 1000 mh, Noter Henb ie nvoiged, lost Uie enzyme eninlsin o
ingetivatod. 17 thin should huppen, the preparation would contain po
frov ICN, upon which 1t aetion as wsedative For coughs mainly depends,
Yor n dincusion of Uas chemiatey Involved, see Wild Charry (pugo 1300),
Aoukol Comdonts 1t Mo Esesr Chinfly an u floppead vebivte Tor
gl syeup.

Mugilapes Used aw Iiluting Agondy

Muciloges are also suitable as diluling agenia {or witer-
soluble substances, and are ospecially useful in stabilising
puapensions and emulsions.

The following mucilage used for this porposs is described
ander Bmulsifying and Suapending Agents, puge 1304,

Acacla Mucllagowpage 1304,

Hydroaleoholic Dileling Agents

Hydroaleoholie diluting agonts ore suitible for drugs solue
ble in either water o dituled alcohol,  The moul important
apents in this group are the elixivs, These salutions contain
approximately 25% aleohol, Mediceted wlixivs which hiee
therapeutic setivily in their own right ave hol included in
Uhis soction.  Listed below ave the common, nonmedicated
clixire which are used purely as diluting agents or solvonts
{or drugs.

Aromatle Ellxiy
Simple B)ixir

44 mk
n.6ml,
s 24 ks
o 06wl
s ATh il
o Sy

Oranga Ol ..o
| PEEItY T 0 1] I

Anine O3t 00
Syrup
Tale o0 oo seis .

Aleohol,
Purifiod Wilar, auch, a sufficiend quoitily,
Tomnle . ooeiiii s e s

I spclve the olls i nleolel to make 200 mle Lo this solution wdd Wi
_yra ju revarn] portlons, agiluting vigorously aller oarely acdudithon, anel
afterwards ade, i Hha npme manner, tho required yuantity of purified
walor, Mix the tale with the liguid, and filler Urowgh o filter wolted
withs dilutasd slealiol, pelarnivg the e angil o elonre liguid is obtained,

Alunhal Contont.. ) (o 24%.

Usos— A pleasamtly Juvorsd pehicle, empioyed in the propari:
tiom of many ovher dixles, Phe chief ohjoction Lo il extogive use i
the high nkeohol contens {ibout 22%) which al Limen niny pounbernei.
the affaet of other medicings,

Cardamom Gpirt, Gompound—-HRS5-15, page 1236.

(hhor ydronteshelie Dilutlag Agonti
Glyeyrrehiza Elixir [Blisie Adjuvnow Llcoriee Blisie| -Crepaation:
Mix plyoyrrhizg Quidextract 125 ) and nramatic lixir (575 m1.} and
filter, Aleohol Conteat: 94 (o 8%, Usesr A flavored vkl

Flavored Aleohotiv Solwlions

FPlavored aleoholie solutions, of high alecholic concentra.
tiom, are wsetul ng flavors to be addad in amall gqunntitions ta
syrups or elixirs, The alechol content of thesoe solutions ia
approximately 60%, Thore are two Lypes of flavored aloo.
holic solulions: tinetures and spirits,  Only nonmedicated
vinctures and spivits ave used v flavoring apents,

Compound Cardamom Tincture

Curdnmon Bewmd, In maderntely conrea

powdar L e 20y
Clnnnmen, 15 (ne powdar oo s Ay
Cabnwuy, 0 nodarntoly eonrse powdit oo 1y

PO UK e P [ F 1A
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I'repare a Uiseture by Provess M Guge THAR), maceratiog (he minel
poweers in o0 ml, of o neistare of B0 ank of glyeerin o 86wl of
dilutngd alephol and sompleting Uhe prepamiion by using (et e
waineder of 1he wmixture ol sieohiol sl glyesrin preparid ag diveetod
aimye, wnel thaen difnded sleohol,

Note Compavn] enrduniam fineture way e eobor e with nne ar
mioe elers Cpapger TEHE),

Abeghol Content B oo 49,

Uinows A wiseful wahielo beennne of it plennant oo aad colos.

Lamon ThGtwre-—paga 1300,

Myrcin Spirlt, Compound...BP5- 13, page 4
Orange Spirlt, Compound---page 1296,
Orangs Pacl, Sweet, Tinciure—page 1296
Poppermnt Bpli---page 708,

Diliking Agents Jor Tjections

Injections are lguid preparntions, wsuably solutions or
suspensions of drugs, intonded (o be injoctod through the
akin into the body,  Diluting agents usod for thase preparn-
tions may be agquoous or nonagueous and must weet the
requirements for steritity and alse of the pyrogen lost
Aqueous dilubing sgents inelude such proparmtions s Ster-
e Wuter for ljeetion and various storile, nepieouns solutiony
of electrolyles und/or dextrose.  Nonagueous diluting
agents nre generadly Mty oils of vegelable origin, fatly caters
and polyols such s propylene glyeol and polyothylone gly-
g0, Those arents are yuod Lo dissolve or dilute oibuoluble
substancos and Lo suspend sater-olahle sulstnnees when ju
i desired o deerenne the rate of absorption and, hence,
prolomg the durntion of action of the drug substanves. Prep.
arations of this typo nro given intronasealarly. See Paren.
teral Proparations, page 1640,

Corn Qil
Mlange 3L

Pha refined Fixed il uhined froam e il ye ol Zea mays 1
(Bam Crrindneae)

Proparation. . Expressed Drom the Incliy carn emlyuos o perns
Aopaental Mrom che priin in stareh manfnetures,

Doseription  Clear, light sellow, oiby lapid sithoa fning elsraeloris-
Lig ogdag et upovd (e el O T 1o DA,

Sofubiliy- Sy solalde By aleolnl; niseilde with ether. chloro-
form, hmggene or sodvend, lwxnne,

UntiMuin offieind use i ns o sedovare nad pehicle for injeetions,
Wi visedh s any aselilylo of] suditittte Tor wolid farg in ta misagement.
of hyprereholesteralmmia. Other usny inelude maling sonpm and for
Doning. s nsomidreyimg ol amd ierofor saitable for lubea -
iy or mixing paind.

Cottonsaad Ol
Crovldam Headd ChE Cotten Ol

Pha vetined fixed ol obtadnoe Trome the seed of euliivated planis
ol verbons vacioties of Gossypfem hirsaian Linnéor ol nthey species
of Casayplicn (0o Meadoaeeai).

Proparalion.Cotton sonds condin abont 4%l The lostne of
Lhe seeds are Cival aoparated, aud the Bomads i subjected 1o high
prevoyea in hyeliaulie prosses, ' Phe ertida oil L bas o bright red (o
Iyekinh ved golor, 1 eeguives purification hefore iU is saitalide for
medietnnd o G prirpon,

Doseription - Pale vellow, ofly lguid swith o Blamd b odoshome or
avaely o prticies of solid B0 mny separndy heelowe 1O sl il nt ol
O0F gy Oy mpndfic peavity O Lo L3 1L

Solubitity - Shphtly soluble Dy aleobol migcite with ot chiloro
[eri, salvent hexane or eacbon disulfitlo,

Unes . ATiciad ns o solvent and vehicle for infectios, T
times tndoon arally msoomihd eatharde in thee dose of 30 mlor more.

PHARMACEUTICAL NECESSITIS 403

ket intornally, digestibie o retard gantriesecret ion and motility
and inerense Ure ealoric inbaee. 10 5o bs v in Uy mssulsetare off
o, eleomargarineg, ned snbstitadon, glyeerin, lutricanig arul eoe
metion,

Ethyi Olante

(41 U-Octadoetnoie weird, el vsgor
[T N ’I. [I.‘ll‘,ﬁ" 4000 W by,

e G 6 by iy

T Td obenta |11 1-62-0] Cipl by G,

Propaeation . Amang other ways, by rencting ethanol with
aloyl ebloride in Whe presonee of o suitable dehydrochdorinating
ajent.,

Trenweiptlon . Muobile, proctestly colorlos lguid, having s agree.
ahle 4wt spreilie geavily 0800 Lo o0 aefed vadue ot preater thas (L
fobing value i 4o 85 alerilizod by hentisg at 1A0% Tar § by properti
simiar 1o thone of phrond ond arachia oils, bt is Lo viseoans osd oo
vapiddy abworlaed by thie sissvon Bails whoun 2070,

sSolubility Droes ool dissolve in walor; mineille with vegetahle oils,
minernd gil, aleobeal or proat nrgniie solvents,

Unert- A pedtiefe Tor certain inteningsenlne injeetable progarn-
T30,

Poanut I
Arnehia Ol Groundaat Cil; Nut CGil; Baeth- Nul 4]

Phe refined fixed oil olaained Gom the aved kernals of one or
mre of Lhe euldvited variotion of drasfils hypogaea Linpd (Fain
Lagfuininesae),

Neseilyption - Colorfore ar pade vellow, vily Houdd, withon chseseteris
Vies oty odhr posed a Blan Gastes specilie gravily 00732 1o AR,

Solybitiny  Varyalighily solulde inafeab ol miseible with ether, o
ralorm ur earbon disodfide.

Unon--A yoliert v proparing oil solutions for injection (phge
LA9). To aduo i weed Tor muking livisenls, oistiments, plistors und
nonpH, (8 o aihatitete for olive vil,

Seasma Ol
Peed Qi1 Vemne 4l Gingili (O

Phe relinad Sixed oib edtained from e seed ol one or g
cattivatl varictios of Sesamaon indiowm Linne O9am Pedodiaecae),

Donepiption. Tae yellow, almost odocham, uily ligguidd wirh o ilaned
Ll ezt npaecthie pravily QUG 1o 0L

W bubititye SHghcy sodubln in aleehol; miseibde with ether, chiloro
forn, wofvenl hexane ar earhon disullide.

Wsan- - A aofoent and beliiefe in official injections. 31 s ased
el Tike odive ofl hoth medicinnly and for G 1L doos e
veadiby Lurn raneid, Tt ik i waed B the sanuCaeture of dosmeties,
Todized oif, linhments, gintmenta nmd sleomnrgarine,

Water far Injection

Woter purified by dictiltation or by reversu osmosis, 10 containg
e nelelad nulptanes,

Caulion It fs intended for wse s a soleent for the preparation
of pureateral sofidions,  For porenteral soltetfons that ore pee
Jured snder agepdie conditions wid aye s stoeilized by agpeopri-
wtfer filtratian or in the fincl container, fiest pender it sterile and
thereafier proteet {t from maerobial contuminativn,

Doseviption. . Clonr, eoloriess, adurlens lignid,

Unesne o Dhaveqeestie abd (velicle and solvant),

Bactovlostatic Waler tor Injoction

Shoribe walor for injection contadning ot or mors suilable aimi-
crobial agonty,

Nt Lise it with dae regard Jor the compatibility of the dinkimi-
crabinl agent or agenis i conteing with the porticedar medicinat
suabsbanen Yed f8 Lo be dizsoloed or diteied.

st Sierife eeldele for paeenteral propamtiong,
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1304 CHARTEER 00

Storlle Water for Injectlon
Water for Parenteraly

Water for injection storilized and auitably packaged. Tt contaie
no attinsiceobial ngont or other added auhstanae,

Duseviption - Clest, colorlons, odorlons, Jiguid,

Uson—Ifor the preparation of all egueaus parenleral soludrons,
including those used in enimal gesoys. Sew pago 1647 Tor a detailed
chinesmpion,

Sterlle Water for Jrigation

Water lor in_jmrtiuu thnt hag Toun wterilizesd vl witably pack.
o, T contains no antimberobiol ggent or othee added sl anes.

Daseription: - Cloar, colorloss, odorless lguid,

Ve~ Mia frecgabingg salulion.

Emulsifying and Suspending Agents

An emulsion is a twoophase systom in which one liguid is
digpersed in the Form of small globulen throughout another
ligquid that js immiscible with the first iquid.  Emulaions are
formed wnd stabilized with the bolp of emulsifying agents,
which are surfactants and/or viscosity-producing agents, A
sugpengion s defined as o preparation containing finely di-
vided insoluble material susponded in a liquid medium,
TI'he presence of a suspending agont js required Lo overcome
ngglomeration of the dispersed particles and (o incroass the
vikeosity of the medium so that the particles sottlo more
slowly. TBmulsifving end susponding agents are used exten.
sively in the formulation of elegant pharmaceutical preparn-
tiona for ornl, parentoral and extornal use,  For the theoreti-
il and practical aspects of emulsions the interested reader
in raforved to pages 300 and 16056, More detailed informa-
tion on the uke of suspending agents is glven on poago 15348,

Acacio
Lium Arnhic

The dried gumy extidote from the stonm and branchos of Acaeie

soneged (Linnd) Willdenow or of other related Alvican wneios of

Avacia (Fam Legraninosae),

Coustitwenig-Peincipally onleiem, mugnesiom and polissiaim
anlts of the polysaccharide arabie eefd, whish on acid hydralysis
yiulds 1 aenbinone, terlimmnuose, D-galoetos nd e aldelionie acid
contuining 11 ghuoaronic neid aod D-padnelose.

Voscription: - Acaeior Sphevoidal tears up Lo 32 son i dameter o
angular fragments of white (o vellowinh wlito tolor; translueend or sume.
whal aparuey very Sritsle; almost adorloss; pradueis n mucityginous
sensation on the tongae, Phobe Acaeta; White to yelkewish whilo, thin
(lalten.  Powdersd Avavia; White (o yollowish white, angulur micro-
nenple teagments,  Granedar Acocin: While lo palo yolluwich white,
fine granmles,  Spray-dried Avaefa: White o off-white compaeiod mi.
ermmenpic Mgt or whole gpleres,

Salubility. - Basclulle in wleabal, bt aimost completedy weloble o
(wicn ite woight of walor at room (umpoestare e resalung sofution
Tlows readidy and is ackd to litmus,

InvommtibiHtion. - Ateohol ve aleohalic solutions procipitale seacin

s o edringy mass when Die aleabol mooeeots toowore i obout 0% of

the (olab valame,  Holution s effectad by dilution with water, T'he
mdeibiyeo is destroyod through precipitation of Ui acacio by heaiy mof
ads, BoraX bt ot a procipitadien whicls in provoutod by slyeering It
contuing enliitinn wnd, therofore, possesses the incompatibilitios of thiy
i,

1L contuing o pereviduse wlhieh et s nn oxldizing agent and produces
colarol devivatives of aminopyrine, antipyeing, eresel, gueiacol, phenot,
tannin, lhlymm', wrendflin npdd othor nabstpoces, Among the alknloids
fected are gtropine, apomarphine, cacaine, humatropine, hynaeyi-
e, moephine, physostiimine and senpolamine, A partin dosteige.
Lion of the alledoil opeurs B the ronction.  JHeating the soiution of neneis
Tor & o mnntes al LD dosteoys Ui porosidase wned U color repctions
wer nvoitded,

Unes—xtonavely as o swspending agend for fnselible sub-
tancon §n water (pagre 1538), In e prenarstion of oxalaionm (ages
208 et 1534) nnd for making pills and trochos {(pagoe 1664).

I is wsed for Ha demdeent netion in infiammations of the throat
or slomag,

T solubfoun shiould not be used as o substitote far neum prowen
in the Lrentmenl of shock and as 0 éeeetie in hypoprotoinemic

udeandy, winee 16 produces seriour ayndrons Lt may result, in
death,

Avnoin Muciluge [Mucidage of Gum Arabie] Preparation: Plpce
acacin {in wmnll Do, 300 ) T a pedualed Laldle having o wide
ol and g eapacity wet grently exeeading 1000 m L, waah (e drags with
eodd purifiod water, allow i Lo draip and add onough waem purlfiseg
water, i which bonzoie acid £ g) huw been dissolved, o moke the
product messaro GO0 mL, Aflor wepporing oy e Tsotle on s side,
rotate 1L ovcanmionally, aond when the acacty hoe dissolved straio Dhe
mueiluge,  Hakse may e prepaeed os folfows: dissolve hetsin aeid (2
b in preitied wator (400 n1L) with Ui nacd of hoat, and adel O safution (e
powduradd O geanular neneis (300 5), in a mortar, trituracing astil e
aencin is dissolvod, "Thoen add mufficient paclflod water 1o ke the
protuct oaare 1000 i, snd steain i necenanzy, Vhis second method
n In'imnril_v for Pxlemiporanominc pl'u]'mt‘nli"m. Uaen: A demiehont el
wosuspending agent. BCndgo han bosn wgdoyed an o exvedpiont in
wiaking s ond Leachen, andd as an emisifyiog agent Tor eod liver oll
andd othor sabmtances,  Cagetdorr-oJ0mpst ba free from ol o any athoy
indivation of decomponttion,

Apar
Apar-Apnr; Yogotahlo Gedtin: Gelong: Chinese or dapinesa Gelatin

The dried, hydrophiliv, colloidal substance extracted Trom Geli-
eliuat cartitaginean (Linng) Gaillon {Fam Gefidface), Graciliric
eanferimides {Linng) Greville (Fam Sphasrormecacean) and relitoed
reel alygio (Gl Rhodophyceae),

Jonstituents--Chiefly of the calehim sadt of a galsetan mono-
(ueid sulloie),

Deneription - Usunlly in undies ol thin, membranous, ygdutinaled
atvipn b in eal, Mok, ar granglated formm; m e wenle yelbowish
orange, yellowish gray (o pale yellos or colorl tongh whien damin
Tarit1de when dry adoriesn ov witl o slight sdor produces s onscilaginoas
wemmnLions o1 Uhe torgae, Abso supplicd ann white Lo yellowish white or
fandiz yeliow powder

Solaliey- - Insalishle i cold walar solublo io boiling water,

Ineomputibilities Lk other gums, iU debydented nnd preeipitat:
ad Tren selutivn by alfeoliol, Tronde actd couses precipisnlion; eleclige
e enuso partind debyd ration and deerome in viscosily of sols,

Ungg—A relntively ineffactive bulle producing loxative used in a
vitrieky ol proprictaey eathirtion,  Tooineral oil smualsions (4 acts a8
wabainilver, Tlu usanl dose s 4 (0 16 g anee ar twice o dny,

14 ol s ymedd in etlLure tuedin for bactoriological work and i the
manufneiaee of ieg groam, eonfoetionarion, ele,

Alginic Acid

Alginie acid 19005-34.7] (avorage equivatent weight 200); o hydre:
phitic colloidal enrbohydvato axteastod with dilut alkali rom vari-
e apecion of brown noaweods {haeophyeene),

Prepuration.FPrecipitutes when an agueous solulion of Sedium
Alpinale i {reatod with mineral weld.

Thoseription—While Lo vellowish white, fibrows powder; odorlons or
practienlly odorlens, aned tumtrdon; 1pH (3 b 100 dispersion in waley) 15 10
Whe il (0LTN Mad), 20°) 3042

Sodubility . Dsehullo i waler or ovganie selvonts soluble in niksline
hirlutions.

Usor. A pharmacentic afd (ablet binder and pnnduifying
agent). T iw used ng nosizing agent in the papor and textdle indus-
Lrbiy,
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Sodiwm Alginate
Alginie avid, anlisshn andt; Alging Monueol; Novgiine Kaelgin (Keloo)

Sudium algionte [SOD5-38-3] (oo agivaient wiight. 2800: Lhe
perified earhebydeato produet extracted Trom brown seaveeds by
e vae of dilute alkali, 1 conuisty chiefly of the sodim wll al
ulmuus I'N‘l(l. n |)(,>lyl_|||,m|q. el oo of sta-))- mannuennie acid
remithien linked so that the enrboxyd grovg of el unit is Frow while
thes aldebysde grovg in abieddoed by o glyeosidice Tnknge,

Doscription - Nearly odortess e tasteligs, convme we line powdar,
Suelaweishe wlite in codur.

Solability -Dissolves in watoer, forming n visoous, volluida! solution,
iosatuble fn nkeatin] or in hydroaleohobin solodions in which e sloahn]
eontent s greater Hinn about 30% hy weights insolulde o chioratorm,
el her ur ncide, when 1he ])H of Thes satindjop beeomes Lok O alond 3.

Uwon - A thickening and enalsifving ayenl,  "This property
ke i Useful b vardoly o arcas, For exnmpde, i s used Lo
Tmpart smsolhnes and body Lo en ceeam nnd Lo prevent Cormation
of ien parlicles.

Bentonite
Williinitey Moag Cloayy Minerd Songy

Bentonite 13029895 a4 pative, colloidal, hydratod aluminam
nilioalo.

Oceurranee.-Hontenite i found fn U Midwest of e U5 and
Cunnda, Orygginally eallod Tayforite wfier ity discoverer in Wyo.
myirg, s name wes changgod Lo bemtonice nfter it discovery in the
Tront Vonton formadion of (ke Upper Crelpeoonn of Wyoming,

These rlmlnn Ve Fing, adilos posslor witho s slightly enrthy taste,
frowe Sromn prit) the powder b ooeaely while, Bul may bo o peje Luge or

ceenmecoberod,

The L C-l_'()!uuu al Survay s defined bentonite as n transperted
st el ifieed clay formed by Uhe allorelon of volennie anb shorelty afl,
deposition,”  Dhomiently, iU s AlyOxi5i0. 10 plus other minevals o
|1‘|‘;|)\||H IR £ i‘UIINHlM of eolloidnl cevalalling glates, of leag than micra-

n lintensiond in thickness, mnd of eodloidal dinsetssone i beendh.
P fuel sevonn e Tor D axtromse sweting Ut aceurs wien B i plaved
il swader, sinee U wator penefratan boiwen mn jofinite owmber of
Hates, A gond paeimen swells 12 10 b times it voltne,

Solubilty-Tnsoluble in water or seids, In i has e propedy of
pedsarhing targe quantibies of water, swelfiogg (o approsimately 123 Lo
its originnd volume, mod Gormdngd lighly viseopts hisatrapic susponsiong
or pelne This property mndas it bighly ssetul iy phaemaey, T el
forming praporty s armonted by the addivien of smnddb g of
ullealine wabsinnery, sock ns mgnesiom oxide. W odoes ot swedl in
urganic solvents,

Tncompotibiiths - Acéds and aede aadts doseone i water absoehing
powwer aned thus eanma brendalowin of Quenmeona, Sustpeimsions e sl
népbie alon pld ahove 7,

Usos—A preotective collaid Do the stabilizadion of suspensions,
H.onbsr haw heen used as on omalsifior for oil and as o hase for
plantarx, aintients and sbmilar proparations.

Bontoantlo Magnoe- - Preparation: Speinkie bentonite (50 b, in por
tions, on ol purified weber 300 5, allowiig each portion Lo become
thorotphty wetiod withouwt stireing  ARtow ittt atind with neciosonal
wtiveing for 24 b S angil o andihen wagae s obtained, ndd povilied
swarler Luoosake 1000, and i P nagmn may e preepared nlso by
myeelmiend wonom suel as yooae of o edor, s fllown: Plew puriliod
wirtes [5host 500 1) in the Blonder, aoned while thee mnchine is ranoing, add
Limtemite () ), Add puzified waler ta mnke uplmllm\n i()()l)i:m uyp la
Chey peenting eupocity of the blenders Blond the wisture for Lo Hmin,
neld puvifiod waler to malke TOO0 i, and mis. Uses: A suspendingg ageat
For insulubde madienmetls,

Carbomer
Caeboxypolymethylene

A gynthotic high-mobeoubiuswoight crogs-linked polymee of seeyl-
for aefdy vontaing 55 Lo 68% ol earboxyto neid CCOOMY groups,
Pl vineosity of o neutealizod proparation (2007500 niks waler) is
0,000 Lo 40,000 contipodsen.

Bronoription-White, Hulfy powder with a slight chavactonstic ados
hypromcapes 11 0 in 100 disporsion) about W spmeifie gisvity abowt 141,

Solahilily Gumitvaliser] will siali byeoxides or gmives) - Dissolvon
i wat o, aleabal and glvearin

PHARMAGLEUTIGAL NECLESEITIES 1308

Unen A thicheatnpn. suspending, dispersing aned emudsifving
aprent for pharmaeealieats, cosmeties, waxes, paints and ather in-
dunlrial prosbaeta,

C

Carrageonms [H000.07. 1],

Freparation. Thelivdroeothdd exoacted with water or agaeois
allali frum corlain red weweeds of e eliwn Khodophyeeae, onil
sopuratett Fromy e selution by precipitation with aleahod (mithn-
nal, zlhann) ap INn])rcipunul} o by e roll drying or froesing,.

{ mmﬂtmmlr. ot vainhile mis Lo of potassiao, sudivm, ealeivm,
gt g Ao solide esters of et and $aoliydeo.
praluetose copolyniers, the Desoses Bidig alermately Hohed a0 ol -
Pl i thee podymar. Plie thess misin (vpes of copotynsers present are
J'u,u,m eRFEAeNmY, (ot enrrageenn i g ondadi eneeng i, whiel
diffor in the composition and mnosned of kg of monomarts uwits mm)
this degeet ol satfnen (eho eater walfale conlont for carrgesniis varios
from 14 o A0 Keppacnrigeenan ued infa-carrageannn are Ui
polling Practlons; feechefy-carvageonnn in Ui nosgelling feaclion. The
pelling fraetions nuey D separated from the nonpeelling fraetion Ly addi
Ly ol potagsivnm elloride (o an agneous seludon of earengerm,  Car
ragoenin soparinted by drumerall deving mny contain mone- and i
|1!)'|_'L'I‘ili(,-)x or v fa %ol pobysarhnte Bt ased o pallost e pping aponie,

IEAoGRan

Doseriplion Yellow brown o whito. eonrse (o Tine prwder; orerogs
tasdeluss, producing oomueilaginomis sensalion on the lontie.

Mululdlity AN carragreennns hydrmwe mpidly i eold wator, but only
famtad-vareagesnmng aud sodivm earrageenany dissolve cemplofely.
Chrlliage anvriggoe g H‘lilll s lmul:uu forndutdy BU™ Tov coonplide natudion
whaore poi sy asd enbeinny fons are prowent,

Usier- Tin Bl prharmaceation] nod Coced ndusbeies as an enmlsify.
e, somponeling wad golling ngent.

Carboxymothylealtuless Sodlum
Clartnase 1 CGarhoxsimethoedl 3 CMC Cofludone Gum (M ereades)

Cotlulose, carboxymethyl othor, soditm sadt {9004-32.4]; containg
3,54 5% of sudium (Na), cadeulatod on the driod basis. 1 ig nvail-
nhle in wovornl viseonily cyposs Tow, mediam, higgh nnd extes high,

Doncerlption . White 1o ceonsrolored powder or grontiles; e pow-
o is hvgrageopic; 0O in 10 g isou soluiion) about 1.5,

Hotubility - ISeeily dispersed in water 1o Torm colluidnl solutions; in:
seluble i aleohol, odher ar most alher organie solvenla,

Uhion - Phaemaceuntie wid (susponding agent, (ehied excipiont or
witsasily-nerssing sgenth. I rabdon o i iy wsod oo hislropshil-
iereallodd lnsntive,

Vyome-Lhwwird, adull, taxation, 1LE g % or 4 Uines a day,

oo Fovin: Tabletas DO g,

Powdered Cuolfulose

Cetlalope 9004 -30-63 (OO0, purilied, mochabically disinte-
pensed cellutone prapeod by procossing alpha celludose altnined mon
padlp Feann Silrous plant matorinle,

Duseription- - White, otartom substanee, copsisting of Bbrows parti-
alow, whieh may e oo sl il etl nlnlllw ihlitw which disinte.
;um(- rageirtly i1y wndor wsiatn i i gedos, exhibiting duseon of
s l‘{ll’]|!|]w fromn u feee fTowing dense powdar 1o o eonrse, ModTy,
nm:!lnwuw niterinl; j)” supersatant liquid of o 1 A0 ml, oo
sungrenian aler 1hey b to ‘4L

solubiiit solsiblir in wator, dilute neids or neaely all neganie sol,
vaanny aligh lubie i NafYH soladion (1 o),

ines o Phormccontie afd (Cablot diloont, adaorhent, or suspend.
ing apent).

Cotyl Alcohol—page 1312,

Cholosterol
Clhslesil =S el 365, Cholesterin

Chalont-O-on-3-ol {§7-HH-6] CurLe0) GIHG.66).

For Lhe steteturnl Gormubin, soe pago 389,

A stereid aleohol widely distribudod in the mimad argnnism, 1o
nddkition 1o eholeatorot aned i emtars, sovornl elosely eelitod storoil
nleohioly secur in the yolk of opga, the braip, midl, Tisl oils, wool fat
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1306 CHAPTER 06

(16 Lo 20%, ote, "Tliesy dlosely eesemlle it in propertion, One ol the
methods of connereial production invelves sxtenetion of it from the
unsapenifiahle mattar I The apiaat cord of cattlo, using peteelewn
hanzin, Waol fal alno in uxed oo sooeee,

Doneviption  White er fnintly vellow, plnost adorless pearty loallots
or grentlen; tuinlly acquires ayellow (o pale tan calar on pridonged
oxposure 1o Hght or 10 slovated tompisatares; melts 147 1o 1507,

Holubility- fnsotublo in water; 3 g slawly Qlissbves in 100 ml, of
aleohuol or aluodl 50 ml of debvdrated aicohol; suluble i scetone, Bot
aleolisd, eblorofors, divkune, cihor, elhyd ncetate, solvent bexane or
vepetabre oils,

Ut T'o enshuned ineorpueation snd emalsitication of medicinal
producta in oilwor fnls. Nivn pharmaeeatival neceasily Tor Hydroe
philic Petroladm, in which it enbunces wator-absorbing aipacity.
See Chapter 19,

Diloclyl Sodium Sulfosuccinato (Docusate Sodlum }—-page
789.

Gelatin
White Golalin

A praduct obiaingd by the partinl hydrolysin of collngen dorived
from the altin, white commective Lissaes and bones of miimals, Goln-
i tovivod from an aeld ronted procursor s known as Tyne A and
axhiblta an inoelectric point botwoon pH 7 and 9, while gelatin
derivad from sn alkaki-trantod procursor is known as Type 1% and
axhilsltn an isooteetric point betweot pH 47 and B2,

Cielutin For uae in Lho nunletaee of copsales inowhich o dis-
panse medicines, or for the conting of tablets, muy s walared with a
certiffod cobir, may contain not more tan O.15% of aulfur dioxide,
iy Goiain b suitable conseniration of sodiam lnaryl sulfate ond
witllable antimiceobial agotits, and iy bave any suitable ol
atrougth that s dosignated by Toom Golomatar namber,

Bopnrdlng the mpecial gelnbin for une in The preparation of smul-
riong, soo Korwlsions (page 3hHd),

Doneription~Sheats, Moken or shreds, or a coatae to fine powder
uintly vellow or wimber In color, the celor varying n depth aceording 1o
the pacticke vize; shight, charscteristic houilion-like odog; atalile in aiy
when dry, b s saliest Lo mierelind dicamposition whon muint or Ia
sislution,

Loluliiiy-- nanhuble s cold water, hut el aned goltesn whon im-
mrneed it radunliy abaorbing from B (e 19 e it own woight of
wator: neduble s hot water, geetie peid or hol mistoees of glyeerin and
wiider; inscrhubbo 1o aleohal, ehloroform, athet ar fixed andd vodutdle oils,

Uk In phnrsticy, to cond pills and form eapsules, nnd ao o
vehiely for suppositorios,  Hoalso I roconimendod ow nn emuoduifying
agont. See under Bnuefeions in Chaplers 19 and B3, sl Supprasi-
tories (pue FOONY, and Absorbably Gulatin Sponge (pago 816). 1
e hoe beon used o wn adiuvant protoin food in mabnotrition,

Glycoryl Menosteavate-—poge 1312

Hydraxyothyl Callulose

Collulone, 2 hydraxyethyl auhor Cellonize (Onion Cartiideds Nafrogal
{Hereiten)

Coulose hydroxyethyl evher {BUR4.62.01,
Proparaton--Collulore i treated with NaQF and thea reacted
with ethydeno oxide.

Bongription. - White, adortou, istoloss, Froo. owing powder: soltem
at abuot 1379 refenective indes (33 solutlon} about 1akig; pH shout
snlutionm are nonionic,

Holubillty- Dissotves vondily Uy cold ar hot waler Lo jder oo,
mnewih, viscous solitions gartiadly sadablo in seotie geid; Tnalihle in
mast organic kol vonds.

Uk Resomblos earboxsmethyleolbulose mafiuin in Chat i s
cellutose atbier, bl diffom in Doing nowionic and, henen, daalitionn
e wunffeeled Dy calions, 1t ik vsed pharmoecutically aea G 1N
0r, PRt vallodd, bindor, stubllizer mnd susponding apgont in
emuluions, jeltion ond gintents, Totions, ophihalmic selutions, sup-
powilorion il tablats,

Hydroxypropy! Cellulgse
Clolhabois, - hydroagpropyl ol Kluce) tHeeendos)

Caltulose hydroxyprupyl othor [0 -64-2],
Propuration - Aler trenting with NaO, cellulone in repctod
with propylene oxide ot olovated lompoentaro and prevsre,

Dosorlption-Off-white, sclorloss, (mteloss powelor; softons o 107
burng out completely afout 475% i Ny or &y cofroctive indee 12%
aoludion) nhonl LERT pH (gueous seintion) § e 5 solulions are
nenyieonic

Solubility- -Saluble in witor beksw 10% Goanluble above d3%); aolyhe
i ny polar oeganie solvends,

Unes A brond combination of propertion wselul s vardoty of
industeion. 14 is uwed pharmmcentivally as o binder, gramtlation
agrend. and film-contor B the manufacture of tnblets; s aleohol-
nolubto thieRener and susponding mgent for elixirs and lotions und o
atabilizer for pmulsions.

Hydroxypropy| Mathyleatiuloso
Ceeliubone, 2-bydrosypropa D inisthyl sthor

Collulose Bydroxypropyl wethyd ethor [B004- 6.3, avaitable in
grodes conlaining 168 1o 3.0% of methoxy and 40 o Q2.0% of
hydroxypropoxy groups, and tha in vikeesity and therud golugton
temperntores of selutions of specified concen (rating,

Preparation--1he appeopyinle gradie of methyleolluloge (see bo-
low) In troatod with NaOM and rescled with propylene exide al
elevatad temperature and pressure o foy o reaction time sufficient
10 produee Lhe dowi rest dogree of attachmont of methyl and hydroxy-
propel groups by other linkoges 1o the anhiytdemiuenne ringy of
el b,

Doneription
o gy prapaiehir,

Holuhility . Swolls in waler pod produces o cdear 1o opalesemni, vis.
cous collaidal mixture; wodorgoos rovorsible tramsforinntion (rom sob 1o
weord any hoatingg and eonling, vespoetively,  Tsoluble aoaahsdeoi adeotil,
ether av chilisroform.

White 1o slightdy of T white, fibems or geanslnr, Mroe

Usog.oA protoelive eolloid that i usetul ns o dispersing and
thiekening ngent, and i ophthalinie solutions o provide the de-
mleent netion mud viseons provertios eucential for contuct-lank use
and in “artificial-tear” formulationk. Boo Wydroxypropyl Methsl,
delitime Ophthoimic Solution (e 760),

Lanotin, Anhydroug..-page 1311,

Mothylceltulose

Cleliadonp, wathy) other; Mothoed (law), Cetluthiv (Warner Chileod ),
Hyddrolose (Lpgatn); Synesolone (Jihee Line)

Selludone mothy] other (00467 B a methy] sther of eellulose
conttainang 27,0 6 3L of methoxy proups,

Praparation-- 13y the reaction of methyl chlorida or of dimothyl
aulfite on eolintoss dissolvod in sodivm hydroxido. The eollulows
mathyl sthor se formed s congulated by adding methanel o tther
apHable agont and centrifuged.  Since collulose has 3 hydeoxy
proupafplucire residuo, sevoral moethyleadlulnaes can bo made vaey-
ingr, amony othor propertios, 1 solubility and viscosity,  Typox
vaal for pharmacoutieal npplication contain from  to 2 methoxy
radiesls/glucosy renidue,

Poseription - While, fibrous powder or geaaales; agueoun sisp-
wieone rit il Lo it stahle to allondios ad dilode avids,

Hobudiiiiy - Susodublo b etber, aleahot or chiborolurm: solubibe in athy
ainl seotic acid wisk bna it of egund paets of alealind sud elilurgtorm;
wavelbs in water, producing a elear (o opalustent, viseows enleidul st
tiom; et e in hot weater and s aeatad sndOsolntiee salts of mineruds
acids and particalarly of polyiusie poida, phanols ml wimning comtaid e
[ts wolutions, but this ean Be prevented Dy tho addition of alechol o of
filyveol dincotato,

Usew-A gynthotic sabstitute for natueal gums thal has bth
pharmaceutic and therapeutio applications. Pharmsacoutionlly, itis
vsed a6 o cispersting, (hiekening, ennadsifying, siztng and couting
agent. i an ingrediont of many hose Grops, oye prepreasion,
Buvn medicntions, cosmetion, tooth prstes, liguid dotifmices, lie
Fxativos, cremms and fotions, 14 functions s protective colloid for
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mmnany types of dispersed sabstancer and i oo effeetive stabilizor for
el in - wilor wipulibus,

Therspeutically, it is e anon bl dexative 1ntha eatmont of
clrarie consdopation, Faken with 1ar 2 glassestul of water, it fovi
acotloidal solution in the uppor alimentary eact; this solation loses
waler in Ehe calany, ferming a get that ineroanes 1o bulk snd softness
ol thie atool, The gel ik Bland, demuicont and nenireitnling Lo the
pastrointeting] el Onon nosermnl sdond developa, thie doss
showld bo vedueod ta a level adegiate Tor nninteannee of jrood
Tunetion,  Althouglit tlies ap water Orom Uhe paalroint ot Lraet
st renedily, methyicelinlose nblels bmve coused focat impaction
o) intentinat ohatruetion when takes with o limited amount of
waler. 10 also i wiosh o topical ophithalimie proteetant, in the form
of (Wb to 1% aolutiomy sorving as artificinl tears or o contacel lens
wajution npplicd Lo the conjunctivi, 006 (o 0,0 mls aa tme, Bor d
timas o oy an nogded.

Edosc—{Isand, o losndive, Do L g, with watoer, 2 (o4 times aday.

Posuge Farms  Tnblels 800 my; Ophthadmie Snlution: 0.5
el 3% Syrups B /a0 ml.

Ootorynol 9

Polyfony L othanedivl, o4 0L 138 eteme g butsd ) phen g ] o
hydraxy, Ovtyiphenesy Potvethosyotlinel NIP Nl

CH, vy

' 7 .
v_'u‘,"‘:‘ ( :; “'Jll'\"‘H;.(,.hv,:,lt)H
i

Ay by

Plyethylene jriveal wnnwp-(1,),8,4-1etramethylbuiyl) phonyl)
elhor [DO0Z-03- 1] a0 anbyedrous liguid mixtare of mono. (1,133
JetramethylhulyD phonyl athers of palyethylone gyeats in which n
wirien from B Lo 16, nnd which han an aversge molecalo weigh of
47, aoprenponding to the foeanla CyyHeOn.

Frapuenion- 13y rencting p-UL RS lotemmnothy bty Bphenel
with cthybone axide st olevatod tomperature andor prosure iy the
proseiee of NaQiH,

pole yellow, vincons liguid, Javiog o faint oedor

Deseription. ! 1
s peeilin pravily about 1OGL pH 0 in 100 naneas

mitl n bitlin thale
wotution) abml 1,

Hllhlh“il\’- Mg o with watoy, ahimahia) ar neetonme; aatudle in hoen-
wonn ar teliione insolublo in sobamd lexane,

Linon--A nonionic detorgent, emulaifier and dispecsing meent, 1t
i dygeedient in Nitrofurazone Solution, Hee Polyethylene Glys
eaf A0 (pago 1313),
Olayt Alcohol

WOt adeeen ol G2, Abdel BRI ESRrex?

HIN T £ by

iy

(0-0-Octneleeon-1oo] [2A028.2) il (280.48); 0 mixturs of
upsntiratod s satorated hiphomeloeularoweipht fatly aleohol
consisting ehielly of oleyl aleolio),

Proparntion—Ono mothed eonts eyl olealo with abselute
athanol and molallic sodivm (e Sya Coll 111 G808, 19066).

Poseription - Clonr, codarlo to lghit vellow, nily Lgoids fmin ehneac
Lavistic odor mvd Bland fanle; ioding vodae hotwess 80 nnd 90; hydroxyl
vadue hietween 200 mawd 215,

Holubility ~Salulde in aleohol, other, hopeepy! aleohol o light min-
ernd oily inmelubie in walar.

Usien A phormacestio ald (nulsitying nygent or emolliont).

Polyvinyl Aleohol

TEtliesd, homopolyisier

et

Vingd aleobol polymor [SU02-88-5] (G400,

Proparation - Polyvingt ncelate i approximntely 88% hydro-
lysed in g wothanol-methyd acetate seintion axing either mineral
acid or nllad! anon eatalysd,

Daoseription. - While W erema-oolored powder or granighs edoacfoss.

HHGUTIRS 1307

PEARMACEUTIOAL NIEC
Holuldlity. . Freoly noluble in water; solaiion effecled wore rupidly al
morewhinl wlovalod tempeeatarss,

Usehio A suspending ageat and emudsifiee, oithoe with o withing
the aid of wuarfactant, 1 conmenly ivomploved ng o mbricant and
Prodectant by vavioas apithalimie propaeations, such as decongpon.
L, artificinl deara and contael-lons preadicts (aee poge 15%3),

Povidene

A Pypraliddinnne, eyl asopalymes; Polyvinylpyrrolidane, 1PV

i

| 1
\{
il

Y inyl 2 pyrrodidinone polyinas {0003-49-3] (CaHaNOYL, nayn-
(hetie palyaner consisting of Tacar 1-vinyl-2 pyrrolidinene gronps,
the degroe of potymerizption of which results in polymars of varionn
moloculur weiglits, 14 is produced comimercindly mon werien of prod-
uels Baving mian modectdar weights ranging Trom abead 10,000 1o
about 700,000, ‘The vikeosity of solutions conlaining [Q% or foxs js
osaontially the snme o thal of waler; solutions mre donggntritod
thaa 1% Bocome noro viseos, dopending upon (he coneentaation
uned e moloeulu weight of the polymer unod, 1t econtains 12 (o Y%
ol nitrogen,

Propuratkon. -

Lad-Batmtediol I dehyd roperaned thermally with
the nid of eopper ko y-Iniyroloctone, which o then reacted with
nnumonia to dorm 2pyeralidivane. Addition of the Tubier to neety:
fene yields vinylpyrealidinone (monomer) whivh s polymorized
Uyermally in the presenoe of hyedrogon peroxide aud annsenin,

Poseriplion - WIHiTe Lo ernny white, vdorless powdor, hygroscopic
pIEC i 20 peltings) 3 a7, i )

Satubility. Selnblo in water, abeshol or ehlaraforn; insalubie in
sthor,

Unes--A dispersing il suspending agent in phannaeeutioal
PR AL,

Propylana Glycel Monosiearate
Oupitlegninie aeid, nonnoster with 132 peopraaindiol

32 Propanediol monoatearale 1)0328-59-3); n mixiure of the pro.
pylona glyeol mona- and dieators of sloneie and palmitic peids, 1L
untaing nol loss than 90% of menoestors of sabueated ftty acide,
chinfly propytionie glyeol monostentate (g0 and propylenn
wlyeol monopnhnitale € nH s

Proparation By roocting propylone glyed with stearay] chilo-
ritke in @ auiable dohydrochlorinniing cnwiromsment.

Dosoription- - White, wax-like sofid or while, wixdilke beadn ar
Tlakoy; wlight, aprecalse, oty ador ad tanlot comgteals ool dower thay
Al aedd vl et more tlaa 3 wponifienlion vidoe 0 G5 hdrosy)
value TAG Lo 170 wading sodue nod miore Hhsn 4

Solubilliy  Disssdven iy organis salvents aaehom aleabiol, mineral or
fineel oile, Deosene, othor or peetone; insahublio inowador e may e
dinporeed v ot widor with tha aid of wemall amount of sonp or acer
wuditgghie surlfen. netive agent.

Oson--A stiefaccant, iy particalarly useful as o dispeening
aggend for perfume oils or vil-soluble vitnmine in wator, and in ona-
wiedic propucabions.

Silicon Dloxide, Colloidab-page 1325,

Sodium Lauwry Suifate

Sulforie aeid monadodecy] egter sodivm ualt friom; Dapoal €
(H”p(m(); Cippedinal WA {(Procter & Cambie)

Sodium mwonedodeeyl salfote [(51-2143); o mixtare of wodiym
allyl aulfntes conairting chiofly of sodiun Javry] sulfate. The comn-
bined contont of sodium chinvide pul sodium salfate is nol mope
i 8%,

Peeparation-- e fatty acids of coponut oil, consiating chivfly of
Inurie netd, nro entndyiienlly hydrogmted to form Ui corrospond.
b adeahola, The Intter are then ostorifiod with mlfurie seid (sl
nied) nnel Lhe resulting mixture of slleyl Bisaliotes (allylsalfaric
aeicn) ie convortod into o mixture of socium salin by yeacting with
alkali under controlod conditions of pH.,
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1200 CHAPTER 60

IXeseription - Small, white or Hght yellow erysinls hoving a sligthl,
eliwreteristic oior,

Solubifity- i gm 1 mlownter, forming nn opaloseont sulution.

Ineompal inilition. - Reacts with enffonde surfnee-actite tfienta with
Yemw ol aelivity, ovan in coneenlealiond ton Jow 1 e peogipitalion,
ik woups, 3t in compatible with ditute acids, smd ealeivim and naugno-
LN A,

ko An emubsiying, detergont and welling agent in ointmoms,
foakh powders and ether pharmacoutical preporations, and in the
moetal, pajrer and pigsent industrion, s Clagpaers 10 and 87,

Sorbitan Eslars

spany (Athas)

he, an

SGorhitan eatars (monolaurate |1338.30-2]; moneoleale [E8-43-
Bl; monapalmitale [26266-87-0f; monostearate [1338-41-6]; trio-
{eate {26266-50-0); tristenrale {0A68.39:5]).

Proparation--Serhital s dehydrated to form a hexitan which is
thon esteritied with o desived fntty neid,  Soa Pulysorbries, page
1814, which are polvethylene glyeol athets of sarlitan fy neid
GHLOLR,

Dreseripiion- Munolograte:  Amboe, iy lguid; mugy bovane hazy or
Torm  précpitale; viteosity ahout AR60 e HLE 100 il 1o 7.0 Bk
paponifiention so 168 to 170 hveroxyl no 330 to W8, Moneolvate:
Anther figuid: vincosity sbaont 1000 epig 11918 oo 43k ncid oo B0 s
waponifiention no 246 to 160; hydrowyl no 193 (o 2100 Monopalsitata:
Pran, gronidae waxy solids 1113 no 6,75 aeid no 4 10 L0 spanilisdion no
10 tor 5805 by pos e 1o 21 10 800, Momestearete: Crentn Lot honds;
b4 no A7 seld ve B o 10 saponification no 147 1o 80%, hadroxyt no 285
to 260, Prinferie: Amber, olly liquids vikeonity about 200 epw, HES no
¥4 ek oo 15 maxs aaponification wo LG Lo 100: hvdrosyl oo 66 1o 70,
Prictoarate: Tan, waxy bendi 1103 no 205 acid o 12 Lo 1 sogpenifiea:
tiem 10 196 Lo LG handeaxyd o B8 1o B0,

Satubility-—AMonslaueate; Suluble v methunal or aleaho); dispers-
ibber in dintilled water nnd hard water (200 ppm); insaluble in burd waler
000 ppen). Monnoleata: Solultle i1 monl minerat or vefutable ofls;
alightly solublo i ethoe: dispeesible in wolery insoluble b aeotese,. Mon-
opaloitate: Dispersdibn (R0¥) fn distilled wator or Dard walar (200
phinds aolible iy otlipl aestate; imotuble [n eold disilied wator or hurd
water (0,000 ppm). Monostearate! Holuble {above um]l.in;g ptlilll) in
vegotabli: ol o minerat oty insoluble in witer, aleohal and propylos
plyesd, Prioteate: Solubile iy mineeal oil, vegotable oil, aleohol or
methaml goluble inwoter, $eatoarare: Solublo In wopropyl ateo.
hali isalidle fa waler,

Ut~ Maobionie surfaetants Wiod an omudsifaing agents in the
preparntion of waler-in-oil emulskons,

Slaarle Acld—pege 1312,

Stearyl Alcohol

1-Qctudugimot (112828 OO (270.60) t:nm.lui!l:.l iy leas Lhan B0%
aof stenryl aleshal, te rennindor cansigting ehiefly of cotyl nleahol
[C i) = S 4a].

Proporation--Through the redueing aetion of lithium aluminum
hytride om sthy] atearito.

Deworlption--Whits, wnetaous fakes or gromlon heedng o feing,
elractorintic ador nnsd n Dland tasto; melts B to G0°

Solubility - Ineoluble iy water; aotuble iy aleohol, chlareform, sther
ar voptable vl

Unen—A swrfnee-petive agent vsed Lo stabilize eatulsions and
Tnicron thed e nhitity to retain large quantiiios of waler, See Hydro-
philic Oindrent (page 1312, Hydrophilic Petrofatum (paga 1111),
anel Chnptora 19 aned AT,

Btorculla Gum-—papne 780,

Tragacanth
S Progrmenndy; Fag Gumg Gontn Thor

The driod gummy sxudition Tenm Astragelus gumnifer Lahillag-
ditre, or other Avintic spocion of Astrapatus (WPam, Logaminasae),

Conntitnonts-—G0 1 70% hasworin and 1 Lo 40% soliblo pum
(ragacanthin),  The bassorin swolin in the presgnee of water to
form i gol and trgnennthin formn o golloidal nobution,  Bassorin,
connisling o (‘,fiﬂ\])iOH l'l'l(llwlll)h'y]llll‘.d cmi([“' renarn o p(m(.in_ I'ray.
pneanthin yields glueuranic seid and aralinoss when hydrolyzod,

escription - - Flattenod, nmellaged, Trapuently surved fraginents o
wlemigght or wprieally twisted dineac plocis O.b Lo %0 mm in thickeoms; while
for wanic-yollow i eolor; trasalaeont; oy in texture odorlems lpid
mucilsginous it When powdored, it i white 1o yedlowivh whilta,

Tntroduced inte water, Lragaeanth abmors o varlain Ieeparlion of that
tipuich, awoells very much, and Forma o neft adhmdve pisto, D, does not
digrolvo, I ngritntod with an axeen of wator, Diiu pate G o il
et bt i e eourss of 1o Wdnys the geealar porl nepantos, md
depemitend, foaving o potion dissolved in O supersaomt Muid, The
Tinewt mucilage in alilaingd Prom the whola gom aie flofe form, Several
daya uhoakl by allowed for ablabving a uniform mmslage ol §le mxl
man ref strongth. A common adullerat i Knraya Carm, wwd the
VISP has Intraduced testa to deteel ifs prasonce,

Soalukilive - dnachible in aleold,

Uhinsts- A Stesgdetn it apend i lotions, mixtares and extempsotn-
neous preparations and prevceiptions 11 Is asod with onmdailying
nents Inngely Lo bnereme consistoney and retard eveambiy 1 e
aomelimoes uned as o destdeent inosoro Uroad, and the jellys like
product formed whon tha gum is allowed Lo swetl in wator sorves s o
owin Tor pharmgeoutionl jollion, o, Ephedrine Sulfare Jolly, I
alun iy wned in virimw confetionery produets. In the form of o
glvearita, i bas heen uged ag o pill excipient,

Teagivin st Muciluga --Proparacion: Nis glyveorin (8 gl with g
Fios wartew C75 1) i o Cendd semnnl, Bt thse nisluse e Yoiling, diseon-
ting the apphiention ol heat, welid trygeeanth G g and boneole peid (0.2
w1 unet macerate the mixture durhye 24 he, sbiceiog oceashonadly. Phen
nedel wpponggh paariticed wator (o make Hio maixtre weigth 108, stiv actbvoly
unbil of uniforiy costsdst sy, and sleain foreibdy througl musiing {ees;
A ausponding et Tor insolubly sulistanced s internad mixtunm, 1008
alhiy b garintied frie gt

Hanthan Gum
Koltrad (Keleo)

A high-maloculue-weight polysacehoride guim produced by a
pure-eullure Tarnuminbion of o carbohydrato with Xenthomonas
campestris, then purified by rocovery with isapropy] nleohol, dried
and millad: containg tglucose and opanaone e the dominant
Thorasits 103itm, slong with 1-glucaronic aeid, and in prepared as soli-
i, potasgium or eabeiain sabl; vields 4.8 to 5% af earhon dioxithe.

Propaviation.Ses alove and UB Pals 3,433,708 andd 3,507 (16,

Denertpivon - While ar eream-cofored, Lutotoan gimvder will o alight
oranic ndor; povdor and soulions staldo ol 26" or lose cloes ot oxhibis
poly morplisnng agqueats solutions aen gpontral G litais,

Sotabitiry- -1 g in ahout 3w, of sleohol; sobably by hal or eold water,

Usti-—A hydvophilie colloid to thieken, suspond, emulsily and
wtahiliae wiker based syalem,

Othier Emulsdfying and Sonponding Agenis

Chondror |Iriah Mows: Caerageenan]- The dried son-Dleated plant
of Chottdries erispna (Lnd) Stickbowa (Fam Glgartinaeeas),  Laes)
Princtipully, as an oondailying agerd. for liguid petrelatum ainl for wuil
liver il 1L 3 aboe a protentive,

Madt--Th partially gormbinted grain of one or moge vaviolies of
Iardesw sulpare Linpd (0 Gramineae) and containe amylolyiie on-
vyion, Yollowiah or wnborcolored gadam, hnving o chavacterilie sils?
A 0 oswiel tasto, Tho ovagrrntml ncgraig exbeet conutibadon madi
rxiract,

Mok, I rinet-The prodoct obinined by extracting mald, the partisl-
1y el aietifledinlly georminalen geoin of sne or more varictios of Hordeam
Bidgare Linnd (Fam Crominede). Uses: A infroguent by ured enulsl-
v ngend,
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IHARMACELTICAL NECESSITHS 1309

Ointment Bases

Ointmenty are sentsolid preparations (or external appli-
cabint Lo the body, 1'hoy shouid be of guch composdtion thit
they soflon, bul nol necessarily medt, when applied to the
shin. 'Pherapentically, sintments funetion as proteclives
andl ermallients for the slin, hut avo used primaeily as vebi
clow or buses Tor the topicnd npyplication of medicingt sul-
alaneos, Ointmonts also may be applied Lo the eye or eye-
licls,

dently, nn eintment huse shoudd be eompatible with the
whin, stable, permanem, smeolh und pliable, nonirritaing,
nongensibizing, iert and rendily alle to relemie s ineorpo:
rted mediention.  Since there is no singe ointment bise

which possesses ndl these charaeteristios, vontinuaed resenred
in thia field hos rosalted in the developiment of numerous
now hises,  Indeed, oindment, bases have becamne s namer
vus mt Lo roguive dlassifcation,  Althowgh ointnent, bases
may e groupod in several ways, it s genarally nyreod that
they ean b elusified best aceording Lo composition,
Hence, the following four clusses are l‘(!(:t:p;ni'.‘.rrcl hereing ole-
minous, emulsifinkle, smalsion Dases aod wader-soloblo,
For compleleness, substances are included thad, although
ol sl nlope s ointmont hases, contribite some phirma
centienl property 1o one or more of the various bases,

leaginous Ointment Bases and Components

‘The vleaginous ointment hnses include fixed oils of vege
tably ovigin, fais ohiained from anfmals and semisolid hy-
drocarbons obinined from petroloum,  The segetable ol
are unad chiofly in cinlmants 1o lower the moeltimg paint or bo
soften basos, Tlieso 0ihs i be used e base in themselves
whon a high peraentage of powdor s incorporated,

The vegotalie oils and the animal fats have twa marked
diradvantagos nsointment bases:  their waterabaorhing e
pacity % Jow and they have o tendency o boeame eaneid,
Inaofar ng vegetnhlo ol sre eonverned, the seeond disadvin-
tage cnn be overcome by hydvagenation, a provess which
converts many fized oile inle white, semisolid fnls or into
hard, ahmonl britUe, waxas.

The hydracarbon bases comprise a group of subsinnees
wilth a wide rangoe of molling points so that wy dosired
comuintency and melting peint may be prepared with ropree
sendatives of this group, 'I'iu-'_v art stable, blnnd, ehermically
inert and will mix with wirtually any chemiond substance.
Oleaginous hases are excellent emollionts,

White Ointmant

Cintissont U817 X1 Sopte Olntinem

White Waox .o Lt g
Whle Peirolmtam. oo ven e Coveoess BEGE
Tobsake vaee oo e HOUD

Mt Ui whits wax [ sutlable dich an nowater bathy s e while
bl warm until guotied, then discontinue Lhe heating, aned mlir
e nais(ues antil i begins to congenle [0 i poraisible o vary the
|]I‘('||l|l|‘l1‘l'||\ ol wo Lo obtain o surlobe consisleney ol the vindmentwmloer
elirferent elimativ consdition..

Lined - An emaltiont ond vehicle for eiber ointimoents,

Yoliow Glntmont

Yollow WIK - oo i (Y
| N FT T Lt 1 PRI T PPN }mgnz
P BB + v v vx v vs oo e b e m e e s 1004 15

Malt. the yellow wax inon sudinblo sl onow steam bath, sdd the
peteolatom, wiem undi] lguedied, Lhen diseontinne Lo heimting, and wir
the mibxtnre untl it begine (o cosygoal, Wi penmiskible to vory (he
proporlion of wax (o obinin o suitable connirkmay of e ointmont andoer
difforent climntio eonditiomn.

Uss --An amoltiont aond volielo for olher vintinests, Both white
wnid yollow aintmnt ave fnown an “wmplo eintnent.”  While ot
et shoukd he used Lo propie while oisiments and yellow oint-
miopi vhould B used Ly prepace cotopsd pintments when simple
oinlment. ia proseribod,

Cetyl Esters Wax
“EHynthet je Sperpmeet”

A mixtire consisting primarity of estern of satarated fally aleo
b {08 Lo Cd areel pntaentod fatly seids (4 o G, 10 bag a
spanification vidae of 108w 130 and an agid value ol nat more than
¥,

(AN

Poseription  While 1o ol 1 while, semewhat trosineent (ahes; vrvs:
e strvelure ped pearly ey when enkod; faint odor and g binnd,
wilid tasles frow eom: rameichity; speciiie joavity 0,880 10 BRAD a1 507
fonline walue ot more Loy 1 vl 450w a7

Salubiiny- Ensalubde in water preneeticnBy Jonnlubie i cold alvolwl;
waluble in Boilbgg aleolsl, cthor, chioroform ot Tised sl velntile il
aliphidy solubile in cold solvenl hesane,

Llren- A veplacomont for tpermacoti used Lo give conainleney i
e Lo pintaients, o, Coddd Cream nivd Hose Water Cintment,

Olele Acld

) Ot acdecenade seid; Oloinio Avid; Klaic Aeid

ML= DRI L Y,

il
m:---d‘,n',(r‘u?tnizm

Obabir el [112-00-1] obtained from llow g other futs, |
ety chietly of (73 --oetadeconaic neid (247, Oleic neid vl
iy pregaradions for inlernnd adwintsteation i derived from edible
ROWIGEH,

14 usunlly contain varinblo amounts of Ue sther fully acids
privenl in tallaw such as lnolenic and sleaxic neitdn,

"l't_\l)ll'l‘lllyiﬂll' -(::'ht;lliﬂl!(l asn 1)_\!-1)”)(]“(}! il) Lhves naruiled o off
the sobid stearie and palmitie neids used o the manuficture of
ennellen, wienrntes and other products, The erade eleic pcid i
kenown g “rest oil,” the stenric and podimitie seide being sepn rifad Iy
coming,

Doseription - Colorlens 1o pole yetlow, oily linaid: Trawed il inelerr migel
Vanke wpuei e gevity OB (o 0800, ol L LI PRI GG R
1 e neitd solidifion nl 495 ot atmespheie promare i deeomgoms
when Bratod sL& o 10007 o e posure 1o air H gradually aehn oxygen,
darkens anl develonm i i sl

Selubitity - Practicatly fmsnlable i owalers nsiociblo wilh alenhng,
shlurefirm, ethar, Bengene or lixed and valutile ofls,

Toeompatibititdes. - onctn with alleliod Lo Lo s s, fleaty met-
bt el eadeium sales form innoluble olenten, focdfne sl fons ave deeol -
artzetl by fommation of the wline sedition compoind of the aeid. 1L is
osidined 10 various derivativen by ofdefe anfd, potassium perminganale
and obhor agtonts.

Ut~ Clussiried g an emulsion adiimel, which rencts with ulka-
lin 1o Form aoapi Bt Masetion o cowdslving ngents; i s used for
Uhis purpose in sueh proprensions as Hemeyl Bepronte Lotion ant
(oreen Soap, 3ok % anod Lo propure slend e sabis of hases,

Oilve Oll
Hawva (11

Phe Sixed oif ehinbind fom the rige (rudt of lea eropace Linné
{1 leaveac).
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1910 GMAPTER 40

Praparation-- 13y erunhing recondly colloctad ripo olives ina mill
without reaking the putmnen, (hes moderatoly pressing Lhe pulpy
o, This protuces tho highot grade oil, knowsy as vergin oil,
“aubline oi]” or st axprossed ol Tha wase in Lo press then js
mixed with waler and aguin expressed with greator prossuro, an ol
of second guality resulting, Any it vomaining in the press enke i
finnlly oxtesetod with earhon disulfido, or U pogs ik Gown into
lrge: cistorns, taixed with water and the o) allowad fo sopiraie
"hin is sometimaos called " Pyrena oil,” "bagasse old™ or “huile o
fer,”  When bought in hulk or from unlabelod containers, cotton-
wirisel oil, eolun ofl, grapoaesd oi!, seanme oil or other hlnnd vils aro not
gneommaondy fownd i aduiteraniy. Large quantities of this ofl nre
tmported from dtaly and other countrios bordeving the Meditorra-
nenn, and it i produeced to o lithitod extont in Wy Southern US,
chiefly in Californin,

Diosertption--Pale yollow or kght groenish yellow, oily Heguid; klight,
chnractoristic edor and taslo, with o fintly acrid aftortonte; speeifie
ity 0010 1 (8 TH,

Solubitity--Hlightly salable in aleohol; mikeible with enhon disil-
fitle, chlovaferm or ethor,

User.. 11 taking corntos, ointmonds, linimonts, and plosters, 11
in g bland ail, well-ruited for smalfient purposes and for food. 1,
aleo s vand as o anotliont lowative; sufficiont musd be given so that
anough eacnpen digenhion 1 soften tho stgol.

Poratin
Paraffin Wk, Hard Paenlfin

A purified mizture of aobid hydrocarbons obininad from petro-
lowm,

owaripien  Coloriens or white, move or loss transhicent swann with a
erytalting steucture: slightby grensy be thir touely; adorless and tanteloay;
congonls 47 (o 6GHY,

Saluhiligy--Froaly soluhle in ehlarolorn, e, velatibe gils v ot
wirh F:Iix(i(l ai s slighEly solabsber i dehiydrated ploahal; insalulile in woter
ot el

Ugen--Mainly, (o increase 1he conglgtency af same aintments,

Petroletum

Yiellow Bofl Poraffing Amlaer Polealiatinn; Yellow Polroln
Patroloum Jedty Voradfin Jetly

A purified mixture af seminolid hydroearbons olninoed from pe-
frotoum. 1t may contain a suitable atnlslizer,

Propiention-—The “residutne,” as they are fermed tochnically,
which nre aliained by the dislillation of pelroloum, sy purified by
molting, wiuadly troating with sulfurie neld and then pereolnting
theotgh eecently hurned bone blaeko or adsorptive elays; this re
moves the odoer and modifles the eolor, Selective selvintt are alio
somulimes employud to axtenel impuritios.

I Dos been found that the extent of purification required o
praduce Pecrolatum and Light Mineral Ol of official quality rer
moves ablioxkdnaty thot are naturadly presont, sd the puifiod
product subsoguontly has a lendoney e axidize and develop an
offoive odor. 'This is prevonted Iy the nddition of a minule
guantity of atocopherof, or othor awitable antioxidant, as b now
permissililo,

Doseription.  Unetaos praes of vellowish w L. amber anlor; noi.
more thin o aligh, Auoresesnee after being metted; trangparent, in thin
Tivors Pro ur nesarly free from odor and Laste; specilie gravity 0015 w0
0880 it GO®; modin hotvaon 38 ud §0°,

Solubitty - Disalubie in water; ilmost insoluble iy cold or ot aleohol
or i eold dobiyd rnded aiconol; freely dolatiln in binzome, eacbon dicn)fide,
ehlorotorm or Luppondine ufl; solable in vther, solvant higane or in mo
iwadd nnd volatile o, the degroo ol walubility in Uiose wolvents varying
with the eompedition of the petralpomm,

aos--A hase for olntmaents, Tt bighly ogelugive and therefore
a goodd emallienl bt 50 may Bot release sorme deugs veadily,
whita Potralntum

White Petrolevs dolly; White Soft Pacalfin

A purified wixtoro of sominolid ydroearham ohinined rem 3=
trolewm, and whally oF nonrly deeclerized,  1Lomay eontein g suit-
abile stabitizor,

Tropies tiom--In the s manner as polealataan, the purifiea-
tian trealment boitg conlinuael autil the produet in practiently frey
fram yotlow color, '

Douesiption - White or fnintly vellowish, unctuous mmss; trapnpuront
it Lhin livorn, aven afier cooling 10 0% spetifie ginvity 1815 (o 0,480 ..1:
G0%; mekta 18 Lo G0°,

molabilly - Shndtar (o that doseribad wndor Pereolotum,

Unos-—Similar Lo yellow peteolatum Lt often is profwmod I
entiwa of Ha freedom [from eolor. 14 is ooaployad as o protoective, o
base for cintments nud cerates and o farm the Doals far bum
dressings, See Peirofufim Guaeze (puge 758},

Sparmacotl

A wany substanee obtalned from the head of the aporm while,
Physotor macrocephafus Linnd (Faw Ploseteridae),

Conatitiueinii-—A mixtare of several constitionts of which celin,
or eolyl palmitnte FC FLy OO0, L predomimtes, When e,
eryatallizod from sleohol, cetin i obinined, while the mothoer Hguer
un evnporedion doposits an i), eeein elain, which whou saponified
yiohdn eotin efefe aetd, o acid resembling, It dintinet Teom, olsic
acidl.

Propurntion--By pamping Whe oloaginous materigl from the
hind ol e sperm whale, separaking the liguid portion knowa ag
pperm ol and purifying e remaining erude salid, whicl fe this
wultnney,

Dogaription . White, somewhnl transducent, slightly woeliunog
winnwes; erystalline fractire and pearly Jusdar; Taint odor nnd & bland,
:niid tanley Tron (roan raneldity; spocific gruvity nboat B84 malts 4 to
-

Helubliity-Insoluble in waler; practivally insoluble in enld aleohol;
slightiy solublo fingold sotvent hoxane; soluble in boiling iealnl, ether,
elitorotorn or fixed and viladile oids.

Ugop--Ono of 1he selid futly substinees formerly enployad (o
pive consistency and lexturo to corates and ointmenta, aw in Cofd
Croum and Kose Water (intment, Tn the interest of whete conmen
virlion, thin s been ropluced by colyl esters ey (niso known as
syntfietie spermacedi),

13080 For external nse, topietiy, ns roquired.

Starch Glycarite
Stareh Cilyeuedn

[FULKH
S in
Ceriies e Sllbml
Cecvoo ol

DR |1 111: Y

BEAPal o e
Benzole Aeid
Purified Water ..o oo
Clyoerdn o0 oonn oo

Povanhe slonb oo e

1Rub thy stnrel and the heovade neid with the purifind water in a
prorceladas dish wntil usmontlmigture boprodoced, then add the glycering
and mix well, Moot the mixture on nosad beth (o o mperadiee
Deebavieer 140 et 144%, with comndanl. but. gentlo stivring nndl s triowly-
ool Jolly-Tiko mows results, and taon stbenin Chrongh muslin,

T4 should b freshly propried.

Dgog-—Althaugeh nol an oleaginous base, Lhis eawoflfent propora-
tiom in somotimes yaed as & subktitute for n Moty ointment. 1t alw
hawe oo waod as i il exeipient,

Dono-—For exlernal e, lopleally, as vegpirad,

Whito Wax
Flenutnd Bosswax; While Booswnx: Blonchod Wax

"The produet of Meaching and purifying yallow wax that i ol
Lained Trom e honeycomly of tha boe [Apds mellifers Linng (Fam
Apidue)].

Prepurntion—1"he color of yellow wax Is dischnipad by expasing
it with nyy extended surface to the anvhined Influonce of alr, light
and moimture, b ono process o stream of meliod wax s directed on
r rovalving oylnder kepd constantly wel, upan whieh it congoali in
(hin Inyers which are sproad on linon cloths stretehed an framon il
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expred Lo e i and Light, care boeing Lilun (o wed and aecasionnhy
furn them, oo few days D sl Ly Tlesaehod) Bl dooremaove
the colew completely i in nocessary Lo repeal. the whale procens one
or mae Limes.  When suiTiviontly benehed, it is moetted and s
it smnd) eivenlar enkos.

Ereription - Yellowish white, onrdy tislediss, samewhal tesndn -
aentwolich; fnint, ehavneteriutie ilory e Trom ppneidite; molin G2 L 6,
spoeilie provity alun (.05,

Solubibity. howluble in waters sparingdy soluliio in coled alcabols ol -
i alcobiol dissalves D corolic avicd amd s porGom af The myricis, wlich
nres ennstigamn s, connpdelely solalle m chlovoform, ethee or fxed ol
volulile oilye partty soduble in eold benzine oy cold enebon disalfide:;
cannphidely selube in Greso Tiguids o) ahout gov,

Uses A stifToning agent in many prepaetions mch as vorles,
pivt e e alndmaeila,

YoHlow Wax
Boonwnxy Vel Py

Py pavified way fram the honoyesmls of e T, Apris mefiifern
Lioné (I'om Apyidae),

PHARMACEUTICAL NEQESRTIES T

Conplittents A mixtore of hree substances: (1) mseci, in:
aoluble in eiling sdeobol aud constating ehiefly of nyelesd palmi-
teade [Copldi (C e T O] nnd meyriey! adeohol [ Ho OV (8 corin
or eerotie i [Ca O, Tormserty enllodd corin when olitsised oiply
inan impaee e, which B dissolved by Biilig adeohol, bt evystal
lizas oud on eceding uned O3} eeralefn, which rosginn diwolvad in e
celtd nlesholivliquiel. The nttar iy probaly womixiure of faliy seita

Propneaton- 10 i aonndoen soersion of beee, 10 ol nived on
the targe senly by fead nbstractigg the tronoy trom the gomls by
sl off Che s of Wae eolls, deaining and U plaeing them in
cantrifiges, The honey is rapiddy whirlod oof, woater is aidod and
thar e i clenned thoronghly and quickby: (0 then is melted ad
strnined and ron fnto malds Lo cood paed hinedaen,

Deseriplion Nelow fo geayish brown solidd, agroaahlo, honeylile
ador; faint, charneleristic tanle; wlen colel e s somewhat breicdn e
when brokon it presendn u dull geanndar, voneevsiadline fraetove; b
comes plindle frem the heat of Ui Band: specilie peavity alioul 0,89
tnal s betwean 632 and 66",

Hodnkility Tanotebile in water; spavingly soloblo inveld nlenlial com-
penly solubbe i ehioroform, other or (ixed and valatile ofls; puetly
sotubilo g colld anane or earbon dinaitide; sompletely selabls in Qe
I paids at ahennt Hoe,

Elaes A stifTnding agent i many pharmacoutical preparntiong
el ingeedient of nisny (olistyes,

Absorpent Gintment Bases

The term absorbent is used here 1o donole the wator-
absorhing or emolsifying properties of these hases sod nel to
deseribe Lheir action on the slin, 'Thase hases, sometimeos
callod epinlafflable ointment tames, e ponerally anhydrous
suhwtanees which have the properly of absorbing (eulsify.
ingg) congiderable guantitbes of waler and atill retaining theiy
olidmentshike consiabeney.  Preparations of this Lypoe do ned
enntain waler 8o eompapent of their basic Tormula, bhus i
water i« incorpornted, when and as desired, a W/O emulsion
resulis, Phe following of ficial praducts fall into this catego.
V.

Anhydyous Lanotin
Waul 1T LIS XV Refined Waoaol 1

Fanediny Lhaal contning naol more Chaot G255 al waler

Congtiluenta--Oontaiss Lhe sterols cholosterd (LM ] ae
oxychulestersd o well an tritevpeae e alipbntie sleohola, Al
kool Ahe aleohols are Tound In Cho Tree steto, the romainder oeear.
virgg aw wtorn of the following gty neidu coenoubin, corotfe, fano
eerle wmopidpitie, myeisdic and podavtie. Soma of thoso pre fonnid
frew, Phe emulsifying aid ainolliont aetions of lanalin aee dae 0
the aleohinds thal wee foand a0 e wwagaanifishle fraction when
Tarwadiny is troatod with adlenli. Constitatisg approximalely o half
of this feaelbon nnd koown g feaodin oleaiofs, the Jatlor s com-
privetd of eledvsbiral (R0%Y, lonasterol (35%), ehiolestanal (dihydro-
ehiofetorad) (3%), apmosternd (29%) s variows othier aleohols (0%),

Preparadivon. Py purilving Lhe fatty matdor {seinrd obloined
from Lhe wool aff the sboeyy, Fhis saloral wool fod containg abiowt
A% of frew MulLy seide and fuity neid ostors of ehadesterol and ather
higgher nleshols, The choelestersl eampads are the important
comatituentn and, tosgeure Lhege ina parifiod forg, oy procesacs
have Been devised,  Tnane of these Shoe erade wool Tt is trented wich
wonl alkuli, the suponified fats and emulzdons condritupecd Lo seoure
the nqueols Roagy solution, {frem whivh, on stonding, o laver of
partinly puviticd wool fal separates, " This produet i et puri-
Tiotd by froating it with calefam ehloside and then dehydestol by
Tumion widh unsloked e, 11 is I'irmll_v tatnctoed wilh neetong and
U sobvent sulsoguendly sepurmted by dictillaton,  'Phis ditters
fram lanokin i Lhat tho Temor congaing pracicnlly go witer,

Deneripiing - ¥ollow, tonaeiows, unetuens mask slight, chariet eristic
oy sl is lstwoon 36 and 447,

Selubilby - Tmoluble nowater, it ovises withonl sepaetion with
A Lo 1n swaigh of wagor; apariggly solubile i cotd sleoholy mom
waltsble Jo et aleshol; froely wolubile in ather op ellivenform,

Lgent A ingsreliont of aolntmenty, sspecially when o aguacous
thagntid it T neorprorated, 11 plves o distiselive gualily o the
ecintiment, inereasing absorpdion of active ingredionts ane madntain.
g undorn congisdeney for the ointment undor most elimalice
eomditiens. Mowevor, it b o amitLod ok many intisenis on
the rocommondation of deemitasligista who hive fod Wial many
ptbenty nre allocgie Gtz mimal was,

Hydrophilie Petrolatum

L T 1 R - 11 1 11

oyt Aleshol oo T S
White Wax ... ... e BlbgE
White Petyolndom. 00000000 . BT

T T T T £ 11 R

Nett the sleney adeobud, while wia, nd white puleadalin 1ngether an
aonstenm bath, then add e eholosterol, and stiv anbil i complelsty
alimtolvten, Remov oy Qe mth sod sehe angil 1he mistare eongends,

e A protective and wgter-nbaorbable vintnent base. 11
wilt shuerl n nrge nnwount of witer from ngueous sobubions of swedi-
entityg s bstanees, forming n W pe of eroulsion,  Ses Oitments
P 1602).

(Hhier Absorption Qi Hanoes

Tydroavstearin Sulfate [Solinud Hydeogeaaiod Gastor O
SHCE, A sulsinwee praporsd by salfaiig Tryrdrogennied ennlor oil,
Fale, sollowe-Drown, unetaeos {;mnimnh‘d masd; Fadnt odor eontaining
ahotd 9% orgmuivnlty bowsd Bk Dikpersiide o witer amd glyeerin;
wiseiblo with propylene glycol, polradatums or lixed oitae (ses: A
witrTaseaelive agoetst e i preparing byl eophilic nintoend, lagies ol
s e egny Tsions,

Ermsgion Oiniment Basaes and Cormpononts

Bmadaion ointment bmser are netually semibsobid omut-
giong, These preparations can be divided into two grovps on

tho bagis of emubson type: emulsion ointment base water.
-l (W) type and enmulaion aintment hogo oil-in-witer
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1312 CHARTER GG

CO/WY type, 13nues of hoth types will permit the incorporn.
Lion of seme additional amounts of water without reducing
the consistency of the base helow that of a solt eream. How-
evor, only (/W emulsion einfinent bases can be removed
readily from the ekin and clothing with water, W/O emul-
gions are hetler emollients and protectants than are O/W
amiutsions. W/O amubsions can ba dililed with oils,

Catyl Alcohol
Cotosteary] Aleohol; “Balmigyl” Aleohol; Aldnl 62 (Sherex)
CH(CHY) W CHON

1-Hoxndeenmal {124-29-8] CaFag O (2424405 1 moixture of nol loss
than 90% of cety| aleohol, the vemainder chiefly steneyl nleohaol,

Proparation— Ty eatndytic Rydrogenalion of pulmitic seid, o
saponitication of spermaceti, which containg cotyl pulmitate,

Pomerlption--Unctuous, white Nalos, granales, colws o eastings;
Faint ehoractoristic odor aned 3 Gland, wild Gaalo; saelis 4% L H0") not less
than H0% dislids betweon 316 and B,

Holubitily--Insoluble in woter: soluble in nleolel, chlmofiom, ether
or vepe ble ails,

Unek--Bimilag W Stearyl Alcohol (puge 130K). T alio imparts o
amoath texture te (he whiv and fo used widely In conmotie erammi
and lotions,

GCold Craam

Petrolatuim Rone Waler Ohttisenst LIS XVI

Coty Bort Wik . .oocvvinn i BEBY
WHHO WX oo v innn e s 1M
Minernb O e Bl E
Bodium Borato ... o000 i errereen. BR
Purified Water ..ovoiiin oo 10ml

Tu nsadto aliout R DR URIIN 1 111

Reduee the coty] extorn wax and the white wax o small pioei, el
o o m b Bath with the mineral of) nnd sontinue heatiog until the
temperature of the mistuey simchos 70° Dissalva Do Torte o
the purified water, warmod te 70 uod gradually ade the warm solutjon
1 e moltel wixtiee, stiveing vapidly and continuously undil it has
conpeated.

L W ointment has beon chillod, warm i alightly betore sttemgpting (o
incarpearato olhar iggredicnts fsee USE for atlowibile varintions).

Usen--Usolul as sn omellient, claansing eromn and sinlment
Lase, I rosembles Kose Water Ointmend, differing ondy in that
minoval oil s wked i place of abmend eil and emitting the fgeonce,
Whis change produces an ointment hose which §s nol subject to
raneidity ke ane containing o vegetable oil, 'This in o WA smul.
nlot,

Glyceryl Monootearate
Oetadeeanoie neid, monooster with 1L2,8-propunulriol

Muanostenrin $31566-01-15 o mixtire chiefly of variable propor-
tionn of glyeeryl monnatenrite JOHLOME by = 368.56] vl
glyceryi monopalmitate [ColHp(OHYNC i O o 330 ,

Propatation- -Amang other ways, by renctisg glyesris with com-
mereinl stoarayl ¢hioride,

Dasaription-— White, wax-diko solid or oecurs in the form of whiily,
wik- ke e, or flakes; slight, sgrosablo, Mty odor snd taste; does not
medt helow p6; affeetod by light.

Salubhiliiy-- lsolubde i water, Dt mag be disporsed in hot. wator
with the aid of 4 smadl smount. of soap of otbar siitable surfnee-nelive
agten b disnolven 10 hot avganic aolvents weh ae nboohnl, mineral or Cixed
oils, himene, ety o nepdpne.

Useg--A thickoning and omulsifying mgont for alntments. Son
Ointments {page 1602),
Hydrophiile Olintment

26 R
nihigp

MuthyTpnralvs . oo i nrrrar e
Fropytpueabon

J R T E I R I I

Sodiwm Loyt Sulfado oo W g

Propylono Glycol oo oo P g
StourviAlehol o000 R K

White Poteelatim, oo oo, LA
Pariffed Wader .00 I

Tomalke nhont .. ... .. S 111\

Melt Uhe stonryd nteohol and e white pelrodalum ol astens bat, e
warm to aleud 7h Add the uther ingredients, previovly dissdved in
et wantwe e wariaad o 7657, nad stir the mixtore undil i comgents,

Uses-A tenlereprmonadle ainbmend base for Le so-cenlled
Sevmhable” gintments, This ben O/W amulsion,

Lanotin
Hyibroun Waol Fal

e purified, fat -l substance from the woob of shies, (i tirdes
Linnd (P Bowidae); conlaiim 25 to 3% waler.

Daseription - Yollowish white, vintmoent-1io moses, having o alight,
charpeloristie odor; when hented oo wlean Tt i weparales inte an
upper oily and o Jower wator lavi; whin the walor in ovapoested o
romidvn ot Lanodin vemaing which s tranaporent when malted,

Solubility. - inwoluble i waler galuble i ehlovsiorm or other with
acparation of its water of hvdration,

Uses--Largely an n vahice for ointments, fer which it fo adiniva-
hly adapted, ar aceount of 1ta compntibility with skin tipida, 1
ernuinifios aquoeous liquida,  Lanedin is o WA emulsion,

Stearle Acid
Oetdocanasie acid: Cetylaeetic Acids Starophanic Avid

Stoprte acid [57-11-4]; o minture of alonric acid My =
254.48) und palmitie acid [CHpp00 = 266.44), which logether con
siitate not foss than 80,0% of the total content, “The content of each
iw et bess than 40,0% of the tatal.

Prerifie Stearie Acid UST iy o misture of the gmne acids which
Loyreihar constitute not Jeas than 96.0% of the Totut cantent, and the
contant. of Cynblaty is mot sy Uhan B0.0% of 1he Lotatb,

Propuration—From ediblo s and ofls (veo excoption hekow) by
Boiling thatn with roda tye, suparnting the glyeorin and deeompodng
the resulting sonjr with sulfuric or hydeoehiorie neid, The stenrie
acid submequently s sepnralod from any eloic acild By colt o¥pros
glom, It also is prepared by the hydvogenation mnd subimsguont
anprenifieation of elein, 1 may bo purifivd by reerystallizotion from
nlcohal,

Desexiption-—Tanl, white ur inty vellowish somewhi glossy and
crystalline solid, or v white o yellowish white pawders an udor and it
wigenative o (ullow; melts nboul 56,69 and should net conpenl at a
tenpertare bolow Ba%; the purified seid molis o Gif Lo 70¢ and conjgeals
Trerlwreon #8 and G925 wlowly valndliaex edweon 0 and 1007

Holubiiy Practically insoiuble S walee; 1 in alowt 20 wlool
aleohoel, @ ml, of ehlovotorm, 3 ml of ether, 26 mly ol acelono or il af
anrbion teteachioride: fracly solubbo in el disulfides si aalublo i
amyh aeofote, hepzone or Llalaeg,

TneompntibiliGes-- Tseludle stonretes are fornod with plauy me-
s, Qlntment lanes madde with stoarie seid may show evidence of deying
out. or omphyms due (o suely o smetion whis dine o citfefm salts are
componndml thersin,

Unos—1n the proparation of sodium stenratn which in the solidify-
i agant for the offiginl ghyesrin suppositories, onlirie tnblol
coating, ointments and for many ather commercial products, seeh s
{oilal croamn, vanishing erearms, solidified alenhal, ele (Whon fo-
heled solaly for external use, it s exempat frons the reguiement thal
it b prepared Trom odilsle (i and pils.)

Other Emulaion Ofatmmnt Hase Compronent
Woel Aleoholy B Prepured Dy Ow mponilication of the grease al
s weord of abeop and peparndion of the froefion containing o wlestero
and other pleohsls, 1 containg nod Lo i 8% cholestsrnl. Clulelen-
browiy solid, somewhai brillde whi eold but beeoming plastic wheon
warm, with 4 (sl eharaetoristic oders has eaootls and shiny Mracture;
anlts Bt bnlow B85 ackd valie ot mare Can 2 saponification viue ol
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frveaves Ui 15 et i e ke wei (1 Uhk mptasring die v darken me the
st et oF aequire s abjeetinnahle adar in het weathor,  Tmolubile w
winter moderately sebubl inalesbol; conpletely solible in W pueteond

3
Hasiling anliy s aleolsl; frovhy wlabhe inomlher, vhdarolorm or (dro-

BEEITIR 1313

PHARMACELTIGAL N

Josstt olher, Cress A minvdsilying apeat for (e propaestivn of WA
pnmlsione: men wotor ohwschable salat e inointment bases; i
preves Uhe Leslaree, stability aod smoliont propeetios sl Q/W emulaion.
11 i kovenens alvo s Lagaadin Adewhols.

Waler-Soluble Ointment Hages and Components

Inelurded by thin sestion aee bases propreed from the hyghe
ey cthylene glyeol pelymers (P1G), Theso polymer wre
mirdeted under the tradamnrk of Carbowar, The polymaers
Tove o wids bonge io moloeulne weight,Phese with moloeu-
[ werigghls eanpiag, fron 200 Lo 700 are liquiths; those ahove
1000 are wax-like solids. The polymers are waler-soluble,
nonvetatile amnd uneluows agents. TPhey do oot hydrolyze or
deteriorate and witl not support mald growth.  'These prop.
ertdes neeount for thelr wide use in washable ointments.
Mixtures of PG are used Lo give Dases of varions oonsisten-
ay, stich g very soft o ed bases Tor suppoesitories.

Glycol Ethers and Derivatives

Thiv spocind clmw s hers is ol considorable insporfane in pha
mseeuticnl wechyvlegy.  Bodle mona- amd pulylunctionnl eom-
pourids dre represeated i e groupe ' The simplest mamber i
ethylene oxidy [CTOHLO], the internnl or eyelie efher of the wim-
plant iyenl, ot hylene glyeol [HOCHCHGO ] Bsternal mono. sl
lothers of ethylone plycod {ROCILCHLN and ROCHCTLOR'Y
wrw well kinawa e lorgoly Lo researel done by the Carbide &
Carhon,

Pryeparation - In the prosenee of NaOH ab temperatiess of the
arder of 120 io 135% and undor a total prossues of abod 4 poag-
splrea, othylene oxide rencis with ellylone wlyead Lo form com
povnds having Wi genovsd fermute FOCHACHDOH),CILOH,
commanly referved Lo s condenastion polymers and termed poly:
uthylene (or polyoxyethylene) glyeol, Other glyeols hesides ety
e glyeed funetion in similar enpicity, and the commoretd gonerie
Lo adopted for Lhe sntire gronp is polyaliylone (or palyosyitky-
lene) glyeois.

Womonelnbire -1 s 10 be notad that rese condensulion puly-
mers are Bifuockiesnd; o, Uiy contadn both ether apd pleodiod link-
e ‘Pho compount wherein nos 1 s Ui conasereially impentant
iethylene glycod [FIOCHCHOCH OO, and it internal elhor
b Al fmiting divsnne ¢ QU] The mono- md
diethers derived from diethylene plyeol have the Tommabas RECTL,:
OCHLEOHOH and HOCHCHLOOHCITOR The former
sty nee termed Y Carbitofs" and the Tutter " Cellosudves, " reg-
tstored tradonarks holonging 1o Carlide & Carban Ue,

Palyelhylene glyeely iro ditforentinled in commerdial nemoncla
e by adding i aumber to tio name whish ropresents the averniie
moleenlar woiglit. Thuos, polyetiyleme: glyeol 900 ik an avernge
molocular weight of nheral 400 (nessured valuas [oar gommerdial
singles vange hebween 0 and 420 corresponding Lo a vadae of #
For Lvis prrtieulio palymer of approgimsely 8. Pobyners hipve becen
proclaced in whieh tie value of 1 rann inig the lnoslreds. U ton =
approximatety 15, o compouils are diquicds al yoom Lomperature,
vinugnity and boiling point increasing with fncreasing moleeular
welpght, Flghor polymers sre waxy solide md are termed commer-
cinlly Capputeaxes tuother Carbide & Curhon Leadomanrk).

I shoukd be observid that the presence of the twoe lepming by-
dresyd groups i the polyalliybine glyeoliinakes possible the fosips.
Lien of bol ether and estor devivabivean, sevorad of which ave markel.-
wel prmelietn,

Lot Decaune of thsir vapor pressure, salubitivy, aolvent power,
hypronenpicily, viseosity ard lubricaling ehavastovistics, the polyal-
kylene glyends v their derjvalives fimetion i many applicationg us
wlTestive rephicemunts for glyeerin wnd water-ivsoluble oils, They
find considerabie use an plasticiaors, lebricants, condiioners aned
Pindslving apents for processing testion mnd roliber. Thiy alke ara
Praperbant aonalsi Pying sgentn mwl s dinporrwanls for suely diverso
wabstanees au dyon, oile, resing, inseeticidos el oy typus of
pharmpeentionhe by oddition, they e emploved Troguently i
ingradionts in ofnlnent banes and fnaeaniety of cosmedic proprea:
Lions,

Polyethylens Gly cols

Febytonys Lt e i), wobydrvo o pdroxy Corlinswses (€ wofifede &
Coprdan )y My U0

HAEQCH T |01

Polyethylene glyenls [ 253-08-3],

Propnralion. . Shylone glyeol B eeactard with otlylene axide in
Wi presopce of NaGQH al lomporatares in the vange al 1207 (n Lia®
wnrder preosne of adwut 4 pdm.

Demeription  Palvethvivoe glyeale 200, 300, s and G0 ave clear,
Visgantsn Tinqnids at poow temperature,  Colyethyvliae glveols S0, 1800,
Ls0, A, 500 nwd $one ave white, wazy solids. The glyeohs do bl
Tisnleslyrn or duleriornie unnder Lypienl conditioni, As U wileenlar
welght incresann, thoir water solubility, vipor prosstise, hyproseopleiy
andd solubibily 1 erganie solverds Qeciinineg at the sune Lime, feezing o
okt ing romge, wpeeitic gravily, Mash peint and vineosity increne., 17
Theae sompetints inile, siall Gres should be extinpidil with cartion
Wikt or dry- chemical vytinguishoes e Javgo fires with Unleohol ™ lype
[oma wxbinguinlar,

Hotubility Al membornof this class disolve i water fo oy vhny
sedudionn and are sobuble i many o e

Unos-- e pranacns nowide rapge of solabilities el comp Gl
{em, whiiel make them usofnl in pharmpeoutienl and commetic prepo.
tations Their landness venders Lhom highly aceoplalile for hair
drexaiimzs, hiod Totions, sur-tan ereams, leg lotions, shaving erewns
and wlen creams e A perexidi vinlaest whicl is stalde may e
peepared nsing toxe compeunds, whitioodyne biwes inmeliviie Lthe
perogidel. Tholy wie in washnble aintmenty i dinenased under
Ofntments (pago 16023 Phay alae nre ased in walking By oRL-
Lories, hormone crenms, oo, Soo Pelyaihylene Glyeol fintment
Chuliw) and Glyced Kthers (nhave), Phe liquid polyethylone glycal
A00 anel (he soiid polyethylone glyeol B350, meed in the proporion
upecifiod (or a permissible yaviation thereot) in the official Polvelh-
ylene Glyeol Qintmont, providoe o waler soludabis uintment. Bae ol
ity the Tarmslntion of many desmntelegienl grepaeations, Thesebid,
winky, witer-aululln glyeals often nre used 1 inerean (e vineosity
af guic polyethylene glyeols and to stitfen ointment e supposi:
{ory bimes, 1oy addition, tey ave ned to compengate for the melting
point-Towaring alfect of other agents, io, ehloral bydsate, 666, on sueh
Lo,

Prdyetlylivne Glyon) Ointment USE. . Sreperttion: Hanl ol yeidi-
whene plyeol S50 (00 1) mad polyollivlens fehveal 40 GO0 1) ey ooty
tath (o Alow to cool, i sdir until eoogonlod. 10a firmer prepora:
tian in dostred, roplice up to g of polyethiyione glyeol 106 witly an
crpud anunt of polyethylang gyenl B0, 1006 10 2%

W ol nn pgliectn
nolition i b bo neosporated In Uiis vintmond, voplace 505 of polycthyl.
N A B T af wtenrel wleobol. dfses: A wator-woluble
it b

Polyoxyl 40 Stearaie

iy oy 1 athaned§eD), wehydioo-hydrory - ocladeensonta
My (160
REGOC 0N 1
CARCOE i T elonmue iy,
Aty upptovinnlely am
Polyethylena glyeol monosloaate (D004 993 ¢ mixarn of
memoteacito nnd distonrnto esders of mixed polyoxvethylene dials
vk corronpanding Mree piyeols, the averago pulymer Loty b
syuivadent ke about 40 exyethylone units Polyuxyethylene G0
Stearate i a similne mintaee i which the avernge putymed lenglh s
oquivalent o alwut, 5 axyethvdone il
Frrapurntion Ouoe elhod consieds ol lwnbig carresponding
polyetbiylene glycol with an equinolar porti ol wloariv acid,

Demeription While o light-1on waxy slidy oot oy hae i Taim
Fut-lilen nedars cogondy biween 3¢ and 477

Solubibity Solalie i wator, aleoll, ethee o seetone inolulibe in
minetal or vogounile oibs,
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PFIZER, INC. v.

1314 CHAPTER 60

Unes-Containn orter apd aleohol Tubetionk that impart hoth
Jyophitic pud hydrophitic chotacterhition to ke it weful as oo sae
faetniit s emulsifior, T s o ingradient of sooe watse-salubie
ointment i crosm buses,

Polysorbatas
Sorbitan onters, prolylogy ) 2eathanedivl) dorive, Manitans Uoes.
Camerun) Sorlnten (ARt ) Pweana (O

S G,

M
e ‘l'_\(m",n RSt
HAOC R
[ar of w,xpoand 5w g,
LLRTRIWHI P Ivl-B |

Sorbitun esters, polyoxyethylono derivatives; faity acid gtors of
aorbitol and Ha anhydrldon copalymerized with n varying sumber of
tales of ethylone oxide, The NY rocogniues  Polysorbote 20
(atrwettre given nhove), o lnrato aatar; Podysorbalo 40, o palmiiate
entar; Polviordate 60, a mixture of stearate and palmitate chtors;
and Polysavbate B0, an oloste entor.

Proparatton--Thess importanl vonionic surlactants (pags 268)
nre proparad ateeting with sorbitol by (3} elimination of wafor

forming sorbitan {n eyelie sorbitol anhydride); (2) partial setorifien.
tien of the sorhitan with u futly acid such m oleic or stearie aeid
yislding a hesitan estor known comaercialty w a Span and (;1)
chomica] addition of othylen oxide yiolding o Pren (Wi polyox.
yothylune doerivilive). .
Dogeription.- -Lolysorbare 80 Bewone oaminer.colovod, oily Hqui
Fuint, chavneteristic odor; wirn, somowlat St Lty upecific m‘n\'il\;
107 to 100 pH (1228 aguouns sojution) 6 1o 8. .
SelubiEiny- - Polysarhate 800 Vory sotuble in waier, pradveing an
piforloss angd sparly eolorlsn notution: wolakde fa nlealn, estdaymend oil
corn ofl, ethyl aeatale, ethanel or toluene; idoluble in miserad oil,

Vo Lhogmae of taeie hydeophilie and Lysphilic chnrctaristic
those noblonie surfactants nre vory wieful o omulaifying u';mn,.;
forming O/W enulsions in pharmacouticnln, conmetios nnd othe
Lypoes of products.  Polysorbate 80 in an ingeediont. in Conl Pap
Ointment undd Solution. Seo Glycol thers (pago 1313},

Othor Water-Sofuble Ofatmont Dase Componest

Polvethylone Givaol 400 Monostonrale VSP XVI- . An othor, aley.
hal awind cater, Sentitranspareind, whitish, silorfoss or tearly odorloss
st melis Do 30t % Freody solubly in carlnn Tateelloride,
eltluretarmy, el or pedrotaam benein, n?i“h(]l\‘ unluble in nbeihosl; oty
Ble in water,  Hsess A ustionic surlce-melive agaid. in Hie propargtiog
al erammn, Jotio, ointments and cimilar pharmacentios! proparacion,
which ary readily soluble in water,

Pharmaceutical Solvents

The remarkable growth of the solvent industry is utteated
by the more than 300 solvents now being produced on an
industrinl sealo.  Chemically, thexe include a great variety of
organic compounds, ranging from hydrocarhons through al-
cohols, esters, ethes and acids to nitroparaffing.  Their
main applientions nre in industry and the synthesis of orjgan-
ic chemicals, Comparatively fow, hoawover, are usod ag sol-
vontg in pharmacy, because of their toxicity, volatility, insta-
bility and/ar Havmability, Those commonly used as phar-
mageutical solvents pre described in this section,

Acotono
o Diened hyl Wetone
(000,

Acetone (570413 Q160 (5R.08).

Caistiate It i very flummable,
ipnited,

Preparation-—ormerly ebtained exehiivaly from the destrue.
tive distillation of wond,  Pho distilnte, connisting peincipatly of
wet hanal, e lic noid acd aeeane wos neatealized with Bine and the
weetonewag supargted trons the methyl aleobol by fractionnd distilla-
tiom, Additionn] quantitios wore ahtained ly pyeolysis of the calels
um acidate fortaed i the noutralization of the distillae,

1L 30w i obtained largoly as a hy-product of Uhe byt alechal
industry. Thin aleohol is formed in the fermentatfon of copdshy-
draton such as corn slarch, moluses, ele, By e action of the baclor
unt {Mostridiam aeelodybiciem (Wetmnnn formentation) wnd it is
alwayeone of 1 produets formed in the process. Tt also is abtained
Dy Ui eatalytie oxidution of sepropyl aleohol, which i prepared
from propvione rovulting rom the "eracking” of eruda petrolonm,

Di it wae olore Iomay be

Dusaription - Trnngarent, colarlom, midsile, volutile, Temmnble lig.
witl with u charneleristie odur: apeeifie gravity not more than (789,
dintils Dotween BOLG pd (9% congeals st =905 aqueous msjution
nendeatl To Jitimuos,

Sulubitity - Miseible with water, gheolnd, other, ehloroform ar masl
voladile vils.

Vnesh-oAn undinepliv in conennteatiom: nhove 5%, In combing-
Linn with nleohol it is uaod ns an antiseplie cleansing solution, i
evapliyed mha metiglrauns in the preparation of wlooresing in plnee
of ether, 1 is usod os o softend Tov dizsalving oy hodies, rosias,
peruxyling morcuvinls, ote, and also i1 the manufacture of muny
organic compostinda such aw chloroform, chlorobulanel and ascarbic
neid,

Alcohol

Ethined; Bpiritus Ving Teetilieatus; 5,V 1 Hpivieof Wine
MaLhylenrbinol

Wthy! aleohol (4. 17-6]; contuing D23 Lo 93.8%, by weight (94.0
O6,0%, Ty voluma), nt H5567 (60 FY of CoHAOH (46.07),

Pregaveintion—Flas heen mathe for conturies by formentation of
certain cathobivdintes Tn the prosonee of 2y rese, an engy e resont.
in yengt el Usalde enchobivdeate-contninig ninteriais inelude
moliases, sy e, fruit juices, corn, arkey, whent, polnte, wisil
anel wante sudfite liquors, A yveast ik capable of formneating only b-
idluese, Fractoke, D-mannose and Dogalactose i s asentinl thal
maoro comples carlohydentes, suel os starch, i converted Lo oie or
move of these sirple sgarn belors they enn b Tormented, This i
neconvplivhied vaviously, commonly by eyt ar ackd-entadysed
liydrolysin

The net reaction that oceura whos o hoxose, glueose (o oxampie,
in formented Lo adeohiol nuy be ropresontod ss

0 o 20 HAON 4 200

Tt the muctanfmn of Wy process is vory comples, ‘The formentod
Hauid, contuining aboad 16% of aleohol, i distittod 1o oblain o
distillate containing 94.9% of Ou,0H, by volame, To prndoee
ahseltde aleohol, Uie 9% product is dehydrated by vaions procoss:
o

oy be produced alse by hydration of vthiylene, slnodnt
mugyplies of which are avaidilibe oy natead and colo oven gukos,
Pronn wisbe gosos of the potroleam ndistey wnd othor soureos. In
atther synthosis ncolylonn i hydratod entalylionlly o neotalde
buyelee, whieh thin in hydrogenated catodylicatty (o ethyd neohal,

Doperbptivo - Promparent, colorlms, mobile, volatile liguid; align
bt ehavnetorintie udor Duening tste; boils al 78 Bal volatilises even
1 Tow Comnpseradurs, i is Aoy whon e, i s osuleal towards adl
ingtientars; speeilie pravily at 1R56° (the T Governmend stundard few
peealure For Alvabol} not above D810, indicating nol s fan D20% ol
Clul,OF by weight oF 94.9% by volumg.

Solubility  Miseihlo with woisr, gootme, eMarolorm, wthor a5 many
other organic solvenigs,

Toeetib it Y ithon T his wied propieatioon eantaliniig s il peecent -
agge of alealiol wild provipitate many dnocgeinie salts Ceanme ol geaeous
wolution,  Avasin ponerally v provipitaned feom p idranleoholic maedi-
nm when the aleahob conte is greater Usoe nhoyg 6%,

Steong oxidizing agents such an chdorioe, witric aeid, periiagioniis
af chromate B acid aclution viet, in seme dnes vielonlly, witly it
Jiratluen axidalion prxiuetn,

Alledies cnone o dackening b color due to U small wmowit of alde
by ity preesanl in 4.
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Unon---1u pharmacy peingipnlly for fts solvent powers (page 216).
14 nlye By used an the staeting point in the munutneture of muny im-
portant componinds, ko other, ehlorolorm, ete, 1L albo B wied s 2
fual, ehiofly tv o denaturod form,

It in p QNS depromant,  Conkequontly, i eeetslennlly has Boaen
adminlstered inbervenously for preaporative and postoporative so-
dation fn pationts in whom other moasurey are ieffoctive or cone
trabnsdicatod, The dose employed v 1 to 1.6 ml/kg [y intrave-
o wne i n apectalizod provaduve and should be employot enly by
one caporiencad in tho toahinique of auch uso,

It in ussd widoly and nluned by loy poraona g a sedotive, 1 has,
howover, no modieally approved wse Tor (hin purpons, Moroovor,
aleohil potentintos the CNS effecta of nuberoun sedalive andd des
pressunt druga, Hence, it should not be anad by patienis tnking
etrtain proseription drage or 14 madientions (ree pago 1862),

Taxtormatly, it him anumber of medicol ugen, T4 s asolvent far tho
tosicodend rol eausing duy poisoning, and shoukd be used o wanh the
akin thorowghly sonn after cantact,  In a concantration of 26% it s
amployed for athing the skin fov the porpose of eoaling al reduc-
fig feeers, Inhigh comemntrntions i is o rebefecieat and aningredi-
ond of many fasiments,  In a concentition of 5O% it is used Lo
provest swoating in asiringent and anfddeotie lotions, 1t glso i
empluyed Lo eloanse and harden Use nin ot is helpfol i jrevent.
injg bedsores in hedridden pationts, i o coneentintion of fi0 Lo 90%
it lw germicidnl, AL optimwin coneentention (P0% by welght) it s a
goed antizeptie for the sldn Uosal anti-infective} and alw Tor in-
atrumonts, 14 adio is usod ne n solient to cleapse the wlin splarhod
with phenod,  High coneontrationg of it often are injesed inte
nerves and gaandlo for the refief of pain, aecwmplishing this by
entising nerve digonaralion.

Denalured Aleahot

A oot of Congress Junie 7, 1906, nuthorizes e withdrowal of
mlealil Trom hond without the payment ol internad revenie tax, Tor
the puepese of denaturntion and use in the aets and industeios,
T'his ia ethyl sleohol to which have been added suel denataring
materiody as o rgnder the aleshal asfic B use moan intoxioating
hevorage, 1t in dividord inla two clages, nanssly, completely dena-
tuved alechiol and specially deratured alcoltol, propared in pceor
danee with approved formulbis prescribed in Fedoral Industrial A
coliol Rogulationu 3,

Information regarding the we of alenhoel and pormit reqoivemonts
may be obipined from the Regional Divector, Burenu off Aleohol,
Toimeeo aned Fivearms, io iy f tho fellewing officos;  Cineinnati,
OFF; Philadeiphin, PA; Chicage, 11 Mow York, NY: Atlainta, GA;
alos, ‘T and Ban Proncisen, A, Federab vegulation provicdes
thit completely and apeeially denatured sleohols may e parchasod
By properly qualificd pevs Trom duly establikhod donnturing
plants oF hotided doalers, N permin i egquived for the purchase
ond use of compledely denaturad aleshs] diless the puechaser in-
Londs Lo rocever Ui nleohnl

Complotaly Dennturid Aleshol Thin Larm applies o othyl
aleahol to which s hean addod matorinli (moethy] isobutyl katone,
pyronnte, pasoline, scelaldol, kerosene, ela) of sach nature thot the
praclucle may he sold nad used within cortain Tinitatio without
parimit-aned homd.

Spocinlly Dona tured Alcolob-- This ateohol is intended for ue
i agreator number of npacifiod arts and industrios than eompletely
denaturad abeoliol and the charmetor of the denaturant or denday:
ante wsed inomueh that specially denatared aloohal may e sold,
posnonsed and o only by those porsons or fems that haold basic
pormits noed nvo govered Yy bond.

Pormulan for products wsing spocintly denatured aleohol muit e
apravad prior Lo ase by the Rogional Direclor, Burei of Aleohal,
Tobneeo and Pirearms in mty of the togional offices listed above.

Uson-—-Approximately b0 wrocinily donntured nleohol formulog
containing combinations of more than 80 differant denaturamts aro
availithle to G the seads of quadified ers, Laorge amounts of
specially donaturnted alioholh are died nn saw materinds in the
production of acetaldehydo, wynithetie rubber, vinegar and ethy!
chierido us wolt an in tho manulacture of propriotary solvenis vl
cloaning solution,  Hther and chioroform con be made rom auli-
ably deslured nleohols sod formutas for the manufngtare of lodine
Pineture, Green Song Theture and Rulibing Alcohal are set forth in
Lhe veguladionm,

Spocinlly denatorod alenhals ks are aed g polvonty for sarface
contingn, plisdien, inks, tolleh preparations antd esternel pharmaceu-

PHARMACEUTICAL NECESSITIES 1316

Licalo, Large quantitios are used it the processing of such food and
drag products on pecting vitaming, hormovens, aotiiiolicn, alkaloids
and bleed producis.  Clher ukes ineludo sapplemeontal molor fuel,
rocket and jot fuol, nnkifreese solubions, refrigorsnta and culting oils.
Few produets are manutfpetarad Lodoy that do pot require the ose of
wheohol at, some stogo of production,  Specially deantored adeohol
may nod be ased in the manuiaetare of Tonds o internal meticines
whero any of the aloshal romaing in Whe Mnished prodoct,

Rose Water Ointmem
Coll Cranmy Galon's Cernto

CotyI B Wik e 18R
WhiteWax ........ ., P - X'
Almond OfF oo e hGl g
Aot Baratd oo DR
Stropger Hovo Walor. ..o oo ciiariiaa e Shml
Purdfied Water 0 0ciiii e o covonoononn Himl,
JLETTICR #] ) P PR P | - S 111 B

To ke wbovt o, SN |1 111 "

Radued L cotpl inters wax and e whity wox o o] pices, mel
fheany aatn msdamen Sathy ndd the abmomd ] snd continue ertlog unti the
((:mpnmiur(p of the migture reachion W00 Ehinnolve the sodiwim borata in
the purifed walor and strongor romg water, warmed to 10°, sod gprdunlly
wcked the war noltalion Le U meitod mixtare, stieelng vapidly e eon-
tivrously until it fas coolid 1o aboue 454, Inearporate the roge nif.

e he fvee from rancdding. T ehe odnlmont L i ehillod, wirm
il ulightly before attompling to ineorporate othor igredionis (aoo 4P
foor sbloveshle varlntlons),

Higtory-- Oviginatod by Calen, the timoas Romen physicien-
pharineisl of the el century AL, was known for many centuries by
the nwine of Dapeentum or Coratem Refrigerans, 1 hag changed
bt littde in proportions or othod of proporation treighout many
cofrios,

Unoso An gnrotitent nnd ofutmen! hase, 10 s a WA einnlkion,

Dijutad Alcohoi
Dituted 1ithanol

A mixlure of alenhoel and witer containing 41.0 o LLO%, by weight
(A8 1oy AG%, by volume), ot 1656, of CoHCOH (165.07).
Proparation -

Alvatiol L P 11 (R T

Purified Witor

Mamgore The aleabol and the pivified wiler separstoly ol the some
Lemperntyre, and mis, 11 Qe witer and Use nleabol nnd U resuldag
wigtre g mensared at 257, the vodume of the mixture will o aon 070
mi

Whan equal volimos of aleehol and wiater are mixed together, i
rine in femperatteo and i costraction of abeut 3% in volume 1ako
place. Trnamall speralions the contruction generalty is disceparded;
in Juvgor operations i vory importast, 1550 gal of official alesbsol
are mixed with 50 gal of water, the product will nol be 100 gal of
diluted aleoiol, bul ouly 961 gat, o contraetion of d% gal. S Proof
Spein diffors feam thin and i sleengor; 1 ansialie 50%, by valwne,
of absolute nleghol at 15,562 {60717, This corvenponds to AL5% hy
waoighd, pidt hns 5 apecifie provity of 8347 ol the anme tontpozatie.
I apirits huvo a gpecifie peovity lower than thag of "proof epirit”
(6108413, they nrouaid to be “ahoe proof7 il realar, Y helone pronf,"

Tt also many e prepared from the following:

Alaahed oo s e R
Parilfed Watar ooo00coooino e

Rulod For Dibetion-The fotlowing raden e applied when mak.
ing an aleched of any veguired lower porcontare fram an aleohal of
aay given higher poresntage:

1, By Volumie Doslionate e solwime percontags of (ho strongor
ol by W, anel hat of $he woeaker aleoliol by o,

Heeder Mix 1 volumies of thw wtronger aleohol with purifiod wider to
mindte ¥ ovelumer of peostuct. Allow the misteve 1o stand dntdl full
contynetion has tnken place, aud anddl i hay cooled, thon mnkoe wp the
cltipieney in thi ¥ valiiigs by ndding move paeified water,
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dave GHAPTER 00

Exampir . An oteadnl of 30% by voluiie o ta b inacke Troms wn
abeshid of 4.9% ey voliome, - /Take 80 vobumes of thi 940.0% aleohol, and
ackd wnoiggh pruk il wator o geardies 944 valime ad vaom Lemperadare,

I, By \!\'ei“ht enignnte he wobght s pereemage ol tie strongor

srtentisd Ty W, el (hat of Uhe weakier ideohol hy w,

Raelet-. Mis o parts iy wehtht of Uhe st mnger nleohal with purified
waler o make W oparis by weight of praduet,

Fxomple - An pdeabol of SU% by weight s 1o b jomde Fring an
afenhaob of 2% by wolghto-Pake bl paris Ty werkitlil of the RL8%
aleoliel, wnd neled wosowgy puarificd water to produee DS parte by weiihe,

Peseription.. An for Aeahal, exevpt s ﬁp“!‘i”{? phavity in OG0
.07 o 16,5467, Jnrdicnt ing (it e strengt ol Cul, 01T corvapoids (o
il givent in the offiviat detindtion,

Ve A menstrawm in making tinetures, Naidextraels, extiacts,
el My proporties alrondy hnve bee deseribed fally dn connection
wilh the various preparations,  Ha value consists not only i ils
antiseptic propartios, hul alse in e possessing the soleend powers ol
Liokb woter and aleuhol. Mo Mook,

Nonbeverage Atcohol

Thie i tas-paid sleahol or distilled spirity asal in the mgnuie-
tare, by approved Tormale, of sueh medicines, imedicina] propaen-
Uik, Tood produets, tavars o avoping exteacts ag are unfiy far
hevernge preposen. [nternal Revenue Seevies Rogutations provide
thit pdifiod holders of Spoeinl Tas Stemps who use Tax paid
akeahiof ar distiltod apivite in Lhe types ol produets lsted above, muy
file i edaim tor afeed ol tax degrebash or rolund of o connidorable port
of the th padd,

Amylena Hydrate

gVl ety Tevtiary Amyl Atenhot: Dimothylothylearhinn
[=TH
B gtbe ity
o
Lort- Pontyh aleohal [ 80-4] Cold 00 (88.10),
Propareation. Amyleni i mixed witl 2 volumes of 60% 11450,
fath previocsly cooled 1o 0%, Tor nbout 1 hr; then aeulralized with

soda, distlled pnd the tiest hadf of the distillate containing most of

the amybene hydrate s frented with mbd eous potassiun corbonnta
e roddingitlod,

Boseription. Clear, cojor |omn Ii(!uid nl’ rurnpilmn(;l'mm mlor; nolilion
nestlent ta liimueg speceific graviry (808 to 0807, dindila compleiety hoo
twpon 07 aad 103",

solubbBty- 1yin alot 8 mboof watery miseible with nihol ilinea
form, othar of glyenrin,

U Chidefty, o pharmacentiec necessity for Freibromoethano!
Sofutiog (K75 15, page 985). 11 bns Doon unnd wa a sedntive-fiyp-
petie in denen of 1o adiminintered in glycoein.

Chiloroform.-page 1820,
Ethor--pago 1041,
Ethyl Acelata—page 1264,

Glycorin

L2 Peopanedviol: Glycerol
¢l

MO CRCH, o1

Glyeorol l!iﬂ--HI ] CLl Ly, (r0n),

Chorsieatly, iU B the simplost (rihydeie aleobol, T i warthy of
spoecin] nolo boenose the twe terminnl pleshol groaps oo prémary,
whermis the middle one is nocondary. Phas thin Beconus Lhe (it
polyhyedeie aleohol which can Yiold both an sidow {ityveraddehyede)
untd n kedone (difnydroxyecetune).

Proparntion

1. By nopumitiention of fits andd ails in Uhe manulmetuire of soap,

2, By hiydrodvalnof fats ond obis tiroagh pressure nned supehent.
il o,

3. Hy fermentation of boel sugar mnlassos in the prosones of
largo nmanints of sodive aulfite, Uoder thoue condilivrg o raedion
takes ploee expremod s

Cabd iy o= Cl LOH M 4 CHGCHO - GOy

[#H TN Glyeorin Aveduidaolivile

4, CGlhyeorin s now propurod in dngge quanti tos from propylens, o
pretrodevin praduet, This hydrocarbon is chlorinnted al alwour 4004
to form wllyl chlode, which is converted to uilyl adeobol. Trent-
meat of the wsntainted ateobol with hypechlorous geid “'l()(ffl]
yialits tho chlorohydrin derivikive,  Bxtrmetion of HOL with soda
Lt yields 2,3-cpoxypropancd which undersoes hydration teglyeor-
in.

Dokeriplios ent, colovdess, ayeuapy liguid with o sweet tisle and
1 mare than a slighty shineactavintic odor, whicl is seither harah nor
dibmggreealsie: when exposed o nsint aie i abaorhs water and who gich
stk (n T8 wwl S0y wolntiony are neutraly specifie gravity not hyjow
140 (et B Chn S0 Gyl b0V Boilac il alwont 200 ander 1 aim,
with decompurition, but can be distilod indnet iy o vaciam.

Sulubiiity - Miseible with wator, sleohol metlnoety | e in aliesl 1%
Wloof othyd acoture or sbod, 1o of acelong nseluble e ehioreform,
wlthier o7 lixed and volatile oilx.

Enoompatibilitios. A oxplosian may ocear iF 0 i (rituratod will
wlean axeedizing upendn wael m ehramium trincide, potassinm chivrate
e prabaasictie peenrdeganiate, In dilido selutions e renetiony proceed
at n abowor rado Tucming sovornd oxidation products. Tron i oo oegnjon.
At eoplaminant of 1 and may he the catao o o dackoning in cobor i
mixloren containiag phenols, salicylolse, fonadi, el

Witly bopic srofed ov socdivm barate, 0 farmm o eomplox, onoreatly apolan
of 6 glyeerohnrie scid, which i a much stronger scd thay hosic aetd,

Unos--Onid of thie yast visbughle products known o plarnaey by
virbue of Ha sodeent propoety, Tt iouselul ag aramectant in keeping
withidances maist, owing to it byjirossopicity. 1t agrooahio fasie
and high viscosity adapt it for nsany purposes,  Some modern joe
collneg and tee baym contaiy it msl water hermetically sanled within
vuleanized rubibor by ‘The latior nre stovilized Ty dippimg in s
gordeidal solution muk are atorod in Che refrigerator andil seeded,
1Ak b amne thiprapeutic usos,  Inopure anbydroos form, it is
usedl in e ey o retduce comeal edema und to feeilitate ophithahno-
seopie oxamination, 1t is vued erntly ar oo evaewnnt and, in 50 to
Th% aolutdon, me i evslemie aammotic agent.,

lzapropyl Aleohol—page 1167,

Meodhyl Alccho

Maothunal: Waod Alechol
CH 40

Methanel (67.056-1] GHLQ (32.04),

Cagtion I8 i% prisumions,

Proparation... By the eatalylic reduction of earbon monoside or
enrhbon diexide with kydrogen, A zine axdde-chrombnn oxide cata-
Ivat i used commaondy.

Demoription-lear, colovlom auid; charauteristic odor; Oamamabile
wpeecfic pravity 1ot more than 079 dinlils within o range of 1 halween
Gk aned bYE

Salabiley. - Mineile witly water, nteohiol, sther, hanmme or mas el
o o soadvonds,

Usog A pharmneoutic aid @elvent), T in toxic, Tnpestion mny
rerult. in Blinedaoms vapors il oy enuge 1oxie roselions,

Mathyl 1zobutyl Ketena
- Pantanoe, 4-mothyl-,
{CH O HOHL OO0,
4-Mothyl- 2 pontanons {10810t containn nol less than 95% of
(oM P RS IR N

Doseelption - Irannpnsent, colorless, mobile, volatile Tguid Tint,
Ketonie and enimpharneaons ndor, distils betwion |1 and 137",

Solublity - Slightly soluble in waters windible with pleolol, ethe or
stz

Vkon-A denattitani for rulibing aleobel and nlue n efoend tor
putmg, Tanis, nilroclluloms, obe TUmy Do devitating to the sy wnd
wucoun mombeanes, and, in Dl coneontrabions, nareestie
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-

Monosthanolamine

Fthenol, 2oamizos, Ethanetaning Khylolamine
HOCH,CH N,

ZeAminoothanol |141-48-8] CaHy NG (31.08). )
Proparation--This alkanolamine is propared conveniently by
tronting ethylene oxide with ammonin,

Trancription--Clear, colorlens, modeately viseou ligaid; :linl,im‘.l’ly
ammondnend oder; nifected by light; apeeific gravity LO1S w0 801 G; ctulils
b twenn 17 aned 1737,

Holubility-- Mintiie in gl proportions with water, acotone, uleohol,
ycerin or ehlaralmrmg ingniscible with ether, aolvent hosung or fixod
alla: diskolves many essential oiln,

Usep--A sofvent for fat, oity and many other subsiancos, i in n
pharmacoutical necessity for Thimerosal Solution (page 1170}, 1t
cmpbings with Telly seids o form soaps which fhd application in
virious Lypos of emulstons sach on lolions, crenms, ole.

Propylene Giycol
CHACHORCH 08

1,2 Prapmnodiol 157-66-6] CoHaly (76,100,

Preparption . Propylens is convorted succesrively Lo ity clilore.
tiydrin (with HOCD, epoxide (with NugCOy) and glycol (with water
i prosehes of provong).

Troner iption--Clenr, coborions, vineoun and practiendiy odorless Yquaid,
slighidy acric Loy spoelfic gravity 1035 1o 1087 completoly dinlils
boelwoon 181 wiel LRI abunrhy maistire Nom maoist afr.

I il withowant er, adcotiel, ded b or chiorafnrm; salu-
Ble i othoe dissalvin futny valotile oiby immiseille with fised ofls,

Ungs--A soluent, preserpative and hunreetant, Sog Hydraphiliv
éntmend (e 1811),

Trolaming

Fihanal, 2,272 -niteilotrig-, Triethanolamine

FHARMAGEUTIGAL NECESSITIES 1317

LA NityHowothanol | 102-71-6) NGO ), (140, 18): o mix-
ture of allumolamines consisting larpely of tricthanclaming, con-
taindng some diethanolaming (NH(Q,H,00), = 105.14] and
wonoethanelamine [NH Ol 08 = 41.08).

Proparation—-Along with mome mono- oud diothanelnmine, by
tho aation of mmmodrin on othylene oxide,

Doseription—Colorkens o poloe yollow, viscous, hygroseapic liguid;
alight erloe of ammonin; aguecus solution i veey allmline mulls about
1% apocific gravity 1,120 Lo 1128 a steong bose snd rendily aombinen
vy wild wealo nelddu to forim satia,

Solulality--Mingihle with wator or aleohaly solulile Jn chloroform;
wlighily aolubie in ether or hovee,

Usog—-ln combinntion with a fatty acid, e, oleic seid (non Henayd
Renzante Lotfomn, page 1246), a5 an emedsifier. See Monoethagolas
tmiHe,

Water—pagoe 1300,

Other Pharmacewtiea) Holvenls

Alcahol, Dobydeatod, B, PhT [Dohydentod Bthanol; Abrolute Al
ot} "Pranspiront, colorlom, mebile, vobatile Hguds chaenetoriatic ogarn
Derming tude: npaci e gronvity ol mord thinn 0798 at 1RAR™: hygrom)r-
i, Mamable and boils aboat 75H2C, Mineible with water, athor or
eiloroform, Tleoa: A pharmseeutical godvont: nleo vaod by injection for
voliod of pain (e Aleofol, payo t314),

Coconut U {Coconut, Gil; Copra O] Phe fixed oil abtained by
expreagion or exiretion from e kernels of the seeds of Coces nueifors
Livé (1o Palmae). Pale yelkow (o colorlos Toguid Dotweon 28 aied
A0, ennoliel al. 20° wsd o b, heintlo eeyatilling wolid helow 16%:
adorloss and 1aatalem o fus 6 Talnt edoe and st ehaeadopingie af
woernntL L st vt L used QL Dae bocome vaeid; molts ghout 24,
ppoeithe praviiy R tn OO Roadily notuble in wlewhol, ather, ehloro-
torm, earhon disualiide or petrotewn henvin; insoluble in wo

Potrolowm Bensin [Petroloun ol Purtfiod henzinl-Clear, color-
leay worlntilo Hauicd) olheeend ar fuint, potroleans ke adar neateal rooe
tiong apeeifie gravity 0004 10 0600, Practieally insoluble s water;
pvinesi Dl it hy ot ooy, ehloraform, lossong o fixed oils. Cantion: Highly
fammahbo, nod i vper, whon mised with wir nnd ignited, may explodo,
Exes: A wolvent fur Tuts, roning, odis and similar substances,

Miscellaneous Pharmaceutical Necessities

Pl agents listod in this seotion camprike o holerogeneous
group of substances with both pharmaceutical and ind aswi-
al applications,  Phormoceutically, some of these agents are
used as diltients, ontervic contings, exeipients, Mlwerng agents
and ng ingrodients in produets considered in other chaples,
Toduntrinlly, some of {these ngenis are used in various chemi-
end processes, in the synthesis of other chemienls and in the
manufacture of fertlivery, explosives, elc.

Acetie Acld

Acelie peids asolution contadning 86 to 37%, by waight, of oty
(66,00),

Preparntion—Ry diluting with disllod wator an agid of highoer
concontration, sch as the B0% produet, or noee commanly glacial
aeetic peid, aaitg 350 mL of the lntler tor the propaintion of oach
1000 m L of neotic acid,

Dheneription . Oloar, eoforless liqoid, having o steong chimeterinte
ador antd nshneply acld tote specilic gravity ahout L043; coyroals aboul
== 14%; pejel o M,

Hodubility—Miseibie witl witer, nleahol or glygerin,

Uagn. - Fi phoesmaey o soleent and messtranm, and for making
diluted nostic aeid. 1 elao i aeed a8 a sterting peint in the many-
Fructavn of many other orgabie eompounds, o, acelater, scetunilid,
sulfonniden, ote, 1t ie official primarily os o phaemacentiv neces-
aity Tor tho proparation of Alumimun Subaceinte Solution (RPS.
14, pago 778).

Dihated Acolle Acid
Difute Aaotic Acitl

A solution contalping, inench 1000m1, 57 ta G4 10 of Gyl
Prepmueation..

Acotio Aald .. e e e s 1h¥ mil,
Purifiod Water, asulficient goaniity,
omnle .. e e e e e 1000 m I,

Mix tho in[u'(.'l.li:ontn.

MNute--Phin agid slag may be propared by diluciog 58 mL of glaelod
acetic acded with suftlciont purifiold wator Lo make 1060 ml.,

Vs iy G ki properties, solulilicy, purity wnd
abion venctivrw an Aeedie Aefdy Dt ity speeilie gravily s abon
1008 aned [ eongenks aboyt, --2°.

Ugais--Bacterivida! W muny typet of microorganisms and neon-
sionnby in asod i 1% salution for surgical drosingn of 1he skin, A
1% sobution in spormatoeidul, [Lalso in usod in vaginagd deuchos for
the manngement. of Tefehomonas, Candida and Hemophilus nfea
fiaim,

Glacial Acetlc Acid

Concenbralatl Avstiv Avid) Crystallizalde Acolic Acids 15thunalic Acid;
Vinogngy Awid

CHCO0H

Glacinl neetie aeid [64-19-7) CybL02 (60.05)

Freparation-Tis acid in tormed Yglacial” baenuse of ity solicl,
glamy nppearance when congenlpd,  Tnone proess il is produend by
dintilation of wealer acids to which haw hoow added a water-en-
Leatuing aahstaney sueh as ethylene dichfovide, I thin wothoed,
referred (o A “nauotropie distillathn,” he ethylone diehloridy dis-
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1312 CHAPTER 66

Ll out with the water bofore the neid distily aver, theralry efftoting
comeentrtion of thi jatior

Iy another pracess the aguoeous acid v mised with tricthanal:
amine and hoatod, The deid eombines with the tripthanolaming 1o
form o Wlethanolimine acetate, The watar is driven off fivsl; than,
at a highor lwuperature, the tricthanotnmine campotsd decom-
poscs Lo yiold this neid,

A greater part of the neid now aveilable is made synthetieally from
avotylons,  When acelylens is paaseel into this acid confaining o
metallic catalyst such as mercuric axide, athylidono dingetate is
produced which yields, wpon honting, acolic anhydride nnd neetid:
duhyde.  Hydeation of the former and nir oxidation of the Taller
yield this neid.

Dioseription-—Cloar, eolarteas liquid: pupgonst, ehnraelovistic odor;
when well-dilutod witl water, 1 hok an neid Teste; Doils about. 1167
comgenl ab o temperature not Jower thn 16,69, corvesponding Lo n
minimanm of 00,45 of CHCOOT, specific gravity aboud 1,08,

Solubitivy.. Miseible with water, aleolnl, acetong, ulher or Kiyeoriag
innelulsle by enrhon tetrmehloride or chloroform.

Unen—A caustle and vegieant whan applied externally nnd in
oflem wuld uneor various digguioes an n eorn sofoend. 1L s an oxcel:
Lenat solvent for fixod and voladilo oils nd many other arganie com-
povnds. It in uaed primoily as an eeldifving agent.

Almond Oil--RPS-18, page 720.

Aluminum

Alumining Al (26.98); the Troe wetal in the forin of finely divided
powdor, 1 may contnin oleie acid or stearie neid an s lubeieont, It
comaing nol los than 98% of AL nnd not more than 8% of Acid-
imaolicble sutstairees, including any added oy aeid,

Dencription: - Yery fine, (teo-Iowing, silvery pawder free from geitly
ar discolorud partichen

30]\“”1“.V - Tomelubbe in water or aleolind: m‘)]ll')ll\ in |\)':|l‘¢)t!|)l(ll‘it! and
wilfurie nefdy o i solndion of Tixod alkali hydroxides.

Usow—A profeetiea,  An ingrodiend in Aluminum Paste (RPS-
14, page 779,

Aluminum Monuostearate
Alumisvin, dibydroxyloetaducanonlaoud .,

Dihydroxy(stonratolaluminum [7047-84-9% a compound of alu-
i with n mixture of salid organic scids obtained from fats, nnd
cenginty chiefly of variable proportions of aluminum monoglearstu
and nluminum monopalmitate, Tteentning bhe sguivalont of 14.5 Lo
16.5% of AlOy (T01.86),

Proputation--RBy vtoraction of o hydroaleohoiie selution of po-
Lassiln atorrite with an aquecun soluiion of potassinm alam, the
precipitate being purificd to vemove freo stoavic acld and some
aluntinum distasrato simultanaously produced.

l)m»u.z|~i!,1|icrr.-m..l-‘inul white Lo yellowish white, bullky poweder; faint,
clurnetorintic odor,
Boluhility- lsotuble fis water, aleohol o ethar,

] Ubed--A pi]urmm;(m(ff_'al_ needanily unad In the proparation of
Stertle Procaine Paniellin O with Alumfawn Stearate Suspension
(koo pupe 1107).

Strong Anwnonia Solutlen

Hiponger Amnonin Wntar; Stronger Amimoniom Hydvoxida Solution;
Spirit aof Muarlshorn

Ammonio [ 1336216} naolution of NHy (17,6, eondainiyyg 87,0
Lo 31.0% /et of NELw  Upon exposire o air il lowes ammonin
rapidly,

Candion--Ure care in andiing {4 feeae of the veatie Ratare
of the Selution and the irvitating propertics of s vapor. ol Lhe
condainer well befope opening, and cover the closure with o cloth ar
gimilar mederiad while opening. Do nol tuxte it, endd moodd tnhalae
tion of it papor,

Proparation-~Anmonis is oblained commorginlly chiotly by
wyntherig from ila onstitnent. alements, nitrogen and hydrogm,
eombinod under hgh prexeure aad ol high temperature in LI prose
anc of i enlilyst,

Denerisption-Colorlens, tmnmpavant Haquid; exeeadingly pungong,
ahavneterinde odor oven whon well-diluted it iz strongly alkaling to
|tk npuc!ii'h‘. groviby ahenat 0,90,

Holubility—-Miscibiv with aleobol,

Uses--Only Tor chemical gned pharmacention] purposes, 1t s
whoed primacily in omaking ammonin water by dilation il as a
chewical rouent. 1 is too atrong for intornal sdministration, 1m
an ingrediont in Aromabie Amimonig Spirit {pugo 1633),

Blemuth Bubnitrate

Bagic Binmoth Niteate; Bamuth Oxyniteate; Spanish White;
Hismuth Paint; ]3iulnuthyl Mitrata

Biamuth hydroxidoe nitvate oxdde [130G286.4] Bi000MH 5, (MO,
(1401.99% 0 basic snlt which, driod at 105" for 2 by, yields upon
tgmition not losy than 79% of BiyOq (466.96),

Froparation---A solution of bismuth aitrate tw added 1o hoiling
witer to produce tho sabnitente by hydrolyain,

_l)uﬁcrlmi(mm Whitn, allglitly ‘l‘l_\,'ul‘()}‘u‘-ul)i() powelur; suRpengion in
distillod waler is faintly acid to litmun (pH ahout 6},

digsolves rendily in an excess of hydrochlorie o nitrie acid,
Incompatibilivien.-Slowly hydrolyzed in worer with liboration

of nitrio acid; thus, it possossen (he incompatibilition of Ltho neid.

Reduring agents darken it with the produetion of metallic hismuath,

Unas--A pharmeceutical neeersily in the preparation of mitk of
hisrautdy, 16 adoo s veed ay an astringent, adsorbent wd profactioe;
hawever, its v an 4 protestive s questiotnlle, Thinngent, liko
othor bmoluble bismuth salts, i uaed topically in lotions and sinl-
Mok,

Darium Hydroxide Lime

A mixture of barlum hydraxide octnhydvts snd ealeinm hydrox-
e, Tt nlso may contain potassium hydroxide and may contain an
indicator that in inerl toword anosthetic gaeos such ne cther, sy
propans and nitrous oxido, and that changes color whan the harium
byelradiddo e no longer con absorh carbon diogide,

Caution-Sinee if containg o soluble fore of barivm, i i foxic §f
swalinwed,

Dows Fiption-—White or grayish whito gravuler may have acolor iFai
Indeator haw oo wdedod,

Unos--A earbon diexide advorbent, See Soda Livte (payo 1325).

Borle Actd
Tiorie avid (Ha30:: Boraeie At OrUiohsde Ackd

Horic aeid [1O04830:3] ROy (01.83),

Proparatfon--Tagaons of the voleanie distriets of 'T'ucany foi
morly farnighod tho rronler part of this seeid v boray of commeyee.
Pernx is now tound native in Californin and soma of the olbor
wekborn aludos; cadeium aned magnosiuig bovaton are found there alko,
N in produced fram native horax, or from tha other borates, by
ruseting with hydrochborie o sulforie aeid,

Dopeription---Colovlam wenles ol o somoewhol poarly Justor, or ciss-
Lalp, bt more commumly awhite powder slighthy unctuous to the Tonetlt;
odorloss aud slnhlo o tha nir; volatilices with stewn,

SolubiMiy..t g in 18 mlL of wator, 1 mb.of aleahal, 4 ]y of glycorin, 4
w1, of bailiig wader of 6 ml of boiting nleali,

Unog- A hatfer, mod it s this use that 18 recognizad officially, 1
i n vory woalt germieide (loewd enti-dinfoctive), 11s noniiiating
propertien make e seditions sailable for applention t such deli-
ente siructures as the cornen of the oye,  Aquoous soluiions are
omployad s oan eye wish, mouth wash and for ierigation of the
bladder. A L49% wolutlon 12 isotonic with Incrimal fuid. Solutions,
vt if thoy are bude inptonie, will humalyae red blood cells. 1€ tlsn
tn omploved ag a dusting pewder, when dilutod with somoe inort
sterinl, 1 e be absorhed througl ireltatod ghin, g, infants with
ippor ranh.

Although it in ot absorbed significantly fram intaet skin, it is
ahsoihed from damugod sldn and futal pojsoning, patticalarly in
infants, how occurred with dopical application to hurnn, donuded
Aroas, groanulation Ussae md aovoun envities, Seplous potsoning ciit
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powt e fromy ol ingestion of pa Hode ne S g, Sympioms ol poitoning
et e, vitsiling, ahedominal pain, dioerhen, hesidaehs and vi
al dinturhanes, Taxie plopegin bay bees reportad fomn dhe chronde
Tention af o stonth wagh containdag i, Tl Kidney wmay Teeinjured
and death vy resall, M wse w0 preservative i3 heveragos and
Tennele s praetriliited by nationa? nnd stite Topislation.  Phere ooal-
wayvs prasent W dwgeer of confueing [ it deytease whes e
petemdigy milh formudus for fofuntss Foagal aeeideits Do e
creeree, Por this reason Torie acid in hall is codored, 5o thst il
corimnt D condused with dexteoss.

11 iu used Lo provent disesloration of pliyaostimine soliliong,

oo - Popiealiy, i rognirvsl,

Gal¢ium Hysdroxide
Slukod it Calizioag Hydrai

Caleinm ydrosice [ 1E05G2-0] CaeO): (V4 (1.
Peepnrption--By reseling Creshily prepared cndeinm oxide with
waler

Deneription - - White powder; nliedine, slightdy bitter Lt absorln
corbion divng i fran U nie Torming vdeism eneliognte st iond exbihis
woutrompy olkatine k.

Sobubiliy 1 g o W0l of water ar 0 ml of desling waler
wedplile in |:l\\‘\‘(ll'il! upuvry imsalulale in pleodinl; he solindbalioy i water i
slecienmd iy ths proneine wodd wllenli Hydraxiclen

Usen- In the preparalion of Coledem Hydroxicde Saltidiie.

Calgium Hydroxide Toplcal Sohition
Ciduinm Hydroxide Solution; Line Warer

A wodaticd conbaining, s sieds TGO miy, ool s Lhan T g off
CalOH)y C7ra.0m,

Note-The solubility of enleium hydeoxitle varkes wich Che fem-
perstare atwhich the salution isatored, hising about 170 med100 Byl
A S el Jessopt pohigher tompernlare, The of fieil concestratin
i dagpsedd pen i Gemgerntyre af 25"

Frropation...

Coleiham Hydraxide ... P . R 1
Purifed Wator o000 P { I T 1T

Al the i dsgdzoxsda 1o 3000 mE, ol enol, prugified waler, nnd
apitare shee mistore vigeroaly mud repeatodly during | b Allow the
pxcoss ol caleitnm hwbroxide o nattle, Dringerne only Ui elone, supeena-
Lttt Jhiguiidd.

Phie uneissalved postion of Uhe mixtare s nut soitable for progar
it adeitional guantitics of the splution.

Phe alject of keophing Tine wator over aiklimoelved caleiun hy-
droxide is Lo fosure nsnturatod salulion.

Meseviption  Ulear, colorloms Hegsids allindine tastey stromy sliaiie
renction ahweorhs eneon dioxide Do the e, nTim of caleiam enrbanate
Fornpinng s Lhee paarfoee of thae Hoadd, when heted, it boevnner tarind,
owhinge 1 Dho nopmrating of endeium D rossiclo, witfiels is Tows milulle by het

g iy ewrdil waker.

s Ton dibute o be offeetive ns o gostric antacid. 1t s eme
paioed dapivally agn proteet i inonrloas Lypes of lutionn, Inaome
letdem formubabions i s used with olive ofl or olede acir 1o form
cnleivm olete et funekiofis @ an siviaifving agent. The UsP
elaspen il an an aztringent,

Voone-- Popleally, in astringent solpbiom and 1otions i rodguired
(hoe Calamine Lotion, pogge 162},

Galglum Pantothenate, Racemlc-pago 1022,

Calelum Stearate
Cretadleennaic aeid, coleiva nujl

Cudeitm atgaeate {H502-23.0]; 0 compornd of eulelaom with g mix.
taure of nolid organie neide oltained from Mt and consisty chidfTy of
wpvinhle properlicns of stonrie and paimitic teidic [ealeian stonvate,
Coadonin6y = 60700 caleiom padidto, Cpdlatatdy = hb052]:
containn Lha oguivalet vf § te 10.6% of Cac) (enleivm oxide),

Preepaeation-- By procipitation from intemmetion of solidionm of
cateiom chloside and o neddium salte of (e miked lally acidn

{xtenvic and pahinitie).
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SITIES 13919

FHIAMAL

Pheserripiion. - Pine, white e veliowiall white, bielly powder; slight,
rhuraclerisdie odor; soeBacis i frea ot 2otz
Sabahility - Dncdabdis inown e, dleoind or et e,

Ukt A fvdirfend i 40 imassulacture of vompressal lablob:, R
abson is vmed a0 moneliGonimg wgent in ol aind phiosmoceitival
praduets,  Ha vivtunlly nontoxic nalare aml unelnso PEOOTLEs
Nuthes i1 idenl Tor these purpoes,

Galclum Sultate
Serlfurie s, vodedzoy sndt (DY Gapaibn aer Alla

Cluleiwm aalfibe (1FY 70080 CaisQy (36, 14); dthdrate
|10|(H-‘H-'1!(l'f'f!‘]'”.

Propaeation From notocel soteces or by precipitalion from
inLaraetion of solutions of caleiam ehloside and auoluble sultafe.

Doweription. Fine, white toulighity yollow white, odarlo powsler,
Subulsibity - Briwetves fn didusod HEL sty sedsble inowandee.

ElpestA bt in the mualneture of eompromsad taldots, s
et Ticiently mert Cat fow wsdosirable reaetioms seewr in tabluly
minde with Uiy substanee, 10 also i used for mnlong plimier caats
apd mipports,

Carnauba Wax

Ontained Croon Ui leaves of Cageraitia cevifree Mot (QFmn Hal-
My,
Propresiion  Uonsinds chiefly nf 111_}.‘#‘{1“\’1 vorofalo wilh soadlor
guanlitios of # vl aboatil, seryl aleahol and eerotic aefd. Was
ebtnined by beenting e deal buds i Tvas of Coprmiein eavifern,
e wr enlled Beezilian Wax Pabo, with bol wider,

Laserbption Light-lirowa b gade yolluw, modevitely canrae pow:
t Haraela p Sadenne b Vi Vroms conebd iy spoeidie gravity adnad
00 medtn nhoad Wak,

sotubility Limohellu in water; freely solalde fowavm engone; salo
Fler iy wiem elelorifornn ar iliead sEdi Ty solubbe in boiling aleohal.

ek - A phavinacentic aid unod s patizhing ngeat inthe munb:
foastare ol conded talbois,

Microcrystalline Cellulese

Celtulose [S004-34-61, puritied, peetally depolymorized cellulone
propared iy renting alpho collulose, obiained ainpalp from fileons
plant matervial, with minarat aeids,

PFroparation... Celulose i sabjected 1o (e Tusethrnlytive aetion of
24 N HCH pt e Doiling lenrporatare of obont 108 for 140 mix,
whrehy amurplioas collifosic materinl s removed sod agpropaton ol
cryst ol cellulose sre formed. ' Phese are collectad by Tilivalion,
washid with waler and agueous mnmemin s dizinteprated into
winall Tragivenia, often termed coliulono eoysladiitos, Ty vigorong
mechanical mons wach on g blendor, VR Pal 51000800,

Deserlition  Fine, white, wlorfenn, erysiolling yoavelor; congisis of

Trewe- Elasvingg, tendiliou uoticlow )
Kaluhitity  Tesaltblo in water, dilute avidn or most ozgande solvents;

aligh ity eolulaly i RatdT wedutiom {1 b 200

Unos—A toldon dilnont aod dissntegrnnt 10 ean bo compramiel
inter well-binding talsbets which disinberate spidly when pacad i

wiitar.

Microerystudling Cellulone and Sotium Corbas yoethyleello-
Tone A coltoicl-Tarmiing, arvired mixiuee of mieroerystatling vellulow
] eelinm unrhnxynluilll\,"t'lr“\ﬂu:ur. Tanteduss, adortosn, while 1 ofT-
white, coneno Lo fine powsler; plU Glisporsion) $ e 50 Swolls in walar,
]Jlu(]m:h};;, whien dlinpursed, a \\:hl‘lu. upapite Aisporaion s gl issalibbe
in arpanie solvents or dilila o Haess Pharidetie ] tpunandd -
Inge agenl), Ceoeden Apaflobde Gamiants ol sodiun carhosymethyleellu
Jute preocdigeingy visinmdlion in thit conernstpations dosigoalesd)s B0, 13
e i 2 1 selution: $ 1%, TR0 eps b £2% sohdinn, [I%, 66 e in §32%

wesbubion,

page 1305,

Powdarad Colluloge .-
Cellulose Acelute fhthalato

senvinedlearboxylaie

Cellulige, setie,

Cellilons acotate phichainte [9004-38.08 0 eonetion product ol the
phthalic nihsslyide wnd o partisd nestnte oster of cellfowe. When
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1320 GHARTER 00

dried al 10K® for 2 hr, it contning 19 Lo 208.6% of neelyl (CydlaO)
proups and 840 Lo 46.0% of phibalyl (o-curboxybonaoyd, Cudds}
TP

Prapuration—Cellalose in eerifiod by trontment with neelic
andl phibalic neid anbydricdes.

Draneription--FPree-fowing, white powder; vny have o «light odor of
avetic neith, . )

Hlll\lhilit-_‘r‘- ~Jroly Dl in water or abechol; solulile b acetone or diox.
LTS

Usik- - An enberte tablet-eouting malerind, Coatings of this sub.
slance dikintognte die (o the hydrelytie offoet of 3o inteslinal
oslornses, even when the intestinal contonts are acid,  In oiten
wudies indicate thal collolone acotato phihadate will withatand o
aetion of aeLificial gostrie julces far Jong periods of time, but will
disintegrate rendily iy artificial inbesting] juicos.

Cherty Julce

Thao Hagubl oxprassed from the fresh pipe feait of Meenteg cerea
Linné (Pum Kosecenn); tontains ot leas than 1% of malic aeid
[CaMaty, = 100}

Proparation--Coarsely coush washod, stemmod, unpitted, sour
chereios in o geinder no as (o break the pits bl not mash the fetinad,
isgolve O, 1% of benzoic peid in the mixtuee, and allow it tastand at
s tempoerntare (possibly for wevornt dnya) until a wimsd] pertion of
the filterod jules remains clear when mixed with oneshalf of ity
voburne of aleohol and tha resulting solution does not Deeonis eloudy
within 30 min.  Press the juice from tho mixbure and fiiter it

Doseription-—Clanr Hauith, avomatic, chavacteristicless ador sour
b affected by fight: e color of the Troslly prapared julen is ved to
recldish ornage: Lo ds spoeilic pravity 1OAS (0 1076,

Unpn-—T'o propare Cherey Syrup (page 1301}

Carbon Tetrachlorida
Mathane, tetrachloros, Tetrachloremot g

Carbon totrnehloride (66-28-8) CCL (Ha3.R2).
Proparation--One method consists of entalytic ehlorination of
eatbon disullido,

Denoplptimns-Clear, colorless liguid; charuetoristle ndoy pemembiling
hint of chlorolormi specific gravity LAHR 1o L0 Boils nhout 777,

Holubiiey - Soluhle in about Z000 vohnnes watar; misgiblo with nleo-
Tsel, neovon, other, chiorofern or henzens.

Unos--Officially racognived ay o pharmacoatical necessity (sol-
wvent)., Formorly it was used as a cheap anthelmint/v for the Ueat-
ment of fonkaorar infoctions but. i causen seviore infury Lo Lho lver
if nbworbed.

Chiorotorm
Muthane, trichlove.,

Prichloromollinne J6§7.66.3) CHCL (L0.88): containg 00 to S1.5%
af CHCL, t.h(\.‘rmnnimlur conuinling of nleohol

Crintion---Care showbd be baken nol b saparize (0 (o the presence
of & flame, bevowse of thee production af Reemful poses (hydrogen
etloride and phosene),

Proparstion—Made by tho reduetion of carbon tetenchloride
with wator and iron and by the controllod chlovination of methane,

The pure compouind rondily decompisies o) keeping, particulardy
if expomed Lo maiatare and sunbight, rerolting in formation of pi
pone (earhony] chloride JOOCL]) and ofher produets, 1'he presence
af o mall amount of sleohol greatly retardw or provents Wi docon.-
position; henes, W requirenent that it contain (L5 to 1% of aleohol,
Tho aleshol combings with noy phangono forming wthyl corbonnte,
which i nontoxic.

Paomerigpion - Clear, ealorless, mabllo laubd; chnractoristie, otherenl
ackor; burning, wwa Gty not Nlasmable hut its bonlod vagors burs
with & reen flame; nffoctad by Hght and molsture: spoeilic gvity 1LA74
{0 LATE, indicating 99 (o 00.5% of CHCLE Dolla nboul 819 not atfeetod by
weitls, hat in dosomposed by alkadi hysdroxide into alkadi ebloride and
s inim formate,

Rolubitivy - Seduble in 200 velunies of wiler; mikeihly with aleohol,
ather, bongzene, selvent. bexan, seetone or Tixod and valntie oils,

Uned---An obsolote inhalution anesthedie, Ao it poswensos
acbvantagiea of nonflammability and great polency, it rmrely in use|
duo to the sorlous toxie offects i produeon on the henrt and lver,
Tintaenndly, it hos beow uaed, Dy sraall dosos, as a corminative,  WBxtar
agtly, H ik an deritant and when used in Liniments it muy produce
isters,

1t i eateyorized as n pharmagitic aid, Wi wsed as @ preseron-
tive during the agueous percolntion of vegatable dage 1o prevand
haetorinl dogemposition in the process of manuafacture, Iy most
inelances it is eveporated hofore te produet is finished. 16 in an
exeellond sebvent for adlealoids and wany other organie chemionls
and b5 uned in the mannfsetre of theae produets and i chemlenl
il ynes,

Citrle Acla

12,38 Proprusstricarbox yhie neid, 2-hydroxy-,

CHOO0H
|

HOCCOOH
CH,CO0H

Citrie acid [77-92-98 ColdyOy (19212) monohydrate [B40-20-1]
(210.34).

Pyoparation. - Found inmany plants, 1t fovnorly wan alilainod
wololy Trow tha juiee of Hmes and lentons and femn pineapple wastos,
Since aboul. 1926 the acld has been produced largely by lormenta
oo of suerose solation, inguding molasses, by fungi belonging to
tho Aspargi ey niger group, theoretienlly necording to the following
voaction

CraHuOn
Husrouy

3110
Watler

A 30y -
Oxygon

2 Cal 10y
Citrle Acid

But i practico there are deviations from thin stoichiometric ralu-
Licniship,

Eyonaription ol tanslineent cevstali, or ¢ white, grunular to
Fidver caryatadling powder; ool steongly ackd taste; che hivdrou form
o forescos in madeeataly dey ate, bat s wtipghily doliqueseont In moist wirs
fokes e watay of eryutaliizntion ol nhout 50 dilute nqueous solutions
are wubiect (o molding {fermentation), oxnlic neid boing ono of thy for
mentation producls,

Holubility - 1 ¢ in 0.5 L of wator, 2 mb, of sleehal or wbout 40 mls of
other; Frenly solabile in mothanet,

Usok...In the preparation of Anticoagielant Citrate Dextrose Ser
tution, Anticongtlant Citrate Phosphate Dextrose Solution, Cririe
Actet Syvrup nnd effervescent salts, Thnlso han heen used 1o disaalve
urinary bladder culeadi, and as a mild asteingont,

Covoa Butter
Cacan Budtar: Thoobromn O O af Thealvama

The fat olitnined from the roasted sevd of Theobroma cacan
Linnd: (JPam Stereulineeas),

Propavation—-By grinding the kerbola of the “ehovolate bean”
and axproming the oil in powerful, horizonlnl hydesulic presses,
‘I'he vield is ahout 40%, T alno has boon prepared by dissolving the
oil frem s unrossied boans by the ase of a volalilo solvent.

onsbituonta-- Chemically, [t 16 a mixtare of stearin, palmitin,
oluin, lativin, nolein and tencas of other glyceridos,

Boxcription . - Yuflowish, white solidd; Cainty mrroealile adee blond G0
obtainad by metraction) or chocolnte like GF obtained by presaing) sy
unnnliy Tirittle bolow B5°5 specific gravity GEOR to Q804 at 100°7/25%
redractive indus 1404 e 1LAGS wt 40°,

Sodubility. - Slightly nolublo in aleohol; solulle in boiling delydreatod
aleoliod; fraely soluble in oihier or shlorofun,

Unen-—-Vajuabla in phnemaay for maldng suppositories by virtue
of Ha low fusing point and its property of hoemuing solid of a
Ltamporadure just olew the melting point, See Suppeaitorios (puge
1609). 1o addition Lo this use, it i un excellent envollient applica-
tiom L Lle wkin when inHamod; it nleo b tsod Ly variouws slin creame,
wnpoeially the so-cullad "shin foods” Tt Ao is used in mansngo.

Titantum Dioxide—pago 772,
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Bonatonlun Benzoate

Tsemisorsethapaminium 442 EAS- diet il pheny i)
ogxoed |- iethyl Dot

<< ,)> el E <(\:::)>‘ con”

Benmyldiathyl [(2,6. xylybearbamoyDvaethyljammanism benzaty
|ﬂ'r’:!'|-:5:‘5'-‘5| Copd gy NaOy (46158,
Proparation.-- 21

Uqlts,

sthelaming) -6 wplicide s quitornivid by
venetion with bimgyd ehloride, 'Fhie quaternary chieride B ihen
wented with wethanolic polassivn hydroxide to forin the guater-
ey bogi which, aller Blterimg ofl the KO rescted with huerwnic
aeidd, The starthyg sylididde may he pregueed by vontdonsing A
sytidine with ehlovaneety] chlovide and condonalng the resudting
chloroncotoxylidide with diethylamine,  Us T oo

Peseription - White, sledioss, evalnlline powidor; i intensely bitter
LawsLus apfs et 1345,

Solubility 1 g itt %0 b of waler, 24wl of sleolol, 280wl of
chileralory ur 5000wl ol cvhaer,

Useso A et uranf for othiyl adeoliol.

Dexivia
I3eiiindy Goang Bomeely Comyg Ladioeonn

Do Cein (9004830 (Cyl 1o0dn).
Prepurativn--13y the incomplote liwedpolynia ol stareh wilh dilule
acid, oF By heating doy stuseh,

Loseriplion. - White o vellow, amorplio powdor Gelite: practi-
cnlby sbortunny sl feand clpnrseterintic odorl: dustrorotatory; [o [ memr.
ally ahove 300%) et st vacuen Vel 's selation; pives o reddish enlor
willy loddne,

Sodubility Solublo 0 ks of lroifing waler, Turming & poninsy
solution loss solntde i enld water,

Lo - An exalplont and vorcdsifier,

Dexirosa

Avlignlreun 1osbrones Destrose Monolydiat o Glueone D) Glueose:
-ptt ) Glaeopyranose: Modicinal CGloeomy Pryrilinl Gl Grapo
Supne: Hrend Suger; Cereluge: Bareh Sngae; Corn Sogir

DeClucose monabydrate [5096-10:3] CeH g Hp0 (HO17); an-
frydpony | B0-09-9] (LBL1E). A wugeer usally oblained by fhe hy

elvolysia of shieeh, For the strieture, see pupo 382,
PFreparation-See Liguin Gluease (pagge 132,

Detaviption . Colorten ervstadn ve o white, eryatalling or granwlar
powdory aclorleas; sweel tasle; specific olation {mbyedving] 15LE Ao
5% i romn dexteane malts at 167 des Orone slowly roduees nlka-
line eugrie Laeteate T8 in the aold (nd Fupitdly on Denbing, (adiing a
il progipitate of auprous oxide (differenee fien sterose).

Solubitity. 1 in bl et water or 100 i of aleahel; more saluble in
tiling wator o hoifing aleohol,

Unege-Bea Dextroxe fngjetion (oags 5003, 10 nlen i used, instond
of Inetono, e supplement Lo il for Dafnat Teeeding.
Dichloredillucromethane
Wat haue, fliehlocoditooe.
GOl

Diohlovodifluoromothme | #4671 -H) GOl (1R01),
reparation-—Crrbon robrachlovide i vencled with antimony
triffuarice by the presence of antimeay pentafluoride,

Deauription --Chenr, coborboms i int, othwreal ador vagor pressre
at v alioul 4888 Lo,

U pragedloat (Mo 19, seo page 5696),
Dichiorotetrafluoroethane
Fthane, 12-dichior- 1,144 Latrmtinom,

e I

FHATMAGEUTICAL NEDESSITIS fEEY]

12 DichloratetrManrontlone ['F6- 0 0] G0l {190

Proparulion-13y vescting 1,12 dchlor Abtelitosroethuno
with antimony trifuorodichioride [$h1I%CL), whortapon ano ol the
L-chlarine atoma i veplagid by Huariue, The slarling trichleroflo.
arnethane oy be prepaeed Trom Beachloroeldine by (realment.
witl H])["!\(-"ltt (Hp_nnu Al {hp Hecetions 1 6R, 1044),

i, colurbess s (o, et hereat oular! vapor pressuit
Y torr ashadly contais o le 0% of Hy e,

Lreseriptiv
aowne about |
Ok OFa

Ulsen A prropeliant {No 306 and 1da, dee pajre 1GH6)

Edetic Acld

(Hyeine, MA L8 eLhpaediyiin] 8- (earbexymodivh) -

[ RH TR PRI TR DTN

(éthylencdinitrifolterrancetic aeid [GO-00- 4] Cat MOy
{89,04),

Prapuration - Kthylenadiming is condenced with aodium maor
nochloroncetate with the ald of swdivm cebonato, An squonns
wolution ol the reaetnats i healed Lo nhout 30 for H i gooled
aned neielified with O whereupon the neid proeipitates, L Fat
2,130,

Doseription. - Whity, erystalling powdor; medis with decamposilion
e 20",

Sobubiliy  Mery slighthy salulile in wator; soluble i solutions of
wlTeanli byddeaxidos,

Vinor-A plarmaceut e aid {metal complexbg agend). Tha icid,
paddrer than any snb, is G ferns most ol inoremoving enlciom
from solution. 1t may he added to shed Moad 1o prevent elotting.
Halae is uded in pharmaceationl anadyvsis amd the vemaeval or inaeti-
wakion of unwanted fone it solution, Bah of tho acid nre knawn an
edetates, S fdoiato Caletum Nivedivem {pge 824) ol Bdetats
Digaidium (page 825),

Ethyleolluloce

Cedlulose ethyl ether 90045738 an ellyl elher of collulose con-
{nining #4 1o 5% af cthoxy growps, The meditm-fype viscosity
grndo contuin less thah 46,5

B0 LRy groupe; [Jaer .-.-Ium’nl‘('f-‘f\\"u('
visgonity grode eontuine 4G5 or more olbaxy proups.

Proparation- 1By the same general procodare doseribod on page
V06 for Methyleetlelose exceps thnt oihyl aliloride or elhyl sulfato
in emplaved me tio atlovlotimg mpent, The H e S0% of elbosy groups
in the official etldeel bidomo correnpatds 1o from 226 1o 261 ethoxy
pratps/CyH O nit, s copproneiting From 705 4 87% of the maxi-
muin Cheoretien othoxybition, which is 3 olliaxy ul’n\lj)ﬂ/’(.:hﬂ"]|u();.
aiiit,

Vionoviption-Prog-lowing, white to lght s powdoeg forns il
than Juive o refrnetive incox of nloud L7 agueoas suspensions are
Tutrad Lo dithmius,

Sotubility-'The modium- type 6 reely solulile in teeahydrolran,
methyl negtate, ehioroloriy o mixlwron of arematie hydroearhons with
aleohul; Ui stonchare -ty pe i froety soluble i aheoliob et lmal, teduese,
cldornturay o o] neatnte; both Lybes ave insoluble inwator, glyeorin o
progalene plyenl,

Usttion A pheermareegtie did s blel binder and Tor Bl oonting
ket aned drog particlos,

Goelatln-—page 1300,

Liguld Glucose
Gileose; Blareh Sy Cosa Syrap

A product ablaiuaed by Che incomplote Tivdeolysis of starch, N
conints ehiurly of dertrose [0 ghavone, CalligOy s (A 1G] dos:
Lring, ialtose il wintey,

Prepreabion Commereindly fy the aetion of very weak 11,50,
or M an starch,

Oue of the proces o e tnurubaeture o fediowar The staeeh,
vaalby feon corn, imixed wilh § ook its weipht of water contain:
T Lo iy 1% of FECE Lie mistare s baated 1o alout 457 and then
trnnkferrod o a saitahle renetion vl into which steany s passed
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1322 CHAPTER G0

under progsure unul the tomporaturce yoaehos [20% Tha tempeea-
ture i maintainad ul this poing for aloul 1 be, or undil teats show
complote dinnppenenee of atareh,  The mass is then hottad 1o
volatilize most of the hydeoehlorie acid, sedium corbonale or calai-
v enrbonnie is added to nealralize tho vomainding tracos of acld, thoe
Hiquid s fHterod, then decolorived in chareoul or bonehluck {iloen,
s i clome in sugar refining ond fnally coneentraded in vacuum to
the doesived congistency.

When inide by We aliove process, il confning abioul 30 1o 40% of
daitrone mixed with aboud an agual proportion of dextrin, tegethar
with sl gmoundn of other earbohiydvates, notobly maltose. By
varying the conditions of hydralysin, tho rolative proportions of the
HUES WIHO VIEY,

H tho erystollizable dextrone in desived, the conversion tenpera-
Lure in higher and the tine of convarsion longer, The lonn “glu-
oo, an eantomarily wsed in the chemicat or pharmaceutical Htera-
Lursy, usanlly rofers Lo desteose, the ervstaltivnbde peodue,

The nnme “prape sugar” sometimen s nppliod be e soelid com-
moreinl form of dextrose bacange tha prineipad sugar of the grapy is
doxtrong, althwough tha Crult bas nover boon uked n g souree of the
canm marcinl supply,

Pronoription - Coboriow or yeliowisly, Uik, syrupry Hquid; edoriess, or
nenely wog awecd Limte; o T Tram sueropn dn WUl 3t rond {1y verlicos ot
athaline cuprie lartrade 148, producing o red precipilate of euprous oxide,

Bolukility...Minoiblo with waler: spayingly soluble in pleohol.

Ut Ass i ingerecient. of Cocoa Syrup (page 1301), as o tahlot
binder awd conting agend, and na a diluent. in pilular extracts; it has
ruplaced glycerin in many pharmaceutien! proparations, Il iswomao-
Uit ivan prer reetum as n food n easor whore foeding by stomnch
i impamniblo, 10 ahould not e weed o e place of dextrone for
inteavenour injection.

Hydrochlorle Acld
Chlorlyrdrie Avid; Murintic Acd; 8piricof Saly

Hydroghlorie neid [7647-01-0] HCH6.48); containg 36.6 10 38,09,
by wolght, of HCL

Prepiration.- By the intarnction of NadH and 11,50, or by com-
Idningg ehloring with hydrogen. s obtained a8 a by-produet in the
manufacture of nodiam earbonnte from NaCl by the Leblane process
itr which common salt is decemposed with He80u HCL s also n by-
produet in the electrolytic produetion of NaGH from NaCl

Bopiription .. Colaelows, fumig guid; it ader; fmos and ador
divnpponr whon it i diluted with € volumes of water slrongly acid o
lllmm. e whien higlity dilutads ppenific gravity about 1,18,

ubiity.-Miscible with wator or ateohnl,

e Officindly clpasificd an o plhviriacoutic aid that s ased ay
an acidifying agent, 1 s uned in proparving Iileled Hydrachlorie
Acte (pago THY),

Hypophosphorous Acld
Phemphinie neid

Hypophogpherous acid [G303-21-5] TTPHOQ. (66,000 contalia 30
Lo 132% Dy weight, of HylOs,

Preparation- By roncting barhuns ov caleium hypophosphite
with aulfuric acid or by treating sodivim hypophosphite witl ao jon-
bt t ronil,

Doseription: -Colorloss or slightly yeBiow, oderless liguids selution is
e Lo Hpamuw svon whien highly diluted; spoclfic geavity shoat 1,08,

Hulubility . Minciblo with water or sleohal.

Invompattbiltied - Oxidized an exposire to wir and by aoely all
oxidialng apenis, Moreary, sitoer and blemuth sults are roducad par-
tially 1o the metnllic stole as evidooeod Dy a dorkening in colive Pamie
camputiide pre changod W forrous,

Usin-An antioxidant in pharmacoutical proparationm.

Isopropyl Myristate
T viedeennoie neid, 1omethylethy] onter
CHy( G pCOOGH (GH )y
Thopeapyl myristute |1100-29.0] CHpyQy (27045).

Prepurstion--Hy roncting myristoyl chioride with 2-propanet
wildy tho aid of a suitalde dehydreochlorinating ngent,

Dpneription . Liguitd of fow visceaily; pricsionlly eolorkms sind odor.
fem; congale about B® sl docompnson 1. 208% withsLands oxidiion
and dons aot beeome rancid vendily,

Sotubility. -Soluhle in aleahol, aestona, chioroform, sthyl acotnte,
tolnng, miers) il eastor oil or collonseed oil; ractioally festuble in
water, glyeerin oe proapybonoe glyeol; dissolvens many wasos, cholestera) ar
busaliny,

Unoge armacentio aid v in commetics and Lopical medicinal
proparations a an gmalliont, Jubrieant and Lo enlinnes absovidion
theaugh the shin,

Kaolln-—sea page 780

Lactlc Acld

Propunoic acid, 2-hydraxy-, & Hydvimyproplonie Add; Propanaloie
Avid; Millk Aeid

CHLOHOHCOOH

Lanctic peted [RO-L1.6] CyH0y (O00H); w mixture of lactic aeid nnd
lnetie acid Inetate (CpHi(h) equivalant to a total of B8 1o 905, Ty
waight, of Cul3aldy.

Thscevorad by Sehoale tn 1780, 18 the acid fomed in the souring
of mitl, hence the noma fochio, from the Latin tame for mitk, [t
rosults from the decomponition of the lactoue (il swgar) fn milk,

Peopneation. A solution of glucoss or of starch proviously hive
dyolyzed with diluted sulfurie acid is noculated, after the addition
of nuitablo nitrogen compoundn and minornl snlts, with Hacitits
Joetie, Caleium corhonate s added to neutraiize the Inetle acdd as
aomn ak b e forned, othorwine the fermentation stops whoen the
amount of acid exeonds 0.5%,  Whaey fermentation in complete, an
indicated by faflure of the liauid to give o tost for glucoss, the
wolution is fltaead, concontratod ond allowed Lo stond, The endei-
urn Inctate that crystallizos is decomposed with dilute suifuric acid
and filtered with eharconl, The Juetic agid in the fillrate n extinet-
e with athyl or isopropyt ather, tha othor is dintilled off and tha
tgueous solation of the acid coneenteated undoy roduned prossure.

Treneription--—Colorless or yellowish, nearly odorloms, ayrepy Heguid;
acid Lo Silaaus abrorhn waked o) exposurg 1o ikt air; when a dilute
nalutdon i coneaniratod to nbove 6%, Inetie achd lnetate beging Lo form;
i Phe aMivinl neld the [nttor amounts bo about 12 Go 15%,; spoeilic gravity
about. 1.20; dneomponen whety distilled sweler normal prossure hat may
b cligtilled without deconspogition undar roduced o,

Solubltity - Minciblo with wator, nleehol or ethor insalubile in ehiveo:
form.

Unog-~T11 tho praparation of Sudivm Lectate Ingeclion (prpe
B21), It alao ie wged in bobies’ mill formula, o wn acidudant in food
proparations, and (o 1 to 2% conceptenbion i some sparmatocidal
iedlion, A J0% solation is used an a bactoricidal agond on tha akin of
wooalan,  Th s corponive to LUamies o prolonged cobtact, A 18.7%
wolution in floxible coliodion v used 1w ramove warts and small
chtanoos Lmors,

Lactoss

yieilucana, 4-0-F-1-galactopyranasyl, Milk Sugar

Laretego [83-42-3] Q) HwmOyy (042,30}, manohydrate {10039-26-1)
(Ra0,51 ) wavgar olteined from milk,

o the struetural formula, seo page 382,

Propacution-—Trom akin nitk, (o which s added diluted HC o
precipltate the casein,  Altor vemoval of tho cosein by liltation, the
reaclion of tha whay is ndjusted to 1 pH of abowd 6.2 by addition of
ltmu and the remaining albuminons matter ls coagulated by hoating;
thin s MHored ot and the tiguid sel andde to eryetallive.  Aniniad
charconl is used to decolovize the solution in s mannaer gimilar (o that
unad in purifying suerose,

Anathor form of Inetore, known ok A-lnclosa, also is nvaiinble on
the market, T¢differs in thad the Deglucone mofoty Is 7 instend of w
1t in roported et this varioly B swooter and mors koluble than
ortinary laetose and for that veason is preferabla in phammnseuticnl
manufaciuring whoro lnetose is used.  Choemieally, f-lnetons dom
not appoar to ditfur feom ordinary e-lactoss. I is manufaclarsd in
the same way a6 o-lnctosa ap to the polnt of crystailization, then the
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solitdion is heated 10 n temperates above LAY, Lhis being the
Lenmpsedentaare sl which the w torn s converted to tho f§ variety, The
i form ogenew only an i il o stt whoerens tho aovarioty may
L odataignend i Lhior i the snhyd rous Torns e as o monoliydred e,

Peweription - White ure vreuny while, havd, coyalalling manses or
proecons otorlons;, Cninthy wwent Gestes stable inoair, but readily abaorhs
odors; pi G I W0 salation) 4.0 (o 6.0 upoeific rotation THd 8 to 1505

Solubility: 1 in & ml, of wiloe or 26 m), of huiling witar;
il woluble i adeohol; insalubie o chlootorm or ether.

Ulnote A difient lovgely ugead inomedicine oo phemaey, 10w
wonarally an ingrediont of the madiom ugedd in penicillin praduetion,
10w vgerd oxtonsivedy anno sddition o midle for infan. feoding.

Magnasium Chiorido

Maognesivm ehloride hoxabydyrate (7791 6] MpCOlyBHaE)
(2040 andipdrows [TIRG 304 (06, 21).

Prepurntkon -1y treating nugeneaite or othar suitable magne.
nibrn minersla with FECL

Duaeription - Uolotloss, odoriess, deliguescent Flakos ov arystals,
whie Tome waler whon Sonded 1o 100" d Toone 1101 when Leated Lo
21075 L0 e 2ol Gn T eorbmy diusive Moo watae) 26 (o0l

Baolubilbiy Vory solulile i witord Peeady solildo in aleolwl,

Usen  Blectepiyie replenishoer: phuyraigeed iogd precessity Tai w
el inlywis and greeiloneal cdintyain aide,

Magnesium Stonrate
Chepaddecninoice aeid, magnesiam snli.

Magnasium stearate [557.04.08 A carnpoind of mngiioniiin with
womislure of wolid arganic neids obtained Crom Tty and cobsisls
ehinfly of warinble proportions of mugnesium stearate and magoe-
wivin padvvitnte, 10 containg U oquivalent of 6.8 to 0% o Myt
{40.30),

Nogeription-. Fing, while, bully puwder, Cnind, elarneteristic odop;
wiseiioun, lheres vendily to e skin and Fres: Trom gritiness,

Solubility- fnsnlable in walar, nleohol or ethar,

Elwos- A pharstocoutiood noveserly (ebrjeant) in the monuine-
(g ol compressssd (nblots,

Mepgluming

- Glueitel, T doosy |- Omathylaminn)-,
oo
(1)
VL G e
GraM e

[RINAIN

1-Dwoxy-£- (mathylaming) boglueitol §oasd 40.8] ColdyaNOy
(196,21,

Proparsiton. 1y trenting pheose with hydrogen and mothyl:
amine under prossue nnd D Ue prosence of Babey wickel.

Faotigeraption - While (o D Iy yelleawinh) wiiiie, odor
posecder; melts aoat 1307,
l‘.‘iuiubllil‘,\'w-l"rm\l,\' wiolttlte o water; spurigdy sulisble in alcohel

cryadats oy

Unes--1n forming palts of certnin phormnemationds, suefnes-netivo
wgonda andd dyes,  Boo Platrizeate Meglumine Injectfons (o
1278), Judipamide Moglumine Injection (page 1276) nnd fothatam-
afe Meghoming Injection (poge 1277,

Light Minoral Ol

Ll Ligisidd PPotrotneum NI XI5 Lighy Liguid Paraffin
Lipht White Minoral Uil

A mixtare of liguid hydroenrhons abtaingd trom poteeiows, it
sy contiin & suitahle stabilizor

Dosorigrtbon-Coloviom, Cennsgarend, oily Houid, Tree, or nenely roe,
fram Mueresseney; odovless and istelis when cold, and devalups not
ere Lha a fant orlor of petroleuns when heatod; specitie pravily 0,818
(o DAB0; Kinepurtie viseopity not mere Uhan B centiolos al 40,

Bolability-Lmschable in waetor or nloehol; miscible with oont fixod
ailn, bl sl with castor wil; sebubie in volubile ofls,

PHARMACEUTICAL NECESSITIES 1433

Bt Offichally rosopilzed as icvehicle, Onee it weas taed widoly
i vehicle For none and thront modicatione; such uses are now
considered dangerous bocause of the posnilility of Lipoid prastmo-
nin. Ltsomatimes js used to deanne dry nnd infTamad aldan neeeoand
to fedlitabe ranoval of dernontelogienl preparations from the skin,
Ty should nevar be awsd for intorn] sinindstration beeause of
“loakage.! See Mineral Oif (pago 788).

Mitrle Acid

MNilrie neicl [Y697- 3797 HNCy (63.01); conlaing aboul 0%, ly
welphi, of 1IN,

Proparation-- May be prepared by teeatment. of sadinm niteate
{Chidg snlipetor) with sl urie acid, but osanlly producsd by entalys-
o oxiclation of ammonia,

Deseription-—Mghly eorrosive Tuomingg Tiguid; charnetoristiv, i
et odor stsbibc aniioal tesues vollow; boils about 7205 ke
prnvity admut 1At

Sulubility.  Miscille with watoer,

Une - Pharmaveatie add Qeilifving mont),

Nitrogen

Nitrogen O] My (ER01); eontaing not fess thon D34%, by
volume, ol N,

Fropuration . Hy the fmetional distillation o loguitied sir,

Unon- A diduent Tor woedicinal guees,  Pharmacoutienlby, is om-
prloved ta veplice air in the containern of subulancon swhich wanld be
bzt nclvorsely by ale axidation. Fsamples fpelide s nwe with
fixed oils, corlain vitamin preparations and o varlety of injeeinhle
produets, 1 alse is used as o propoiient.

Porsic Qll
Aprient Kornel Oily Penel Jernel O

Phe il exprasmed fron the kernets o vavieties of Provos aroen.
Hea Linnd (Apricot ornel O, or from (he kernoks of variet e of
Prunus peesien Sieh ot Zaee (Peaeh Komael Qi) (9w Rosacene),

Vropeyiptinn- . egr, pale straw cofuror] ar ealopiens, nlnumt odurless,
aily Thguid with o blrod tstes upecilic gravity Q0000025 nol forbid nl
temperntires alove THY,

Sotuehility Shightly anlalilo i adeolol miscille with ether, chlaro-
Fapnt, Sonzono or solvent hesome,

Blses - A pedifele. Talao i osed D prepating cold erentns,

Phanel
Curlediv Avid
G0

Phenal PO8.95-2] Cal1O (04,39,

Freparation-For mnny venr mnde endy by distilling erude car
Bolie acid fram eoad tor and separating ad parifying the distilinia
Iy eoponted cryatalifzntions, it vow is prepared sypthetiendly,

A e veaand, rovei tngk chlorobonsone s dhe starlbing point in
the manafuetare, e chlvrebeneene i prodaced in o vapar phase
eaction, wilth beneeme, O and oxygen over o sopper éatalyst,
Tedlowaock by hyrdvolysis with stean to yield HCTand phonol {which i
rocoverad ),

Duogeription. Cotorlens Lo fight ank, innberlaeel, o separate, desdlo
whagred ervataly, or o white or lighl pink, eevaislling sus charnetorisiiv
addory whint undiluted, it whiton anl enolevizes the sk sl muecag
membsrnaens when gontly heatacd, phiesal metes, fueming o highly vefroe.
tiva liguid; liguesied by Qe adilition of TO% of waler; wnpor i Pommable
wraelually darlens on oxposare w ight and e speeilic pravity 107 Toil
nr s congonls no loway Lhap 3909,

Holubility-3 g in 6 ml, of wuler vty mliabde in lealiol, glyeeyin,
chlorofurin, ethar or Gaed und voluldio oilss sparingly selulle in minaeal
il

Ineonpatiniditioy - Produeos o biguid or solt e when telasted
willy camphine, menthol, acetantlid, acetophenctiding aminopyrise,
antipyrine, ety upinobineow o, mothemmine, pheayl soticytate, pes.
areinol, terpin hydrate, thymol mid seeernd pther nalstiness inclading
ol adbebodede, e soflens cocon e inpporitory b,

N i wolubie i onhout 36 paets of waler; stronger salntions iy he
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1324 CHAPTER 06

ulitined by usingg g muaeh glyoorin ae pheonol, Only the eryntallizod
Sorm s wednble by fixed oily und liguid peteolowm, the lgueliod foro is
o 133 wluble due Lo ils contont of wider,  Albwmin wd gelutin ore
procipitated by 16 Colladion is eongulntod Ty The precipitalion of py-
vorylin, “Traces of iren in variows chumicals sueh as oo, borey, oo,
ray produdt o o colur,

Ungs- A ceusbic, disinfectant, topical anesthetic wxl pharma-
votdicn] negmmity o n preserondioe for injections, ote. Al otw Lime
widloly used ak g germicide and stid] the standard againat which other
avstinetabion nee compared, (4 i Now Jegitimate wes i modern modi-
cint, Movertholpss, i i stdb vaed in sevaral proprigtary antiseptic
mouthwashes, homorvhoidal propacations and hurn remedios, I
full serongth, a fow drops of the liquefied Torm may he wed to
cmitorizn amall woodn, dogs Bites, swike Dites, ole, 1L eomsonly is
employed aw an arebipreeitie, either i the torm of phenclatud calae
mine lotfon (L), phenel iniment (8%) or o simple squoous sojolion
(W b VY, 1 ok Lgon used for sclorosing hemorrbaida, but more
effective and aafer drugs are availuble, A B% solulion in glyeerin is
usiel ity simplo earacho,  Crudo carbodic neid is an effoctive, ceonom-
jonl ageit for disinfecting exceemant. 10 i of some Chorapatic
vl fn i fusgcide, but moere offeetive and ess toxic agets ave
available, 1 aceidentally spillod, it shoodd bo senoved promptdy
trom Lhe skin by swabbing with aleohol.

Ligueflod Phenel |Ligueliod Carbotic Ackl s phenod maintainod ina
tiquigl condition h.Y the JHCROLIL of 1% of waler, b contining e losa
than 80,0%, by weight, of CaHaQu Nofe o Whew it i (o he adxed with o
fixed oil, wtinaral ofl o white peteafafun, wse e erystodiing Penal,
ant Liguefied Phenat, Prepogation: Mol phanel (@ eonvenlont gums.
tity) Ly plaging the unktoppered contoiner in o stenm bally wnd applying
hoant. gradunlly, Prangfer the figuied to n tased vossel, weigh, add 1 g of
purilied water (o each 9 1 of phene), noel mix thoreughly,  Deserdplion:
Colordess Houdd, which may dovelop a red Uinl upaon exposare $ooms nal
ligghts cluractoristie, wewhel aratmatic odor; whe indiluted it eauter-
izes anned wivitena The akin and mueous e benies, sprodilic gravity alsou
1.0065; when 11 sibjeeted 1o distillation, the bolling temporaiare doos
ol s phiove THE®, which ix the boifing fomparatuee of phenot; partfaily
wolidition a1 about 6% Solebility:  Miscible with nleoheld, other v
hveering pomixturo of digueliod phenol g o equal volume of ilycersn is
mikgille with wator, {lsox; A Cormulation which fucilitate the dispena-
g of concentratad phencd, M thernpoutic tnes arg cleseribind above
wnder Phenad, Wi o pharmacentival nevessite fur Phenolared Cali-
mine foliun (page 762),

Fhany! Balleylate—RPS-14, pape 1269,

Phosphoric Acld

Orthophosphorie Agid; Syrapy Phosplinrie Acid; Concenlmitael
Phosphorie Acid

Phouphorie neid 7664 38.2) Hu 04 (88.00); contoins BG 1o 8%, by
weight, ol Hliy,

Preparation - Phosphorus in convorted w phosphorag pentos-
ile {104} by expoxing il Lo w eurrent of warsn air, then (he Pl is
teented with waler to furm phogphoric acid.‘Pho conversion of the
phaosphorue 1o tho pentoxide takes plice while the phosphorus,
distiliing from the phosphorus masufaeturing operation, i in the
vigur slale.

Doseription-—Colarless, oderluss lowid ub o syrupy conbistaiey; spe-
aifie gravity nhowl 171, .
Solubilivy-— Mincible witl witer or ideadaod, Witly G evltion of heat,

Llsot--To make the diluted acid and ad nowonle ackd i various
pharmaceationd preparations.  Industrially, i ot iy dental co-
mants and §n heverages g an acidulant,

Dilyed Phosphorte Acid [Dilute Fhospdsorvie Audd] contabie, inench
10wt 6 Lo 100 g of HaPOg R.00). Prepyration: Mix phosphorte
peid (60 mLY and purified water (ga) 1o make 1000 ). Deseription:
Cleny, colorlens, adoriems liquids spueific gravity about 1LOAY,  Miseiblo
with waler oralenhol.  Uses: A pharmaceaticel secessioy, 10 alwe T
Fwery eanprloyand iy desed podsonimgt and iy olher eonditions by which it is
dosired to ndamindster Tnrs mmoants of phasphate and ot the st
preothues n mdld neldosts, TUbns boen ghven in the dose of 80 mil, o doy (5
mlhour) undere eppotully eonteolid conditions,

Potassium Motophoesphate
Mutaphosphovie aci<h (HPOLY, potassban gt

Potawsitm metaghosphate [7700-53-6] KPOQg (11807 a straight
chain potyphosplinte, having o high degree of polymerization: ¢on.
Lains e equivalont of B0 (o @14 of POy,

Preparation- I3y thermal dehydeation of monepotamainm phos-
prhnty (K0,

Ireevipthes - Whita, adortess powdder,
Salubitivy - Tosolulyle i water: solubly 0y dilute solutions of sodinm
At

U Pharmavetdie aid (halforing agent),

Monobaslc Polasslum Phosphate

Phogphorie acid, mmm])(atnmuium wall; Pg)((umlum Biphuosphbate;
Fotaulum Acid Phosphate; Potassiom Diliydvoagon Phosphato;
Srommon's Potnsgiom Phosphate

Monopotusaivm phosphate [P77807 0] KHIO, (13600,
Propnration- 1,070, i reactod with an eguimalar quantity of
IOH and the solution bis evaporatid ta eryntadiizntion.

Roseription Colorless erysialy or a whito, prasalar or eryatalline
pradliat el arTuas undd wtalile in gty pl LN J00 sahition) nhout 4.4,
Sotubility - Frooly solublo in water; practically insodulile i aleolwl,

Usnan-~ A componond of various butfor sotutions. Medicioalby, it
T booen used an @ urinary acidifion,

Pumilca
Punax

Aomtbstance of voleanie origing consating ehiofly of complex sili-
cates af aluminum, potassiain nad sodinm,

Dogeriptiv-Vory light, hard rough, porous, gravish musses or g
[;rill:\', _rnyinh ]mw(l(lr of sivern] radies of (ienesn: adarita, tasicless
aind Wlabli it ale

Three povweors qep avaiinhl:

Pamiee Flour or Superfine Pigsiee Nt Tosn D DV passen
thremagglh o Mo 200 standared mesh sieve,

Wine Pamive. Mol Joms thon 95% prasses theough a No 150 standard
mesh sieve, and not maore than 5% pasies through o No 200 wtangard
iminsh miovi,

Crmrse Pumice - Not les than W% passes Uivougd s No 80 stavlard
muesh shove, and nol pors (e 5% pasaes Lheough o No 300 standard
mizly Hiovo.

Solubility - Tnsolndle [ water aid i not avoneked by geids o allali
hydroxlde solutions,

Unes—A filtering and distributing sediven for phaemuenesionl
proparttions,  Bocnse of i prithiness the powdered fuem is used Tn
certrin typed of sonps and cleaning powders and alao as o denfal
ahrasive,

Pyroxylin
Cuollulome, nivkate; Salable Guneotion

Pyronylin DO -70-0]; o product obtaimad by the netion of g nix-
g b aitrie and solfurie neity o colton, ad copsists chisfly of
collubone tetrmnitento [(C NGO ]

Noto-The commercially aunilabie form (s moistened wath abat
20t of ateohnl or other stitable solvent.  The aleohal or solvent
must b adloioed Lo couporate to yield the deied sidstance deserthed
in the Pharmacopei,

Preporalion—-shinboin, in 1846, found that nitrie acid arts an
collon and produces a soluble compound,  ft subregquently was
proved that this substance helongs to o series of closely roelated
négrates in which the nitric acid radical replaces the hydvoxyl of the
collulode formuyle, ‘Uhix asuatly 18 Indicated hy taking the double
empirieni Torminla for sollulose CrllwOe and indiesling replace-
ot of four of the OF groupm thi

U;HI';H”(‘}”. + Al N{)n . f’|-,:]‘|).|(‘)“,(N“;|).g - g H 0
Cellnione el lulonn
Pateaniteaty

The compound ugad in proparing colodion isasarying mixlure of
the di-, tele, totens and pentanitesles, bul iz mainly tofranitaate,
e hesanitrale i Uw Leas explosive guncestton, and is fosoluble iy
ethar, nlaahol, aeotone or walor,

Doneripiion - Light vallow, motlod mass ol flomanis, resambling
ry cotlon in appenrames, but hinmdh to the ouch; exeevdingly flammn-
ble Yurning, when unconfined, vory rapldly and with u Juminous flama;
whon ket 1 wall-clused hotdlos and oxposed 1o Tl U in docongsosed
with Ha ovotobion of lteaus vapors, losving o carhonneoous residue.
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g

Holubitity  Bacotuble in water) dissolves slowly Imt complitely in 256
paarts ol nomisture of 3 volimes o el anid L yulime of aleohol; salubic
i neetune o gloein neetic acid and procipitansd fron i whition by
wanter,

Utine- A pharscestdeed neeessity Tor Catfodion (IRIFB-6, pag:
Ty,

Rosin
Jeinn Colophony; Goorpgis Pine Rushiy, Yellow Pioe Rumin

A notiel vonio ehtained from P padusteiy Mo, end from ather
appoion of Pis Linnd Ufnm Pinaese),

Constitueniy. - American vosn contpios syfvic @efd [Cabhathd
ey e and peabietic anids 1Cudytdy], 3 pinie nedd rmn which -
awl f-prinde acids ave gradualty formed ) nod resene, Somo author-
Lies o inelude pimnrie acid [CaplE O as 0 entituent, Froneh
rouin s enllod golipel,

Dyemeeiption - Sharpdy anpalar, Brsoslacend, amber colored g
mtnts, Trogquentiy coverod witin vodlow dusd; Pricture briltle abondimry
tnpaentares, shiny and shillow-eoneloical ailise and tuste nre alightly
tersbint v opndly Tusilile wad Boyns with o cense, vellawizh smndke,
ifie gravity 1L to 10D,

Solubility. Insolulde in wider, solnbio mnteohol, othor, Botzme,
pneind neelic neid, vhlerolorm, cachon disulfide, dibute sodutionn of sodi-
wnn by el e podassinm Tiyeleosiclo oe some vobatile sl lxed olls.

Uk -A pharmneonlien] necomisy for ZinesBugenal Ceimend
(oge 1808, Formerly, mcd 1o some extont siall, wanl mon compne
wonrl of plantern, cerates and ointments, G whivh it adde nelhesive
g‘l\m[iliu‘eu.

Puriflag Sicaous Eath

Purified Fienelpule Purifiod Dafasorsl Baeds L omneoou Furth
Diatomite

A forn of silicn 180 (V631 AG-9] conainting of thir fruntules nnd
fragiments of dintoma, pwritied by hoiling with acid, washing and
caleining,

Oceurrence and FPrapnemtien - Large dopositn of Chissubstance
are found in Virginin, Maryland, Nevida, Ovoon antd Cabifernin,
wstintty i the form of massos of rocks, huind Foeda ol Do, B thickness.
Upder the mivrescope i s seon to consist Inrgely of tho minute
wiliceous fruntulen of dintoms,  Bomant bo purithod corefully in o
pner aimilae to that divoeted for Tefe (piage 1729, and thorough-
Iy endeinod. Phe lodger drontmend destroys the baeterin whivch are
prosent in lnvge quantision i the aative earth,

Dergription  Vory fine, white, Hght-gray nr pade bull niisuire of
praurgune powdor and loss mnounty of eryafalline polvorpshs, in-
eluding questy. and eriatohalite: gritty, vendily abiorte il el
reaiine alsont Poue Ganen il il ol water without huceiog fuid.

Solubiliny - Inselable in wider, geids e adilune woliionns of whodd by
drnsudon,

Useg-lotradueed inte the USH s o distrilisting and fittering
et Tor nromatic waters; alsa suitable for MHeation of vligiva,
ke dale, it doun nat nhrierly netdve conmtiinen (s,

Cototdal SHicon Dioxido

Kitien (7631 86.0] Hi0y (BO.08) 0 wabmicroscopic Tumed sttico
prepared by the vapor-phase hydrolysin of o silieon compond,

Deneriplion. - Light, while, susnieitty powder of exlrenwdy fine porti-
elo e (nhoul $5 g,
plability.  Tnsodulile inowater or acids (excent bydrelluaric): din-
sotved Ty ol solutions of alkeli ydrosidos,

Uios A fahier diliont and a0 sispending and thickening
agent in pharmaceutionl preparations.

Sada Line

Aanixiare ol um lyedroxide and sodivm of poliwsium bydrex-
icker o okl

oy cantain an ndleator thint is nert fovard ancethedic gusm
sueh s ethor, eyclopropnne aed nitrous oxithy, aned that ehamges:

color wher U soths Titse no Jongor cian absorhs carhon diocide,

Promvaipiion  White or gravieh white grannbesg iUan indicator i adkl-
el TLmny Do aeolon; ndsorbi carlud diggick ot walon o exposnre 1o
air,
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Lo Moither it thorupeutic nor o pharmsceution] geatc Hoisa
rovgent Jur e absoeptfon of onrbon dingide i anesthesic saoe
ehings, exygen therapy and metalolic frats, Beeeie of Hw fmpor:
tanes of the propor quality for Ahese: purpones 0 bas hoen ke
alficial aned standnrdized.

Sodium Borate

Moditm Todraborale; Sudinm Pyeeorade; Boditam Biborate

Boras [ 13053804 ] N 30 100 68 L27) anhvdpoin [ 13008
] Noghhy 0y £201.22).

Prespuention . Found in donense quintitios in Gehitornin oy a
eryatalline doposit, ''he earth, which i slrongly yatpirgned with
lasvans, i Hxiviatetl the solution is cunporndad ol erystatlined,

Cdeitin beorada, se antfon bafie, nno acears in Ui horas dopuositn
Wl Clifornia, and sodium borts i obinined from it by denihio
Heeranpusition with sedinm earbonate.

Doseription . Cobortoss, iransprront erystaly, or @whito, crystad:
line powdor; adorloss; Ui arystals often ave contad will white pow:
der dhue 1 elTlorencones) soltilivie ailutine to Hinus and phonetphth.
oleiiy pl about 8.5,

Solublbiy: 0 g in W omb of water, T, of glyeeris or 1mloof
Hoilivgr watar imneduble i adeohol,

Encompatibilition - recipitnles mnny metals o5 ingolable bo-
rotes, 1o pgueous salutio it is alkaline and precipitatos aluminem
eredta e mlamy i hyedvasdde, froa salts wen Bgic hovndooand fervie
hydranide nnd she sudfate ns zine huente and o bisic salt, Al
foidds arn pracipitated fron solions of e salts, Approximately
negeinl woights of gl yeerin and borie neid reael to prodiee adeeidediy
neiel dovivative generally called ghyeeroboric acid, Thus, the addi-
tion of glyeorin ta a misiare conladoing it overcomes inconpatihil-
s ariming from an atkndine

Eluens -As g pharsaeeilic itary i v as e alkndizing
el aned e bt Ter Tos alfading solulions, T wdknlizig progertion
pravide Lhe basis Foe il e in donture sdlosives and s DulTerdng
kb Tar it ase in eyewash formulations,

Sodium Carbonate

Carbonie aeidd, divodinm sudt, monahydrate:
Mool lrated Sacdivim Carbonade VLY XV

Disndium enchanale manohydeato (D968 116} MNaut305.Hy(
124,000 andyyd pous [447- 18] (HORID),

PPropurntion - The initisd progess for i manulsetane wos e
viwetd by Leblane, a French apotheeary, in 1784, and copsiats of tw
BN firgt, e copversion of common sall |N[\[:|| into sodivm
auilnde Iy hanting wdh sasdeie seid and, second, the decomnposi-
lon of he willate by caleivum earbnnie Qimestone) aod chaveon
{eonl) at a high lemporntuee o yiokd Qais sl amd caleiim sulfidu,
o carhonate then fa leachod et with wiber,

B enrrently in prepared by the electrdysin o sodiant ehlviide,
wherekay sordivn sl elilerine are produced, the Tormer reeting
with water to produce sodinm hydroxide oo Uhis solution treated
with enrbon Goxide To pradiee the salle Thi process is wsed most
extenrivoly in loealition where oot e pewer is very ¢hon,

The moneluydmted form iz nude by erystalliaing a coneent rated
solution of this sudt at @ Lempornfuee ahave 35% (0581 and stirring
the Hauid o as b produes sl ceyatpln 10 cantaing aloul 15% of
witlar of erystnllization,

Sercher apeh ik 1 by doeniganling o commereial guality of the anhy-
deons salt, Lty anpund prodaction every (o, and it hos g owide
varioty of spplications, wmengs which ave the munufuetare of glas,
anngy adih aadinn sally; il e 3 o] Do washing Tl

Warhing sodu, or sl andu, i Lheeand bowiLly 1O mesleaalos of waler,
Fedw in the torm of coborbesn eryatnls which eapidly of loresce i e

nv,

s epyad i o nowhile, eryslolline piwnler; wlahle

Preseriprion - Color
im ale vidor ordinary condiGons; when expused Ta dey niv alove 5001
elflarnes, ang L 100% hoeamon nitlyilious: decamgpused 1y wenk deids
formimg Whe salt of the acid and Waoendig caelan dinshlal mpiuiy
walugden allyilne G indientors (T alaout 13,5),

Soluhility- 1 i mo ot wstar o 125wl of hoilims wator; inseluble
i pleohiol,

Encompntibilides  Aeids, oeid solin nl aeddic prepeeatioge o
e decmaponition,  Mont aeetads nre preciis lnbnd as carbonates, hvdvaos:
il or basic salis, Afkafoids aee precipilated Crom sobitons ul ke
LS
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1320 CHARTEER 00

Ut Creeanionally, for dermaciticlos tapieally na n lotion: it has
Buean usod nnd mouthwash and & vigzine] douche, 10t usod i Lhe
preparation of the sodiam undta of many acids. Pho VST recopnizos
it as n pharmacoulic nid uged as an alkalizing pgont.

Sodium Hydroxide
Crauntie Sodla, Sodi Byo

RModivum bydronide §100-7, (A00); Tueludus net moro
thin % of NayCOr (105,599,

Caution.Eyerelse great care i handting it, as it caplety do
sLroys Lissues,

Proparation By troating aodium carbennte with mill of s,
ot by the electrolysis of o solution of sodivim ehloride ar oxplaied
unddar Potanaium Hydroxide (page T67). Tt now i producaed Inrgely
by the lattor procoss,  Soo sl Sodium Carbenate, above,

Dosorimion--Whits, vr nparly white, fused mpasen, small pellots,
I'Inlma, wticks ard phee forme; hard and britte nmd aliown o aevstaibing
feacture; oxpaed Lo the adr, it rapidly abrorbs carhon dioxide and nuwine
Lure; wakts md aout $18% u|:m'|li:- wavily 2.0 whon dissolved iy water
o aleahol, or when ils solution it freated with an peidd, much lwat In
geswerated; aguecus wolution, even when highly diluted, are strongly
allualing,

solubiily---

Tonoompatibittios.
converted Lo sodinm carlionnte.
wolublo sonps; with restng iU ferms mwoluble soap.
Hydvax fde (pugn 9657,

1 in b ml of water; freely sotuble in aleohol or glycevin,
Fxponod toile, it ndsorby cordon diovide and in
With fatu and fally acids [t furmns
Son Polassiin

Vs Poo alkaline to ho of medicinal value bul occasionaily wsod
in veterinary practice os o coustic, 1t is osed extenalvely In pharma-
coutical procossen ng an alkalizing agent nnd in gonorally preeterpad to
potasgivm bydroxide beeanse it in less delicgueseont, and less axpon-
wave; i addition, legn of 1L s roquived sinee 40 parts of it ure aquiva-
lerd to A6 parte of KOH. Tt ia o pharniacoutieal nacossity in the
proeparation of GQlyeerin Suppositories (page THE),

Sodium Stearate
Ontadoentioic neid, sodium sl

Sotlium slonrato [B22- 16-2] CogbhuNals (806,47} conainls chinfly
of socdivom stearate and sodinm padmitate (O NaQy » 27841,
Proparation--Soanric acid i revcled with nn oquimelar prortion

iof Ma(HH.

Dhoweription . Fine, wide powder, soapy 10 the weuch; usunlly v a
wlipht, tallowsiko ador; affoeted by Hgghi; solutlons ave nlkaline 1o phe-
nu\phthuluin 'I'S.

Sotubdlity- Stowly soluble in cobd water and eald alealsal; rondily
aolulidu in Dot wator and hot aleehol,

Uker-- (HTicintly, & phormacoutic nid usod ss on omulaiflying aid
stitfenimg mront, 1t i an ingrodient of glycerin eappositories,  Tn
dermatalopies] prectics 6 las Tomy ased topiclly in ayeonis and
oihor sltin distises.

Slarch
Corn Sareh; Whont Stareh: Potate Stareh

Streh [9006-2h-8); congists of the gronules koparatod from the
mature grain of corn [(Aea mays Linng (Fam Gramineae)] or of
wheat | T ciem eestivem Linnd] (Fam Gramincne), or from tulers
of the potate [Seluawm wherosym Linnd (Fam Solaaceae)],

Pepparation--1n nnking stareh from eorn, the gorm insepnistod
meghmicnlly nidd Ui cobls sottened Lo periil oseapo of the stoxeh
groandlks,  This genornlly in dons Iy peemitiing (G Lo hecome sour
wnd decomposed, stopping the Termentation before the starch s
wifectod, O the small seale iU may he made Trom whent Hour by
making natiff balk of dough and kneading v while a small sream of
wader trichion upon it T4 i Gorvied off with the wator, while the
pluten rumaing as a sofl, olagiie mast; tho laltor iy o purified and
usod Cot varloty purposes Lo which glulen is applicablo,  Comior
cinlly, its ganlity ngoely deponds on the purily of the water wwed in
itg manuletura,  Homay bo made from potatoes: Sy fimt grading
Lho, and thon washing vio aoft masg apon i sievo, whicl soparatus
the colluler submtanees and pormits Gao stared pgranalos to b ealried
through. I then must he wishoed thoroughly by decantation, and

tha qualily of this starch alee depends lnrgely on tho purity of the
witbor that iy ased inowanhing i,

Doseriptiondreeguine, ayrular, white nuisons oF fine powler) arlor-
tosw: slight, clinenctorintie tato,  Corn staeeh; Polygonal, vounded op
nphieroldal geanules up to aboud 35 g in dinowter which usoaaly b o
civettlnr ar noversl-rayod conteal elofl,. Wheat starch: Simple laticutar
rantibes 20 (o 50 a0 in dinmeter and opbericad grannies § o 10 gow in
didmotor; steistions faintly markod nnel comeentvie.  Poidta stareh:
Simpde rapaden, irvagulety ovodd or spheriend, 30 10 100 g0 in dinswl or,
nnd subsplerieal graslon 10 10 30 g (s xlmnwlrn. slrinlions woll-
marked and concentrie.

Solubsility: - Tusadublo it eald water or aleohol; when i is Junlod witls
abuut 20 Limok its weight ol ot wator fer g Tow minulos and than eooled,
w Crmnwdueont, whitindy jelly romu (s agueous susponmion nodral io )it

U Haw ahworbent and demnlean), proportios, 14 s ussl a8 0
ol unLing powdor e By vassaus dermadologionl preparations: il an g
pharmaesatio nid (Flker, bindor and disintegrant), Note--Starches
abtained fram different botanical sourees may ol liae ideadivat
propoerties ufth reapect (o their uee for speciffe pharmoeectiva!
purposes, e, os a tablotedisintograting ayent, Therefore, types
shoeld not de interchanged wiloss performabes ogieivaloney has
tetint aseertained.

Unidler the title Pregefatinized Stareh the NP recognizes slarek
Lhat, has been processend chemically or mechanieally o rupture nll or
purt of (e grindos in the presence of water, and vdmequently
driod.  Some typon may be modifiod 1o vender them compressible
anel flowable,

Storax
Liguid Storax; Seyrax; Swoet Gum; Proparod Slosax

A Budsasn olnained feom the teande of Ldgwddambur orfenfalis
Millor, known in commeree us Lavant Storax, or of [iegddambiy
slyraviflun Tinnd, known in commeree a8 Amerienn Storax (fnm
Huamamelidavear).

Conntituents-"The following occur in both variotew: styraein
(e/nnamyd elenamuate), styrol (pheayiethytene, Col), e and -
staresin {the cinbamie neied estor of an aleohol ealled storesinad),
phonylpropyt cianamate, free einnanic aeid and vasillin, - foaddi-
Lion Lo these, Lovant Htumx contning efliyl cinnemate, ezl eine
namala, fron x!ummuul fsoeinmamic aerd, ethyloanitiing styeogenin
ail st yrovamphane. Thin varioty ylatde from 0 Lo 1% of oulatile
atl; Teom this have been faolatod styroeamphene, wiitiin, the cin
namie neid eators of edhad, pheavipropst, beteyl and einnamyl
crlephols, nuphihalene and elyrol,

Ihe American variety containg, inpddition to the aferementioned
subslanees commuon Lo hoth varielive, stynresin (tho cinnnmic acld
antor of Lhe aleohol styresined, an tsomer of atoresinol) and styrosine
offe aedd, 10 yields up Lo 7% of & dextroretatory volatile vil, the
composibion of which lne not hoon hventigated completoly; styrol
and Lrwees of vainniltin ave boon issdnled from il,

DVogaription - Semilfquicd, geayieh 1o grayish brown, sticky, upagoe
s, deponiting an standing a heavy dark brawn layer (Levant sterng);
o semisolid, somelimos o solid moss, sollerod By pently wariaing
tAmerican slorax}; Drannparent in (hin Tnyers: charsetorigbic oo ane
tanlog miie Gonse L waler,

Sotubility- - Insolabde in waler, bt meubde, vsuandly incompletely, in
an eglind weight of warn sloohals soluble 1 in u(ulm!n. enebine chisulf h’ wr
oy, wene insoluble posidus usudly rosuining,

Uson--An expectorant bt is veod chiefly ae a loonl remady,
ouposinlly iy combination with bensodn; eg, it 0 an ingrediont of
Compeound Benzoln P'inctire (page 760).  1Lmay be used, like bon-
roin, to protoci fatly submiances from rancldity,

Sucrgeo Octnacotate

wv-D-Chhueopyrnonide, 1,3,4,6-Letra-0O-acoty) J-p-Cractofurnnasyl,
Lot ranealpte

LIt
— {2 Ao, i

e
Wy Aty
LI . o CH e

109 Ghy

1
i (,:n_‘#n.q
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Sucrang g alas [126-14-7F ConblanO e (G15.60),

Prepratio uerose i saubieeteed (o oxhaustive acetylation by
rencltion with neetic anhydvide in the prosenee of a switalio condens-
g ageent sueh aa pyridine,

VYake rigtion..Whito, proetiendly odorless powder; fafeonsly bitter
tuate: hyprascopic; mulls oot lewor than 780,

Salubbity- L g oin TLOG mly of wander, 1ol of adeohal, 0.3 ml,of
acetane or 06 mel of boneeming vory solitdde iy methansl o chlorelarm;
solulsde i ethier

1L

Lsics-—A denalurant for aicahal,

Sulturated Potlash

Tlhiowfurie aeid, dipetareium anll, misc, wildy polosium salfide
{0800 Liver of Sullur

Pipotaasivm tiosuifate misture with polmsivm sulfide (Kufi,)
[B0:66-88-8]; 5 mixture componed chiofly ol petassiam polysubides
and potnssivm thiossllnte, T contalug not fess Uian TLBS of 8
tsulfur} in combination as sulfide.

Preparation--By thoroughly mixing 1 part of sullimed sullur
with 2 patts of potassium carbonate and pracdually henting the
mixbure in a covarad fvan eraeililo untl tho mns consen Lo swol dind
is melted completely. 1L then is poured on a stone or glass slnly and,
whin colld, broken into pioces and preserved in tghtly closed bot-
ten, Whien the ent s regulnted properly dueing its production, the
reaction is ropronmated appraiimately by

AR + B3 v 2R KahyOg 4 300,

Ad this product raphlly deterioralos on oxposire Lo moisture,
oxygen nod cathon dioxide, #ois imperian that v be proparsd
rocontly in praduce slislnetory promrmtiong,

Dancription.drregular picees, Sverhrown whon feeshly prepared,
edangingg 16 pretrish vidlows decomposes upon exposure Lo pirs s ndor
of hydrogeny milfid wnd a Ditter, aerid, alkaling taste; even wonk nidi
cause Lhe lberation of 18 from audturatod potwedy 1y 10 xelulion Tight
roens By coloe and alkaling Lo Titms,

Selubitity ) g nahout 2 mlof waler, usanally leaving o slight resis
tuwe pleohnl diskolves onby the woifidis

officind White Letion or Lotio Atha (page 102). The equalion for
vho teacthon of the potassium trisulfide in prepuing tha lotion i

AT TR LT PR/ T S I ]{uﬁ;()a

The mixtre of inkoluble aine sulfido and wdfur gives Whe lotion i
sronmy white appearance,

Tale
TPatenm; Parilied Pade; Wronch Clhialle; Soapatons; Stostite

A uative, hydrous magiosium silicate, semotimen contuining i
rins It proportion of ahnninum silients,

Ocpurrenco and Preéparation-—1he native forn, onlled soap-
shone ar Fronch ehalk, )& found in various paets of the world, An
excellent quality s obtasined fram deposite in Norll Carolina, Do-
posita of & high gende, conforming to the USE requiremenls, nlso are
found I Manchuria, 'Fho oulive form asually 8 aceompanied by
variable pmounts of mineral slibatanees, Thise are separated from
it by mochanical means, such ns Dotation or elubrintion. Tt then s
pawdlerad finely, trestoed with boiling diluge HOL woshad woll and
driad,

Dawisrptor - Vary fing, white, or gruyiah white erystaliine powdor,
sebuonn b U Couely, nd bering vendily 1 Uha skin, and froo from grittl-
i,

w Usen—Ofieinlly, ag o dsting powder and pharmageatic nid; in
hoth categorion b has many spocific vses. e modicinl use an g
dusting powder depencs on ila desicennt and [ubricant effects,
When porfumad, and somolimes medientad, it is usod oxlonaivaly
for toilol parposes under the nmne telea pomder; for e use it
should be in e form of an Bapalpeble powder. Whan used os o
filtration medinm for alarifying Hyuids & conrser powder is proforred
Lo minimize paosigo though the pores of the filter paper; for thiy
purposa it may bo uked for all closses of praparations with no daiyor
of adsarption or retention of netive prineiplos. U I wiod an o
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tabriennd in the manufaetare of tablets, and as o dunting powder
when making handmade suppositorion. Although L i used o8 a
ubricant for putting on el semoving rubber gloves, 4 shouald not
b used on surgical gloves hacause even smadl amounts daponi bl n
nrgai or hoaling wounds may eanse granuloma formsion,

Tartarte Acld

Rutanediole acid, 2,3-dihvedroxy -, Bulanedicie acid,
23-dilyd roxy, (K000

(}()(_)n
(I (’:--- oH
H
e i
|
Halilh

L ()= Trerlagle peidd [BY-05-4] CyHeOs (LH008),

Propureatton--From argol, tho ceado erenm of tarta (polussium
hitartrate) dopositad en the sidos of wine eonkg during the formonto-
tion of grapos, by conversion Lo eatelum tartrate which is hydrolyzed
to tartaels ned and ealeium aulfite,

Dt pLion - Lo, colorlom of ieandlucent erystals, or o while gean-
ular to fine eryntalline powder odarboms; neRl Gintos stable iy the air
salttions aeid Lo s dertrantatory,

sSofubility -t in 0.8 mbeof waler, 0.5 md of boiling water, 3wl of
alulial Gr 380wl of elhar; freely seluble o moetsol.

U Chiefly, an tho acid ingredient of preparations in which it
i netralized by a Dienebonnte, niin offorvescont satts, and the ires
neid is complotoly adment or proseit only s sl amounts e
finished praduoet. 10 alee s uked as o baffering agent.

Trichloromonoflusromethang
Moty trichiheallheorn-,
CRCy

Prictloroffuoromethans [76-69-4] QO (137.37),

Prepuration. - Carbon tebrnehlaide 4 reactod with antimony
tedftugride in the prosence of a small guantity of antimony pentn
ehlorido, “I'ho reacton produces a mistuee of GO and GG
which in roadily separiblo by feactional distiflation,

Duseripthan-Clonr, colovdews gon; faint, ctharal ndor; vapor proasurs
ab 26 in abuul 796 tore; bulls aboul 24,

Holuddlity -V rocticadly ipmoinble b wotars selabie i aloolsl, sther or
otha orgie Hilvents

Usen-. A propellent (Mo 11, see pnge 1696).

Tyloxapol

Phawl, 400,583 1etenmethyihutyD) ., polymer with foraldelyde and
oxbrane; {Various Mfrs)

(':f ?ﬁ' (OR
Ore e
L E? ““*)

[H i 010560016 1 G0, CHGH 0N,
WS G e N i fere Than B

(11,38 Totramathyl ity pheaot polyner with ethylene oxide
wad formaldehydo |25301-02-4].

Propacslion—p-(1,1,33-Tetramethyttyiphenet and formal.
dehyde ave condensed by hanting in the prekenes of an acidie cato-
Yysd el Lhe palymeris phonsl thas obtaited 6 roncted with othylone
oxlde al elevated termperatare andor prosurs in the prosonco of
Nafdid, U8 Pat, 2,454,041,

DosexipidonAmbir, viseous Hyuid; may show o sdigh webidi.
Ly wlight aromatic odor speeitie gravity ahout, 1O, slalde at sterils
fznttoh Lamsperaturo and in the prosanco of acids, bivsed arvel walts;
uxidizod by matals, pT (6% agqueots solution) 4 (o 7.

Bolubility--Slowly bud freely woluble in water; soluble [n many
urganic solvents, including neetic acid, benzeng, corhan weienchle-
ido, carbon disbfitde, hlovoform or toluene.
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1320 CHAPRTER G0

Unon-—A nonionic dotergent that. dopramdm hatdy sueface tangion
atned ipderfacinl tonsion, 1618 n componend of Aleviire (Sepling) nad
nuelone {Alesn). T4 mdso s used in contoet-lens-clemser fornula-
Lo,

Zins-Eugéanal Coment

Fine Compavndw mud Bogonol Cemont NE X

The Pawdor

v AR
e Lo
P [ 4
280 ¢

Lo Avotate, .., 0.0
Aine Suarato. .
Fine Oddo L.
RO . i e

Posvidar Lhe rasin i incorporade ik seitl abioud s wqual weighl of wine
exide unfil thorowehly wisod,  Mitt the mixtare on o aiove of ot less
than 10G-mesh,  Dogwind U manterbil which dues not poss theosgh the
wiover with tietw of Ll zine oxide and st sygaing ropint U peacosk unlst
all of the imataring feadily passes theough the sieve, ' Foroudily misx the
winw stenrale md zine avdate witly a poedion of U zine oxide and posy
throvph o 100 moeh sleve, Thorauphly mix 1he e s oy wlily (e
vemainder of the wine oxide,

The Liguid

B Y
oo B mbs

Bugenol .. ... ... ...
Coldonseod Oib 0o

The Cemont

To gt L cament, mis 10 purds of The powder with 1 paer of Lhe
liguid to s Uaiek pasto inmodintely belore use. Noter Tl amaunt. of
Heguiel may he vavied (o give uny A|u>.|n)(l ik lo)hoy.

Howinls swhilo Lo wlbio fy colory Liguid:
Thin mand colorku ta wank yelluw, aving wostrong aromntie odor of elove
anndd o pungont, spioy Gsslo; alToetod by iy wpeeitle geavity 1,043 10
1AAR: reltnativn nadoer 1LO2H Lo .53 1 al 207,

Solubibity—Lfgids mineilde witly sleohal, chloroform ar ether; unly
slightly soluble in waler.

Dunoriplion-—aeder:  Ye

aen- In genoend dental practice ws n denial protactive, i, a8 o
Philp eapping ov n femparary fHig,

lao-Alcoholie Elixly

lsosJitisie
Luw-Alegholic Blixir
High-Ateohatic Blsle oo ol eselea ealoulated vilume
Mix the ingredionia,

LowsAlesholle 0lixiv

Clompownd Oenrggo Bpiril 00 o e F ml.
Alcohol
{lyeerin ...
HHerone . P
Purifiod Wutlw u nn[llc\l(-m. (;lmmllv,

T'o mnka

.o Bl ml
AT BT B
i3I

R T R N,

R I T IR R I EERREE

Aleahn! Contont--3 to 0%,

High-Aleoholic Blixir

Componngd Qeanggo Bpetl .00 oo 4 ml,
Baeeharing, oo T TP PRI ¥ {
fllyoerin ... e e cr . 200 mIL
Alunhul, {osulficient (iurmIHV.

Towske ..., NI £ 11 ¥ 11

Aloohael Coatonl. 3L THY.

Eluos- Intondod oy a gonaral vehicle for various medigaments
thit roquire solvents of difforent aleohol strengthy, When it s
wppeified in o preweriplion, the prepartion of [tw twa ingrodicnts to

e unact it that which will prodace 4 solution of the required Weohol
strength,

‘Tl aleoho] strengbh of the elixiv to bo osed with a single liguid
gabenieal in o preseription is approximatoely the anmo s Lhat of the
pulenical, When gnlonieals of difTerent nleotiol strenggthe are used in
the same presoription, the olixiv o Bo uned 38 1o be of such aleolol
atrentl as 10 secure Uie best solution possible, This penerally will
he found to be the aversge of the aleohel strompths ol the aevernt
ingredicots,

Vor nopoxtractive substaneen, the lowost aleobol strength of tha
olizir that wilt viedel  pevleet sohation should be eloson,

Other Mivosilnoous Fharemaesationt Nocoss]thos

Buotrylne {Propaoic seld, 2-cyano., 2. |||(_|[||vlp|n|w] bty byl
2. l.wnlmic‘:viulm {1 036569 du””N()u Hh'i t4); (."Hm.un)] ]u:pm'n
fran: Lo nudbod roneta isohuly] 2-chloarome nlnh- with sodivm eyimidae,
Unesy Burpical aied omae ad hosive},

Cerodln [Orokerite; Barth Wax: Caraning Minornl Wax: Woundl
W hard, white eflatlom salid rosom hlingg sporaseti whin puri-
fied, neeurring nnlm‘nl!\' in tlt-pumlw it the Carpathinn Mounlaiom, g,
einlly in Gadieln. 1 1s 3 mixtars of neduvst complex parartio hydrocar
Bons, Mellg belweon 0F mad 78%; apecifie genvity 001 (o 0.0% klahls
Loward oxledizing agents. Soluble i 30% aleshol, Desvene, ehlorolorm,
pretredouny, lomsing or hot oils, Lees: Sabititute for Toeswny In dontist -
Ty, for EDERRION WX,

Fihylemedinmine Hydete B9, P IHNCHLGH N0
Cloar, edostous or slightly yellow tiguid with wn nmmulmu'u] wdor nnel
clhuraclerintie alkuline tode; soliddfien oy conling to a eryatalle o
(g 10%); botle 118 da $29¥; spoeific gravily alwul. (b ll\'t’mnt‘npl(‘ amd
b s L2000 Cram the nlv; atueans salutions asllmline t litmus, Micille
withy wator or aleohel; nelubide in 120 porosof ehlorotorm: sHight v soluble
I bengone sned ethor. Csess Iy Uhe manaCaebaee of sininephydiine and
in (he pragaestion of pabnophylline injeclions,

Farrie Oxide, Rod -Containg ot lens 1 90% FeOn 10 s milo by
Tranting native leevic oxice or Bydroxide ne o tempeentare which will yiell
aproduel of the dosired color, The oolor Ia goverped iy (o tomparpdury
and thme of beativgg the presenen pid Tl of other medals and the
pareticho sive of tha oside, A dork-colarsd oxida i Mivarod by prolonged
hanting nl high wmperstare nod the presence ol musnobese, A Lght
colored oxida in Tavored by the prisenee of sluminnm and by finer
partbebe wive,  Uses: Impunim' color Co maeadniine aid conmativs,

FPorvie Oxideo, Yollow - Cuntuing not less than 97.5% Foay 10 s
prequited by hoaling ['urmm- hydroxide or Terrous envhonnte In aiv at n
loow femperature,  Liaes: An tow Rael Ferric Daide (ahov),

Honoy NF X1 [Mol; Clarificd Honeys Stradne] HnnN'I it e saeeline
wibe meerotion deposited Jo Ve bonevesnh by the beg, A pis mellifern
Tannd (Pumy Apiddaes), 36 muast be free foom Simaign Hul)ulnnmm wueh os
Pavin of insgetn, leaveps, ole, BUt may contadn pollen gesins,  fisiors
Huney Is ene of the oldost of Tood wad asedivinat produees, Paring the
16th and L7th contarion it was recommended an o cure Tor alimost overy-
thing, Lwnstitaends: Tnveert sapoe (G2 (o B9%), suerose (0 1o B ol
dirydrtn (088 to T9%). Deseription: 'Fhick, nyrapy ligquid of a light
yellowinh 1oy voddindy Brown calors thansTacen ] whia Fresk, Dl Mreguently
Bicarmes epague and granuatar Uiowgh erystallivation of doxtrose; ehas
weteristle sdor and o sweot, faindy sevid tiite, Haog, A swesteniog
wgont mad phsemacantie necesily.,

Hydriodic Acid, DHutod . Contalm, o each 100 mL 4.5 10 100 Ii of
FIECL27 4000, mnnd GO0 g ¢ Ly ol PRy (GG00% Pl Lad ter b el 1o
Pravent the fosmantion of Troe fodine, Cuation: 1t must il b dis.
peased or wsed in the preparatien uf other prodiceis if it cantaing froe
fodding, 1 r-pm‘ll{lun‘ (nya I(u":- renle, by Hw mimmlmn of i {ne and
hydragen sllice,  Meseripiun and .‘m!m’nhn" Calovlss or not more
than pule-yollow, edorless liguid; apooifio geavity abiout 1.1, Miseible
willy wentor or aleohal. Likes: In }:’ydrirldi(' Artrh Syrup (pigro 1302),
The ntier haw hoon uned aw an expoctorant. B oalso s e 0 e
manufneture of ineeganic odidos and distnfectanis. The H7% woid wwr
in uwsat] for analyvieal purposes, such ws methoxyd detorminations,

Limo |Calx; Caleium Oxide;, Quicklime; Burnt Lime: Caly Ustng OnQ)
CGR) | -—Preparatinn: By enleining Fmostone (o native saleium e
bonate) in Jdlng with sieong heat. Descriprion and Soluliiiiye Vlaed,
white or grayish white massos o granulos, or o while or muvmh while
pawdor; adories; solulion strongly atkaline, 1 wolable it nbuut 840 m1,
of wiler or 1740 ml of Doiling water; aoluble i glycoels or ayngs
ingotuble in aleohol,  Thees: Toomakdng nrortar, whitewish and vario
chomicals and products, 1t is an ingrodiont 0 Sulfurated Lime Solu-
tion (RS- 16, pago LIS T tho USEY caleiur hydraxide bun ropliced
it, an Ui moro stieble raed nworo rondily wenilablo of quility wuitable for
mndininnl une than that vauatly abininable. Unlom protectod from wir,
it noeen Becomen untit for vse, dug to the actios of carbon dioxide nad
et in tho nine oo Caleivm Hydroside (page 13185,

Fonel Ol An oil l'cm(-mi)!m,q almmdd Git ehitalned from Persieo vl
grearin (o fRoxacean). Soe Porse OF (poee 13248),

Polueritin Fotwanlum {Mothaerylio neld polymer with divinglbon.
wong, potassium galt [HH4-76-50 Amortite 1RRS88 (ohm & Haas)ie.
Propurod by polyniseising meidaeeylic cid with divinyibonzons and (o
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resulting resin is neutralized with KOH. Dry, buff-colored, odorless,
tasteless, free-flowing powder; stable in light, air and heat; insoluble in
water. Uses: Pharmaceutic aid (tablet disintegrant).

Poloxalene [Glycols, polymers, polyethylene-polypropylene {9003-
11-6); Bloat Guard (SmithKline)|—Polypropylene glycol is reacted with
ethylene oxide. Uses. Pharmaceutic aid (surfactant).

Raspberry Juice—The liquid expressed from the fresh ripe fruit of
Rubus 1daeus Linné or of Rubus strigosus Michaux (Fam Rosaceae).
contains not less than 1.5% of acids calculated as citric acid. Prepara-
tion: Express the juice from the washed, well-drained, fresh, ripe red
raspberries. Dissolve 0.1% of benzoic acid in the expressed juice and
allow it to stand at room temperature (possibly for several days) until a
small portion of the filtered juice produces a clear solution when mixed
with ¥ of its volume of alcohol, the solution remaining clear for not less
than 30 min. Strain the juice from the mixture or filter it, if necessary.
Description. Clear liquid with an aromatic, characteristic odor and a
characteristic, sour taste; freshly prepared juice red to reddish orange;
affected by light; specific gravity 1.025 to 1.045,pH 2.7t03.8; refractive
index not less than 1.3445. Uses In the preparation of Raspberry
Syrup (page 1302), a flavored vehicle.

Sarsaparilla—The dried root of Smulax aristolochiaefolia Miller.
known in commerce as Mexican Sarsaparilla; or of Smulax regelii Killip
et Morton. known in commerce as Honduras Sarsaparilla; or of Smilax
febrifuga Kunth, known in commerce as an Ecuadorian Sarsaparilla; or
of undetermined species of Smulax Linné, variously known in commerce

PHARMACEUTICAL NECESSITIES 1329

two glucose molecules, and smilacin yields smilagenin plus sugar mole-
cules. Starch, resin, coloring matter and volatile oils also are present.
This drug was first used in Europe in the 16th century as a much-
vaunted remedy for syphilis. The origin of the name is in doubt. Uses.
Being without pharmacological actions, it is not employed in modern
therapeutics. although the laity is inclined toattribute certain therapeu-
tic virtues to its use.

Sodium Glutamate [Sodium Acid Glutamate (142-47-2) HOOCCH-
(NH2)CH,CH,COONa]—White or nearly white, crystalline powder.
Very soluble in water: sparingly soluble in alcohol. Uses: lmparts a
meat flavor to foods.

Sodium Thioglycollate [Sodium Mercaptoacetate; HSCH,.COONa]
—Hygroscopic crystals which discolor on exposure to air or iron. Freely
soluble in water; slightly soluble in alcohol. Uses Reducng agent in
Fluid Thioglycollate Medium for sterility testing.

Suet, Prepared [Mutton Suet]—Internal fat of the abdomen of the
sheep, Ovis artes (Fam Bovidae), purified by melting and straining.
White, solid fat with a slight, characteristic odor and taste when fresh;
melts between 45° and 50° and congeals between 37° and 40°; must be
preserved in a cool place in tight containers. Uses' In ointments and
cerates.

Urea [Carbamide {57-13-6) CO(NH;),(60.06)]—A product of protein
metabolism; prepared by hydrolysis of cyanamide or from carbon diox-
ide by ammonolysis. Colorless to white crystals or white, crystalline
powder; almost odorless but may develop a slight odor of ammonia in

as Ecuadorian and Central American Sarsaparilla (Fam Lili )o—
Contains glycosides of the saponin group, sarsasaponin (parillin) and
smilasaponin (smilacin), which are related structurally to the digitalis
glycosides, and possess the steroid nucleus. When hydrolyzed with
dilute acids, they split into sugars and the corresponding sapogenin.
Sarsasaponin yields sarsasapogenin (parigenin) plus one rhamnose and

pr of moisture; melts 132t0 135°. 1 g dissolves in 1.5 mL of water
or 10 mL of alcohol; practically insoluble in chloroform or ether. Uses
A protein denaturant that promotes hydration of keratin and mild kera-
tolysis in dry and hyperkeratotic skin. It is used in 2 to 20% concentra-
tions in various dry-skin creams.
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CHAPTER 69

Pharmacological Aspects of Substance Abuse

Frederick J Goldstein, Ph

Profossos of Pharmacelagy

G Victor Rossi, PhD
Vice Prasidoni of Academic Affalis and Professar of Phatmacoiogy

Philadelphla College of Pharmacy and Seieace
Philadelphia, PA 19104

’

Substance abuse conlinues 1o be a major problem within
the US and will remain go in the 21st contury. Although
recent data indicste a decline in the use of certain illicit
drugs by high-school seniors (Table I), there hns been no
change in the percent who drink aleohol,  Unfortunately,
among the many American adults currently dependent upon
aleohol and other psychoactive chemicals ave members of
the health profession, eg, pharmacists, nurses and physi-
cians.

Substance abuse may originate with the physieian, the
patient seeking medical Lreatment or with the adolescent
drug experimenter. Physicinn-generated misuse may resut
when there is insuffcient concern or time to evaluate the
patient ndequately a8 8 candidate for psychoactive drug
therapy, 'Treatment is all too often directed toward the
alleviation of symptoms without n concerted effort 1o identi-
fy possible deep-seated causes and respond Lo the emotional
s well as the medical needs of the patient. Overprescribing
of meod-altering drugs involves potential harm not just to
the individual but to society al large. While physician-
generated drig misuse represents a relatively small percent-
age of the averall prohlem, it is especinlly regrettable that
any negative sontribution arises from the aclions or inae-
tions of health professionals.

Paiiont-originated abuse encompasses a larger aspect and
persists despite signifieant efforts by the majority of physi-
ctans and pharmacists to restrict the dispensing of psychoac-
tive agents. Some patients will viait several physiciansg, ob-
tain a number of preseriptions for barbiturates, tranguiliz-
ers, stimulants and/er narcotics and present each
prescription to a different pharmacy. Thus, the patient
may nccumnulate substantial quantities of controlled sub-
stances either for personal nse ar for resale.  Altempts to
thwart such patterns of drug acquisition have, thus fay, been
unsuccessful,

Peer pressure, alienation, hedonism, mass-media adver-
tising, nlfluence and boredom are among the factors most
frequently cited as those lending Lo the misuse of drugs by
adolescents. The consumption of alcoholic boverages, ciga-
retie smoking and the liberal use of sedalives, tranguilizers
and contral nervous systom (CNS) stimulants by adulls,
particularly family members, foster the davelopment of a
cavalier attitude toward drugs, aid incrense the likelihood of
drugtaking among adolescents.

Three basic stages of adolescent drwg usage have been
defined as the initial experimental phase, periodic recre-
ational phase and compulsive (chronie¢) pattern. Thatmany
young people resist involvement with drugs or do not pro-
gress to chronie or serious patierns of abuge emphasizes the
importance of personality Lraits in the genesis of drug de-
pendency. Persons of any age who have a low {rustration
tolerance, cannot cope with the daily pressures ol life, re-
quire instantancous gratification or who have unfulfitled

dependency needs snd serious problems of socialization may
come to rely on drug use in order Lo escape, albeitl temporar-
ily, from a psychological environment which is blenk, joyless
anefor filled with anxiety.

As stated, many Mctors are involved in the process by
which an individual ultimately selects the pharmacological
route of escape from stress, Recent studies indicate that a
small percentage of the papulation may have n genetic pre-
disposition for developing an addiction to at least one
drug—aleohol.  However, it is quite clear that some poten-
Gal addicts can resist entering this pathway if they become
aware of the loxieological consequences of drug abuse.
Many school, religious and communitly organizations have,
in fact, made substantial efforts to present educational pro-
grams devoled to acule and chronic toxicities produced by
psychoactive substances. Pharmacists should expand their
participation in these programs; in this regard, the following
information can be of assistance.

Central Nervous System Depressants

Opioids {(Narcoties)

Herain is the opioid most eften abused. The preference
for heroin is not based on its unigue euphorie properties but
is largely & matter of economics; heroin is the most potent of
the opioids, thus providing maximum profil per kilogram to
those engaged in illicit traffic.

Barly in the course of herain use, intravenous injection is
followed quickly by a sense of exquisite visceral pleasure
which is similar Lo sexual orgasm (the rush}, an enveloping
feeling of contentment, and the receding of internal conflicts,
Taken orally, hercin also produces relaxation, euophoria
and indilference to pain and slress but not the “rush.” In
the gusceptible individual, the intense desive to recapture
this drug experience contributes to the establishment of an
emotional or psychic dependency.

With frequently repeated adminigtration, the individual
becomes progressively loss responsive to the drug; thus,

Table l—Nationat Survey of Lifelime Use” of Drugs by High-
School Sanlors”

Change from

19056 1987 1085
Aleohol 02.2% o.0% 0.0%%
Barbiturates 0,9% 4% ~-1,8%
Cocaine 17.5% 15.2% —-2.1%
Marijuana Hd. 2% 50,2% e d, 0%
Methagualone 6.7% 4.0% -2, 7%

» Pereent who ever uaed,
b National lastitite un Drug Abuse Notes, Summer 1988,
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1360 CHAPTER 69

everincreasing doses nre sought in an atlempt to duplicate
the characterigtic effects.  Chronic suppression of central
nervous system funclion results in a dependent state in
which the drug must be taken on n regular basis to maintain
areasonable semblance of well-heing and equilibriom and Lo
prevent the anguish of the abstinence syndrome. Thus,
opioid addicts soon find themselves taking heroin not for the
plensurable effects but primarily to prevent withdrawal.

Tolerance to opicids does not develop uniformly. For
example, nddicts experience, during chronic use, lessened
respiratory depressant, analgesic, sedative, emetic and eu-
phorice{lects. Some may show decrensed miosis while most
suffer chronically from the constipating effects of the drug,
Drug tolerance always is relative, never absolule; a dose
always exists Lhat is capable of cauging death from respira-
tory paralysis, and overdosage s a common cause of fatali-
ties among opieid addicts.  Although death associated with
heroin uge hag heen attributed routinely to averdosage, oth-
er factors sometimes may he involved.

Quinine frequently is employed by “dealers” to dilute
pure heroin because, like the opioid, it is bitter and produces
vasodilation simulaling the rush. Thus, addicts cannot de-
teet adulteration readily and may unknowingly inject them-
selves with large quantities of guinine, which may produce
significant myocardinl depression.  Codeine, while signif-
cantly less potent than heroin, nlse cnn produce death from
overdosage,

Withdrawal symptoms usually rench maximum intensity
36 to 72 hr aftor the lust dose of heroin and subside graduaily
within 7 (o 10 days. The severity of the abstinence syn-
drome is determined Jargely by the degree of nequired physi-
cal dependence and the rate of elimination of the drug,

The signs and symptoms of opioid withdrawal include
yawning, sneezing, lacrimation, restlessness, anhxiety, insom-
nia, nausen, vomiting, gastrointestinal cramps and diarrhea,
swenting, goosefiesh, generalized body aches, fever, tremors,
mugele apasms and jerking movements, BExcessive perspira-
tion, vomiting and diarrhea combined with diminished food
and fluid intake may result in dehydration, acid-hase distur-
hances and ketosls, Occasionatly, eardiovascular vollapse
oeeurs,

Withdrawal symptoms can be suppressed either by ad-
ministering the drug of dependence or another narcotic, 1f
an opioid, such as methadane, is given initially in a stabiliz-
ing amount and then the dosage reduced gradually, the in-
tensity of the abstinence syndrome may be lessened appre-
ciably,

The opioid addict is subject. to risks nrising out of indiffer-
ence to minimal putritienal and hivgienic requirements with
4 consaquent high incidence of viral hepatitis, baeteriat en-
decarditis, tetanus, pulmonary infection, pulmonary edemn
and thrombophlebitis,

The use of nonsterile injection aguipment and intravaseu-
lar introduetion of eotton fibers and adulterants, such ae
lnclose and tale, all contribule to the development of local
and systemic infectious disorders and pulmonary granulo-
matosis,  Hyperamylasemin often is ohserved during the
acute phase of heroin-induced pulmonary disturbances, In-
crenged serum immunoglobulin levels are encountered com-
monly in addicts.  Although the clinical consequences of
this finding are understood incompletely, serologicn) tests
for syphilis are false-positive in a significant. proportion of
such individuals.

Noninfectious complications of opioid addiction include
transverse myelitis, rhabdomyolysis with eardiae involve-
ment and myoglobinuria and Horner's syndrome.  Quinine
contained in street hevoin proparations produces nmblyopia
and thrombocytopenia. An aqueous mixiure consiating of
erushed tablets of pentazocine (Talwin) and tripelennamine
{Pyribenzamine), with the street name of “I"s and Blues’,

has been used intravenously by addicts; the effects are ro-
ported Lo be similar to the heroin rush.

Toxie reactions can be serious and include tonic-clonie
seizures and acute respirntory distress with hypoxia, The
latier effects apparently result. from deposition of insoluble
lngredients of this mixture, eg, tale, in lung Hesue thus caus-
ing pulmonary granulomas.

MPTP (I-methy}—d-phenyl-1,2,3.6~1.etral1ydropyridine),
an exlremely toxic by-product of illicit meperidine synthe.
sis, destroys certain types of brain tissue (nigrostriatal) after
only a few doses; this produces Parkinson’s disease in the
abuser which, Jiko the degenorative clinical disense oceurring
in geriatric patients, is irreversible.

Women who persist in the use of Leroin during pregnancy
give birth to opioid-dependent offspring. The signa of with.
drawal in the newborn appear within several hours to several
days and include high-pitched crying, sleeplessnagy, irvita-
bility, tremor, vomiting and diarrhen; the latter may rosult
in severe dehydration. Narcotic-dependent infants are
born smaller and exhibit an uncoordinated and ineffectua)
sucking reflex, which reduces nutritive consumptian, Phe.
nobarbital, dinzepam, paregoric or chlorpromazine have
been used to alleviate narcotic withdrawal in neonates,

The approaches to treatment of the adult addict. involve
medical ns well as psychiatric and social aspects. A basic
abstacte in any approach to the treatment. of opioid addic-
tion is the characieristic high rate of recidivism,

Methadone maintenance, currently one of the most widely
employed techniques in the management of opioid addic-
tion, involves stabilizing the patient on a regular daily oral
dose of methadone, preferably in conjunction with support-
ive psychological or psychiatric counseling. In this context,
the maintenance drug does not provide true pharmacelogi-
cal blockade; rather, regular administration results in the
development of tolerance to methadone and cross-Lolerance
to heroin,  Thus, the addict will not experience the heroin-
induced “rush” and euphoris unless doses substantially
higher than usual are injected,

Theoretically, when unburdened by these factors which
motivate addiction, methadone may he withdrawn gradual-
ly. However, many former narcotic abusers cannol nin-
1ain a drug-free state and either veastablish their addiction
Lo heroin or request continued metadone therapy. In con-
tragt, some addicts refuge Lo enler n methadone maintenance
program. The reasons for this decision include

The elain by some narcotic abusers that mathadone s just another
type of drug dependence and one whicly is more difficult 1o sursendor
thun heroin use—in fact, methadone withdrawal can be more intense
aned painful than hevoin dotoxification.

Methadane signifieantly impairs human reproductive capacity by de-
crenaing hoth ejacutaie volume and sporm matility (heroin produces a
lesser effeet upon fertility),

Family members may be ondangered-—a number of childeen bave died
after ingesting the liquid methadone preparations used hy their parents.

Anallornative approach, based on the conditioning theory
of opioid dependence, employs narcotic anlagonists 1o extin-
guish drug-seeking behavior by blocking the euplioric effects
of heroin, Nalorphine [irsi. was suggosted for this purpose
but its limited duration of action and high incidence of
hallucinogenic renctions made its use impractical. Cyclazo-
tine is effective orally and provides blockage for up o 24 hr
but, like nalorphine, is an active anaigesic and is associnted
with a variely of disturbing psycholomimetic reactions.
Naloxone (Narcan), a “pure” opioid antagonist. {ie, pos-
sesdes no agonisl properties), produces fewer unpleasant.
effects but is refatively shori-acling,

Naltrexone (f'rexan), n longer-acling derivative, can
block the effects of heroin for approximately 72 hr, "The
results of clinical trinls are disappointing since many addicts
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uander treatment refuse Lo take a drug which {s devoid of

narcotic-like effects.

Clonidine (Catapres), An ag-receplor-agonist, has been
used successfully in treating hovoin withdrawal reactions; in
some cases, it is more efficacious than methadeno,

L)

Barbiturates

The clinical use of burbiturates has declined substantially
ih rocent years., The benzodiazepines, while not free of
adverse reactions, are safer and have supplanied barbitu-
tes in the treatment of anxiety and ingonmmia, 14 is clear
that, in general, hypnotics (barbiturates and nonbarbitur-
ates) should not be prescribed for more than a 14 to 28-day
period. Beyond this time efficacy decreases (a decline in
hypnotic activity may hegin after only 7 days of continuous
therapy). Pharmaciste should monitor these prescriptions
very closely, consulting with both the patient and physician
in order to insure proper use and prevent dependence prob-
lems.

The hazards encountered in the use of barbiturates in-
dude eccasional unanticipated idiosyneratic or hy persensi-
fivity reactions and accidental overdosage as may occur in
young children unaware of the potentin} danger or in adults
during a hypnotic drog-induced semistuporous state of “nu-
tomatism.” For most persons, steep provides only a tempo-
rary respite but, all too frequently, intentional overdosage
with cnsily accessible sleep-inducing drugs provides an ave-
nue of permanent eseape from the pressures of renlity.

Barbiturates reduce the amount of tine spent. in the REM
(rapid eye movement) phase of sleep. The reduction of
REM sleop for a period of several days may cause the indi-
vidual 1o become rritable or Lo evidence disturhances in
perasonality and rationality. When the hypnotic is with-
drawn ahruptly, thers is n rebound increase in the REM
phase often associated with nightmares, a feeling of having
alept peorly or actual insomnig. “Rebound” REM makes it
difficult for the patient Lo give up the drug and condributes
10 the development of drug dependency.

The signs and symploms of barbiturate and alcoho} in-
toxication are strikinply similar. Visual perception, recall,
venction-time coordination and other indexes of psychomo-
tor functioning are affected, the degree of impairment Inrge-
ly depending on the concentration of drug in the brain.
Intoxieation, either with alcohol or o barbiturate, is chavac-
tevized by dilficulty in thinking, reduction of ego controls,
poar judgment, confusion and emotional instability. Neu-
rological impairment and muscular incoerdination are major
factors in the personal injuries and involvemenl in vehicular
accidents which are common occurrences during the course
of intoxication with these drugs. The CNS suppressant
affects of aleohol, barbiturates and opiates, such as herain,
are mutually reinforeing; exlemporaneous combinations of
these depressants may resull in unpredictably abrupt and
gevare incapacitation,

Low doses of barbiturates (as employed for daytime sedo-
{ion, nightiime sleep induction or the contrak of epilepay) are
often taken for indefinite periods without eliciting tolerance
ov physical dependency. These phenomena generally ocour
only with doses considerably in excess of those customarily
employed in medical practice. T iflustrate, the usual oral
hypnotic dose of pentobarbital sodium or secobarhital sodi-
uim s 100 to 200 mg, whereas oral doses of these barbiturates
in oxcess of 400 mg/day (and generally in the range of 500 to
800 mg/day) for approximately 1 month are reqguired Lo
induce clinieally significant tolerance and physical depen-
dency. Parenteral {(subcutaneous ay intravenous) adminis-
{ration of barbilurates may lead to physical dependency at
lower doge levels and within a sharter period of Lime,

The amount of barbiturate that may be consumed by the
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compulsive abuser varies considerably, but average daily
doses of 1 to 1.5 g of short-acting derivatives are nol uncom-
mon, and some individuals may wse a8 much ag 2.5 g/day
over prolonged periods of time.

Withdrawal reactions, which in some cases may be more
hazardous than the opioid abstinence syndrome, develop
upon abrupt cessation of chronic barbiturate overuse. Mild
to moderate withdrawal reactions include anorexia, appre-
hension, tremulousness, muscular weakness, mental confu-
sion and poatural hypotension. A severe harbiturate with-
drawal syndromo may involve profound disorientation, de-
liriun and hallucinations and convulsive seizures of an
epizodic or protracted noture, Most individuals who have
ingested eight or more hypnotic doses of & barbiturate por
day over an extended period will experience convulsions
during withdrawal. In extreme cases the barbiturate absti-
ponee syndrome may terminate in cardiovascular collapse
and death, With the longer-acting harbiturates, withdrawal
symptoms are slower in onsel and less severg than those
encountered with the shorter-acting dervivatives.

Pharmacological troatment of batbiturate dependency
genorally is approached by replacemoent with either pento-
barbital or phenobarbital al an initial dose gufficient. for
stabilization; the dose then is reduced gradually over a peri-
od of several days 1o weeks depending on the individual
patient response.

Nonbarbiturate Sedative-Hypnotics

Neurological impairment, psychological and physical de-
pendency, and an abstinence gyndrome similar to that ads0-
cinted with barbiturate nbuse may result from excessive use
of many nonbarbilurale sedative-hypnotic and antianxiety
agents, including chloral hydrate, glutethimide, methypry-
lon, methaqualone, meprobamate, chlordiazepoxide oy diaz-
epam.

Methaguaione remains a “atreet” drug of choice. Al
though clnims have boen made that it and other nonbarbi-
tarale bypnotics (eg, chloral hydrate or triclofos) produce
little or no effect on REM sleep, other reports challenge this
distinction and a final conclugion has not been advanced yet.

Acroparesthesia (tingling and numbness in the extrem-
ities) may oceur prior to the onget of hypnotic activity, par-
ticularly when sleep doos not ensue rapidly. This sensation
iy experienced hy many methaqualone abusers and probably
contributes to the aphrodisiac effect (similar to the ‘Spanish
Fly’ phenomenon), Increased muscle tane often is evident;
it even may be chserved while the patient 18 in a deep comn
and may last for severnl days. Acute toxicity differs from
that of the barbiturates in thal marked respivatory and car-
diovaseular depression generally are not seen after large
doses of methagualone,

Paychological dependence and Lolerance to methagualone
have been observed, but the results of studies on the devel-
opment of physical dependence are equivecal, Apparent
withdrawal symptoms, such as headache, anorexia, nausea,
abdominal cramps and interference with sleep, have heen
noted in those investigations reporting physical dependen-
¢y. ‘These relatively minor symptoms may occur during
abstinence in the individual who has been taking five hyp-
nolic doses of methaqualone daily for several months.

Severe resctions which may be encountered occasionally
during methagualone withdrawan) include convulsions and
toxic psychoses, Ingesting aleohol with methagualone is
very dangerous, leading 10 aserious impairment of judgment
and psychomotor coordination. At least one stale reports a
high death rate from injuries rustained in car ncctdents
where the drivors, passengers and/or pedestrinns used this
drug combination.

_ Mandrax, o combination of methagualone (250 mg) and

~
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diphenhydramine (25 mg), has been abused by addiets in
areat Britain, Canada and Australia. The reactions due Lo
overdosage with this drug combination are similar to those
of methagualone but are potentially more severe since di-
phenhydramine, which possesses central antimuscarinic ac-
tivity, may produce paychological disturbaneces, excitation,
ataxia and convulsive seizures (diphenhydramine does not
influence the absorption or biotransformation of methagua-
lone).

Meprobamate produces sedation and relaxation comparn-
ble 1o that of the barbituratos, although the clinically effec-
tive dose of meprobamate is higher, Cognitive activity may
be compromised by chronie oral doses of 800 mg of mepro-
bamate per day, while at daily doses of more than 1600 mg,
psychomotor performance may be reduced significantly,
Paychic dependence and tolerance oceur with proionged
high-dose administration and physical dependence develops
alter consumption of 3 g or more per day for several weeks.
Depending on the dosage and duration of use, meprobamate
withdrawal reactions may range from anxiety, ingomnia and
tremors Lo hallucinations, convulsions, coma and deatl.

Chlordiazepoxide, taken in dosos of 300 to 600 nig a day
for several months, may resubl in physical dependency re-
sembling that observed with the barbiturates and mepro-
bamate, However, withdrawat symptoms may he delayed
for several days after chlordiazepoxide is terminated, due
possibly Lo slow elimination of the drug,  Agitation, insom-
nia, anoresia, depression, psychological disturbances and
convulsions are among the reactions which follow Lhe cossa-
tion of prolonged adminisiration of high doses of chlording-
ehoxide.

Diazepam, the most widely preseribed benzodiazepine de-
rivative, also may induce physical dependence. Patients
receiving 15 mya day for 4 10 8 monthe, or higher doses (60 to
120 mg) for about 2 months may, upon withdrawal, experi-
ence gastric cramps, sweating, agitation, remors, ingomnia,
confusion, disorientation, auditory and visual hallucina.
tions, delusions, paranoia and depression,

Serious acute intoxication may occur when benzodiaze-
pines are combined with other depressants, eg, ethanol, nar-
cotics, other sodative-hypnotics, tricyclic antidepressants or
antipsycholic agents, Simultancous ingestion of ethanol
and diazepam is particulariy dangerous. In addition Lo the
expected additive CNS-depressant offects, in the presence
of ethanol, diazepam blood lovels are clevated, compared 1o
dinzepam taken alone. Some reports suggest the possibility
of teratogenicity resulting from administration of mepro-
bamate or certain benzodiazepines during the first tyimes-
Ler; in the interest of caution, the use of these antianxiety
agents should be restricted during this critica) period of
pregnancy.

The medical and pharnaceutica) professions bear a prave
responsibility in prescribing and dispenging harbiturntes,
benzodiazepines and pharmacologicatly related agents.
Physicians, pharmacists and nurses often fail Lo convey ade-
qualely to the pationt. the potential of these drugs for en-
snarement in a vicious web of emotional need, often pro-
gressing Lo esealatod consumption and, ultimatoly, the de-
volopment of a dangerous dejgree of psycholegicat and phys-
iological dependency, Although only a limited pumber of
drugs were discussed in the nbove sections, it i important to
note that any substance causing acute NS depression is
capable of produeing psychological and/or physical depen-
dency during chronic use.

The Jegitimate application of drugs should not be Jeapar-
dized by irrational fears arising from situations creatod by
their uncontrolled use.  However, it iy equally important to
rocognize that certain drugs, by virtue of their alility Lo elicit
profound changes in mood and feeling, may, in the emotion-
ally predisposed person, lead Lo a degree of psychic depen-
dency and compulsive use detrimental to the individual and
0 society,

Aleohol

Although greater publicity usually is accorded to marijuga.
na, hallucinogens and narcotics, alcohol remains the major
drug of abuse in the US, /\ppmximutely 15% of all g
health costs ure for the treatment, of chronie aleoholism and
associated toxicities.

Alcol}olic intoxication spans a range of blaod-ethano) con.
centrations from 0.05%, at which leve! some impairment of
Judgment oecurs, to above 0.40%, associnted with profound
depression of vital physiological functions, Concentrations
in excess of 0.60% usually are fatal.

Although many states regard an individual as being “le-
gally drunk™ at levels above 0,10%, controlled studies have
demonstrated repeatedly that functional deficits such as
impaired adaptation to light, reduced psychemotor perfor-
mance with prolonged reaction times and genceralized detayi-
aration of simulated driving skills are evident at blood-aica-
hol concentrations well below 0.08%, Thus, individuals with
blood-alcobo! levels helow those required for legal classifica.
ton as intoxieated may, nevertheless, be dangerous drivers,

Compelling statistics compiled over many years implieate
aicuhol as a principal contributor Lo motor vehicle accidents
with conseguent injuries and fatalities. Publje outrage hy
groups such as Mothers Against Drunk Drivers {MADD)
lias been directed rocen Uy toward the legislative and Fudicial
systems for their minimal penatization of drunk drivers,
particularly the repeat offender. As a resull, most. states
now have passed stricter laws with more severe penalties,
AlLLS0 states now require a person Lo be 21 yrold in order to
drink alcohol,

Two-day jail terms for first offenses and quickor suspen-
sion of the operator’s license now are routine aspects of
punishment.  However, none of these statules can restore
the lives of innocent children and adults who have been
kiiled by intoxicated drivers. The prevention of alcohol
abuse through educational and other methods remains the
approach most likely to reduce deaths. Many airline pilots
and railvoad engineers currently are involved in sueh pro-
grams.

Severe alcoholic inloxicatlon may result in forms of amne-
sia choracterized as “state-dependent learning” or as a
“blackont.” 1n the former, an individual ean recall what
Lranspired under the influence of alcohol only if again sub-
jeeted to an intoxicated state, Generally, information ae-
quired while under the effects of aleohol is rememlbered
poorly or not retained in the nondrug condition.

“Blackout” refers to a severe short-term memory deficit;
subjects cannot recall what. ocearred while intoxicated even
if they again become inchriated. Assaullive or destroctive
behavior {eg, suicide, atlempled sulcide or homicide) associ-
ated with drinking frequently takes place during an amnesie
state,

Fstimates of the number of alcoholics in any sociely are
vory imprecise; the number of individuals in the US nlone,
whose lives are involved inextricably with aleohol, is num-
hered conservatively in the several millions. The cost in
Lerms of lost productivity, accidents, erimes, self-degrada-
tion and the disruption of family, business and social honds
is beyond computation. Chronic abuse leads Lo debilitating
pathological alterations which seriously impair the alco-
holie’s health and diminish life expectancy; these effects
may be suminarized as follows:

1. Mortality

The probability of premature death is approeximately three times
that of the general popudation, in sddition (v a greater frequency of
(ntal aecicdlents misd auicidos; pathological changes ave contributory.

. Cardiovascular

White sevarni clinical ktudies show n reduced insidence of heart
disease (possibly due to clovation in profective sevinm high-density
lipuproteins) mmong persons who consuma an wvernge of 2oz or less
of alcohal per day, heavy drinkors (uore than 2 oz a day) are at
proaler viek of developing vavious cardiovascular disorders which
inelode:
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a. permanentdilution of peripheral blood vessels aroand nose and
v

1. hypertension

¢ artheroselorotic henrt disesse

d. congestive heart failure

o, peripheral vaseular discase

{, cerehrovascular disense (eg, stroke)

3. Newrological

Observed clinieal changes may oceur as!

4. cerobellar ataxis (motor incoordination)

b, deprensed ability Lo perform cognitive (asks (eg, verbal and
nanverbnd Leals)

¢. polyneuropathy

d. nyslagmug

e. Worsuhoff paychosis

. Wernike encephalopathy (may ineluge some or all of above, ie,

Aalo de)

Cerebral atrophy, documented by computerized axinl tomeg-
raphy, can bo extensive and has been lirsked Lo functional neurologi-
il defieita. Of particular interest is 1 roport which suggests the loss
of cagnitive skills may be related more to constmpiion of substantial
umotiits of aleohol per drinking episoce than te the frequent vse of
Jimited quantitios, Partinl recovery may ovenr with total absti-
nenecd, ]

4. Hepalic

Degenerative allerations in liver morphelogy and funclion appear
during chronic aleoholism and develop progressively in the following
order (includes sequelae):

a. nlcobolic Tatty Heer (hepatie pain and tendermess)

1. alcohelic hepatitis {nauses, vomiting, anoroxin, weight loss,

shdominal pain)

¢ cirrhosis (jaundice, encephalopathy)

As with nleahol-induced newrologient ehanges, cossation of drink-
ing usunally prevents further deterioration.

. Castraintestinal

Wleer formation and exienaive gastrointestinal hleading lreguent
Iy are seen tn nddition Lo

s esophagitis

b, pastyitiz

o Intestinal maipbsorption (of, for example, fat, folie acid, thia-

mine, vitamin 3y3)

d. chronic diarrhea

¢. sloalorrhea

6. Pancreatic
Chronie panereatitis often is observed after approximaioly 7 yrof
henvy alcobol use (usually appeors hefore cierhosis).  Pancreatic
failure may produce insulin-dependent dinhotes medlitus.
. Hematological
Asnemia may be enused by deficiencies of folie acitl and/or fron;
other dikordeys ave:
a. thromhoeytepenia
by, granutocytopenin
, Endocrine
a. dinbetes mellitus
b, preudo-Cushing's syndrome
¢. hypoponadism
(1) female: smenorrhen
(2) male: low plasma testosterohw levels, impotenee, inlertil-
ity, Lesticular atrophy
0. Infeetion

a, bacteremin

b, bacterial peritonitis

6. pHeumoRia

. tuberculosis

19, Cancer
. enophagent
. hepatic
& laryngeal
d. pharyngea
g mouth
f. hrewst (possibly)

=

Although aleoholic beveragos constitute an appreciable
source of calories, they provide no vitaming, minerals or
proteins, Nutritional deficiencies associated with Jong-
torm heavy drinking may constitute major factors in the
development of polyneuritis and cirrhosis of the liver. How-
ever, evidence suggests that liver damage results from the
direcl hepatotoxic effect of alcohol and/or its matabolites
and that cirrhosis may oceur independently of nutritional
status,

Alcohol passes veadily from the maternal Lo the fetal cir-
culation, thus frequent consumption of alcohol during preg-
nancy creates an unnatural intrauterine environment for the
developing fetus, Infants born to alecholie mothers uruntly
are underdeveloped and exhibit a slow growth rate and men-
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tal retardation.  Current evidence suggests that these of-
fects may be permanent. Cardiovascalar aberrations, in-
cluding syatolic murmurs (due to possible ventricular septal
defocts) and congestive heart failure (resulting from possible
atvial septal defeots), and craniofacial abnormalities (such as
short palpebral fissures and maxillary hypoplasia) have
heen documented as patterns of malformalion in infants
born to chronic aleoholic women. This dysmorphic pattern
has been classified as the Fetal Alcohol Syndrome (FAS) and
i most lilely Lo ocour when maternal consumption is equiv-
alent to 90 mlL (or more) of absolute aleohol per day.

The chrenic ingestion of ajcehol results in pharmacody-
namic and drug-disposition tolerance. However, the degree
of tolerance is not as great as that which oceurs with mor-
phine, Physical dependence develops to aleohol, which is
similar Lo that abserved with barbiturates and narcotics.
The severity of the alechol-abstinence syndrome can be cor-
relnted with the degree of intoxication and its duration. A
relatively short period of heavy drinking may be followed by
neadache, nausen, vomiting, general malaise and slight
tremulousness during the “drying-out” period. )

Abrupt cessation of aleohol consumption after 1 week or
more of intoxication may be associated further with anxiety,
insomnia, confusion, tremors and hallucinations. Long pe-
viods of intense intoxication may, upon withdrawal, resultin
delirium tremens, a syndrome charactorized by increased
autonomic activity (eg, fever, sweating and tachycardin),
agitation, disorientation, severe tremors or convulsive sei-
sures and frightening hallucinations, usually of a visual
form,

Heredilary predisposition, endoerine abnormalities, pay-
chologieal defects, susceprible personality strueture and so-
ciocultural and economic impacts are among the many lac-
tors that have been considered as interacting in the causa-
tion of aleohol addietion. Becnuse of the many conflicting
hypotheses on the etiology of nleoholism, there is o stan-
dard approach to therapy. There is a general agreement,
however, that a prerequigite for successful therapy is total
abstinence from alcohol and, for all practical purposes, this
represents the anly viable solution for the individual alco-
holie.

Efforts io correct the drinking habit almaost invariably fail
if the patient atiempls merely to reduce his consumption of
aleohol. Indeed, the failure of the alcoholic to accepl the
voalization that he is imcapable of drinking in moderation is
regarded as a primary obstacle to the ultimate resolution of
the problem.

Some alcoholics stop drinking of their own volition, others
are able to diseontinue the habit with the aid of professional
or peer-group counseling and stil} others continue to relapse
despite repeated and intensive rebabilitative cfforis. Ther-
apeutic measures employed, wilh varying degrees of success,
in the long-term management. of the alcoholic pationt in-
clude partlicipation in supportive social organizations for
combating aleoholism (eg, Aleobolics Anonynmous), psychi-
atric therapy and the use of peuroleptic or antianxiety
agents, although the latter may resultl in subsiitution of one
form of drug dependenee {or another. The unpleasant in-
Lernction betwoen alcohol and disulfizam may be used hoth
as a deconditioning device and as & deterrent.

Vaolatile Hydrocarbons

Volatile hydrocarbons (eg, glue, carbon tetrachloride, gas-
oline, nail polish remover, lighter fluid, paint, lacguer, var-
nigh thinner-—even those solvents found in typewriter cor-
pection fluid and adhesive tape removert) are abused most
(requently by young individuals belween 10 and 15 yr of age.
These liquids usually are deposited in a hand korchief, rag or
hag which is then placed over the nose and mouth and the
vapors inhaled, a process known as “huffing” Initial exhil-
avation and CNS excitation may oceur with blureing of vi-
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gion, ringing in the ears, slurred speech and staggering gait.
These effects genorally last from 30 to 45 min after inhala-
tion. Depending upon the quantity of vapor inhaled, drows-
iness, stupor and unconsciousness may result,

Oceasionally, volatile hydrocarbon abuse precipitatles psy-
chotic behavior, but suscepiible individuals are apparently
those who manifest personality disturlrances antecedent to
drug use. Ammnesia often follows recovery, In exlreme cases
of intoxieation, death due to respiratory paralysis may oceur.

Psychological dependence can develap and, although
physical dependency does not, this latter situation probably
is atteibutable primarily to the limited duration of volatile
hydrocarbon use, rather than to the pharmacological prop-
erties of these chemicals. If volatile hydrocarbons were
abused frequently and (or a sufficiently long period, physical
dependency might be established, as is the case with other
potent. CNS depressants, og, barbiturates and narcotics.

Physical signs associated with the use of volatile hvdrocar-
bong irclude characteristic odors, irvitation of mucous mem-
branes and elevated pulse rate.  Chronic abuse may produce
damage to the kidneys, liver, heart and brain.  1n glue sniff-
ers with sickle-vcell disease, severe nnemia has been olserved,
possibly ag a resull of bone-marrow depression.  Chromo-
some camage in glue sniffers has been reported but this
sdverse reaction remains to be established definitely.

The inhalation of butyl nitrites (primarily isobutyl ni-
{rite) produces pharmacological effects similar Lo amyl ni-
trite.  Butyl nitrites arve found in room deodorizers which
contain one or more isomers (o, n-butyl, see-butyl, isobutyl,
tert-hutyl), Fuphoria, the most desired immediale effect,
often is accompanied by dizziness, fainting, cutaneous flush-
ing, headache and hypotension, all of which are due to signif-
icani peripheral vasodilation. Subsequent effects include
dermal irritation leading Lo lesions on the lips, nose, penis
and scrolum.  Since nitrites may be earcinogenie, chronic
inkalation may produce cancer. Many homosexual men
have used nitrite inhalants, which may promote Kaposi's
sarcoma, commonly found on the nose tips and oral mucosa
of such individuals who ultimately confract AIDS.

Aecrosol Propellanis

More than 2 billion aerosol spray cans are produced each
year for such diverse applications as houschold cleaners,
furniture waxes, insecticides, hair aprays, antitussives,
paints, antisticking coatings for cookware, deodorizers, dis-
infectants and cocktnil-glass chillers, Many of these aero-
s0ls also ave widely abused by youthlul drug experimenters,
primarily teenagers.

The effects which result from “huffing” aerosols generally
are similar Lo those described for volatile hydrocarbons.
Raporia in the medical literature have described several
enscs of collapse and death of young persons within a very
short time after deliberate inhalation of the conlents of
various aerosol containers. This phenomenon s been des-
ignated “sudden sniffing death” (8S13). ‘The appellation
implies a greater dogree of specificity, however, than may be
warranted. The mechanisms involved in 8SD have vel to be
clucidated. Autopay lindings have been negative in that no
anatomical eause of death has been established. Suffoca-
tion, frozen voenrl cords and respiratory failure muy accom-
pany 88D but do not appear Lo be the primary factors, since
death occurs so rapidly,

Considerable attention has been directed to the fluoroal-
kane propellant gases (most often Freong) as possible cavs-
ative agents of S8I). The daia provided by some experi-
mental animal studies suggest that the fluoroalkanes are
capable of producing direcl myocardinl depression, brady-
cardia, atrioventricular block and ventricular dysrhythmias.
Other studies conducted with these chemicals, however,

have not revealod significant direct cardiotoxicity,

. tuop.
oalkane propellants and velatile hydrocarbon solvents also

may have an indirect action on Lhe heart, e, sensilization of
myocardial Lissue to the arrhythmogenic effect of the cate-

cholamines. 'Thus, in individuals exposed o inordinate
concenlrations of these materials, endogenous (!1)in(’.]')hriné
released during severe siress or physical activity might he
expected Lo produce a markedly deleterious effect, on cardine
function. Hypercapnia, as would result from rebreathing
the air in n small, closed environment (eg, bag sniffing), mng
potentiate further the cardiotoxicity of catecholamine
fluoroalkane or volatile hydrecarbon combinatjons, K

Asthmatic palients have heen found dend surrounded by
one or more hronchodilator aerosol containers, the contents
of which have been expended. Investigations into the na-
ture of such fatalities indicate thal a severe asthwatic attack
itself may he the major cause of death, However, it also has
been suggested that Muoroalkane propellants combined with
epinephrine or isoproterenol may produce lethal cardiae ar-
rhythmias if the recommended dose of inhalant is exceedod.

Tsolated reports have linked the appesrance of sarcoid.
like lesions in the lungs and premalignant pulmonary tesions
to the increased use of acrosol preparations,. However, the
validity of the presumed association remains to be con-
firmed.

Denths related Lo acrosol propeltani. abuse have declined
during the past few years. This trend apparently is due Lo
elimination of Freons {rom spray cans in order to prevent.
environmenlal damage (eg, destruction of ozone layer in
upper almosphere).

Nitrous Oxide

Inhaling nitrous oxide for nonmedical purposes, ie, Lo in-
duce a “high,” remains a current national problem which is
nat confined Lo teenagers. Students at both the college-
undergraduate and health-professional level, as well as li-
censed practitioners, are known Lo be among the abusers,
Supplies of nilrous oxide have been obtained through the
theft of large cylinders (eg, as used in hospitals) or the
purchase of whipped-eream cartridges which contain ap-
proximately 3 L of nitrous oxide,

Acute, uncontrolled exposure can be Jethal hy promoting
unconscioushess in the user who then collapses into a bady
position which could be suffoceting. Al least one death has
oceurred in this manner.  Other fatalities are known and the
Drug Boforcement Administration estimates that nitrous
oxide-related deaths are underreported,

Chronic toxicity develops nal only in abusers but also in
health professionals who employ nitrous oxide for legitimate
purposes,  An extensive survey of dentists and dental nssis-
tants found that when exposure was “heavy,” ic, more than
3000 hr over a 10-yr period (6 hr per week), the numberof
reported adverse offecty was four times greater than those
experiencing “light” exposure, ie, less than 3000 hr per 10 yr.
The initial signs and symptoms of nerve damage oveur ag
numbness and paresthesias (unusual feelings in limbs de-
seribed as burning and/or tingling).  Later, muscle wealiness
and gait disturbances may develop, In sbugers, this poly-
neuropathy could become permanent.  Other effects of pro-
longed use which are firmly linked less include headnehes,
nephrotoxieity, hepatotoxicity, neoplastic dizease, sponta-
neous sbortions (higher than normal rate) and teratogenici-
ty.

Marijuana (Marihuana)

Marijuana is oblained from one of man’s oldest cultivated
plants, Cannabis sativa. The biotogically active principles
ol cannabiy are concentrated in the resinous exudate of the
flower clusters. Traditionally, the female plants have been
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harvested for their bigh resin yield. Chemical annlyses have
indicated, however, that the cannabinoid eontent of the res-
in does not differ signiticantly between the male and femule
plants. The potency of preparations derived from cannabis
varies enormoualy depending on their composition and
method of formulation. Masfish, the unadulterated resin
from the flowering tops of cultivated female plants, is a most
polent. form,

By legal definition (US Federal Statutes), the term mari-
Juana embraces all parts, extracts, derivatives or prepara-
tions of cannabis, including the pure resin. However, as
usually encountered in the Western hemisphere, marijuana
comprises 4 mixture of the leaves, lowering tops and other
gtructural parts of the cannibis plant, gonerally dried,
chopped and incorporated in a form for smoking.

Although A¥-tetrahydrocannabinol {THC) appears to be
the major nctive constituent of marijuana, biological activity
may be attributable largely Lo the Li-hydroxy metabolite,
Marijuana cigaretles ordinarily obtainable in the US contain
about 1 ta 2% THC. Based on an average cigarelle weight of
approximately 500 mg, the amount. of available THC rangos
from 5 to 10 me. Stronger products, ie, those with 3 Lo 5%
THC, are currently available in the American “market,”

Depending on its potency, a marijuann cigaretle will pro-
duce moderate to intense psychopharmacological effects
which reach a peak within 16 min and persist for 1 to 4 hr.
As compored to smoking, marijuana consumad orally is
about ¥ as potent and Lhe onset of activily is delayed bul
markedly prolonged.

One of the most consistently demonstrable effocts of mari-
juana in humans is elevation of the pulse tate; the rate may
rise by 50% or more above the preexposure level and in-
cresses may he suslained for several hours, Within limits,
ihe intensity of this response appears to be reluted lo the
amount of drug consumed. Blockade hy propranoiol impli-
cates f-adrenergio receplor activation in the mechanism of
THC-induced tachyeardia. However, that the increase in
hearl rate occurs without a simultaneous increase in lefl
ventricular performance suggests the operation of an antiva-
gl mechanism by THC, Smoking marijuana while faking
other drugs known Lo produce tachycardia, eg, noririptyline,
cap resull in a very substantial elevation of heart rate.

Blood pressure changes are variable; slight elevalions and
reductions of systolic and diastolic pressure have been not-
ed. Continuous electyocardiographic monitoring of subjects
who smoked cigarettes ealibrated to contain 20 mg of THC
revealed no BCG alterations that could be attributed defi-
nitely to marijuana intoxication. In contrast to the in-
crensed heart rate observed in humans, THC produces bra-
dyeardia in several animal species, eg, Lhe rat, cat or dog.

Reddening of the conjunctiva (conjunctival congestion) is
anolher consigtont response to marijuana. Thal reddening
also occurs after oral adminisiration of THC indicates that
this is pot an artifaet produced by irritation from smoke.
Despite a belief long associated with marijuana, gignificant.
changes in pupillary diameler are not observed. Although
marijuana does nol elevale Lhe reapiratory rate, oral admin-
istration may produce airway dilation, probably by direct
reluxation of bronchial musculature, for o period of sevoral
hours.

Appalite is stimulated in human and subhuman species,
but without concurrent alteration of the blood glucose level,
Weight gain, which often oceurs during prolonged use of
marijuana, probably is related more to inerensed caloric in-
take than to excessive fluid retention, Disturbances of equi-
librium and muscular coordination as well as hyperroflexia
during marijuana intoxication have been reported. Other
physiological changes noted with marijuana inelude dryness
of the moulb and Lhroat, irritaiion of the oropharyngeal
mucosn, nausea and cecasional vomiting, tinnitus and pares-
thesias,
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The marijuana-induced state is characteristically u hyper-
suggestible state; psychological and perceptual effects are
influenced markedly by the mental attitude, mood expecta-
Lions of the user and the setting and circumstances attend-
ing its use. Typically, there is a sense of relaxation, inner
contentment, euphoris or even elation; thoughts flow in dis-
connected faghion in a drenm-like slate; time and space
orientation are impaired; body image is distorted; percep-
tion of colors and sounds is altered, usually intensified;
laughter comes easily and may be uncontrollable but some-
times mood is subdued or depreased.

"The subjective responses Lo marijuana correlate generally
with the onset and duration of tachycnrdia and conjunclival
vasculnr congestion. ERG changes have heen recorded in
THC-treated animals, and it has been suggested thal the
activation of septal areas associated with pleasure and emo-
tion may play a role in certain of the observed payvchological
alterations.

Short-term memory {requently is impaired and informa-
tion learned while under the influence of marijuana is re-
called effectively only when the individual again is subjected
to the drug effect, ie, state-dependent learning. Intense
depersonalization, loss of ingight, disorganized thinking and
speech and grossly distorted perception occur with high
doses but true hallucinations rarely are experienced, except
at toxic levels. This contrasts with the hallucinogenic drugs
{eg, L.SD, DMT) which induce organized visual iHusions and
hallucinations al subtoxic doses,

Porformance in psychometric tests is nffected variably,
depending on the nature of the task, its complexity and the
dose of marijuana, Generally, marijuane produces a daose-
related psychemotor performance decrement. In tests of
driving skills, speedometer errors were increased but brak-
ing, signaling or steering responses essentially were unim-
paired. There ig, however, a significant delay in light adap-
tation which may seriously impair driving at night. Mani-
juana prolongs the time needed to regain normal vision afler
exposure to bright light as, for example, from the headlights
of an oncoming automobile, This effect is dose-related and
may persist for 2 br after marijuana use.

"That deficiencies in these responses may contribute lo
automobile accidents is suggested by the finding of mensur-
able blood levels of THC in some motorists involved in
traffic violations. Lo a recent study, subjects with plasma
THC Jevels above 25 to 30 ng/mL failed coordination tests
routinely given to drivers to assess the severily of aleohol
intoxication. Howover, the temporal correlation hetween
plasma THC levels and degree of incoordination was not as
accurate as with alcohol.

Adverse reactions to marijuana occur relatively infre-
quently. They have been classified by Weil! ag follows:

1. Normal popuiation,

Simple depressive reactions-—-ocer in neaphyle users; terminate
spontanecusly.

Fanie resctions-—ogeur mainly in individuads who have inhibitions
vegarding use of payehonctive drugs; priient may o anxious, depreased,
fogrful, withdrawn or agitated but, gencrally, is panicked dug 1o physio-
logiea! and/or psychological effects which are wisinterpreted o8 life-
threatening.

Taxic psychoses—-serious, Lemperary disturbances of normal
DLrain activity; patieats are disoriented and frequently axperience hallu-
cinations,

9, Persons who proviously hnve taken hallucinogenic drugs.

Precipitation of “flashbacks” —marijuana may induce rocurrenees
of 1 "“trip® which developed oviginally from previous consumplion of a
fsllucinogenic drug.

Procipitation of delayed psychotic reactions 1o hatlueinogenic
drugs-—hathuginogens ocensionally produce psyeholic reactions soveral
monthe after use—marijusna may have heen the triggering faclor but
this cannot e estulilished definitely.

3. Persons with o history of paychoses,

Many individuals who have unpleasant experiences with marijua
i ave amllant sehizophronics-—in aome of thuse cases marijuena may
precipitate true prychotic reacions,
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1356 CHAPTER 89

Death in humans resulting directly from marijuana toxic-
ity appears 1o be a rare phenomenon.  Acute-toxicity deter-
minations in animals reveal thatl extremely large amounts
are necessary to cause denth and thai the median, Jethal
dose-to-median effective dose ratio (ie, LDE0/EDS0) for
marfjuang is many times greater than that obtained with
either the barbiturates or alcohol.  Children who accidently
ale marijuana-containing cookies hecame intoxicated and
presented with varying degrees of effects routinely observed
in adulis, eg, tachycardia, bilateral conjunctival hyperemia
{eongesiion), ataxia and nystagmus; recovery was unevent-
ful and oeceurred within 6 hr.

The continued use of marijuana may result. in psychologi-
cal dependonce, and tolerance may develop to paychological
(characteristic “high” time estimation), physiological
(tachycardia) and combined (psychomotor coordination) ef-
fects of marijuana. The evidence for psychological toler-
ance accrues, in part, from the observation that chronic
ugers tend to inerease the amount consumed, or resort 1o a
more potent variety in order o experience altered states of
conaciousness.  Clinical laboratory studies provide data to
support the other forms of tolerance, The mechanisma in-
volved in tolerance to marijuana may include cellular adap-
tation, particularly within the CNS, and an incrensed bio-
transformation capacity.

Conversely, the phenomenon of “reverse tolerance,” or
sensilization to marijuana, has been reported. This may be
attributable to psychological or metabolic lactors, or a com-
bination of both, Experience undoubtedly plays n volo in
the user's awareness and enjoyment of a marijuana-induced
“high,” and, with repented conditioning, less of a stimulus is
necessary Lo trigger the aniicipated subjective effects. In
addition, long-term smokers appear to be more cefficient,
inhaling and retaining more smoke per puff than the novice.
THC and, possibly, active metabolites of this molecule are
gliminated slowly from the hody. Some chironic users con-
tinue to excrete THC in the urine for 20 to 30 days after
terminating all marijuana smoking and/or ingestion. The
frequent use of marijuana, therefore, may result in signifi-
cant in vive accumulation with a consequent reduction in
the amount of drug needed Lo exceed a psychoactive thresh-
old in the brain, Such accumulation hns been reported to
oeeur in volunteer subjects who claim having had no prior
exposure to marijuana,  Approximately 50% of a standard-
ized dose of THC was present in the plasma of naive subjects
56 hr after administration, The factors possibly contribut-
ing Lo this prolonged retention inelude an enterchepatic
recireulation of THC and/or active matabolites, binding to
plasma proleins and sequeatration in adipose tissue with
delayed metebolism.  In chronic marijuana smokers the bio-
logical half-life of THC was reduced appreciably (ie, ¢ = 28
hr), but this period still is sufficiontly long to result in aceu-
mulation if marijuana is used daily or more frequently,

Physical dependence may occur, since after 1 week of
THC adminigtration, a withdrawa) syndrome has been ob-
served which consisted of anorexia, nausea, insomnia, sweate
ing, hyperthermia and tremor. ‘The mildness of these re-
sponses probably is due to the slow elimination of THC from
the body, which allows physiological and psychological sys-
tems to adjust to a drug-free state gradually,

Under experimental conditions employing male animals,
and in human smokers, marijuana decreased testosterone
blood levely, Lesticular size and weight, spermatogenesis and
sexunl poleney. The inhibition of the release of huteinizing
hormone (LH) from the pituitary gland, and the testicular
responses to LH stimulation have been cited as possible
mechanisms. However, THC also hus weals estrogenic ac-
tivity, ns demonstrated by animal studies and clinical exami-
nation (including biopsy) of young males who developed
gynecomastia during heavy marijuana use. 'THC inhibits

ovulation in rats, rabbits and monkeys. The disruption of
menstrual cycles has oceurred in women who smoke mar.
juana on a regular hasis.

Studies cenducted with laboratory animals have slown
that prolonged administration of THC may inhibii growth,
impair lactation, promote thyroid hyperplasia and elovate
plasma corticosteroid levels, These physiological alier.
ations appear 1o reflect primarily actions of THC an the
pituitary gland. High doses of THC in animals have heen
reported to induce hyperactivity and convulsive soizires
indicative of neurotoxicity. Lacking comparable data in
humans the significance of these studies must be interpreted
cautiously.

Prolonged marijuana use may lead to serious pulmonary
toxicity. [In vitro tesls employing lung explants demon-
strated that marijuana smoke can induce premalignant and
malignant cellular changes. Chronic exposure of animals tg
marijuana smoke led to severe hronchiolitis and squamous
melaplasia of the tracheal mucosa, and fatal respiratory
complications occurred in some ¢ases, Branchial biopsies in
humans who were long-term marijuana smokers also re.
vealed squamous melaplasin.  Substantial respiratory -
pairment, indicated by a significant increase in resistance to
airflow {suggestive of obstructive lung disease), and high
carboxyhemoglobin levels also have heen ohserved in these
individuala. Both abnormalities are comparable to those
associated with chronie tobacco smoking.  In this regard,
smoking one marijuana cigaretle ineresses the concentra.
tion of carbon monoxide and tar in the lungs comparable 1o
five or more tobaceo cigareties. Pulmonary toxicity should
be considered a probable consequence of chronic marijuana
sinoking.

The suppression of cellular-mediated immune responsive-
ness has been demonstrated in young, chronie marijuana
smokers, but this effect is transitory. The lymphocylic re-
sponge ohserved in marifuana smolers was similar to that of
patients in whom impairment of ‘P (thymus-derived) cell
immunity is known to occur. Some clinical studies have
shown no significant suppression of Iymphoeyte funetion,
Current clinical data indicate no incresss in malignancies
and infections among chronic marijuana smokers,

Personality, attitudinal and behavioral changes frequent-
ly are associated with chronic marijuana smoking. There
characteristically is a reduction in motivation, the desive to
he productive, creative or contributive, and the individual
may experience acute feelings of ingecurity. Although ele-
ments of this syndrome are Lypical of normal adolescent
turmoil, compulsive involvement with marijuana may aceel-
erate or project into, Intensify and delay emergence ftom
this ambivalent phase of life. Marijuana may foster similur
disruptions in older persons but evidence also exists that
individuals can continue to function effectively in artislic
and other creative ureas while indulging in frequent”but
maoderate use of the drug,

The LaGuardia Report (Mayor's Committee on Marijua-
na, Now York City, 1944) siated that “marijuana will not
produce a paychosis de novo in a well-integraled stable por-
son,”  Judping from the medical literature published subse-
quent Lo this report, primary marijuana psychosis is relative-
iy rare in the US. The precipitation of gerious psychologicat
problems appears to oceur primarily in persons with preex-
isting personality or emational disturbances. The use of
marijuana by schizophrenic patients, incuding those being
treated with antipsychotic agents, may result in vapid and
serious deterioration of their mental state necessitating re-
hospitalization in some ecases,

Some studies have demonsirated a posilive correlation
between marijuana dosage and birth defects, However, oth-
ar investigations have failed Lo provide evidence that mari-
juana possesses teratogenic activivy, THC administered (o
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pregnant rats and dogs is wransferred rapidly to fetal tissue
und results in a higher than expected incidence of abnormal
pregnancies and stillborn offspring. Malformations ob-
served inelude cleft palate, accessory ribs, fused ribs and
asynchronous and retorded vertebral ossification.  Women
who smoke marijuana while pregnant experience a longer
period of Tabor and their newborn weigh loss than normad
and have altered CNS nctivily, THC is lipid-soluble and
passes into the milk of the lactating female. 'Thus, marijua-
na specifically should he avoided by women who are breast-
feeding their newborn.

Although primary attention has been directed to the ad-
verse physiological and social effects of marijuana, there are
several indications that the tetrahydrocannalinols may
possess clinically useful properties. When administered 1o
patients with advanced cancer, oral doses of THC (capsules
containing 7 to 10 mg in sesame oil) elicited mild analgesic,
antidepressant, trangquilizing and antiemetic effects, How-
ever, a rapid development of tolerance, sometimes by the
third dose, has limited THC use in these patients. Trurther,
at these doses, and more frequently at a higher (20 mg) dose,
disturbing side effects, eg, dizziness, ataxia, blurred vision
and excessive sodation, were ohserved.  Although it often
stimulates appetite, marijuana is nol wseful in treatment of
anorexia nervosi, In fact, it probably should be contraindi-
cated since persons with this disorder possess some underly-
ing psychological abnormality which can be exacerbated by
oral THC administration, ie, some patients receiving this
therapy have develaped significant dysphoria manifested as
paranoia and loss of self-control. Other investigations have
demonstrated significant and prolonged recuction of intra-
ocular pressure by marijuana in glaucoma patients, The
proposed anti-inflammatory and unticonvulsant activities of
THC await further clinical evaluation.

Although much remains to be developed, there is begin-
ning to emerge a reagonably clear picture of the acute phar-
macological and toxicological effects of marijuann. While it
will take longer Lo identify chronic toxic clfects, the current.
deficiency of such observations should not, therefore, be
misinterpreted.

Cigareties

Although warnings have heen published for 90 yr—‘very
many chronic, and often fatal, allments are produced by the
use of tabacco” (Frank Merriwell's Book of Athletic Revel-
opment, Slicel & Smith, 1901)—many Americans are just
recognizing the health risk from smoking cigarclles and are
abandoning their use in significant nwmbers.

Cigarette smoking accounts for approximately ' of all
cancer dpaths in this country and is the leading aingle cause
of such mortulity, Lung cancer and cigarette smoking have
been linked eonvincingly by numerous clinical studies.
There is a similar, though less frequent, association with
pipe and cigar smoking.

Current evidence shows clearly that lung cancer denths
among women has inereased substantially over the past 40
v, This greater mortality is associated with a proportional
increase in the number of women who have beeome eigaretie
amokers. Further evidenee of this corvelation is found in
dala from two slates. In Washington, over a 10-yr period,
the lung cancer death rate in women inereased by more than
100% Jut the hreast cancer desth rate did not change signifi-
cantly. Tn Utal, where a strong antismoking atiitude pre-
vailg, the lung cancer death rate among women i4 less than
0% of that for breast. cancer.

Al smokers should be encouraged to stop since, aller
several years of nonsmoking, the risk of developing broncho-
genic earcinoma approaches that of nonsmolors. Smokers

PHARMACOLOGICAL ASPECTS OF DRUG ABUSE 1367

also have a higher incidence of both perfedontal disease and
cancer of the oral cavity than nonsmokers. Bladder carcino-
ma, manifest both before and after the appearance of fung
cancer, is another risk, as is cervical cancer. Switching to
1ow tar, low nicotine' products may not he an improvement,
sinee elinical studies show thal smokars take more frequent
and deeper puffs of these cigarettes than of regular ones in
order to maintain their usual plasma levels of nicotine.

Bronchitis and respiratory tract disorders, in general, are
more prevalent, not only in smokers, but among their laamily
members as well since an exposure to cigaretie smoke often
is inescapable in the relatively closed atmosphere of a house
or aparfment.

Cardiovnscular disorders occur more frequently, and the
risk of death frem coronary hearl disease is significantly
grealer in smokers Lhan in nonsmokers. In palients with
hypertension, hypercholesterolemia ov diabetes the risk of
coronary heart disease is increased further by cigaretic
amoking. Peripheral vascular disease and cerchrovascular
insulficiency also are encountered more often in amokers. A
common link to these cardiovascular diseases appewrs 1o be
the damage Lo ood vessel {(eg, coronary artery) walis which
oceurs more freguently among smokers and which serves to
promote formation of atherosclerotic plagues,

Myocardial infarclion is a relatively rare complication in
premenopausal females; however, cigarette smoking pro-
gressively increases the incidence of myocardial infaretion to
as much as 20-fold among women smoking 35 or more ciga-
retles per doy. Since female hormones may he & Tactor in
the lower rates of cardiovascular disease in women as com-
pared to men, it is pertinent to note that menopause often
oceurs ab an earlier age in women smokers.

Recent data also show an increase in strolie among young
and middie-aged women who smoke cigareties,

Smokers have elevated carbaxyhemoglobin (COHD) levels
due Lo inhalation of excess carbon monoxide from the com-
bustion of tobaceo. Significant carboxyhemoglobinemiare-
duces oxygen transpart by the circulatory aystem. Environ-
mental conditions result in the formation of COHD equiva-
lenl to approximately 0.5% of total hemoglobin in the non-
gmoker. Smoking one pack of cigareties per day may pro-
duce COHb in the range of 6% or more, a level which may
result in interference with subtle CNS processes, eg, the
judgmaont used in automobile driving.

Heavy smokers may show COHb levels of up to 20% of
total hemoglobin, which places a substantial strain on the
cardiovaseular system, Such allerations in oxygen trans-
port. have led to consideration of pussihle restrictions on
using smokers’ blood for transfusions. An additional conse-
quence of high carbon monoxide levels is secondary polyey-
themin, ie, tissue hypoxia due to profonged exposure to
carbon monaxide results iy inereased red-cell mass,

Gaslrointestinal disturbances associnted with smoking in-
clude epigastric discomlort, gustritis and, possibly, gastric
and duodenal ulceration.  An increase in gastric acid regur-
pitation into the esophagus apparently accounts for ciga-
ratie-induced heartburn which frequently is painful in
heavy smokers,

Pylovic incompotence and subssquent reflux of duodenal
juices may be a contributory factor in the gasiritis and gas-
tric ulceration since bile injures the gastric mucosa, purticu-
larly in the absence of food in the stomaeh. In addition,
nicotine may cause areas of ischemia in the pastrointestinal
tract and may reduce pancreatic buffering secrelions, thus
peptic ulceration may occur in tha presence of even norinal
rates of pastric acid secretion.

Tontinued eigarefle smoking during antiuleer therapy i~
minighes the probability of successful treatment.

Tnn regard to influenza, several studies show that smokers
contract this disease at a higher rate and experience a great-
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er degree of incapacitalion (ie, more lost work days than
nonsmokers).

Considerable data show that smoking during pregnancy is
associated with bigher than normal rates of miscarriage,
apontancous abortion, prenatal mortality and prematore
hirth. The newborn of women who smoke during pregnancy
are more likely L0 be underweight, be shert in stature and
have a smaller head. 'These effects are dose-related, ie, the
incidence increases in praportion to the number of cigareties
smoked per day.  Weight, height and head cireumnference
decrements persist 4 to 7 yr alter birth,

Smokeless Tobacco—Switching {o smokeless tobaceo
does not reduce toxicity, The use of two cans of snuffl per
week is equivalent 1o smoking two packs of cigarettes per
day, The absorption of nicotine is rapid, peak plasma levels
occurring within & minutes of application to the oral mucosa
and twice as much nicotine is absorbed than from cigarettes.
Leukoplakic Jesions and eancers occur in the user’s mouth,
causing premature death in some leenagers and adults
(Babe [Ruth was a heavy user of smokeless tobaceo and died
of an oropharyngeal tumor at, age 52).

Central Nervous System Stimulants

Amphetamines

The clinical indications for amphetamines include

The management of cortain hehavioral disturhances in childron, oy,
attention disorder (hyperkinetic syndrome) assecinled with minimal
brain dyafunction,

The symptomatic control of nareolopsy.

The treatment of exogenous obesily, a5 short-tem (e, o few weeks)
adjunets in o regimen of weight roduction hased on catoric restriction,

Benzphetamine, chlorphenterming, clortermine, diethyl-
propion, phendimetrazine or phentermine, allernatives to
amphetamines in weight-reduclion programs, also are sub-
Ject Lo misuse and abuse. These compounds are refated
chemically and pharmacologically to the amphetamines, but
possess a somewhat higher anorexiant-to-central stimulant
ratio and peripheral sympathomimetio activity.

Misuse encompasses the episodic ingestion of amphet.
amines o suppress fatigue and prolong wakefulness and
alertness, thus enabling the individual to continue mental or
physicsl activity beyond his or her usual limit, of endurance.
Teachers frequently are witness o the futility of hyperam-
phetaminization—in the form of the tense, distranght stu-
dent whose effective lnctioning is precluded by disorienta-
tionr and mental short-cireuiting or in the form of the ex-
hausted and depressed student whose chemieal props have
collapsed,

Despite the hazards involved, long-distance truck drivers
similarly use amphetamines to dispel monotony and bore-
dem. Although the practice is overtly pernicious, the ad-
ministration of amphetamines prior to engaging in athletic
activity (e, swimmbsg, running, weight throwing) may im-
prove performance to a degree that could be decisive in
compedition.

‘There remains a significant “gray area” of misuse—the
prescribing of amphetamines and amphetamine-like drugs
for unjustifiable reasons or, at besl, in cases where the thera-
peutic rationale is questionable. ‘To the busy medical prac-
titioner, CNS stimulant and depressant drugs may provide
an expedient, if less than ideal, means of helping his patients
cope with the pressures and frustrations of everyday life. In
the treatment of ohesity these drugs provide a questionably
effective and often self-deceptive approach to a complex
biomedical problem.

Clearly, those engaged in preseribing and dispensing
drugs must excrcise skilled judgment in eliminating as con-
didates for amphetamine therapy those patients so emotion-

aily predisposed as (o explore the secondary values of their
anorexiants, ie, the mental lify, clan and paychic cruteh upon
which they incrensingly may depend Lo cope with crises, rea)
or bmaginary,

Amphetamine abuse relutes primarily to the nonsuper-
vised ingestion or injection of large doses of amphetamine or
its many chemical derivatives lo experience the drug-in-
duced paychic exeitation, euphoria or “high,” und the physi.
cal maelstrom of restless energy. Methomphetamine
(methedrine, “speed™) is a favored congener among habitual
amphetamine users who generally injeet the drug into a vein,
This provides an almost instantaneous onset of the euphoric
elfect {the “Mash” or “rush”) which is iveffable and eestatic,

A marked degree of tolerance to the amphetamines can be
acquired as, eventually, several grams of drag per day may
be consumed. There have boen reports of the use of more
then 10 g of methamphetamine intravenously over a 94-hr
period. Tolerance does not develop uniformly o all the
CNS effects. ‘The compulsive user may evidence creased
nervousness, anxiety and pergistent insomnia as the dose is
increased.

In a typical pattern of abuse immense doses of amphet.
amines are injected every few hours around the clock.
These “runs,” during which the individual remains awake
continuously, generally fast 3 to G days bul may he prolonged
Lo weeks if the user is able to sleep oven aslittle as 1 hr a day.
The appetite for food is suppressed and there is a feeking of
unbridled energy and a compulsion for constant activily,
Intravenous injection of enormous doses of amphetamines
clicits a “chemically generated trawma, which appears
linked inseparably to the acquired psychological depen-
dence, 'The intense psychotoxicsyndrome ultimately forces
an interruption of drag use and the individual lapses into a
protracted period of deep sleop (the “crash™).

Although it genorally js considered that the amphet-
amines do not induce a. physical dependence, nbrupt with-
drawal is characterized by lethargy and profound depres-
sion, both paychic and physical, which reinforces the drive Lo
resume their use.

Massive abuse of amphetamines frequently leads to con-
siderable mental and physical deterioration. Intravenous
injection of large doses is extremely disabling, socially and
psychologically, and has resulted in psychiatric complica-
tons ranging from subtle persenality changes Lo paranoid
psychoses, Harm o the individual and to society often
arisos during psychotoxic episodes. In contrast to the de-
creasoc paychological drives of the opiate user, the compul-
sive user of CNS stimulants bas exaggerated drives, Ana
ly2ing the pergonality factors which underiie the preferential
abuse of CNS sthoulants versus narcotics, it has been postu-
lated that the amphetamine abuser uses the stimulant as one
of o variety of compensatory maneuvers to mainlain a post
ture of active controntation with the environment. In con-
trast, the heroin abuser reduces anxiety via repression and
withdrawal.

The hyperactivity, the compulsivity, the feeling of great
muscular strength, the paranoid delusions and the auditory
and visual hallucinations may combine to make the amphet-
amine or cocaine user eapalble of committing serious antiso-
cial acts. Chronic users of stimulant druga also are accident.-
prone, since they are unaware of their fatigue until it over-
comes them at an Inopportune time.

As in any situation in which hypoedermic equipment is
shared without proper sterilization, there exists a risk of
bleodborne infection, notably viral hepatitls and AIDS.
Among amphetamine abusery, evidence has been noted of
hepatic danage so common as to suggest the possibility of o
direct toxic effect on the liver,

Parenteral administration.of large doses of sympathomi-
metic amines may resolt in morbidity or mortality due to

PFIZER, INC. v. NOVO NORDISK A/S - IPR2020-01252, Ex. 1013, p. 273 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


intracranial hemorrhage or cardiac arrhythmias secondary
1o severe hypertension. Necrolizing angiitis was observed
in Rhesus monkeys given repeated injections of metham-
phetumine for a 2-week period, and elinical descriptions of
cerebral vagsculitis and hemorrvhage following the injection of
this sympathomimetic amine have been reported.  Intrave-
nous injection of amphetamines may result in a syndrome
characlerized by fever, leukemoid reaction, disseminated
intravascular coagulation and rhabdomyolysis. These fac-
tors may be responsible for the development of acute renal
failure in certain amphetamine abusers.

MDMA (3,4-methylenedioxymethamphetamine), also
known as “liestasy,” is o “designer” drug which, according to
its users, increases their awnreness and the ability to com-
municate. Inregard Lo toxieily, a recent study demonstyat-
ed that MDMA selectively damaged central (brain) nerve
fibers in monkeys after only 4 consecutive days of adniinis-
(ration.  Since monkeys also are sepsitive to MPTP, a
known neuratoxin in drug addicts, this preclinical investiga-
fion suggests that humans may he at rigk following MDMA
use,

Cocaine

Cocaine, as extracted by ehewing leaves of the coca plant
(Erythrozylan coca), has dispelled hunger, provided a sense
of well-being and enhanced the physical endurance of Ande-
an Indisng since before the Conquistadors. Even today, in
the Andean regions of South America, chewing coca leaves is
regarded ag no more deviant & practice than smoking tobse-
co leaves by persons in other parts of the world.

‘The subjective effects, loxicity and present-day patterns
of cocaine abuse are remarkably similar to those of amphet-
amine.  Until recently, cocnine was very expensive when
purchased from illicit sources. However, larger amounts are
now being smuggled successfully inte the US, leading to
reductions of the “street” price. This lower cost, in the
presence of o more plentiful supply, has resulted in a greater
number of cilizens becoming cocaine addicts.  When it is
wnavailable, abusers often resort Lo amphetamine. - lixtem-
porancous mixtures of cocaine and amphetamine or heroin
are common in the contemporary drug scene,

Regardless of the route of administration of cocaine (oral,
nasal insufflution, intravenous), there s good correlation
hetween the appearance of certain physieni effects (tachy-
cardia, elevated blood pressure) and psychologieal alter-
ations (“high,” pleasantness, anorexia). Free-hase cocaine
availabie as “crack,” is ahsorhed rapidly after smoking; peak
plasma levels occur within minutes.

Prolonged use may be asseciated with weight loss, insom-
nia, anxicty, paranoia, sensations of insects erawling under
the skin (“cocaine bugs™) and hallucinations (primarily vi-
sual—Fflashes of light or “snow lights”; may alse be tactile,
olfactory and auditory). Ulceration and perforation of the
nassl septum also may occur.  In one veported ease of chron-
ic cocaine sniffing, the patient presented with a eontinuous
nasal discharge thal was not mucus. Instead, it wog shown
10 be eorebrospinal fluid leaking from the CNS arca due Lo
oxtonsive cocaine-induced local tissue and nerve {olfactory}
damage.

Large doses of cocaine may result in cardiae dysrhythmias,
tremors, convulsions and delirium.  Deaths have been re-
ported following every route of cocaine ndminjstration, in-
cluding nassl insufflation, Unusual fatalities have vccurred
in drug deslers who, to avoid detection, swallowed prophy-
lactice filled with cocaine; when several condoms raptured in
the gastreintestinal tract, lethal concentrations of coenine
were absorbed,

Tolerance to cocaine develops very rapidly (tachyphy-
laxis), particularly when used daity. Although n “line” of

PHARMACOLOGICAL ASPECTS OF DRUG ABUSE 1358

cocuine has aboul 26 mg, some addicts have used 8 to 9
grams per day. Treatment consists of abrupt and complete
cessation (as opposed Lo gradual—approximately 7 days-—
reduction with moest CNS depressants),

A withdrawn] syndrome, which includes increased appe-
tite, (atigue (abuser may sleep for 24 stralght hr) and depres-
sion (with increased suicidnl tendency) usually oceurs in
cases of chronic administration. The craving for cocnine
during withdrawa} is very intense during the first 7 days and
appears (o be linked to hypersensitive dopamine receptors
{compensatory biological adaptation to cocaine-induced do-
pamine depletion). Bromoeriptine (Parlodel), a dopamine
receptor agonist, has been employed successfully in treating
this aspecl of cocaine withdrawal.

Physical dependence, therefore, does oceur with chronic
cocaine abuse. However, ita presence is unncessary when
classifying someone as an nddiet sinee addiction is chavac-
terized as “a behavioral pattern of compulsive drug abuse”
associated with “overwhelming involvement with the use of
a drug, the sceuring of its supply and a high tendency to
relapse after withdrawal.?” In this frame of reference, the
chironic user of cocnine or amphetamine is an addict,

Pgychotomimedtics

Psychotomimetics constitute a structurally diverse group
of naturally oceurring and synthetic molecules. Interest in
these compounda resides more in their misuse than in their
legitimate medical uso. They are of value as research Loola
in experimental psychiatry and in the exploration of central
neurochemical mechanisms, bui their therapeutic applica-
tion remains limited and highly controversial,

At high dosage levels many drugs may disorganize mental
funciion with resulting confusion, delirvium, hallucinations
and, frequently, memory loss or amnesia, Such drugs in-
clude atroping, scopolamine {and related centrally acting
anticholinergics), guinine, quinidine, digitalis glycosides,
mecamylamine, adrenocorticostoroids, nalorphine, disuifi-
ram, bromides and certain heavy metals. The toxic psycho-
ses produced by these drugs are dae primarily to generalized
metabolic disruption of both neural and extraneural systems
rather than to discrete neurophysiological perturbations.

Certain chemicals, however, are uniquely capable of in-
ducing dramatic changes in psychic processes (ie, percep-
tion, thought, feeling, mood and hehavior) in doses which do
not produce generalized metubolic disruption and which do
not cause marked disturbances in sensorimotor or autonom-
ie functioning. ‘These compounds generally are classified as
psychotomimetics, although the extent to which they mimic
spontaneously ocearring psychotic states js inconsistent and
mcomplete, Other imaginative designations for such sub-
stances include psychosomimelics, psychotogenics, psycho-
dysleptics, psychedelies, hallueinogenics, mysticomimetics
and phantasticants,

On 0 struetaral basis, psychotogenic chemicals may be
clagsified into three major groups:

Substituted indole alhylamines, e, dimethyitryptamine, psiloeybin
or lyserpie acid divthylamide,

Substituted pheny! aikylamines, ey, moscaline or dimethoxymethy-
lamphoetnming,

A strusturally heterogeneous group, including the glyenlato aster,
ditran [a mixture of N-cthyl-3-piperidyl-(30%) and N-ethyl-2-pyrroli-
dyl-methyl dopentylphuny] glyeolate (70%)} end the piperidine doriv-
nlive, phencyedidine,

With the exception of lysergic acid diethylamide, the chemi-
eal nature and pharmacological properties of the various
paychotomimeties will be considered only briefly. The in-
terested reader is referred Lo several comprehensive reviews
on this extensive and complex category of psychoactive
agents (refer Lo the Bibliography).
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Dimethyltryplamine

Hallucinogenic activity is characteristic of a large series of
N-alkylated tryptamines.  Structurally, the simplest of
thege is N N-dimethyltryptamine (DMT). 'Fhis compound
oceurs naturally in the seeds of Pipladenia peregrina, A
powder prepared from these seeds, and referrved to as cohaba
snitff, is used by Haitian natives (o induce mysiical states of
conscipusness. DMT is not effective when taken orally.
Perceptual and nrood changes result when the compound is
inhaled (snuffed), smoked or introduced parenterally, Iis
offects are rapid in onsel and limited in duration (a few
hours), irrespective of the route of administration. Syn-
thetic higher homologs of DMT, ie, diethyllryptamine
{DET) and dipropyltryptamine (DPT}, produce qualitative-
ly similar psychological effects which are, however, congider-
ably longer-lasting.

Psitoeybin and Psilocin

Psilocybin, the phosphate estor of 4-hydroxy-DM securs
to the extent of about, 0,3% in the Mexican mushroom, Psilos
cybe mexicang, Dephosphorylation {n vive, by alkaline
phosphatose, converts psiloeybin to psilocin (4-hydroxy-
DMT). The loss of the phosphoric acid radical reduces the
polarity of the molecule, enablivg more-efficient penetra-
tion of the blood-brain bareier, which may account for the
relatively greater hallucinogenic potency of psilocin as com-
pared to psilocybin,  Although psilocin is loss potent than
1S3 (ie, approximately Y as active on a milligram hasis)
and produces a less-persistent psychedelic state, when
equivalent doses are administered blind it poncrally is im-
possible for subjeets acquainted with the LSD phenomenon
to differentiate between the two drugs,

Mescaline

One of the first phenyl alkylamine hallucinogens to be
identified was mescaline (3,4,5-trimethoxyphenethyla-
mine), isolated originally from “mescal buttons,” the flower-
ing heads of the peyote caclus, Lophophora williamsii,
This plant malerial long has been used by the Mesealero
Apaches of the Southwest American plains in their guasiveli-
glous ceremonics of peyotism, Mesealine is not a particular-
ly potent psychotomimetic. The equivalent oral dose of
mesealing (usually 5 mp/kg in humans) s approximately
4000 times larger than that of LSD.  Following oral adminis-
tration, mesealing produces a characteristic syndrome of
sympathomimetic effects, anxiety, hyperreflexia, static
tremers and psychic perturbations including vivid halluci-
nationg, usually of a visual nature, In man, mescaline has a
biologieal half-life of about 6 hr. Tt is excroted in the urine
principally in the form of the unaltered drug and the inert
metabolite 3 4,5-trimethoxyphenylacetic acid,

The addition of an alpha-methyl substituent to mescaline
produces 3,4,5-trimethoxynmphetamine {TMA), a paychot-
ogen approximately twice as potent as mescaline. Iis en-
haticed potency is due presumably to a decreased suscepti-
bility o oxidative denmination provided by alkylation of the
alpha-carbon,

The TMA analogue, 2,5-dimethoxy-4-methylamphola-
mine (DOM), Is & potent psychedelic agent employed exten-
sively by certain drug abusers and designated by them as
STY (an acronym derived osiensibly {rom the terms “seren-
ity, tranquility, peace™).  In doses of 5 mg or more, it pro-
duces intense and relatively long-lasting emotional changes
and perceptual distortions.  Cases have been reported of
individuals actively hallucinating for several days following
a single oral doge,

The consideration of the pharmacology and structure-
aetivity relationships of the numerous synthetic dimethox-
yamphetamines, trimethoxyamphetamines and methoxy-

methylenedioxyamphetamines is beyond the seope of Lhiy
;3:'05e1;tn1-10n;_ this area has been reviowed extensively iy
Shulgin et al® and Snyder and Richelson,!

Lysergic Acid Diethylamide

"Fho dextrorotatory isoiner of lysergic acid diethylamide
(LSD), synthesized by Hofmann in 1838, remains the most
potent psychotogenic agent either of nalural or synthetic
origin discovered to date. Although ns little as 26 ug of LSD
may produce subjective effects, intense depersonalization
usually requires doses in the range of 100 10 250 8. Shrye-
turally, L81}is related 1o the ergot alkaloids, notably ergong.
vine. 'Thig structural resemblance may account for certain
pharmacological and toxicological similarities among LSD
and the lysergie acid alkaloids of ergot.

Metabolism—Following oral administration, LSD is ab.
sorhed rapidly and widely, hut not distributed uniformly
throughout the body. It is bound strongly to plasma pro-
teins; highest concentrations are found in the liver, kidneys
and lungs. Considerably less than 1% of an orally adminis-
tered dose penetrales into the CNS.  Auteradiographic
annlyses of brain sampies oblained from animaly injected
with "C-labeled LSD revenled relatively high concentra-
tions in the auditory and visual reflex areas. While the
distribution of LSD within the brain would appear 1o sug-
gest the functional involvement of specific nenral areas i
the psychotogenic phenomenon, there is an imperfect corre.
lation between drug localization and siles of drug action,

Inhumans the biolegical hall-life of LSE is approximately
3.0 hours; this eorresponds roughly with the duration of the
peak psychosensory effeets which then subside gradually
over an 8- to 12-hr period.

Pharmacological Effects—1S8D possesses considerable
CNS-stimulant activity, It produces an BEIG pattern char-
acteristic of central activation, alertness or arousal and
causes insomnin in laboratory animals and humans. LSD
counternc(s the central depressant effect of barbiturates and
is antagonized by such suppressants as chlorpromazine,

L5SD produces a sequential, though somewhat overlap-
ping, pattern of physiclogical and behavioral changes, the
intensity and duration of which largely are dose-dependent.
Pupillary dilation, tachycardin, tremulousness, hyperther-
mia and slevated blood glucese and free-fally-acid levels,
indicative of adrenergic activation, {requently are manifest
during the early phases of the L3I response, These physio-
logical alterations may be atiributed both to primary LSD
effects and to nonspecific stress-anxiety reactions.

Controlled studies of individuals under the mfluonce of
LED uniformly revenl a generalized impairment of objective
indices of adaplive behavior and psychomotor performance,
eapecially those processes and procedures thal require criti-
cal judgmont and coordination. It is lkely that intellectual
and molor decrements are due o altonuation of atfention
and motivation as well as to rensory-cognitive disturbances.

Percoptual alterntions constitule the most dramatic of-
fects of LSD; their kaleidoscopic patierns defy n hrief de-
scription,  Ilusions and pseudohallueinations, mastly of a
visual or toctile nature, are experienced commonly, whereas
true hallueinations are relatively infrequent.  Synesthesia,
the crossover from one sensory modality to another, is an
often-encountered L8 phenomenon. Colers may be
“heard” and music may become “palpable.” Moods and
emotions may range [rom eupharia, elation and eestasy to
dysphoria, depression and despair. ‘The psychological state
produced by LSD cannot be ganeralized with precision.  As
with other psychotropic drugs, the response depends on
many variables, including the dose administered, the por-
sonality and expectations of the individual as well ns envi-
ronmental influences,

Mechanisms of Action—'Fhe neurophysiclogienl corre-
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lates of LSD-induced alterations in behavior are understood
incompletely. However, recent data indieate that LSD and
other hallucinogens act at postsynaplic serotonin receptor
sites (GHT subtype). The effect of LSD upon raphe neu-
rons resembles that of an excess of serotonin at postsynaplic
receptor siles.

Experimental and Therapeutic Unos—LSD has been
employed extensively to induce experimental psychoses for
the primary purpose of studying aherrant mental stales un-
der controlled conditions. Despile prodigious efforts, the
LSI model has not yielded pertinent clues Lo the hiochemi-
cal etiology of schizophrenia. ¢

Several investigntors have proposed LED as an adjunct Lo
conventlional psychotherapy and as an aid in treatment of
chronie aleoholism, LS also has been reported 1o provide
long-lasting “euphor-analgesia” in patients with terminal
cancer. The feasibility and effectiveness of LSID for these
purposes remain unestablished and controversial, 15D has
no approved therapeulic uses and currently is on invesligs-
tional drug subject o rigid state and federal regulations.

Dependence Linbility-—Marked psychological depen-
dence on LSD is abserved ravely as usage tends Lo be ocea-
sional or sporadic rather than frequent ar compulsive. A
high degree of tolerance to the physielogical and hehavioral
affects of LSD develops after three or four doses taken wilh-
in a relatively short period of time. Thisacy uived resistance
disappears rapidly if drug inteke is terminated. There is
considerable cross-tolerance among LSD, mescaline and psi-
focybin, but this phenomenon has not been demonstrated
Between LAD and either amphbotamine or AWTHC.  As
physical dependence on LS does not develop, there is no
characleristic abstinence syndrome upon abrupt discontinu-
ation.

Toxicity--Despite its extreme paychotogenic potency the
acute Loxicity of L8 is remarkably low. The medical liter-
ature records no verified case of death in man attributable to
the direct toxic effects of the drug, although fatal accidents
and suicides have oceurred during states of LSD infoxica-
tion. Homigides committed by persons apparently under
the influence of LED have heen reported relatively infre-
quently, Mosl of the individuals involved evidenced pre-
morbid psychopathological tendencies and thus the role of
LSI3 in violent and assaultive behavior is aguivocal,

LSD-induced feelings of depersonalization and affective,
perceptual and cognitive distortions may, on occasion, result.
in digorientation, confusion and acute panic reactions char-
acterized by anxiety, fear ind a sense of helplessness und loss
of control.  “Bad trips” generally follow the ingestion of
high doses of LSIY by nontulerant persons. They alse are
likely Lo oceur in inexporienced ugers, those with ambivalent
attitudes toward the drug expexience or in disturbing or
threatening surroundings.  Reeguilibration usually takes
place within 24 o 48 hr.

Recurrences of perceptual distortions may be experienced
in the postdrug state by a relatively high percentage of LD
users, ‘Phese “Tlashbacks,” which vary in length from a few
seeonds to severnl minutes, may oceur up to § yr after the
drug was last taken, Plashbacks may be spontaneous but
often are triggered by periods of emotional stress or anxiety
or by other psycholropic dyugs, such as marijuana. The
mechanism of recurrent. hallucinosis is unknown but may
refleet. a persistent disruption of psychological defense
mechanisms with a periodic emergence of repressed fears or
conllicts.

Chronic disruptive states associated with anxiely, depres-
sion, somalie disturbances and difficulty in functioning,
which are relatively resistant to psychotherapy, commonly
follow 1.SD use. Prowracted schizophreniform psychotic
stales with paranoid behavior represent infrequently oceur-
ring but tragic psychological consequencos of L8N, Maost,
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Dut possibly not all, such cases involve unstable individuals
with prepsychotic of premorbid personality traits, Anunfn-
vorable prognosis is indieated by motor retardation, with-
drawal, blunt affect, anergy and suicidal ideation during the
initin} hospitalization period. Treatment varies, hut lthi-
um has heen proven effective for the alleviation of 1.8D-
induced psychosis,

“Phera are several reporis of inflammataery fibrosis occur-
ring in individuals who have consumed LD, This compli-
cation has been recorded previously with other lysergic acid
derivatives, nolably methysergide.  Arteriospasm rasuiting
in obatruetion of the internal enrotid artery, and the devel-
opment of peripheral gangrene necessitating partial ampu-
tation of the extremilies, constitwle isolated case reports
indieating that LSD shares the vasoconatrictor activity of
other ergot alkaloids.

In 1967 investigators first reported chromosome damage
in human leukocytes cultured in vitro with LD, Although
the clinical significance of this finding was exaggerated
grossly in the public news media, the widespread publicity
contributed to a significant downturn in the abuse of LS at
that time. The possibility of affecting generations yet un-
horn apparently struck a chord of moral responsibility in
many who were convinced of their personal ability to main-
tain psychic control bul who were unwilling to “pofiute the
genetic stream.”

(lenetie studies conducted with LEI) have been reviewed
critically by Disholsky et al.® Although the relationships
between LS and chromesomal damage, leukemegenicity
and leratogenicity remain unresolved, certain Lendative con-
clusions appear warranted,

Data supporting a positive relationship between LSD and
chromosomal aberrations have been oblained primarily with
individuals reported Lo have taken I.SD obtained in the
black market. In most instances, the amount of LSD con-
sumed cannol e ascertained or only can bhe approximated.
The reputed LSD samples may contain other drugs or con-
taminants, elther added or incompletely separated during
the process of icit synthesis, The population under study
freguently extemporize with barbiturates, amphelamines,
opiales, cocaine, marijuana and other paychotogens, in addi-
Lion to LSD,

Chemically pure LS administered under controlled con-
ditions has, in several studies, failed to produce deteclable
damage to chromosomes or has produced transient chromo-
somal aberrations in peripheral leukocytes, buf these defects
were no longer evident several months after 1.SD ndminis-
tration, Transient chromosomnl breaks in white blood cells
aceur spontancously, They can be increased by certain
antibiotics and antineoplastic agents and even hy commoniy
employed drugs such as agpirin and eaffeine.  Viral infee-
tions are associated with an increased rate of chromosomal
disruption. Hepatitis, gastrointeatinal and upper respira-
tory viral infections are common among chronic drug abus-
ers. Thus, it appears that ehromosomal damage, when
found, is related to a history of drug abuge in general and not
to LSD specifically.

The pathological significance of chromosemal aberrations
in continuously replenished peripheral leukoeytes is equivo-
cal. Testicular and bone-marrow blopsies in rhesus mon-
keys given repeated oral doses of 18D have not revealed
significant. chromosomal alterations in gametogenic and he-
mopoielic Lissues.

Two cares of acute leukemia developing subsequent 1o the
use of LSD are recorded.  Although a causal relationship has
nol been established it may be premature Lo dismiss the
association as merely coincidental.

Same studies suggest o higher incidence of spontaneous
abortion among pregnant women who reportedly ook 18D
prior to or after conception, and a greater number of congen-



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


1382 CHAPTER 69

ital anomalios among live infants born Lo mothers exposed Lo
this drug. However, several complicaling fuctors preclude o
definitive correlation of increased reproductive risk with
LI ingestion, Among these are the indeterminate nature
of purported LSI) samples oblained “on the streel,” a com-
mon history of multiple usage of illicit drugs, a high inci-
dence of infectious disensos (especially viral illnesses} and
marginal maternal nutrition.  Although the effect of LD on
human pregnancy and fetal malformations remains uncer-
Lain, discretion dictates the avoidance of this drug by women
of childbearing age.

Phencyclidine

Pheneyelidine (PCP, “angel dust”), chemieally and phar-
macojogically similar o ketamine (Ketalar) used to induce
“dissociative anesthesin,” i probably the most dangerous
substance abused in the US. There is no consensus as to the
precise pharmacological classification of PCP. The com-
pound may, depending on the dose and other circumstances
of use, exhibit stimulant, depressant, analgesic and halluci-
nogenic properties. In “street” form, PCP often is adulter-
ated and frequenily misrepresented as THC, mesealine,
LS8D, amphotamine, cocaine or many other psychoactive
agents,

Although occasionally ingested orally or injected intrave-
nously, PCP most commonly is smoked (afier placing it on
marijuana or dried parsley leaves in a “joint”™) or “snorted”
{nasal insufflation), By smoking, the experienced user can
limit the dose of PCT (self-titration) to a level with which he
is comfortable and less likely Lo overdose than when the drug
is taken orally.

While PCP ingestion can produce euphoria, adverse reac-
tions more commonly are observed, particularly in naive
users.  An excellent clagsification of PCP effects has been
developed by Rappolt et el based upon their treatment of
tore than 250 cases. Tachycardia and elevated blaod pres-
sure are consistent findings and appear, in varying degrees,
within each of the following categories:

Stage I: 2o 5 my PCP (serum concentration, 25 to 90 ng/mlL)

Subjects are disoriented, combative and violent. They also
experience ataxin, allerntions in perception of visual, auditory
and tactile sensations, excessive swoating and salivation and anal-
gezia ((hey mey injure themselves unknowingly due to this anal
golic properiy).

Deaths ocenrr when subjeets lose control of motor funetion yet
attempl activitios which requive significant. physical skill, eg,
some try 1o swim but subseguently drown,  Other fatalities hap-
pont aftoy abusers engage in violent fights or Iall ssleep in the
middle of a street and arve erushed by a motor vehicle.

Stage Il 5to 25 mg PCP {serum concentration, 90 to 300 ngfml}

The patiest presents with coma and does not respond to verbal
communiention; repctions to painful stimull will ocour, however.
Muscle kpnsma and severe hyperthermia also may be present.

Stage 111: Above 25 mg POP (serum concentrations, above 300
nximlL)

Deop comn is observed with patients showing no response Lo
extremoly painful stimuli,  Seizures also are likely nind may de-
velop into status epileptica.

Although the data are more difficull to interpret, it ap-
pears that a number of deaths solely and directly are related
o excessive blood levels of PCP.  Cerebral hypoxia due to
severe spasm of cerebral blood vessels may be a mechanism
of lethality.

BPelayved psychologieal reactions (delivium, psychosis and/
or agitalion) occurring approximately 1 week after consump-
tion of high doses of PCP have been observed, This may be
due 10 the high, hpid-solubility of the drug resulting in an
accumulation in, and slow release from, adipose tissug; the
tyyz 18 approximately 18 hr. On oceasion, patients hospital-
ized for a psychiatric examination have their blood analyzed

for PCP levels. In some of these cases, o result showing an
absonce of PCP may be incorrect. The methods of analysig
uging high-performance liquid chromatography (HPLE)
gas chromategraphy with flame jonic detection ((GC-FID) or
radioimmunoassay (RIA) ave aceurate only down Lo levels of
100 to 200 ng/ml, However, as presented above, serum
PCP concontrations between 25 and 90 ng/mL are sutficient,
to induce aberrant hehavior, A recent study employing n
more sensitive assay procedure, a giass capillary-gas ehro.
matography thermionie specific (nitrogen) detector (GO?-
N) eapable of measuring levels as low as 6 pg/mkb, roported
that of 135 patients admitted for psychiatric evaluation, 78
had PCP levels between 1 and 50 ng/ml., Thisisa signifi-
cant observation since it ean assist physicians in determiy-
ing the correct treatment.

A two- to four-fold tolerance develops if PCP is adminis-
tered chronically to laboratory animals. However, experi-
ments performed to date do not suggest that PCP produces
physical dependence comparable to that which develops o
the opiates or other CNS depressants,

In normal volunteers, PCP induces a schizophrenic-like
state. Thus, as is the situation with imarijuana, individuals
with psychoses (diagnosed or undiagnosed) particutarly are
vulnerable (o PGP, Schizophrenics experience a deteriora-
tion of their condition, possibly culminating in stuporous or
excitatory eatatonia or paranoia accompanied by auditary
hallueinalions.

Rbabdomyolysis (skeletal muscle degeneration), myoglo-
hinuria and renal faiture have developed after acute, large
doses of PCP, whereas chronic use is associated with both
psychological and physical dependence, and alterations in
memory, speech and vision, These latter changes are sug-
gestive of organic brain damage.

Treatment of Acute Drug Overdosage

A major problem in treating incoherent drug-overdosed
patients, ranging from comatose Lo delirious, is the absence
of definitive data regarding the substance(s) responsible for
the intoxication. Upon admission Lo an emergency center it.
is imperative that staff members consult persons on the
scene or the palient’s friends in an attempl Lo obtain as
much information ag possible about the drug(s), amounts
and modes of administration, circumstances leading to the
overdosage and pertinent aspeels of the patient’s medical
history, eg, does the patient have diabetes or epilepsy? Due,
however, to extensive adulteration of “street” drugs, the
information obtained on drug identity and guantity mugt be
evaluated with caution. Symplomatic treatment is advis-
able until a definitive diagnosia can be established. The
following is a limited presentation of options available for
treating adverse reaclions to psychoactive substances.

Volatile Hydrocarbons—The treatment of acute intoxi-
eation with volatile hydrocarbons is similar Lo that employod
for barbiturate overdosage. [T the vapors are inhaled, oxy-
gen (or 0 95% Oy and 5% GOy gas mixture) may be adminis-
tored. When volatile hydrocarbons are swallowed, gastric
lavage rather than an emetic should be used, The injection
of epinephrine or other aympathomimetic amines should be
avoided due te the pessibility of myocardial sengitization
and precipitation of cardiac arrhytlinias.

Opioids-—Naloxone remains the drug-of-choice in coun-
toring narcotic analgotic ovordosage, This narcotic antago-
nist, which possesses little or no agonistic activity, way be
administered to the unconscious patient in the absonce of &
definitive diagnosis of narcotic overdosage, Naloxone will
not produee additional CNS-depresannt effects in the event
that acute poisoning is due to barbiturates or other nonnar-
colic depressants,
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Psychotomimeties——In cases of ndverse psychological re-
actions to hallucinogens (“bad trips”), patients should be
maintained in a supportive and nonthreatening environ-
ment. Verbal contact should be established for reality de-
fining and reassurance (“talk-down") that the episode even-
tually will terminate, 1f pharmacological intervention ap-
pears indicated, the use of diazepam (ov a related
penzodiazepine derivalive) avoids the hazards which may be
encountered with a phenothiazine in an unsuspected case of
anticholinergic drug Intoxication or in an individual with a
history of convalsive disorders. When known anticholine-
gic agents are taken in excessive quantities, physostigmine,
which antagonizes both central and peripheral atropine-like
effects, is the drug-of-choice.

Phencyelidine—The treatment of PCP overdosage dif-
fers from that associated with hallucinegens as intoxicated
patients should not be engaged in an extended “talk-down”
process. lsolation, with periodic observation, is beneficial
ag in relieving the symptloms of acute schizophrenic reac-
tions. Diazepan may contral severe agitation, Acidifica-
Lion of the urine with ascorbic acid ov cranberry juice {avoid
ammonium chloride or orange juice) accelerates the excre-
tion of PCP and may reduce the incidence of delayed reac-
tions.

Cocaine—ahdverse reactions (o cocaine are usually of
short duration and may terminate before treatment. is initi-
ated, Propranclol may be employed Lo attenuate the car-
diovascular disturbances in cases of moderate cocaine over-
dosage. Diazepays may suppress the CNS excitation, al-
though the possibility of adding to subsequent cocaine-
induced respiratory depression must be considered.

Amphelamines~Disturbances of the sympathetic ner-
vous system observed in amphetamine toxicity should he
treated if they threaten the patient, Acidification of the
urine (avoid ammonium chloride or orange juice) can short-
en the duration of attendant psychoses significantly. Inthe
presence of acute renal foilure accompanying shock and
rhabdomyolysis assoclated with amphetamine intoxication,
substantial fluid replacement is indicated.

L3 ¥ Ed *

Pharmuacists can participate in the early management of
acute drug poisoning by advising the use of ipecac syrup (not
the fluidextract) in appropriate situations. 1f the subject
has ingested a polentially harmful quantity of drugs and is
conscious, syrup of ipecae may be employed in the following
oral doses: patient under 1 yr-—10 mls o 12 yr—156 mly
over 12 yr—30 mL.  Subsequently, 250 1o 500 mE of liguid
ghould be given.  Vomiting within 30 min oceurs in approxi-
mately 90% of patients recsiving this regimen, If emesis
daes not ensue within 30 min, the recommended dose, with
additional Nuids, may be repeated.  Syrup of ipecac is less
usefal if more than 60 min have elapsed since consumplion
of the drug overdose, 1f the patient does nol vomit after two
doses of the ipecac, the dosage should be recovered by gastric
lavage.
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CHAPTER 75

Preformulation
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T'he attention presently being given te multisouree phar-
maceutical products regarding their oquivalency plaees
much emphasis on the formulation of these products. In
some instanées, the biosvailability of a drug formulation
represents a quality parameter of enormons proportion. It
iw & matler of record that with certain drugs, depending on
the formulation, the rate at which the drug subsatance he-
comes nvailable can vary significantly from very high to none
at all.  Ar a result, the affectiveness of these formulations
will range dramatically from that expected tono effect, Un-
fortunately, most examples are less dramatic and fall some-
where in hetweoen,  The difference in the bioavailabitity of
these drug products is less readily discernible, but nonethe-
fows renl. This hae led 1o n great deal of confusien and
information whieh, theugh understood by the scientist, s
unclear and jumbled Lo the practitioner, That infermation
which iz available also hos been interpreted differently by
different individuais or groups, depending very often oh the
motivation, viewpoint and attitude of the interpreter.

Druy producty indeed do vary in their bisavailability eha-
acteriatics and this variation, in mosi inatances, is related
directly to formulation considarations, To optimize the
performancs of droag products, it is necessary to have s com-
plete understunding of the physical-chemical proporties of
drug substances prior to formulating them into drug prod-
uets, Tho development of an optinstim formulation is notl an
easy taglk, and many Tactors readily iffuence formulation
properties,  Drug substancos rarely are administered as
chemical sntitian, but almost always ave given In some kind
of formulation. Those may vary from a simple selution 1o o
very complex drag delivery aystem. Tha complexity usually
is not. intontional, bub rather ig determined by the properties
that, are expected from or Tuils into the dosage form and by
the resulting composition that is required to achieve these
gualitics,

The high degreo of uniformity, physiological svailability
and therapeutic quality expected of modern modicinal pr(hd—
uets usnally are the results of considerable effort and oxper.
tise on the part of the formulnting pharmactst, Thease quali-
{ipy ore nttoined by careful selection and conirol of the quali-
ty of the various ingredients employed, appropriate
manufacturing neeording to well-defined processes and,
mosl imporiantly, adequate consideration of {he many vari-
ables that may inflyence the composition, stability and utili-
ty of the produet. In dealing with the formulation of new
produets il has become necessary to apply the best research
methods and tools in order to develop, produce and control
the patent, stable and offeotive dosage forms which walee up
our maodern modical avmamentarium,

The pharmaceutical formulator has need for spocialized

areas of science in order to acquire seientific information
about the drug substance which is neceasary to develep an
aptimum dosage form. The pharmaceaticnl induatry s in
an era in which ope ¢an no longer rely on past exporience to
formutate. A thorough understonding of the physical and
chemical propertios ng well us the pharmacokinetic and bio-
pharmaceutical behavior of each drug substance beiny de-
veloped is necossary. In short, as much information s poss
sible must be acquired aliout the drag substases very early
in itg development. ‘This requires an interdisciplinary ap-
proach at the preformulation stage of development,  Fig 15-
1 schematicnlly indicates that the development of any drug
product requires a multidisciplinary approach, involving ha-
sie welaneg, during the preformulation atage followed by ap-
plisd seionce during the development, stagpe,

This chapter wilk discuss the physieal-chemical evaluation
that takes place during the proformulation atoge of develop-
ment,  In addition, consideration will be given to some spe-
cialized formulation ingredients that may require discrotion
in their selestion.

Preformulation may be deacribed aa a stage of develop-
ment during which the physical pharmaeist choracterizes
the physical-chemical properties of the drug substance in
guestion which are considered finportant in the formalation
of i stablo, effective and safe dosage form.  Buch paramelers
us oryatal size and shape, pHe-solubility profile, pH-stability
profile, polymorphism, partitioning ullact, drug permeabili-
Ly and dissolution behavior are evaluated, During this eval-
uation poasible intoractions with various inert ingredients
intended for uae in the finad dosage form also are considered.
The data obtained from this evaluation are infegraled with
data obtained from the preliminary pharmacologie and bio-
chemical studies and provide the formulating pharmacist
with information that permits selection of the aptimum dos-
age Form containing the most desirable inert ingredients for
use i ita developmont.

Hl‘l"liARMnCmﬂG\’ ' o 'lrlltm 5 :

1 PHEFORMULANOH |ammnasemens] FORMULATIOR |

[seitntinig suvraiy |

;IHBCHEMISTR\‘ ! icl.lNll:l\L !

Fig 781, The whaals of produst development.
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1438 CHAPTER 75

Preformulation worlt usually is initinted after i compound
has shown sulficient activity to meril further testing in hu-
mang,  When this decision is made, the various disciplines
Dogin to penerate data essential for proporly evaluating the
performance of the druy substance. A stubility-indicaling
pnalytical assay is very important. Since this often takes
considerablo time, it aometimes s necemsary Lo rely on thin-
Inyer ohromatographic procedures to delerming if a drug
molecule is degrading. Accelerated testing procedures are
used Lo promote breakdown of the compound being tested,
Attempts are made to jsolalo and charneterize the break-
dewn products in order Lo identify the mechanism of break-
down. This information provides a lead to the development
pharmacist, in his afforts to formulate the product.

During o preformulation study il 15 necessary o maintain
some degree of flexibility,  Problem areas musd bo identificd
eurly. Tor exnmple, selection of a suitable salt form of the
drug may be eritical.  Toxicity studies vanally are achoduled
carly. Consequently, if the salt form under consideration
has some deficlencies, thay should he pointed out so that
alternate salts muy be prepoared and cvaluated prior to be-
grirming toxicity stadies,

When proformulation studies are initiated, the chemical
usually is in short supply; 25 g of chemical i8 av amplo
supply, but many proliminary evaluations have been done
with less. The initial supply usually originates as excess
from batches prepored by the medicinal chemists,  They
ugually have preliminary data such as melting point, soluhil.
iy, spectral data and strocture of the compound.  The di-
rection taken for the evaluation is defermined by the atrue-
ture and the intended dosage forms (o be developed (cg, one
would not waste time determining the stability of a solution
of a compound if there was no interest in a liguid dosoge
form)., Maony areas must be avalualed eritically for each
compound, and it is essentinl that problem arens be identi-
fied early, otherwise dalays could oceur if a problem surfaced
during the developmont phase for the compound, Soma
congequencas of poor preformulation work are

Yousilile use of unsatisfnetory galt form,
Foor stability of the active ingradient,
Testing compound of marginal activily.
Tnesitmad development coals,

Incressad dovelopiment timn,

When preformulation studies are completed, the dati are
compiled and tranaferred to the development pharmacist,
wha, in turn, uses this information 1o plan his development
work on the finished dosage Torma,

Physical Propertios

Description

Sinee the pure drug entity iz in short supply at the outsoet
of most preliminary evaluations, it is extremely important to
note the general appesrance, color and odor of the com.
pound. These characleristics provide a basis for compari-
won with future lots. During the preparation of scale-up lots
the chemiat usually refines or allers the original chemical
gynthetic route. Thiy sometimen resulta in a change in some
of the physieal properties. When this takes place, compari-
sons can be made with eathior lots and decisions made re-
gording selvents for recrystallization,

Taste usually warrantsd somea consideration, espocially if
the drug is intended for oral use in pediatric dosage forma,
In such cases consideration should be given to the prepara-
tion of alternate salt forms or passible evaluation of excipi-
ents thal mask the undesirablo Laste.

Microseopie Examination

Fach Lol of drag substance, regardioss of size, is eramined
migroscopically and a pholomicrograph taken. The micro-

poopic exnmination gives n gross indication of particte size
and charneteristic erystal propertics.  Thoese photomicro-
graphe are weeful in determining the consistency of particls
size and erystal habit from bateh to bateh, espacially during
the early periods of chemical nynibesis; il a synthelic step i
changed, thoy also give an indication of any effect the change
iy have on erystal habit. One musd keep in mind that the
photomicrograph only gives & qualitative indication of parti-
cle aize distribudion; it always is necessary to do a particle
size analysiy for a more accurale picture of the distribution
of particles in any particular bateh of drug substance.

Particle Size

The aser of pharmaceuticnl products in a finely divided
form sre diverse. From knowledge of their particle sive,
guch drags as griseofulving niteofurantoin, spironelactone,
procaine penicillin and phenobarbital have been formulated
50 ag 10 aptimise activity, Other drugs, formulated in sus-
pension or gmulsion systems, in inhalation aerosols or in oral
dosage forims, may contain Binely divided materinl o an
saneniinl component. One of the basie physical properties
comimon to all these finely dividod substances is the particle-
size distribulion, je, the freguency of occurrence of particles
of every pize. What i of practical interest usually js not the
characteristivs of single particles bat rather the mean chir-
acteristics of a lnrge number of particles, T4 mast be empha-
siwed, however, that nowlodge of sive charnelerislios is of no
valiie unless adequate correlation has hoen atablished with
functional proporties of apecific interest in the drug formu-
lation. Many investigations demonsteating the significance
of particle size are reported in the literature. I has been
shown that dissolution rate, absorption rate, content unifor-
mity, color, taste, texiure and siability depend to varying
degrees on particle size and distribution.  Tn preformulation
work it is importani that the significance of particle size in
relation (o formulation be eatablished early.  Preliminary
phyaical obsorvations sometimes can detect subtle differ-
ences in color. If this can he attributed 1o differences in
particle-gize distribution, it i important to defive this dis-
tribution and recommend that more attention be given Lo
particle size in preparing future hatches of drug substance,
This effect aluo i evidenl when preparing suspensions of
poorly soluble materials, One may obwserve batch-to-batch
differences in the color of a suspension which can be related
to differencas in particle size. Sontetines, when small parti-
clos tond to agglomerate, a subtle change in color or texture
may bo evident.

Sedimentation and Ooceulation rales in sugpensiony are in
part governed by particle sizo. In concentrated deflocculal-
ad suspengions the larger particles exhibit hindered seltling
and the mmalier particlos settle more rapidiy. In Mocculated
suspensions the particles are linked together into floes which
settle according Lo the size of the floc and porosity of the
aggregated mass,  Flocewlated suspensions are preferred
winee they have less tendency to caka and are more rapidly
dispersible.  Thus, it is apparent that the ultimate hoight,
H,,, of sediment as 0 suspension settles depends on particle
size. The ratio H,/H,, or the degree of suspendilility as
affected hy particle sive, is valuable information for the
formulator in order Lo prepare a satis{actory doange form,

The rate of dissolution of small parlicles usually is taster
thun that of larger ones heenuse rate of dissolution depends
on the specific surface ares in contacl with the liquid medi-
um. This usuaily is described by the modified Noyas-Whit-
ney equation for dissolution rate dA/d!

94 o ks, - 0) ()
o

where A is the amount of drug in golution, K is the ntrinsic
dissolution rate conatant, & i3 the surfaes area, €, s the

PFIZER, INC. v. NOVO NORDISK A/S - IPR2020-01252, Ex. 1013, p. 281 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


concentration of a satarated solution of the drug and ik the
drug concentration at tine ¢, The surfnce area of an ebjoc,
rogardless of whapoe, varies inversely with its diamoeter and
confirma the above effect of particle size on dissolution rate,
Solubility also hog been observed fo depend on particle size.
Ditlert, ¢ af,! reported data for an experimental drag, 4-
agetamidopheny]l 2.2,2-trichloroethy]l earbonate, which
demonstrated that the dissclution rate and, in turn, hio-
availability were affected by particle size. Although the
ultimate amount of drug in solution may not be significant
with respect 4o the dose administered, the formulator should
he aware of this potential.  With poorly soluble drugs it is
extremely impartant to take these [actors into aceount dur-
ing the design of the doaage form.

Flow properties of drugs can be influenced by particle size,
and particle sive reduction to extremely simald sizes (loss Lhan
10 jom) may be inadvisable for some drog substances, Kn-
trapped air adsorbed on the surface of the particlos and/ox
warface electrical chargos sometimes impart undesirable
properties Lo the drug. For example, adsorbed air at, the
drug-puriicle surface may prevent wetting of the drug by
surrounding Tluid, and electrically induced agglomoration of
fine particles may decrenso exposure of the drgg surface to
surrounding dissolution medium, Bueh effects act as digao-
lulion rate-limiting steps since they minunive maxinum
drup surface-liguid contaet,

“rygtal growth is also a function of particle size. Finer
particlos tend to dissolve and subsequently rocryatnllize and
adhere to larger particles, 'This phenomenoen is referred to
us Ostwald ripening. Profective solloid systems can be used
to suppress Lhis nucleation,  Preformulaiors can generste
information concerning the effectivenasy of different col-
Joids that is oxtremely important 1o the formulator when be
is griven the task of preparing a suaponsion dosage form.

Parlicle-size reduction may be deleterious for some drug
substances, Incressing surfnge area by milling or othar
methods may lead to rapid degradation of a compound.
Drug substances also may undergo polymorphic transforns-
tion during the milling process.  The preformulator musl
always be cognizant. of these polential problems, and when.
ever the decision is mado to reduce particle size, the condi-
tions must be controllod and the stability profile evaluated.
If & problem does ariae, it is 1he responsibility of the prefor-
mulator to note it and attempt W reselve it prior to taming
the drup substance over Lo the formulating phoarmacist,

Gaslrointestinal abserplion of a poorly soluhle drug may
be affected by the particle-size distribution.  If the dissolu-
pion rale of the drug is less than the diffusion rate to the site
of ahsorption and the abuorplion rate itself, then the particle
gize of the drug s of greal importance, Smailer parliclos
should ingrease dissolution rate and, thus, bring about more
rapid gastrointestinal absorption. One of the first abssrva-
tions of this phenomenon was made with sulfadiazine.
Blood-level determinations showed thal the drag in suapon.
sion containing particles 1 to 3 in size was absorbed more
rapidly und more efficiently than from a suspengion eontain-
ing particles 7 times larger. Maximam blood levels were
aboul 40% higher and oceurred 2 hours eartier. Increased
hionvailnbility with particte-size reduction nlso hos been ob-
served with griseofulvin.  The oxtent of abgsorption of an
oral doso incrensed 2.5 Limes when tho surface area was
increased approximately sixfold. Micronized griseofulvin
permits a 50% decrease in domage Lo obtain s satisfactory
clinical responge,

On the other hand, it was found thit with nitrolurantoin
there was an optimal average parlicle size that minimized
gide effects without affecting therapeutic responsa.  In fnct,
a commercial product contaiming large particles is available,
For chloramphenical, particla aize hag virtually no effect. on
total absorption Lut it significantly alffects the rate of ap-
pearance of penk bloed levels of the drug.  After administra-
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tion of B0-pm particles, as well as 200-gm particlos, poak
levels ooourred in 1 hour; with 400-4m particles peak levels
oeeurred in 2 hours; with 800-um prrticles peak levels oc-
cutred in 3 hours, Al four preparations had the same phys-
iological availabilily, which implies that the abserption of
chloramphenical oceurs uniformly over a major porbion of
the intestinal tracl.

Reduetion of particle size also may create gdverse re-
gponges, for example, fine particles of the prodruy ixichlo-
roethyl carhonate were more toxic in mice than regular and
course porticlen’  Inercasing the surfuce area for waler-
sohitble drugs, and possibly for weakly basic drogs, appoars
to he of titile value. Absorption of weak bases usunlly is
rate-limitad by stomach emptying time rather than by disso-
hution,  As previcously mentioned, particle size is of impor-
tanca only whon the absorption process is rata-limited by the
dissolution rate in gastrointestinal Muids,

The previcus discussion considered the offect of particle
sive of the drug substance and its relntiomship Lo formula-
tion. The particle size of the inert ingredients merits some
altention. When one iz consernad with particle gize, all
ingredients used in preparing the dosage form should he
evalunted and some recommendation ragarding their control
should be made prior to full-scale development of a dosage
form. It is recommended highly that partiele size and g
distribution be determined, optimized, monilored and con-
trolled when applicable, particularly during early preformu-
lation studies when the docision is made wilh regard 1o o
suitable dossge form.  The more cominon methods of detor-
mining particle size of powders vsed in the pharmaceutiont
industry include sieving, microscopy, sedimentation and
strenm scanning.

Sieving or Bereening-—Siaving or sercening is prohahly
one of the oldest methods of sizing particles and still is used
conpmonly o determine the size distribution of powders in
the stre range of 3206 mesh (44 pm) and greater, These data
gerve usnally as a rough guideline in evaluating raw materi-
als with repard Lo the need for milling, The basic disadvan-
tages of acreon analysis are the large sample size required
and the tendeney for blinding of the sereens due Lo slatie
charge or mechanical clogging, The advaniages include
aimplicity, low cost and little skill requiremant of {he operas
tar,

Microscopy-—Microscopy is the mosl universally accepts
ed and direct method of determining particle-size distribu-
tion of powdery in the subsieve range, but this method is
tedious and time-consuming, The preparation of the slide
for counting porticles is important because the sample must.
rapresent the particlo-size distribution of the bulk sample,
Extreme care musd bo taken in obtaining & truly representa-
tive sample from the bulk chemical. The cone and quarter-
ing lechrigue usually gives a satisfactory swmple, The sam-
ple should be properly suspended, dispersed and mixed
thoroughly in a liquid which has a different sefructive index
from the particles being cotnted. A representative sample
i mounted on a stide having a calibeated grid,. For counting,
random fields are selected on the slide and the particlos are
sizod and counted. Between 500 and 1000 particles should
be counted to make sintistical treatient of the data mean-
ingful.

Sedimontation—Sedimentation techniques wutilize the
dependence of veloeity of fall of particles on their uize. Ap-
plication ia made of the Stokes egquation (see page 286) which
deseribes a relationship betwassn the rale ol which a particlo
settles in a fluid medivum to the aize of that particle, Al
though the equation is hased on spherical-shaped purticles,
it 15 vaed widely to determine the weight-aise distribation of
irregularty shaped particles. Data obtained by this proce-
dure are usually reliable; however, the result may naot aygrao
with those obtained by other methods becavse of the limita.
tiona of the shapo factor
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The Andreasen Pipelle Method is used most commeanly
for sedimentation studies. Fxacl volumes are withdrawn at
prescribed timea and at a gpecified liguid depth. The liquid
is evaporaled and the residue of powder i weighed. The
data are used in the Stokes equation and a weight-gizo distri-
bution is caleulated., Precautions musd be observed with
this mothod, Proper dispersion, consigtont, sampling, tem-
perature contro] of the suspending medium and concentra-
tion should he achieved 1 order to oblain congistent resukts.

Stream Seanning--—S(ream scanning ia a technigue in
which a fluid suspension passos through o sensing 2o
where the individual particles are eleclronically sized,
counted and tabulated. The great advantage of this tech-
nique is that data can he generated in relatively short peri-
ods of time with rensonable accuracy,  Literally thousands
of particlos san be counted in seconds and used in determin:
ing the size-distribution curve. The data are ina numbor of
particles per clags interval and ean be expressed mathemati-
cally ng the arithmetic mean dismeter and praphed accord-
ingly, Fig 75+2 illustrates a plot of typical data obtained for
NBS Standard Reference Material No 1004,

The Cowlter Counter and tho HIAC Counter are used
widely in the field of particle-gizo annlysis in the pharmaceu-
tical industry, They can be used to follow cryetal growth in
suspensions very effectively. Figure 753 shows the change
in particle siza with time for an aguecus suspension of Form
ol an exporimantal drag, Tt appears that the growth of the
particles decreanes signifieantly after 6 howrs. ‘The photo-
micrograph shown in Fig 76-4 depicts the significant in-
crease in particle size after 6 hours. Further Lreatmoent of
the data asshown in Fig ‘15-8 enables one to establish rates of
growth for suspended particles. Simply reading off the in.
tercopts at the 1%, 2% or 3% oversize and plotting this in-
crease in diameler with time enables one to ealeulate the rate
of growth of particles in a suspension.  Thia is shown in Fig
Th-6.

Light Seattering—Light-scaltoring methods are gener-
ally fast, inexpeniivo and induce minimal artifacts. In gen-
aral, such methods operale by mensuring light diffraction
from suspended particles without forming an image of the
particles onfo o detoctor, A typical unit in the luser diffrac-
tion particle siwer (Maluern). In it, o liquid dispersion of
purticles flows through a beam of laser Hght.  Light seat-
teved by the particles saud the unscattered remuinder are
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Fig ¥5-3, Ghange in purticle slze with Une for an aguaaus suspern-

slon of Form | of an axparimeontal drug,

incident onto a receiver lens thal forms a diffraction pattern
of the acottered light. The seatierad light and unseattered
light then are gathered on delectors 5o the tolal light power
is monitorad aa it allows the samplo volume concentration Lo
be determined, Bach parlicle scatters light ot s favorsd
gcattering angle that is related to its dinmeter. The detector
provides an electronie output that makes it possible for a
computer to dediuce the volume-gize distribution that gives
tise to the observed seattoring characteristics, Results may
also be transformed to the eguivalent surface or number
dintribution. Refor to Chapters 10 and 30.

Fartitioning Effest

If an excess of liquid or solid is added to a mixture of two
irnmiscible liquids, it will diatribute itself betweon the two
phager 80 that each bacomes saturated.  If the substance is
added Lo the immiscible solvents in an ameunt insuffigient
1o saturate the solutions, it atill will distribuite batweon the
two layers in n definite concentration ratio. If C; and € ara
the equilibrium coneentrations of the wubatance in Bolvent 1
wnd Solvent 2, the equilibrium exprossion becomes

(&
Gy
The eguilibrium constant k 1o known au the distribution
ratio or partition coeflicient. Biologically, in order for a
plharmaeological response to eeur, i i nocossary that the

drug melecule cross a biological membrane. The moem-
hrane, consisting of pretein and lipid material, acts os a

w f (2
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Fig 76-4. Photamicrographa showing changa In crystal alze for a suspenslan of Form | of an exparimental drug.

lipophilic barrier to most drugy. '1'he resistance of this bar-
rigr to drug transfer is related to the lipophilic nature of the
molecule involved. (See Chapter 35.)

Understanding the partitioning offect and the dissocia-

HES
G
thum
4 T#pm
14um
E 154
n
®
g 10um
-
=
z
z
* 1 19jim
20410
2pm
L 22um
A3m
Fapm
2hpm
I ; |
16 a0 46 60 7 @D 120 160 160
MINUYER

Flg 78-5. Change In cumulative count with fime for an aquoous
suspenaton of Form | of an experimental drup-

tion constant enables one to estimate the site of absorption
of a new chemical wolity, IF one nssumes the stomach Lo
have & pH range of 1.0 to 3.0 and the small intestines to have
a pH range from 5 1o 8, in most cases acidic drags (pI5, 8) will
e absorbed more vapidly in the stomach while more basic
drugs (pI§, B) will be absorbed move rapidly in the inteslingl
tract. There are exceptions, however, Some compounds
have low partition coelficients and/or are jonized highly over
the entire physiological pH range, Dut. still show good bio-
availability.

Palymorphism

A palymorph is a solid erystalline phase of o given com-
pound resulting from the possibility of at least tawo different.

HAMETEE [um)
=
T

1 | l (] ] |
a0 60 ad 120 1%e 180
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Fig 750, Rate of growtl of Form | of oxporimontal drug in aquecus
guspanaion,
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1340 CHAPTER T4

arrangementa of the molecules of the compound in e solid
stata, The molecule ilself may be of different shape in the
two polymarphs, but that is nob necessary and, indeed, oor-
tain changes in shape involve formation of different mole-
cules and, hencee, do not constitute polymorphisim,  Goomet-
ric isomers or tautomers, even though interconvertible and
roversibly ao, cannot be ealled polyntorphs although they
may behave in 1 confusingly sinnlar manner,

A anfe criterion for classification of a aystan as polymor.
phic iy the following:  two polymorphs will be different in
crystal strueture but identdcal in the liguid or vapoer states,
Dynamic isomers will melt at different temperatures, as do
polymorpha, but will give melts of different componition. In
time, ench of these melts changes to an equilibrium mixture
of the two isemers with temperature-dependent composi-
tions.  Some reported cases of polymarphism are undoubt-
pdly dynamic isomerism, since the two hehave guite similor-

v,

Polymaorphism is the ability of any element. or cempound
to cryatallize as more than one distinet cryatalline species,
g, carbon ag a cuble dinmond or hexagona) graphite, T3
lerent polymorphs of a given compound are, in genarai, as
differant in structure and properties ns the erystals of two
different compounds. Solubility, melting point, density,
bardness, crysial shape, optical and electrieal properties,
vapor pressure, stability, ete all vary with the pelymorphic
form. In peneral, it should be possible to obtain different
crystalline forms of a drug substance exhibiling polymors
phism and, thus, madify the performance properties for that
compound. Todoso requives a knowledpga of the behavier of
polymorphs, There are numerous reviews on the subject of
polymaorphism,  In addition, numerous indieations of the
importance of polymorphism in pharmaceuticals are report-
ed in the literature. BExtonsive studies of pelymorphism
have been conducted on steroids, barbiturates, antihistia-
mines and sulfonamides. Preformulation usually includes
rigorous studies Lo determine the presence of polymorphs in
new drug substances being prepared for prelininary investi-
pation in tesl animale. Some of the parameters routinely
investigated are the number of polymaorphs that exist, rela.
tive degree of stability of the various polymorphs, presence
of a glassy state, stabilization of metastable forms, tempera-
ture slability ranges for each polymorph, golubilities, meth.
od of preparation of each form, effect of micronization or
tableting and interaction with formulation ingredients,

The initial task of the preformulator is to determine
whether or ot the drug subatanee being evaluated exists in
more than one erystalling form.  The following procedures
are usually followed Lo cavae crystallization of & metastable
form;*

1. Mult gomplotely o gmall amount of the compound on wwido and
abrerve tho solidifiention boetween crowsed polars, I, after spontniecus
froozing, 1 tranaformation ocears spontoneously or can he Dnduced by
woeding of seralehing, the compound probably oxists in al least two
polymorphic forme, 1t iy ossentind Lo proveut nuctealion of the stahle
forin by inducing supercooling,  Suparcoaling o be irdueed Dy using o
minall sample xive, holding tha melt, for approximately 30 see about 10¢
abnve the melting point; corefully setbing anide the componnd without
physical shoek boforo ehuerving it and rapid cooling of the compound.

2. Hent asample of the conpound e i ot stage and obaorve whoeth-
ot 4 wolid-solid transforivabion occurs during hoating,

3 Sublitne asmadl amount of the compotnd and atlompt W indaee o
Leastdtnanation hotwoeod Lhe sililimpte ancd Uhe osiginalsample by mixing
the twa in p drop of sutarated solution of one of them,  1F the two e
polymorpts, the mare klable ono will be more ingoluble nnd will grow ab
the expense of the more soluble metastable form.  This process will
continue until the metaatable forms w transformod complelaly Lo the
stabhle Torm,  IF the nasmplos are ol polymorpls, one may dissolvo bt
the other will nel grow,  IF the twe are ideatical Forne, nothing wiil
ey,

4, Mulntain an excexg of the compound in @ small amousd of solvont
hald noar the muolling point of the compound,  Tholato the susponded
aolid,  Qare should bo taken (o maintain the tomperainre durting this

slop. Port. the isolpiod materisl wiih an origion! eomple using e
pracedure autlined in 3, shove,

K. Noeryatallize the campound fram solution by shock-ennling, sl
abmarva o pay o of tie peoci pltatad matesial sospanded inoa drop ool the
mothar liguor, The drop Uhen mny be seedod with the originel com-
pound ta chack for sotution-phase tranaformation. 1 e procipitati ian
ddifforant. polymarply, o salubion-plige ransformation showld take e,

Oneo it has been eatablished that, polymorphism ceoars,
there are procedures which enable the preformulator Lo pre-
pare the vatious forms in larger quandities for further avalu-
ation and suitability for incorporation into dosage forms.

Onee a compound has been shown to exist n mota than
one erystalline form, a number of technigues are available to
identify the different polymorphic phases present.  Hach of
these technigques could be successful in identifying the
phase, but a combination of methods provides a means for
jsolation and identification of each crystalline modification,
In order to confirm the presence of more than one crystalline
form of a compound, it is advisable to identify the modifica-
tions present by more than one method,  Using only oue
method for confirming the prosence of polymorphs some-
times may be misleading.

Miarascopy--Optical erystollography i s in G idestilication of
polymaorphs. Crystals oxigl in igotropie and anisetropic forms. When
insbropie erystals wee examined, the vielocivy ol light is (he same in all
directions, while anikotropic erysials have lwo or thees different light
veduetios o refrmetive indices, Phis method requires the servlees of o
trained erystallographer,

Tot-Stage Mathods-The polarizing microscope, fitied willi a hat or
cold stayee, iv vory usoft| for Investgaiing palymorpls, An experivy el
migroscopial ean toll quickly whother pobymorphs oxiat the degree of
winhility of the metontable formes; transition temporatures and metiing
pointy; rates of ransition under various thermal and physicat conditions
ungd whelher (o pumue polymorphism ss a route to aiy improved dosage
forne,

Xultny Powdor Diffractian - Cevstalling materinls in powder [orm
pive charnoleristic X-ray diffraction putterns mado tp of peaks in eer-
tnin positions and varying intensities. Mach powder pattern of the
eryrtal tndticn s aheractorintio for w given palymorph. TChis methed hay
the ndvantage over otlver identificotion Lochiiques B il the saniplie is
uxamined i prosented. Some enre should bo oxoreised in reducing ond
maintnining particlo-sise comtrol, A very moall smple sive i needad
anid the method is nondestructive, Thiv method las bem osed hy
sovera] inveatigntors in identifying polymerphs in pharmueoulicnls.

Infrared Spectrascepy--- This procedurs i oseiud in idontifieation of
polymorphn, Selid snmples must be wsed sinee polymorphs of o com-
o hiavve identieal spectea in solution, The technigua o b e foy
wth qualitative nsel quantitative identifiention.

Thermil Methods-—Difforentinl sennning colorimeery and difforon-
tin) thermn] analysis hove been weed extendively Lo idontify pulymorphs.
10 both mothods, Uhe heat Joss o gain resultiog feora physicel or chemiend
trangitiong oceurring in o samphe i recordod s a fenetion of Yemnperaivre
as the substence i beaded oo uniformn rate. Bnthalpic changos, loth
endothermic and oxothormic, are caused iy phase tranaitions,  For
exampla, Pision, sublimation, solid-solid twansition md wator laoss gener-
atly produce ondaothermie offects while ceystnllization produees oxolhers
mie effacts, Thormnl analysis onables one to calewlste tha thevmody-
pande parnenelers for the kystems heing evaluated,  Hoats of fusion can
he abtained and the rule of convergion of polymorphi detormined,

THhutometey---Dilatomeiry momsures the change i volinne eaused by
tharmia! or ehenmical offects, Ravin and Higuehi* ased dilstomoley 1o
fullow the melting hohavier of thealeama il by mensuring the speeific
volumn of Doth wpidly and alowly cooled theobroma oi) s function of
ineronsing temporature. Tho presence of tho metastable Torm wien
rhown hy a contraction in tho lomporature ragige of 20° to 24¥, This iy
Wustredod iy My 26-7. Dilatomotry is extromely accurnte; however, il is
very tedious and Lme-consuming. 16 not ised widely,

Prolon magnetic resonance, nuclear maghelic resonanee
and electron microscopy sometimes are used Lo atudy poly-
maorphism,

Polymorphs enn be classified inte one of twe types: (1)
enantiotropte—one polymorphic form can be changed re-
versibly into another ane by varying the temperature or
pressure, og, sullur and (2) monotropic——one polymaorphic
form i unetabla at all temperatures und pressures, eg, glve
eryl atonrates. At a apecifiod lemperature and pressure,
only one potymorphic form will he thermodynamicnlly sta.
ble. However, other melastable forms may exist under the
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1.15 ‘
THEOQOBROMA QIL
e
o- Slowly cooled to 0° -

1.1% @- Rapidly cooled to -804 ?’ﬁ

1.1
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0 10 20 30 A0

Temparatura (‘C)

Fig ¥5-7,  Dilatomatrle curvas:  thaobromas olf, slowly and rapidiy

coolnd,

asnrme conditions. These melaatable forms will convert L
the stable lattice structures with tine. The (st indiealion
of the significance of & polymorphic tronsformation in s
pharmaceutica) system was noted with novelbiocin, ‘The
amarphous form ol novobiocin was found to he wil-nh-
sovhad; however, when Tormulaled into o saspension, o re-
vorasion of the metastable form to the more stable cryatalline
form oceurred resulling in poor absorption,

After it bas heon dotermined that w drog substance does
exial in more than one m'_\,u:t.nl]irm form, Lho conditions under
which each can be produced should be estaldished, T this
mannar, proper erystallizing conditions can he maintained
from baleh Lo bateh to ensure a uniform and neceptable raw
materinl,  Rocrystallization solvent, rate of erystallization
and other faelors may causo onc crystal form to dominate,
Tharing the preliminary investipation to estallish (hese con.
ditiong, it is necessary to monitor the forms prepared. For
axanipte, during the preliminery work with an indale deriva-
tive, differential seapning calorimedry, X-ray nnalysis and
infrared avalysls were used 1o catablish that polymorpbs
were prosont and that they could be prepared satisfactorily,
Tige 75-8, 75-9, aud 7H-10 show the respective data for this
conelusion,  When polymorphy are shows 1o be present,
experimenta should be designed to determine whother or not
the propertics differ sufficiently Lo alter their pharmaceutic
or biolagie bahaviar,

Pissolution tests cun be uped initinlly to show differences
in apparent eguilibrium solubilitios provided a diseeiminat.
ing selvont system is used. Wiy 76-11 illustemton dissolution
data Tor two palymorphs of an indole derivative which had
gimilw dissolution in the medinm used; however, whon a
more diseriminating dissolution modium was used, it wasg
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Fig 75-B.  Thormaodgrame for Formes 1, 17 and 1 of SKEF 30097,
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Fig 758, X-Ray ciffractograms for Forma 1§ and 1l of HREF 30097,

possible to show differences in their dissolution characteris-
tios. This is ilusteated i Fig 75-12. From e deta pre-
sonted Tor the indale derivative, it was coneludad thal there
would bo no approciable dilference in the availability of the
Lo Torms if they wers Lo be administered orally in & selid
dosage form,  Subsequent testing in animals confirmed this.
The Nernst equation relates the rale of concentration in-
crensi Lo the solubility of o Hagelving solid and is commaonly
writhen ag

dqe, -6 )

where 4 is the area of the dissolving interfnee of the solid, Id
is the diffusion coofficionl of the aclute in the solvant, V' is
the volume of the solvent, & is the thicluess of 1he diffusion
layer and C, und ¢ aro concentration of tha solute al satura-
tion and ot time ¢, reapectively,  The equation reduens Lo

(1)

e
di
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Flg 75-10.  Infrared spectra of Forma |, |* and Il of SK&F 30087,
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Fig 7511, Dissolution behavier of Farms | and H of SK&* 30097 in
artficlal gastric fluld,

for the exporimental conditions where G, > €. Since I7 ja a
property of the solute moleeule and the solvent, it iz inde-
pendent of the solid-state form, The experimental condi-
tions can be selectad such that A, V and A can e maintained
constant in menssuring the dissolution rates of different poly-
orphic ferms,  ‘The dissolution rate then is directly pro-
portional Lo €7, the saluralion solubility, and the differences
in the solubilities, can e rolatod to their free energies.

The solubility and disselution hehavior of several poly-
morphs of chloramphenicel palmitate bave heen deters
mined, Figs 75-13 and 76-14 illustrate the data obiained at
several temperatures, Tt is apparent from the dizsolution
hehavior that the mazimum values obtained were good ap-

0.0% - FORM I
wi
L
e
B
g 007 —
L]
-
3
W
0.0 —
OISSOLUTION MEDIUM .
0.005 = §0% ETHANML SDL.
L \
0 108 120
MINUTES
Flg 7612, Dissolution behavior of Formsa | and I of SK&F 30097 in

0% wihanol solutlon,

0.70 s
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f —
[ ! [ e R
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& / JT-‘T“*"“'HH{:.-.?‘“--:.M
0.0% / ’ d"""‘*-{:::: S —— e
e —
o b Bk
S ‘ ] et
0 2 4D 6@ 8D 100 120 140 160 3
TIME, min DAYS

Fig 76=13.  Dissolution curves for Polymorph G of chloramphenicol
palmitate In 36 % Lbutyl sicohol and water at 30, 20, 16 and 6%, Koy:
30°%, O—0; 20°, @—-W; 16°, A—a; 0%, @B,

10 T T . -
e .
¥
08 p |
]
wd !
gonf
H
3.04 - 4 " i et ik . ' a. .Y v ] Y
E‘ _1wﬁv ST L * o
LER -
L . s
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W Ge g 0 1200 M 3 !
TIM{E min DAYS
Fig 75-14.  Dissolution ourves tor Polymorphs A and B of chiorama

phenicel paimitate In 35% tbutyl slcohel and water at 30 and 38°,
Koy Polymorph A, 30°, O--O: Polymeirph B, 30°, A, ., .4A; Poly-
morph A, 38°%, 4. . -4; Polymorph 3, 36° @- - -@.
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Tabla I—Thermoedynomic Yalues Caleulptad tor Polymoerphs A, B
and C of Chloramphenlcol Palmitata®

Trangltlon
Temp,
“G) Hont of

Poly- to Solution, Al Afaga Ay
niarph fFarm A Kl /mola cal/mola” o asu”

A 918 e

B an hA -4 —-18 =17

5 ) 172 —46h w1 —14

4 Caleutnled for the eonversion to Palymorph A

proximations of the solubility of the varicus forms, There-
fore, obtaining datn al several fomporatures would enbio
ane to caloulate the thermodynamie quantities involved in
the transition from the metastable Lo the stable form. A
plot of the aolubility data as a function of temperniure ino
typicol van't Hoff fashion s shown in Mg 75-15 The
atraight-line relationship enables one Lo caleulate the heats
of solution Tor the various forms and also, by extrapolation,
1o approximate the transition lemperatures for tho various
forms. These vafues are shown in Table T.%

Al constont tempersture and pressure, the frav-onergy
diffarences betwaen the polymorphs eun be ealeulated hy

(. Palymorph A
AR, = R I s
N * Polymorph B

()

This equation relates the solubility, C,, of the polymorphic
forms al o particular tempetature, T, to the (roo energy
differences, AG,. Table I plgo containg the free-enorgy dif-
ferences caleulated for the polymorphs,  The enthalpy
changes alao can be determined for the varlous Lransitions
Ty subtracting the heat of solution derived for the stable
Form from that of the moetastable form,  Also, ai any parlicu-
Jar tempaerature, 7' the exiropy for the trunsition of poly-

morphs can be evaluatad hy tho following relationship
2, = Ao A%

. T

The values computod lor the transitions nlse sre included in
Pable . Al the transition temperatare, AG, is oqual to zero
and the entropy can be caleulsted, neglecting the freevener-
Ky term in Tig 6.

Tha thermadynamie relationships discussed arve bosed on
the assumption that Henry's Law is oboyed. Knowledge of
these thermodynamic relationships enabloa the prefonnula-
tor to select more rotionally the more energetic polymorphic
form of the drag being investigated for further pharmacoloy-
jeal studies and also to have a preliminary asseasment, of its
probable stability.

When a proformuiption group insdequalely investigates

{6)

PREFORMULATION 1443

polymorphic drug forms, probloms may develop during the
development. stage.  Crystal growth in suspensions resulting
in poor uniformily, poor appesrance, poor hioavailalility,
transformation oceurring during milling or granulation re-
gulting in changes in the physieal and biological charscterds.
tic, tnadogquate pharmacologieal response and poor chemis
el stability are typical problems thal imay hecome evident,

Solubility

In dealing with now drug substances, it is extremely in-
portant (o know something about ther solubility character-
istics, ecapecially i aguecus systems sinee they must possess
some limited agueous solubility Lo clicit # therapoutic re-
sponse. When a drug substancn has an agueous solubilily
loss than | mg/ml. in the physiologle pH range (1-4], n
polential bioavailability problem may oxist and preformula-
tion studies should be initiated Lo alleviate the problem,
Rouilibrium selubility of the drug substance showld be dip-
termined in g solvent or solvent system which does not have
any Loxic effects on the test animal. This ia done by placing
an excess of drag in a vial with the solvent.  The vial is
apitated at constant temperature and the amount of drig
determined periodically by analyais of the suparnatant fluid,
Bguilibrium s not achieved until al leasd two successive
samples have the same resuli.  Experience with solubility
determinations would indicale that equilibrivmn s vaaally
attained by mpitating overnight (approximately 24 hours).
Sotubility determinations can be conducted at severnl tam-
peratures since the repultand drug products ultimately will
be subjected to a wide variation in temperature.

Tf the solubility of the drug substance ig less than the
vequired concentration necessary fox the recommended
dloge, steps musl be taken {o improve its solubility.  The
approsch taken usually will depond on the chemical nature
of the drug substanes and the type of drug product. desired,
1f the drog substanee is acidic or basie, its solubility can he
influenced by piH, Through the application of the Law of
Mass Action, the solubility of weakly acidic and hasic drug
substanees can be predicted as o function of pH with a
eonsiderable degree of sceurncy, using the following equn-
Lions for the weakly acidic and hasie drugs.

Weak Acid Weak Base
-y Kﬂ e ]”‘l Iy
Ba K AL+ ITI*] SmK |1+ Y ) (7

There are many drug subatances for which pH adjustment.
does not provide an appropriate means for elfecting solu-
tion., Very weakly acidic or boasic drugs may require a pHl
that could fall outside the accepted tolerable physiokogicul
range or may cause slability problems with formulation in-
gradients, Tor example, an experimental indole had an
eqquilibiium sedability ol pH 1.2 of approximately 50 myg/ml.
However, when the pH of this system was increased to ap-
proximately 2.0, the solubilily decronsed to less than 0.1
mg/mls. I coses like this one, or with nonelectrolytes, it is
necessnry 1o use some othor means of achieving better solu-
Dility.

Somolvant systoms have been used guite effectively Lo
achiove solubifity for poorly soluble drug substances under
investigation. Propylene glyeol, glycerin, sorbitol and poly-
ethylene glycols have enjoyed n wide range of succesy in this
ares. They have been very useful and generally aceeplable
for ineproving solubility.  Additional solvants such as glyeer-
yl formal, plycofurel, ethyl carbonate, ethyl lactate and di-
mothylacetamide have been eited in 4 roview a ridelo by Spie-
gel and Noseworthy,? however, it must be emphasived (hat
with the possible exception of dimethylacetamide all of
theae solvonts have not been used in oral products and their
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1444 CHAPTER 75

aceeptability may be doubtful. The number of vehicles
readily available o hnprove solubility is rather limited, yet
the frequency of their use is rather high,  Solubilizing u new
drug substance can improve its availahility.  For example,
when a trigsineindole was administered ina 0.02% solulion it,
showed an equivalent response in antiviral aetivity to & 2.5%
suspension, Information generated early in the preformala-
tion stage con resuld, in o refinoment of the dosage rogimen
and allow for o more accurate cetimation of the effective
doe.

Cosolvents usually serve i twofald purpose in nuany phar
maceuticn] liguid products. They nol only elfect solution of
the drug substance but slso improve the solubility of flavor-
ing constituents addad to the product. Tidenily, in determin-
ing the appropriate ralio of cosolventy ta achieve the concen-
tration one must achiove, it is recommended to effect solu-
tion at tho concentration desived and thon place the solution
at 5° and aliow it te equilibrate. 10 precipitation occurs
under these conditions, it piny be necossary o alter the
cosnlvent tatio,

The use of surfactants of variols types-—-nenionic, cation-
je or anfonic--as solubilising mgents for medicinal sub-
stanees is wideapread (gee Chapler 18 for illustrations of
apecific uses), The effect of Triton WR-1359 in solubilizing
severnl steroids is shown in Fig 76167 The elfect of an
anionic, a cationie and a nonionic surfactant on the solubili-
ty of an antianginal compound heing considered for ¢linical
trials s gshown in Fig 76-17. Prom such dato inveatigators
may he guided in the selection of solubilizing agents for use
in prepoeations Lo be stadied in humans, but it must be
emphasized that the aceeptability of & particular solubilie-
ing agent depends also on other factors that determine its
suitalility for the intended use, For examply, surfactants
are known Lo interact with some preservatives and thorehy
decrense proservative action, for which reasen the preformu-
lator should always recommend some Lype of biological test
to demonslrate that the activity of the drug substance being
gtudied i not reduced when it is solubilized by a surfactant.

Complexation phenomena sometimes con be used o im-
part better solubility charncteristion.  However, the degree
of ausociation and the extent to which solubility can b
inereased generally s nol adequate for use in plinemaceuti-
enl products,  In addition, muny complexing agents have
phwaiological netivity. The mast noleworthy example of the

3.4 [ 1

).

= Prodiisakens

2.0

Aanzrenl SeigDiiy of Sternid | mgrmlh
-
=

Concontiabtion o Trian Wil-1438 (% wiv)

Flg 76-10.  The oftact of varying concentrations of Triton WR-1328
tn witer on the sotubiiity of sBome anllinllarunatory sierelds.”
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Flg 76:17.  Effect of surfactant conceniration on the solubility of
SKEF 33134-A,

utility of complexation to enhanee solubility i the IPV].
iodine complex. Mydrotropy sonetimes enn be used Lo ene
hance solubility, High conconizations of uvea, salicylnles
and xanthines have been used suceossfully on several ocea-
giong,  Apain, the concept s available but the increase in
solubility normally observed is not adequate for use in phar-
maceutical products,

Salt Formation

Salt-forming agents often are chosen empirically by the
pharmaceutical chemist primartly on the basis of the cost of
raw materials, case of vecrystaliisalion and percentoge yield,
Unfortunately, there is no reliable way of predicting the
influence of a particular salt species on the hehnvior of the
parent compound in desage forms,  Farthermore, even
when many salts of the basic compound have been propared,
there are no effective sereening tochnigues which make the
selection process of the saltan ensder taslt Gor the pharmaeist,
The fundamental considerations which may have some in-
fluence oi: salt selection are physicad and chemical stability,
hygrascopleity, flowability and solubility,

The number of sall forms available to the chemist is targe.
Tuble 11 lists the cations and anions present in FDA-ap-
proved commercially moarketed ealls of pharmaceutical
agents®  The monoprotie hydvechlorides have heen the
maogt frequent choice of the available amonic salt-forming
radienls, while sodium bas heen the most prodominant cat-
fon, During preformulation evaluation it ls extremely im-
portant to establish thal the particular aalt form in question
will have properties that will resuli in & minimum of prob-
lems during the development of the dosage forms, Since
toxicity studies usually are initnted soon after a compound
has been designated for farther studiss in man, i s impor-
tant thal the salt form selected has boon given a eritical
evalualion to delermine whether or not ity propertios nre
suitable,

Since physical and chemical stability are vital to nny phar-
maceutical produet, it is imporative that the preformulator
evaluale both purumeters. A systematic delermination of
the thermal atability, solution stability (at several pH's) and
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Tabie i-——FDA-Approved Gammercially Markotod Sale

Anlan Porcnt™ Anion et

Acetate La6 lodide 207
Benzonesulfonute 05 Isethionate .48
Banzants 051 Lawiale 0945
Bienlonale ol Lacloliogute 0.13
Bitarteala a6 Maluts 0.3
Bromicn 405 Malento HEAH]
Caleium edolaie 0256 Mandelte £33
Canwylnieh 0% Moesylnie 240
Crbonate 008 Mothylbhromide 0,74
Chloricls 4% Maethylnitente 038
Citrale 303 Mothylsultate 0,88
Dihydrochloride 051 Muenie .13
Edetate 005 Napuylate 0240
Edinylnie 038 Nitrato .64
Fadodnto! 003 Pamante (imbennte) 101
Baylater .18 Pantothennte (425
Fumarale 145 Phosphate/diphosphate HA L
Cluceptatel 08 Polypalacterennde (13
Clueannte a5l Salieylae (.14
(Hhutamate 088 Stonrate [t
Gilyeoltylnrranilute 018 Subaoeetiale 18411
Hexylrosorcinate 013 Buceinale L35
Hydrabamingh 0.40  Hulfate A6
Hydrahromite 1a0 Taniate (0
Hydrochloridu 4208 Tarieats Ad
Hydroxynaphthoate 0k Teoclale! Q.13
Priolhiouicde 013
Cotlan Porcont” Catlon Porcent”
Chrpennnies MeAnllicn
Benzathing” 0.036 Ahmmiim (.46
Chloropracaine LUER) Caleium 1(h49
Choline 1,353 Lithium 1.4534
Tiethnnolarmine 048 Magnesium 1.31
Bthyienadimmine s Potassivm 1112
Meglumine! 220 Sodium G117
Procuine 0.66 Yine 2,495

e i Dasnd on total nedor of anjonie o eolisnde salls Do use Uinooagh
rrd, FCumphorsulfonane. 52 Bthanedisulomate, ¥ Laaryl sallnte © lich
winslfamie,  Chaeaheptonpte, ¢ Clyeollnmidophenylasanate, & NN
DitedehystronbiciyBetlylenodinmine, Z-Flydroxyethanesallonate, /8
Chlorotheephydlinate, * NN Dibemeydet iy leaediaming, @ A Mol byiploene
mine.

light-sensitivity of the druy substance provides essential in-
pud townrd the selection of the most suilablo derivative.
Stadies usandly are itiated early o Klentily problems,
Samples of the sally in guestion usuntly are placed under
wraggornied comditions of henl and light in the presenes and
absencee of moisture and subzequently analyzed to deter-
mine the amount of brealkdown, In many ingtances stabil-
ily-indicoting anelyticat methods may not be avaikable, Tn
these cases it is necossary Lo resort to thin-layer chromatog-
raphy to establish 4 qualitative assessmaont of stahility, At
(1w aame Lime, samplos are placed undor highshumidity con-
ditions and weighed periodically o detormine the degree of
hygroscopicity of the compounds.  Compounds thal have a
tendency to adsorb or absorh moisturs may present flow-
ability prohlens during encapsalation.

Solubility characteriatics also are evalunted, When a par-
tieular anlt form Bas very good solubility (greater than 10%)
it sometimes is difficult Lo prepare a suttable gronulation
using an ngqueous pranulating fluid, espocintly Tor high doses.
Grranulations prepared by these methods will not dry salis-
{actorily or the granulation will not flow uniformly from the
hoppar, resulting in g large weight, variation during the com.-
pression stago. A evitieal evaluation of this type with differ-
ant salt forms has boen proven guite eifective i enabling the
proformulntor {o make the selestion of thy sall form of
choice for further development.,
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Compressihitity and Compactibility

Tablots remain & preforred dosage form, und information
oblained during preformulation studies on Lthe ability of
powdered drugs (o be compressed and compacted can be o
valuable aid (o formulators. Gompressibility and sompacti-
bility relade directly to tableting porformance.  Compress-
ibitity cun be delined ns the nhim.y of n powdor Lo decrense in
volutie unider pressure, while compaetibility enn be defined
sy the ability of & powder 1o be comprossed into o tnblet of a
gortain stromgth or hardness,  Even though powdered drags
ugunlly nre formulated with excipients to modify compres-
glon and compaction properties, the properties of the pow.
dered drag alone may be the primary determinant of ils
ahility 1o be manufneiured into a tublet, Significant differ-
anges It compression and compaction behavior eften enn he
obuorved in difforent fols of the same drug. For exnmple,
changres in orystallization or milling procedures may produce
differances in hehavior,

Compression and compaction most often are evaluated by
measuring the tensile strength and hordness of compnots,
Tensile strength corumonly is measured by digmelral com-
pression of round tablety, where e analysis of slrength
aceounts far the dimenaions of the tablet”  Transverse coin-
pression of square compacts belwesn platens narrower than
the compact is reported Lo provide more toproductile resulls
on a wider variety of powders,

Havdness can be delined as the vesindanee ol asolid to local
permunent deformation,  Deformation hardness tesds usu-
ally are measured by static impression or dynamic methods,
The static method invelves the fornmation of o permanent,
indentation on o solid surface by o pradusl and regularly
incrensing stress load,  Hardness is dotermined by the load
and sive of the indentntion and is vxpressesd s force per unil
area.  In dynamic Gsta, Lhe solid surfoee iz exposed to an
ahrupt impact such as a swinging pendulum or an indenter
allowed to Ml under gravity onto the surface,  Horduess
then s determined from the rebound height of the peudu-
tum or the volume of the resulting indentation,

Hieatand has used adaptotions of o compression Lesland n
hardness test 1o obtoain measurements Wint are daed 1o Toe
mulnte three dimensionless parameters o indices® The
indices are used o charneterize the velative fableting por-
formance of individual components or mixtures.  The
Sirain Index s the patie of dynumic indentabion hordioss to
reduced Young's moduluy,  The Honding Index ia the mtio
of tensile sirength to indentation hardngss.  'Tha Hreitele
Fracture Index s obtained by comparing the Gensile
strenglhs of sguare compaets willy and without a hole at
their conter, The indicos themselves do not measure min-
gie properiios of o chemicnl compound, but rather the teaits
that influence the tableling performance of a specific lof of
chamical, 1L is necassiry to know the magnitude af all three
indices to predict the variety of (ahleling properties Lhat
may be incurred.  Such inforimtion can act as o gulde in
gelecting excipionts (o overcome problem properties of a
drug ingredient,

Chemical Properties

The evaluation of the physienl and chemical stabality of a
new drug subatance is an important funelion of the prefor
mulation group. The inital work should be desipned Lo
identify those factors that may resuil in an atteration of the
drug substance under stwdy, The physieal pharmacist ini-
tially can anticipate the possible wype of breakdown that a
campound will be subjeeted 1o by examination of the chemi-
eal steneture af the compound,  For example, esters and
amides are sensitive to hydrolytic degradation while acri-
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danos and catecholamines are sensitive to oxidative depra-
dation, Wilh this preliminary knowledye one may more
effactively design studies Lo identify the problems early. Al
this paint the primary concern is nol the pathway or mecha-
nism of degradation. A stability-indicating mathod of anal-
yais usually is not available early in the preformulation
phase. Techniques such as thin-layor chromatography, dit-
fuse reflactance and thermal analysis ean be used to provide
durla Lo asacss preliminary siability, Sometimos, tha prelim-
tnary evaluation is ecomphicatod by the presence of impuri.
ties. T is cssontinl that the drog under study be pure before
any stability teats are undertaken, The prasonce of impuri-
ties can laad Lo orroneous conclusions in the preformulation
eviluation.

Drug Substance Btability-—I is extremely important to
determine the stability of the bulk chemical as varly s
posgible, One hardly would expeet to prepare stablo dosago
forms with o chemisal substance thut was nat atable in the
pure state, Samples of the cheimical are subjocted uually to
various conditions of light, heat and moisture in the pres-
ence and absence of oxygen, "Fhe chemienl i placed in
apaled vinlg with and without meisture and stored at various
elovated temperatures which may vary to some degree from
laboratory to laboratory, Light-sensitivity s megsurad by
sxposing the surface of the compound to tight.  Sunlimps
are sometimes uked Lo exageerate light conditions,  Hygro-
neopleity i evalunted by placing the chemionl in open pebri
dighes at. relative humidities Prom 30 Lo 100%.  The sumples
are monitored regularly for physieal changes, moisture pick-
up and chemical degradation,

Most drug substances gro cither stable at all conditiong,
stable under special conditions of handling, unstable with
apecial handling or completely unatable. When drug sub-
atances are found to have some stability problems, it may be
important to defive the pathway of degradation and initiate
staudies to stabilize the compound with appropriste addi-
Lives.

At this point, il may be advisable to conaider some of the
more prominent, reactions accounting for instability of new
drug substances.  Obviously, seme compounds will not un-
derge miy nppreciable decomposition if kept dry and away
[rom air in o senled container. 1 must always be apsumod
that the new dreug substanee is in some kind of formulation
cnviromment that may toad to instability problems.

Hydrolytic Degradation..Hydvalysin in probably the
degradativa process encountered most [requently in the for-
mulation of new drugs, Ttis sale 10 sssume that most new
drugs will be exposed Lo waler at some stoge during procoss-
ing or during storage: hence, hydrolysis may oceur upless the
conditions are optimum.  Hydrolysis oceurs with esters, nme
ides, salts of weak acids and strong bases and thioesters,
among others, A fow drug compounds that undergo hydro-
Iytie degradation are procaine, penieilling sspirin and chlo-
rothinzide,

From a kingtic stundpoint, hydrolysia reactions are soa-
and.order reactions because the rate is proportional fo the
concentration of two renctonts, However, in aquects solu-
tions, sineo water is usaally present in exeess and al relative:
ly constant concentiration, the reactions are treated experi-
mantally as monemolecular or first-order reactions,  This
gimplifieation parmits caloulations of the extent of decom-
position under pracise experimental conditions by less-com-
plicated means, Bxtrapolation of the exaggoroted ratos 0
room temperatire makes il pousible Lo eatablish more expe-
ditiously shell:life stability of potential now drug products,

Tho rate of hydrolysia ean be affected by temperature and
by hydrogen or Iydroxyl jon concentration when the hydra-
ytic process is dependent on pld, Fig 75- 18 shows Lha paeu-
do-first-order beliavior as a funetion of pH for earhuteral in
aquecus solution at constant ionic strongth ot 86°, 'The

PplE3.0.4.050.
.. bE.6.0.6.5
o . e,
& - pH B.0
] M 9 36
o A0 pH 10.2%
G A0 4 P 13.0
]
J‘f' o]
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*
o I 1 ! 4 L !
100 200 300 400 BOG 60O
Timo{minutes)
Flg 75-18. Effoct of pH on carhutero! deqgradstion at 85° (i = 0.6),
tx1073 o]
R
£ -
i B
101079 =
in10"3 : :
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1/Tx 103
Fig 76-19.  Typical Arrhentus-type plot dapleting the temperature

dependahcy of carbularel hydrotyaia af pH 4.0 and 10.0.

cffect. of temperature is illustrated in FPig 75-19 for carbu-
terel ut pH 4.0 and 10.0 respectively,'! For solids, the
ameunt, of moisture present is minimal. Whaen considering
a drug substance that undergoes bydrolytie degradation,
studios ave desipned to establish the conditions of pIl nnd
buffer concentration where minimum decomposition eeaurs.
There sometimes is a wide range of pH adjustment that o
drug substance can lolernte. For example, idoxuridine way
shawn {0 have maximun stability over a pH range from 2.0
to 6.0, Hig 75-20 shows the pH-stability profile.’  Another
drug substance, carbutere], hydrolyzed by on intramolecular
process showed maximum stability over a wide M range.
Tvon though these compounds exhibited a wide range of pH
for optimum stability in nqueous solution, they could not be
formuiated and provide produets with satislaclory shelf
lives wilhoul special cosolvent systerms and/or special stor.
age conditions, Cefarolin was shown to have a narrow pH
range for maximum stability us indicated in Fig 756-21.18
Buffering agueons selutions to provide a pH for optimum
stobility cun Jend to stabitity probloms. Stahility sometimes
ju affected by bulfer concentration; for example, earbulerol
gtability was shown Lo be aflscted by phoapliate buffer con-
centration.

Another manner in which the physical pharmacist can
overcome an instability due to hydrolysis is fo recommend
the preparation of an insoluble salt form ar Lo prepare a solid
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Fig 70-21. pH-Aote profile of cefuzolln degradation in agueous

solution at 609 (u r 0.8). Solid Ine: thaoratical profile; clrélas:
axparimantal profile; squares:  rates uncorrected for buffer aftect.

demsage form,  Insolublo ehlorollingide s stable in neutral
aqueous suspensions, but solutions of Lhe sodium salt al
relatively high pH docompose rapidly,  Fraequently, the re.
placement of water by some othor solvent, such as alechol or
the polyhydroxy solvents, reduces the hydrolylic rate of
degradation for some systems.  Acetylsalievlic acid auspen-
gions containing high concentrations of sorbitol improved
stability,  Ampicillin aleo was shown to be more stable when
the concentration of aleohol was increased. The formation
of molecular complexes with aromalic esters greatly reduces
the hydrolytic rafs of degradation.

It alse has beon shown that stabilily of some compounds
muy vary depending on whether or nol they exist in the
micellar or nonmicellsr state. For example, a difference in
the chemien] stability of penicillin exista in the micellar state
from that in the monomeric state.

Oxidation-—Oxidative degradotion is s important as hy-
drodysis i the praliminary stability evatuation of new-drug
sultanees,  Sludios should be initiated o establish the
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oxidative roule, then steps should be tnken (o determineg
what additives can mivimize the degradation. Oxidative
degradation is common with many drag compounds, Ascor-
hic acid, epinephrine, vitamin A, chlorpromazine, isoproter-
enol, morphine, resorcinel and unsaturatod futs and oils are
sulject to oxidative dogradation, ‘The oxidation repetion
depends on several factors, ineluding temperatace, oxygen
concentration in the Hguid, impurities present and the con-
centration of the oxidizable component, The tenperature
effect in wolutiona is usually minimal; bowever, in the dry
state it is more pronounced sinee other factors such ns mois-
ture dictate its stability behavior.

Tnidiatly, i is important to establish that oxidation is tak-
ing place.  Solulions of the dray substance in question are
axposed Lo various exaggecated conditions of Tight and oxy-
goen {ension in amber and {lini-glass containers. Samples
ara analyzed (or dogradation, Whoen it has been established
that, the oxidative route is the principal pathway for degra-
dation, appropriate additives ure used to determine what
effect, thay might have on 1he stabitity.  Semetimes pH is
eritical, since a great number of oxidation.reduction pro-
cosnes depend on the concentration of hydrogen or hydroxyl
jons, Light vsually oceelerates degradation, thus the slor-
age of products in dark containers doeos muach to preserve
siahility. Photochemical changes many limes pvolve the
formation of other reactive compounds or free radicals
whieh funetion to propagate the decomposition, onee slart-
wd, Aute-oxidatien may occur in the absence of light when
auscoplible imnterials, such as {ats and ails, nro stored in the
prasance of air. The auto-oxidation of phenclic compounds
18 of apecial significance since compomds such g epineph-
rine and isoprotorenol degrade in this manner,  1enyy nmetal
fonm, e, cupric ond ferric, actelerate Whe oxidation of aeor-
bic ucid and the phenothinsines,  Froguonidy, only trace
guantitics of these fons, occurring o impurities, may be
aufficient to cause an increased rode of decomposition. This
can he a consistent prablem singe many of the so-anlled inert.
ingredients may have heavy metal contsminants,

The oxygen concentration in golution ix a factor in many
eases and often depends upaon tho temporature of storage or
Uhe solvent employed.  Oxygen is more soluble in water al
lower lemperatares 5o that oxygon-dependent reactions ean
sometimaes procead more rapidly at the lower temperaturas,
Ascorbie neid is more stable in 90% propylene glyeol or in
Syrup S than in waler, presumably because of the lower
oxygen concen{ration in these vehicles, Oxidative degrada-
tion iy an axtromely complox process sines the overall rate is
dependent apon several fnctors. Preparations senuitive 1o
oxidation are sometimes stabilized by effectively removing
Lha gaygen and by the addition of suitnble ndditives, Nitro-
gon fushing has boen used successfully for this purpose. A
wide variety of reducing agends and compounda b seguester
matals and inhibil ehain reactions has been employed for
atabilization, bul relalively fow are accaplalilo for parenteral
products, Often, il ia necessary (o combine ingredients and
adjust pH o maximize stability.  Detailed kinetie atudies
have baen reported Tor the oxidative decomposition of pred-
nisulone,

The physical pharmacist has & difficult tngk with oxida-
tive degradation. Initislly, siporiments must be dosigned
that. will encompass many variables, Preparing samples at
saveral concentrations containinyg antioxidants plus soqlies-
tering agents atsevernl pH levels and placing them in Nint or
amber containers with and without nitropon {8 a comnen
procedure, The subsequent evaluation of these Himited data
is oritical,  Light-sensitivity studies with several {ormulas
tions of prochlorperszine rosulted in the selection of u stalle
formula. In a study with idoxuridine it woas shown What
placing the squeous solution in an amber container was
gullicient to protect the product from oxidative degradation,



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


1448 CHAPTER 7&

Drug Substance-Txcipient. InteractionDrag sub-
stanee-exaipient gtudies are desipned (o determine a list of
excipionts that con be wsed roufinely in the final dosape
forms.  Lactose, suerese, enlehum sulfate, dienleium phos-
phale, stareh and magnasium stearate are svme of the nab-
slanees routinely tested in scombinations,  Some basic obser-
vations with the drug subslance and/or its salt form soma-
times cun dictale whal uxaipients can bo vsed, For example,
one would nol consicer uaing sueroso or lactose if the druy
substance being considered is o primary amine, This ys-
tem hag the polential Tor internction Lo form w colored corm-
pound readily detected by a color change.

Various means have been wsed for detecting polential
interactions and incompatibilities,  Diffuse rellectance
technigues have boon used to dotoct interactions, 'This has
heen done by comparisg the speetrs obtained initially with
thoae obtained after storage ot exaggerated conditions. A
ghift in absorption has been intorpreted as an nleraction.
Thin-layer chromatography alio has heen uged, When ex.
cipients ure present it s usually advisable to set a mixture of
the excipionts at the same conditions as the exciplend-drug
mixtures.  Thie will give a comparison of the chromilo-
grarms of both systems, 11 any new degradation products are
present, the source may be dotermined more easily.

Mixtures containing at least two levels of druy coneentra-
Lisns with excipients are sealed in vials containing i% water,
"These vials are stored under exaggerated conditions of light
and heat for various tine perieds.  The resultant smnples
are cheerved physicnlly and onalysed by an appropriate
technique Lo gol o qualitative determinution. At ihis poing
in the stability evaluation, which is a preliminary acreening
process, it i nob necessary Lo know exactly how much has
degmdﬂd, 1 s an all-oraxome effect. The search is for the
excipients that have no effect on the stability of the nctive
ingrediant.

Whaen solution interactions are boiny investigaied and no
incompatibilitics ave evident, it is wise to rocommend an in
piro experiment to evaluate avatlability,  On ocension, inter-
action may oceur in solution thal iy not detectable with
routine procedures,  For example, clindamyein was found to
internct with cyclamates, which interfere with the absorp-
tion of the drug.

Other Changes—Optically active substances may lose
their optical activity; og, through racemization. I the entio-
morphic compounds possess different degrees of physiologic
action, such changes may result in reduced therapeutic of -
feels, lipinephirine has been shown Lo undergo racemization
under varions acidic and basic condilions.  Although the
putential for this to become evident during a preformulation
avaluntion s rare, one should wlways he aware of this possi-
bilily. Polymerization is also a remote possibility, Darken-
ing of glucese solution is attributed to palymerization of the
breakdown product, H-(iydrogyraethyl)furfural,  Tsomer-
ization, which in the process involving the change of one
gtructure into anolther baving the spme empirical Tormula
bt with diffarend propertios in one or more respects, also
can oeeur; apnin, the oceurrence s vore. Deamination and
decarhoxylation can oceur someotimes.  This type of change
wauld he dotected easily sinco Lthe resaluant degradation
products would have complelely different properties,

Permeability

A prefarmulation evaluation should include stodies Lo os-
sess Lthe passage of drug molecules across biological mom-
branes. These membranes act sy lipid barviers Lo most
drugs and permit the absorplion of lipid-soluble substances
by possive diffusion.  Lipid-insoluble substances can cross
the barrier only with considerable difficulty. The pIl-parti-

tion theory explains the interrelationship of the dissociation
constant, lipid solubility, pH at the absorption site and the
abgorption characteristics of druys across membroanes. The
theory hos evolved following a sories of lnvestigations in
lahoratery animals and man and ig the bagis of much of the
current understnanding of absorption of drugs.

Data ebtained from boasio physical-chemical sludien de-
serihed earlior may give the preformulation scientist an indi-
cation of possible absorption difficulties,  Fxperimental
fechpigques are availoble thal can he used lo give n more
acedrnle naseasment of absorption problems.  An in vitro
syatemn Chai hes been used extensively consists of an agueous/
arganic solvent/nquecus system which hag the advantage of
heing simple, allows for sccurste pH control, membrane
{hickness and other variables, I can be desceribed maothe-
matically in precise torms,  However, tha iterpretation and
correlation of data are limited when applied Lo Biologic sys-
Lers,

Another (n vitro procecdure, the everted sac technique, is a
simple snd reproducible methad for dolernnining the ab-
sorplion characteristics of drags, Taelated sogmonty of rat
wimall intestines are everted and filled with 4 solution of the
drug being evaluated, and the passage of drug through the
membrane i« determined,  This technique has heen used {o
imenaure the permeability of a number of drug substances, '
It nlso can cvaluate both pussive and active transport of
drugs. The fact that the preparation has been removed
from the animal apd Hs normal bleod supply is a distinet
disndvantoge.

The in sty technigue developed by Doluisio, et al,' for
the study of membrane permealility appears to overcome
the disadvantages of the evorted sne technique. Since the
intestine s not removed (rom its blood supply, the results
wonld be expecied Lo be similar to those obiained in intact
animals. A disadvantage of the technigue {s that the proce-
dure does nol, necount for the loss of fluid from the solution
by abserplion in the intestine. Nonabsorbable markers,
such as phenol red, can be added Lo the drug solution tosolve
this prohlem.

T'he teehnigues deseribed can give the preformulation seis
antist an indication of possible absorption problems or sug-
ost that little or no difficulty will be ohacrved in the possage
of a particular drug produc! through the biological mem-
branes, This information, along with cventoal studies in
i, gerves 1o establish possille (o vitro/in vivo correlation
for dissolution and lioavailability, These data are impor-
tant in establishing guality-control specifications for the
products which will ensure consistent biological perform-
ance from subsequent, lels

Proteins and Peptides

Proteing and peplides produced by the commercialization
of Wetechnology are presenting preformulation scientista
with new challonges. 1o general, protein and poptide drugs
arc more expensive o protduce, more potent and more difti.
cult Lo analyse than nonprotein and nenpeptide drugs,
They frequently are formulated as parentorals instend of
oral dosage forme beeause they are unable Lo ho abaorhed
from the GI tract, unstable in GI fiuids or subject Lo rapid
{irat-pass metabolism.  Degradation of proteins and pep-
tides oceurs not only by covalent hond renction bul also by
denstaration. The prediction of sholl-lifo by the Arrhentus
equation s wsually not applicablo.

Degradation by reaction of the covalent bond can be char-
soterized by the following major veactions: hydrolysis,
tranapeptidation, racemization, exidation, diketopiporazing
formation, disulfide axchange and phetodecomposition.
Hydrolysis can ocewr at the peplide linkage (R-NH-CO-R),
but it is more stable than the ester linkage (R-0-CO-R)

PFIZER, INC. v. NOVO NORDISK A/S - IPR2020-01252, Ex. 1013, p. 293 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


unloss clenvage 1% assisted by o neighboring group. Hence,
peplides such as oxytocin md coplopri] are stable enough
for liquid px,\rc,m,umi formulations,  Transpeptidation e
curs when amine seid vesidues cye i:m hack mito the peptide
chain ond the eyelic imermediale undergoes hydrolysiz,
Racemizalion ean oceur in actdic or alkaline medium, and i
proline er glyeine veeor in the Noderminal position, diletopi-
perazine formation is facilitated.  Cysteine, methionine and
tryptophan are suseaplible to oxidation, and sineo disulfide
exchmyge jg concentration-dependont, oligomars e formed
fraquently ng o resull of the erention of disullide bonds
hetween peptide chaing,  Photodecomposition o Lryplo-
phan residues may lead to discoloration and photoproducts
ol inereased molecular weight.

Pregeradntion vin denaturation oceurs when the confornin-
tional strueture of o protein or peptide iz alteved,  Potential
factors that can denature a molecale inelude ionic strength,
surface-netive agents or pracessing conditions that sabject
the woleeule Lo shear or adsorption,  Tdentification of the
preferrad conformation, and mechanisme Ly whish it can he
altered, i eritienl in formulating the molecude as a stable
drog.  Mydrogen bonds el to stabilive conformational
structure and the presence of water promotes hydrogen
bonding. Hence, agents that disrupt the water-protein ins
teraction such as salts and molecules with jonic side chainn
ean promote conformmtional instability,

Beveral methods ean be used to study denaturation of
proteins, These include thermad analysis, determinntion of
eritieal micelle concentration, determination of cload - point,
light seattering and {luorescence spectrometry.  Thermn
analysls with s sesnning microcalorimeter is used o measure
enorgies of transition in solution and is useful for determin-
ing the effect of stabilizing excipients on proteins insolulion,
Measurement of the eritical micelle concentention alsg s
he used as a (ool to stady the ability of an excipient. 1o
gtabilize or disrupt the hydrophobic interactions which pro-
mote micellerization.  Clond-peint medsurements (Vhe ten-
porature, when cocled, at which a selution hecomaes tloudy)
alse have been sugpested a8 a tool to sbudy the effoets of
solvents or excipients on denaturation,  FTluorescence spec.
trometry can be used to measure thermal denaturation hy
using & fluerescent probe wlmtm fluorescence inereases whon
i protein is denstured.

Proteins and peptides can be stabilized innany ways,
usunlly empleying empivical, rather than theoretical, proce-
dures.  For purenteral formulations, excipients are added o
enhance stuhility, Serum albumin, Heelf arelatively stable
protein, is used commonly a5 o stabilizer far peptides ol
proteing, It may inhibit swrfoce adsorption and aet as o
aryoprotectant during lyophilization,  Amino acids, such ay
glutomic or aspartic acid, moy chelnte metnls sueh ax zine,
which may cause aggregation; bowever, moetal iong, suel as
ealeium, are cssentinl to the stabilily of certain anyluses and
pru[mgc\g. Phospholipide and fathy acids wlso are potenting
stabilizers. Hven though surfactants have a high denaturing
eifoct, they alse may inhibit the effeots of other denaturants.

Proteing, as opposed to nenprotein drugs, may find a di-
lute agqueous mediam unfavorable, Thevefore, one should
attempl fo create an environment. similar o the natural
habitat of the specific protein, This environment wonld be
rich in proteing and carbohydrates, low i oxygen and have o
hu,,rh degree of immobilized water.  However, as methodolo-
gies for studying denaturation and degradation become
more defined, the number of excipienis needed to stabilize a
furmulation ean be limited selovtively,

Farmulation Ingredients

Although preliminary sereening of commaonly used excipi-
anlyg with new-d]'un auzhs Laneay lias hecomae routing in pml'm'--
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mmalation sfudies, there ave opensions when probilems arise
heeasnige of the interagtion with addilives sueh as preserva-
Live, staly)ivers, dyes aid, i)(IMHIiJ]V Piavaors, A discumsion of
some problams thal have risen i in arder Lo male formula-
tors awnre Lhat they should be concerned alioul the potential
for interaction whenever anothor ingrodient, is added to a
formulation.

Prarorvitlivestach time n liguid or sesmisalid pharma-
ceutiend dosge Form i prepared, it is necessary 1o nclude 2
preservalivo in the formulation,  Such preservatives as sodi-
um benzonte, sorbic acid nnd Lo methyl and propyl estors of
- l)y(h(‘.xyh(-mmc' Acid (parabens) have hoon used i Lheke
systems for many yeurs, There have been seports that the
parabens have been inactivaigd when used in the presence of
various surface-active agents and vegetable pums, This Joss
of netivity might be due W the Tormation of complexes be-
tween the preservative and the sucfoctant. A dinlysia tech-
nigue has heen vged Lo demonstrate gn interaetion helween
polysorhate 80 and the parabens.  This observalion be-
vonnes eritionl i the leved of praservitive added s borderline
with raspecl Lo the preservalive-nelivity thresheld,  The
tesired preservative effect may vol be achioved unless an
exeasy of the preservative ix added Lo compensate for that
which is comploxed, T akso has been shown that moleeular
complexes form when the parabens are mixed with polyeth-
yiene glycal, methyleelluloue, polyvinylpyrrolidone or pela-
tin, "The depree of binding was less Chan that ulserved with
polysurtute 80, Sorbic acid nlsa interacts with polysorbates
but dows not, interaet with polyethylene glyeols. The qua-
termary ammoniwn compounds alko are hound by polysor-
hate B0 1o redoce their preservative activity.  Boneyl aleobol
wike wan shown: Lo be adsorbed by corlain Lypes of rabber
stopper. Subsequent. work hus shown that, buty] rabber
does net internct with bonzyl aleohal.

Antloxidasis--During the preformulation evaluation of
compounds that ave sensitive Lo oxidation often it is com.
monplace to test several levels of antioxidant concentrations
added to aguesus syslems in order o delerming the rolative
effoctivensss of the antioxidonts,  Sodium bisulfito and
ancorhie weid are two anbioxidants that. ave ased widely in
pharmaceutionl gystoma, Sodiwm bisulfite yviclds o colorleas
water-solulle salt, when it is oxidized. It will add to doulle
Londs, resct with aldehydes and certain kelones and cons
tribules in bsullite cleavape renctions.  Many of the reac-
tions with bisullile are irreversible, and the resulling
suifonie acids freguently are biologically inactive.  Bpineph-
vine has boan shown Go interact with blsulfite to form a
hivulfite ndddition procduct.  Other sympathkomimetic drugs,
prineipally the artho or para-hydroxybonay! aleohol deriv.
atives, also react with bsulfile in a similar manner, The
meta-hydraxy sleohol does not react. Sometimes these in-
teraclivns are reversible ns In Uhe case with the adrenovortis
costevoid molecules.

Ancorbic neid, on the obher hand, is les renotive, Howey.
er, when mixed with compounds having g primary unine
nueleus, there is the tondency lor inberaciion Lo form a high-
ly eolored Sehiff bnse, Cne must bo awere of this pessibility
when salecting n auitable antioxidant,

Buspending Agonts - Qoensionally, it will e necessary te
comsidar e uge of o suapending agent Lo prepare sog
prelimingry suspension proparations for stalility evaluation
prior o starting toxicity testing,  The physical pharmpcist
ahould be aware of the potentinl Tor (hese additives Lo react
with the diyg substanes belng evaluated.  Anionic water-
soluble compounds, such s sodinm carboxymethyleellulose,
rliginie neld, cavrageenin and other hydrocoliids, although
peneratly mm;:dc:(ad inort, Preguentdy interaet with dreig
compeunds in selution, Corboiyinethylesibulose aod earra-
reenin form complexes, or posaibly salts, with many mediei-
nal agents including procaine, chlorpramazine, benndryl,
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1460 CHARTER 75

guinine, chlorpheniramine, neomycin and kanamyein. in
gortie instanees the formation of the complex impurted bet-
ter stability 1o the system.  When this problem is suspoected,
il i imporlant (o condust approprinte tosts Lo insure that an
intarnetion does not take place in the aystem heing evaluat.
ud.
Dyes--Although preformulation tests wually are con
dueled long hofore any connidaration of coloring U intend-
ed dosnge Torms, they sheuld oot be overlooked,  Dyes are
chemienl in nature and contain reactive wites capable of
cauming incompatibilities,  Soveral studies have demon-
atrated that certificd dyes do reeet with drug substances.
Sugars, such as dextrose, lnctose and sucrose, were found 1o
incronse the rate of fading of FD&U Blue #2. Insoluble
complexes also were formed when quaternary ammoniuin
compounds were formulated with FD&C Blue 1.

Summary

The proformulation evaluation of new-drug subslaneos
haw become an integral part of the development process. A
thorough understanding of the physical-chemical propertion
of the new-drug substance under sludy provides the devel-
opment pharmacist with dota that are sssential in designing
stable and efficacious desage forms, Many of the problems
diseussed and the solutions offered in this chapter resulled
from application of scientilic training of present-day phar-
macoutical seientiste,  Thaoiv diverse skills, creative apti-

tudes and initiative provide the pharimaceutical industry
with the essenlial ingredients to develop drug products that
help maintain the healthwcare process sl its highest lovel of
excellence,
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CHAPTER 76

Bioavailability and Bicequivalency

Testing

Anthony R DiSanto, PhD

Vice President, Brug Dellvery Research and Development
The Upjohn Campany
Kalamazoo, M| 49001

Pharmacy is a profession that requires the use of a number
of scientific disciplines as well as the individual professional
experience of its practitioners, Compounding of medica-
tions has become a small part of the pharmacist’s practice,
now replaced largely by his major role and responsibility for
safeguarding drug-product qualily through proper seleetion
of multisource drug products. One need not become em-
hroiled in the controversy of brand-name vs generic prod-
ucts, for this is not the issue. The problem is one of dis-
criminate selection of a drug product available from differ-
ent manufacturers-—often of substitution of one product for
another, whether it involves a brand-Lo-generic, generic-to-
hrand or generic-to-generic change.

for the pharmacist Lo accepl such responsibility, he must
he reasonably knowledgeable in biopharmaceutics, with par-
licutar emphasis on drug bioavailability and bicequivalence.
Variable clinical response Lo the same dosage form of a drug
product supplied by two or more drug manufacturers is well-
recognized. In this chapter only bioavailability problems
will he discussed. Chemical equivalence, lot-to-lot unjfor-
mity of physicochemical characteristics and stability equiv-
alence are but a few of the other factors that are important,
as they too can alTect a patient's ultimate clinical response Lo
a drug.

One must not be led to a feeling of overconfidence in the
simplicity of product selection solely becanse the FDA pro-
mulgated bioavailability regulations. Yven for the limited
number of multisource drug products that reguire some type
of bioequivalence tesling, it should be recognized that the
testing is only on one lot of the produet. Similarly, where
only in vitro assessment is required, data provided are limit-
ed Lo one {o three lots. ‘There is a misconception that once a
product is marketed that the FDA continues to Lest each jot.
This is not the case as very few drug products are followed up
at the 'DA lahoratories. The question of continued assur-
ance of bicequivalence and chemical equivalence must,
therefore, be posed by the pharmacist. This is where the
challenge lies, and the pharmacist has to call on both his
technical training and experience to malke appropriate drug-
product selection decisions.

Bioavailability

In any discussion of bicavailability and bicequivaiency
tesling, it is perhaps best to start with the basic concepts and
factors that can affect the bicavailability of a drug and con-
sider how these can affect bicequivalency and the clinical
oulcome of drug treatment. At the outset, the terms used in
this chapter require careful definition since, as in any area,
some Lerms have been used in many different contexts by
different authors.

Bicavailability is an absolute term that indicates men-
surement of both the true rate and total amount {extent) of
drug that reaches the general circulation from an adminis-
tered dosage form.

Eguivalence is more a relative term that compares one
drug product with another or with a set of established stan-
dards. Tquivalence may be defined in several ways:

1. Chemical equivalence indicatos thal two or more dosuge forms
contain the labeled guantities {pus or minus specilied range Hnila) of
the drag.

2. Clinical equivalence ocewrs when the same drug from two or maore
dosape forms gives identical in vive effects as nyeasured by a phanaco-
logical response or by control o a symptom or discase.

3. PTherapeutic equivalence impiies that one structurally different
chemical can yield the same elinienl rosult as another chemical,

4, Bioequivalence indieates that o drug in two or more similar dosage
farms renches the general civcutation at the same relative rate and the
same relafive extent, ie, that the plasma {blood or serum) level profiles of
the drug obinined using the two dosage forms are, within reason, “super-
imposable.”

Dosage Forms—In the dose titration of any patient the
objective is, in conceptual terms, to attain and maintain a
blood level which exceeds the minimum effective level re-
guired for response, but which does not exceed the minimum
toxic (side-effect) level, This ie shown graphically in Iig 76-
1. There are three major absorption factors which can affect
the general shape of this blood-level curve and thus drug
response.

1. The dose of the drug administered, ic, the biood levels will rise and
fall in proportion to the dose administered.

2. ‘Phe same as the firat bt brought about by a different process, Is
the amount. of drug absorbed from a given dosage form. The elfect of
having onty one-half of the drug ahsorbed (rom a dosage form is equiva-
lent to lowering the dose {IFig 762}

3. The rate of absorption of the drug. ¥ absorption from the dosage
forn is more rapid than the rate of absorption which gave the profile in
iy 76-1, toxic (side-effect) levels can be exceeded. 1 rhsorption from
he dosage form is sufficiently stow, mininzum effective levels may never
e attained (Fig 76-3).

A combination of these st two faclors is atso possible (Fig 76-4) and is
peohably the mosé likely result in real life.

Tn any of these instances, the time course and extent ol
clinical response to the drug has been altered.

__ Minimum toxic level

_Minimum effective level

.
S v P OV
e
e
—

Flasma concentration

Time
Fig 76-1. Typlcal plasma-level curve of a drug with effective and
toxic (side-oftect} levels dofined.
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£ Minimum toxic level
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Fig 76-2. Effect of the extent of drug absorption from a dosage form
on drug-piasma levels and efficacy. The extent of absorption from
Dosage Form Bis 50% of that from Dosage Form A,

Minimum toxic level

Plasma concentration
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Fig 76-3. Effect of the rate of drug absarption from a dosage form on
the plasma-ievel protile and efficacy. The rates of absorption from
Dosage Forms Band C are %o and 10 times those from Dasage Form
A,
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Fig 76-4.  Computer simulation of the plasma-level curves for two

dosage forms of the same drug assuming that the rate and extent of
drug absorption for Dosage Form A were 50 % and 50 %, respective-
ly, of those for Dosage Form B,

Both factors, extent and rate of drug absorption, can be
affected by the dosage form in which the drug is contained.
The effect may be intentional, as in sustained-release medi-
cation, or unintentional, as brought about by a change in the
composition and/or method of manufacture of the dosage
form,

H is important to remember that in most dosage forms the
only ingredient regulated by law is the active drug. The
choice of the other materials (adjuvants) used to prepare a
satisfactory dosage form is up to the individual manufactur-
er. It is through these changes, in composition and manu-
facturing technique, that unintended changes in bhicavail-

Deagpragatinn

Disintegraiion
kLl ok

SKolid dosage form ———be—— Smalit particles

Granules

Diasulution
] al
LI drug

wf

Dixsslation Dissoluting,
deug

Prrug in selution

l Torug gbaerplion

Drug in blood

Fig 76-5. Sequence of events involved in the dissolution and ab-
sarption of a drug from a solid ora dosage form.

ahility and bioequivalency may occur. A description of the
formulation of dosage forms and the factors which must be
considered by the formulating pharmacist is given in Chap-
ter 75.

Dissolution Rate—For a drug to be absorbed, it must
first go into solution. In Fig 76-5, the steps in the dissolu-
tion and absorption of a tablet or capsule dosage form are
outlined. Similar profiles could be developed for any solid
or semiselid dosage form, ie, oral suspensions, parenteral
suspensions or suppositories. The theory and mechanices of
drug-dissolution rate are described in detail in Chapter 31.
Suffice it to say that the physical characteristics of the drug
and the composition of the tablet (dosage form) can have an
effect on the rates of disintegration, deaggregation and dis-
solution of the drug. As such, these can affect the rate of
absorption and resultant blood levels of the drug.

Properties of the Drug—The physical characteristics of
the drug which can alter bioavailability are discussed in
Chapters 35 and 75 and consist of: the polymorphic crystal
form, choice of the salt form, particle size, use'of the hydrat-
ed or anhydrous form, wettability and solubility of the drug,
Chapter 75 also discusses several other properties which can
affect drug-product quality adversely, Many of these fac-
tors should be discovered during the chemical testing of the
drug product prior to the sale of the dosage form and should
not, therefore, affect, unknowingly, the hioavailability of the
drug product.

Properties of the Dosage Form—The various compo-
nents of the solid or semisolid dosage form, other than the
octive ingredient, are discussed in Chapter 89, Only an
overview, for tablet dosage forms, will he given here. In
addition to the active ingredient, a tablet product usually
will contain:

Rindors are used to provide a free-flowing powder from the mix of
tablet ingredients so that the material will flow when used on a tablet
machine. The binder also provides a cohesiveness to the tablet. ’1‘9()
little binder will give flow problems and tablets which do not manstain
their integrity; too muel may affect adversely the release (dissolution
rate) of the drug from the tablet. )

Fillers are used 1o give the powder bulk so that an acceptable-size
tabiet is produced. Most commercial tablets weigh {rom 100 to 500 g
s0 it is obvious that for many potenl drugs the filler comprises a large
portion of the tablel. ‘Fhe binding of drug Lo the filler may oceur and
affect bioavailability. .

Disintogrants are used to cause the tablets o disiutegrate when
exposed to an agueous environment. Too much will produce tablets
which may disintegrate in the bottle due to almospheric moisture; too
little may be insufficient for disintegration to occur and way thus alier
the rate and extent of release of the drug from the dosage form.

Lubricants are used o enhance the flow of the powder to the tablet
machine and $o prevent sticking of the tablet in the die of the tablet
machine after the tablet is compressed. Lubricants are ugunlly hydro-
phobic materials such as stearic acid, mnagnesivm or caleium stearate.
Tao little tubricant will not permit sntisfactory tlublet.s Lo be ma_de; oo
much may produce a tablet with a water-impervious hy_drophgb:c coat,
which can inhibit the disintegration of the tablet and dissolution of the
drug. L X
The integrity of the manufncturex is not a true physical ingredient
of the tablet, but it can have on effect an the clinical performance of the
dosage form. Many of the probiems which arise here are related to, and
detectable hy, the physical and chemical quality controls the mvunufnc-
turer applies 1o his product (see Chapter 82). For exeluupvle, ww‘h fore-
dose potent drugs the determination that nll the active ingredient I8
present, on the average, in the dosage form must be complemented Dy
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the determination that each tablet contains the specified dose. It is
quite possille with potent drugs that the assay ol combined tablets {100
200 muy be within compendial limits while the drug contents of individ-
uat tablels may far exceed these limits in both pesitive and negadive
directions. Such variations in dose, and thus bicavailability, are detect-
able and controllalile by a chemical assay of the {ablets,  However, these
assays and other determinations may not elways he done by manufactur-
ars with low integrity. 'This defeet may be out of ignorance of the law or
intentional disregard for i, The existence of laws and federad regula-
tioms does not. menn that everyone, al any given point in tine, is comply-
ing will such lows and regulations.

Hicequivalency Testing

The awareness of the potential for clinical differences
hetween otherwise chemically equivalent drug products has
been brought aboul by a multiplicity of factors which in-
clude, among othexs, better methods for clinical efficacy
cvaluation, development of techniques Lo measure micro-
gram or nanogram quantities of drugs in biological fluids,
impravements in the technology of dosage-form fornmulation
and physical testing, awareness of a significant number of
reported clinical inequivalencies in the literature, increased
costa of elassical clinical evaluation, the objective, quantita-
tive nature of hicavailability tests and the increase in the
number of chemically equivaleni products on the market
due to patent expirations on the wonder drugs of the 1950s
and 1960s,

The increase in the number of similar products from mul-
tiple sources frequently has placed people involved in the
delivery of health carve in Lthe position of having to select one
from among several apparently equivalent products. As
with any decision, the more pertinent the data available, the
more comfortable one is in arriving at the final decision.
The need to make these choices, in light of the potential for
in vive inequivalency among products, has increased the
demand for quantitative data on the clinical equivalence of
similar drug products. Bioequivalency lesting represents
one alternative solution to clinical testing for efficacy.

Requirements for hioequivalency data on drug products
should not be applied indiscriminately. For example, with
single-supplier drugs, for which clivical efficacy has heen
established, hicequivalency testing is moot. However, bio-
availahility data on three lots would be an excellent measure
of reproduceable bicavailahility, ‘This assures the quality of
the innovator and should serve as & guide for permissable
variability in the multiscore product. En this context the
ratson d’'etre for bioequivalency testing should not be forgot-
ten, ie, it has been developed to substitute for the clinical
evaluation of drug products, Bioequivalency data cannot be
required if bicanalytical methodology is not available.
However, in a number of cases pharmacodynamic data may
provide a more sensitive, objective evaluation of a product’s
clinical equivalency than will clinical testing.

Pharmacokinetic evaluation of bioavailability data is not
necessary to show bioequivalence of two drug products.
Pharmacokinetics has its major utility in the prediction or
projection of dosage regimens and/or in providing a better
understanding of observed drug reactions or interactions
which result from the accumulation of drug in some specific
site, tissue or “compartment” of the body, The basis of all
statements that two drug products are bioequivalent must
be that the responses observed (blood, serum or plasma
Tevel, urinary excretion or pharnnacologic response) for one
drug product essentially are superimposable on the respons-
es observed for the second drug product.

The phrase “essentially are superimposable” must be con-
gistent with the clinical realities of the situation. The easy,
but relatively rave, decisions in the evaluation of the bio-
equivalence of two drug products ave those where the lwo
products are exactly superimposable (definitely bioequiva-
lent) and those where the two products differ in their bio-
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equivalency parameters by 50% or more (definitely bio-
ineguivalent), The demonstration of absolute ditferences
of 10% or less in the bicavailability of two dosage forms is an
assignment which frequently is nol possible with toeday’s
analytical tools and clinical facilities, In the area of 10 to
20% or even 30% differences between two dosage forms in
bicequivalency parameters, clinical judgment must be ap-
plied to evaluate the significance of these differences. The
effect of a possible 10 to 30% change in dose on the patient’s
response must be considered carefully before one decides
that an apparent or possible 20% difference in bioavailabii-
ity is ncceptable or unaceeptable. It should be noted that
the usual bioavailability difference allowed by the FDA is
+£209%. 'There is no absolute reason why this value was
picked.

Even with dosage forms whose bioavailabilities have been
established (within 10 Lo 20%), there is a potential for unde-
sirable, unexpected clinical responge when changing the
medication for a well-stabilized patient from one drug sup-
plier to another,

It is important to realize that a 10 to 20% bicavailabilily
difference observed in normal, healthy volunteers cannot be
any less in a patient where factors affecting drug absorption
already may be compromised. These relatively small hio-
availability difTerences observed in healthy volunteers could
be doubled or tripled depending on the disease, the state of
the disease, the age of the patient, whether the patient is
bedridden, has achlorhydria, has hypermotilily or hypomo-
bility, ete. Variables associated with the patient in general
are unreconcitable and their individual cumulative effect on
bivavailability is unknown. When one compounds this pa-
tient variability with a drug product that is less than opti-
mally absorbed, the outeome cannot be predicted. The pa-
tient for whom the drug is prescribed is the critical factor not
to be overlooked in product selection.

Evaluation of Bivequivalency Data

The foltowing sections will highlight some of the tests that
should be considered when evaluating the data from bio-
equivalency studies. The topics discussed will be directed
specifically toward blood- or plasma-level evaluations.
With minor modifications, the approaches outlined can he
used for urinary excretion measurements or for suilable,
guanlitative pharmacological response measurements.

General Study Design-—Bioavailability studies usually
are conducted in normal, healthy adalts under standardized
conditions. Usually, single doses of the test and reference
product will be evaluated. However, in selected cases, mul-
tiple-dose regimens must be used, ep, acid-labile drugs. The
goal of the studies is to evaluate the performance of the
dosage forms under standardized conditions. The assump-
ticn that any change in conditions or subject health will
affect both dosage forms in a similar fashion is not valid and
separate tests should be performed.

The protocol should define the acceptlable apge and weight
range for the subjects to he used. It should define the
clinical parameters which will be used to characterize a nor-
mal, healthy adult; eg, physical examination ohservations,
clinical chemistry and hematological evaluations. The sub-
jects should have been drug-free for at least 2 weeks prior to
testing to eliminate possible drug-induced influenees on liv-
er enzyme systems. Normally, the subjects will fast over-
night prior to dosing and will not eat until a standard meal is
provided 2 to 4 hr postdosing. The dosage forms should be
given to subjects in a randomized manner, using a suitable
crossover design, so that possibie daily variations are distrib-
uted equally between all dosage formns tested. The protocol

.should define sample-collection times and techniques Lo col-

lect the biclogical fluid. The method of storage of the sam-
ples also should he defined.

ok
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1454 CHAPTER 76

Bioavailability Assessment and Data Evaluation—
Several parameters are used o provide a general evaluation
of the overall rate and extent of absorption of a drug. An
analysis of all characieristics is required before one can im-
plicate any one faclor or parameter as indicnting bioequiva-
lence or a lack of bicequivalence.

The blood (or serum or plasma) concentration-time curve
is the focal point of bioavailability assessment and is ob-
tained when serial blood samples taken after drug adminis-
tration are analyzed for drug concentration. The concen-
trations are ploited on graph paper on the ordinate (or y)
axis and the times afler drug administration that the sam-
ples were obtained on the abscissa (or x) axis.

A drug product is administered orally at time zero, and the
bloed drug concentration at this time clearly should be zero.
As the product passes through the gastreintestinal system
(stomach, intestine) it must go through the sequence of
events depicted in Fig 76-5. As the drug is absorbed, in-
crensing concentrations of the drug ave observed in succes-
sive samples until the maximum concentration is achieved.
This point of maximum concentration is called the peal of
the concentration-time curve. If a simple one-compartment
model deseribes the pharmacokinetics of the drug tested, the
peak concentration represents approximately the point in
time when absorpltion and elimination of the drug have
equalized.

The section of the curve to the left of the peak represents
the absorption phase {usually absorption and distribution),
during which the rate of absorption exceeds the rate of elimi-
nation. The section of the curve to the right of the peak is
called the elimination phase, during which the rate of elimi-
nation exceeds the rate of absorption. It should be under-
stood that elimination begins as soon as the drug appears in
the blood stream and continues until all of the drug has been
eliminated. 1Slimination is classically the log-linear portion
of the curve. Absorption continues too for some period of
time into the elimination phase.

One must recognize that elimination of the drug includes
all processes of elimination, urinary excretion as well as
metabolism, of the drug by various tissues and organs. The
“efficiency” of metabolism and urinary excretion will deter-
mine the shape of the elimination phase of the curve.

Biocavailability studies are performed in healthy, aduli
volunteers under rigid conditions of fasting and activity be-
cause the objective is to obtain quantitative information on
the influence of pharmaceutical formulation variables on the
drug-product’s absorplion. Drug bleod-level profiles,
therefore, allow quantification of the rate and extent of drug
absorption and are critical in establishing the efficiency of
the drug product in delivering the drug to the systemic
circulation.

Arguments that bioavailability testing should be donein a
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“digense-state population” are not tenable if the object of
the study is to assess drug formulations. If, on the other
hand, the purpose is to determine the effect of “‘disease’ on
the efficiency of absorption from the drug preduct(s), then
one must use the disease-state populatien. The reasoning is
obvious. In order to assure that any differences observed in
the drug blood-level profiles are attributable to formulation
factors, one musi hold all other variables constant, ie, food,
activity, state of disease, etc.

One need not be limited to drug bloed-level profiles, but in
a similar manner many obtein cumulative urinary drug
amount-time profiles. Drug concentration is determined in
the urine at specified time intervals and the amount excret-
ed per interval determined by multiplying the concentration
by the volume of urine obteined in that interval. The
amounts per interval then are cumulated and uitimately the
maximum amount excreted in the urine is obtained. This
value is analogous to the area under the blood concentration-
time curve. A typical cumulative urinary drug amount-time
profile for several nitrofurantoin products is presented in
Fig 76-6.

In assessing the bioequivalency of drug products one must
quantitate the rate and extent of absorption. The factors of
the rate and extent of absorption can be determined by
evaluating three parameters of a blood level concentration-
time profile. Three parameters describing a blood level
curve are considered important in evaluating the hiosquiva-
lency of two or more formulations of the same drug; these are
the peak height concentration, the lime of the peak concen-
tration and the area under the blood (serum or plasma)
concentration-time curve.

Peak Height Concentraiion—The height of the peak of
the blood level-time curve obviously represents the highest
drug concentration achieved after oral administration. It is
reported as an amount per volume measurement, eg, micio-
grams/mL or units/mL or grams/100 mL, etc. The impor-
tance of this parameter is illustrated in Fig 76-7 where the
blood concentration-time curves of two different formula-
tions of a drug are represented. A line has been drawn
across the curve at 4 ug/mL. Suppose the drug is an analge-
gic and 4 pg/ml is the minimum effective concentration
(MEC) of the drug in bleod. If, then, the blood concentra-
tjon curves in Fig 76-7 represent the blood levels obtained
after administration of equal deses of two formulations of
the drug and it is known that anelgesia would not be pro-
duced unless the minimum effective concentration was
achieved or exceeded, it becomes clear that Formulation A
should produce pain relief while Formulation B, even though
it seemed well-absorbed, would not produce the desired
pharmacological effect and would be ineffective in produc-
ing analgesia.

On the other hand, if the two curves represent blood con-
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fig 76-7. Blood concentration-time curves abtained for two differ-

eni formutations of the same drug demonstrating relationship of the

profites to the minimun effective concentration (MEC).

centrations following equal doses of two different formula-
tions of the same cardiac glyconide, and 4 gg/mkL now repre-
sents the minimum {oxic concentration (MTCY and 2 wg/ml
represents the MEC {Fig 76-8), Formulation 4, although
effective, may also he toxic, while Formulation B produces
concentrations well above the MEC hui never achieves toxic
levels,

Time of Peak Concentration—The second parameter of
importance is the measurement of the length of time neces-
sary to achieve the maximum concentration after drug ad-
ministration. This time is called the time of pealk hlood
concentration. In Fig 76-7, for Formulation A the time
necessary Lo achieve peak blood concentration is 1 hr; for
Formulation B itis 4 hr. This parameter is related closely Lo
the rate of absorption of the drug from a formulation and
may he used as a simple measure of rate of absorption,

To ilustrate its importance, suppose the two curves in Fig
76-8 now represent two formulations of an analgesic and that
in this case the minimuin effective concentration is 2 gg/mL.
Formuiation A will achieve the MEC in 80 min; Formulation
B does not achieve that concentration until 2 hr, Obviously,
Formulation A4 would then produce analgesia much more
rapidly than Formulation /3 and would probably be prefera-
ble as an analgesic agent. On the other hand, if one were
more interested in the duration of the analgesic effect than
on the time of onset, Formulation B would present more
sustained nctivity, maintaining serum concentrations above
the MEC for a longer time (8 hr) than Formulation A (5%
hr).

Areq Under the Concentration-Time Curve—The third,
and sometimes the most important parameter for evalua-
tion, is the area under the serum, blood or plasma concentra-

P AR
K (0-20 hours)
e
EXat HE
N m——m A 34 L % hours
2 . ug
] o FORMULATION A &6 B <342 0 x hours
<
& N, e T e AT
5 Mo
-
A

“g /{ o~ FORMULATION &
2 20 2 "ﬁ."“'"'"'e e NI ettty EC
v (& | 0
¢ o ‘ : o
¢ i et
< i H H 1

01 2 3 4 6 8 [V ¥ S R T 20

Time After Drug Administeation {hours}

Flg 76-8. Blood concentration-time curves obtained for two differ-

ent formulations of same the drug demonstrating relationship of the
profiles to tho minimum toxic concentration (MTC) and the minimum
offectivo concentration (MEC).
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BICAVAILABILITY AND BICEQUIVALENCY TESTING 1455

tion-time curve {AUC). This area is reported in amount/vo-
Tume X time eg, p/mL X howrs or grama/100 mL, X howurs,
ete) and can be considered representative of the amount of
drug absorbed following administration of a single dose of
the drug.

Returning to Fig 76-8, the curves, although much different
in shape, have approximately the same arcas (4 = 344
pg/mL X hours; B3 == 84.9 pg/ml X hours) and both formula-
tions can be considered to deliver the same amount of drug
to the systemic circulation. Thus, one can see that AUC
does not represent the anly criterion on which bioequiva-
lency can be judped. All the results, as a composite, must be
used in reaching a decision as to biocquivalency; no one
parameter serves this purpose.

Statistical Sense and Nonsense—When statistical eval-
uations are employed in bioequivalency testing one must be
careful not to assume, (rom a statement that “no statistically
significant differences were detected,” that twe drug prod-
ucts are, therefore, bicequivalent. ‘The basis of most tests
for statistically signilicant differences is that the two prod-
ucts are assumed to be the swme until proven otherwise.
Therefore, if the data presented are highly variabde (large
standard deviation, ie, wide range of values), it would be
possible to show that there was no statistically significant
difference between an AUC of 100 units (%) versus an AUC
of 40 units (%). In this case the slatistical fest does not
indicate thatl the AUCs are truly similar; it simply means
that the data were too variable [rom patient Lo patient for
the statistics to be able Lo detect a 60-unit (%) difference in
areas, even if it existed.

There are two types of errors associated with any statisti-
cal test. These are:

I. Alpha (x)} Error--This is the ervor with which most people are
familiar and is the error associaded with e statemend, “The data have
been analyzed statistically.” o erray is the probahility (delined by the p
value) by saying the two trealments are different when in fact they are
the same. It should be noted that while highly significant p values
recuce the slpha error, they provide no indication of the possibility that
the two treatments being catled Lhe seme when in fact they are dilferent.

2. Beta (0) Error--This is the error wssocinted with the possibility
of calling two trentments the spme when in fact they ave different.  As
the maximuwm percent difference between means which can be detected
with an o error of p < 0.05 is reduced, the 8 ervor also is reduced. This
increase in statistica) sensitivity (reduced « and 8 error) is obtlained by
reducing the variability of the data. Variability usually is reduced by
incrensing the number of data points (subjecls) in a bicavaitability
study. Itis implicit that the analytical methedology is specific, sensitive
and precise.

The objective of statistical testing for bicavailability eval-
uation should be to minimize both the o and # error.  Since
hoth errors are related mathematically to the variability of
the data collected, the solution is relatively simple. Suffi-
cient data should he gathered so that the general statistical
test (o error test) would detect, if it existed, a predetermined
percent difference (20% for example) between the two dos-
age forms. If, for example, the two treatinents are found
statistically not to be (p € 0.08) different significantly, the
results indicate that there is only 1 chanee in 20 that the
treatments are claimed to be different when in fact they are
the same.

If there were 18 subjects in the above example and a 20%
dilference would have been significantly different statisti-
cally, there would be a § exror of 4 chances in 20 that a 25%
dilference between means was nol detected. That is, that
treatments which differed by more thaun 26% were claimed to
be the same when in fact they were different. The level of
statistical sensitivity which one feels is adequate (20% as a
rule of thumb) must be reevalusted for each drug product
tested based on the clinical performance of the drug.

Statistical analysis also can go to the other extreme, For
exainple, tests might show that an AUC of 100 units (100%)
was statisiically significantly different from an AUC of 90
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