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Flg 36-10.  The effoot of dilferences in the rate of atsorption of

drugs on the peak concentrailon, thmae of peak concentratlon end
a0journ In the body, The raie of elimination Is the same for all curves,
The dotted line {k, = =) s approximately what the conceniration
curve would bs, had the drug boen given Inlravenously. The data
were calculated from a ons-compartment model,
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Fig 36-11. The elfect of differences in the rate of elimination of
drugs cn the pesk concontration, time of peak concentration and
sojourn in the body. The rate of nbsorption is the same fer all curves.
Tha date wara calculatad from a one-compartmont imodel,

treated as asingle phenomenon if the ratio of k. /he is congid-

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

L Differences in the rade of absorption are of more significance for
slowly than for rapidly abserbed drugs, In Fig 36-10, the penk blood
levels are achieved whon b, = 2 hr=! (£ = 0,35 hir) is only 13% lower thay
when k= 20 hr ! (132 = 0.035 hr}, bul the difference in the level when k.,
@ 0.1 he! (€ » 6.98 hr) is 49% lower thio that whon by = 0.5 he= {2y =
1,88 lit), evon though in the latter the rate differonce was loss than in the
former comparison. 1t is thus apparent that difforoncos in the releane
rates among different. products of the same drug, or that differences in
gastrointestinal motility, blood M, ate, may be important, depending
upon kalke. This point has a special rolevance Lo wustuined-release and
depot fortmulations.  With a number of druge, eepocially smony the
anvroctic drugs, the dose with a swstained-release form often is approxi-
'“"w'j' tho sume ap that of o rapid-reloase formg thus, the former has o
long duration in the hody but yields low blood Jevels whun wsod in a
aingle dose,  Exeept with the initial dose, the difforences sre of lesser
importance ina multiple-dose regimen.  Small differences in the rote of
abworption of rapidly abserbed drugs are usually of minor significunce,

2. Wihen the rale of absorption is rapid relative ta that of elimina-
tion, differences in the rate of elimination da wot greatly affect the peak
cancentration consequent to o single dose (eompare {op two curvos of
P 36-125, Thuw, insuel instances, e penk concentration is relatively
insensitive to normad varintions in the rate of climination.  Consequent-
ly, with such o drug, the size of (he initinl dozo in & multiple-dose rogimen
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Fig 36-12, The effect of differancaa In the ratio, k./k, (ks/ks In
dlagram), an the paak concentratlon, time of peak concemration and
sojourn In the body. The ordinale, X/M,, ectually reprosent the
fraction of a dose that Is In tha body, but they are diractly propartional
to concentration and thus sérve to ropresont concantratlon. The
absclesa can be converted to tima by dividing by k,, tho sliminatlon
rate conslant (oourtesy, Goldateln, et a/ 1),

often may not need to be diminished in the presence of renal or bepatic
impairment; however, subsequent doses require ndjustment,

3. A change in the time of peak concentration o of peak effeet is
wanally an indication of o change in one of or botir ky, and k.

Duration of Action-—"The duration of action of a drug is
related to its pharmacokinetics in a rather complicated way.
It is uaually shorter than the sojourn of the drug in the body,
because a threshold, or minimal effective, concentyation
must be reached before the effect oecurs (see g 36-9), and
the effect usuakly ceases when tho plasmn concentration falls
below the thresheld level. In a onc-compartment system,
duration of aclion tende to be proportional to log-dose. Ina
two-compartment system, it tends Lo be proportional to log-
dose only when the site of action is in the central compait-
ment and the effective concentrations (minimum o 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 1.50 and 5.4 hr with 21); were
the throshold at 6 (dotted ling), instead of 4 (dashed line),
the respectivo durations would have heen 1.5, 3.20 and 4.25
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 increased, the contrary is seen
when the threshold is 4. Consequently, increasing the dos-
age is usually not a feasible way of increastng the duration
af 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 porsistence 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.*

Muliiple-Doso Administration—This refers to the ad-
ministration of a succession of doges nt intervalas such that
the drug does not leave the body completely in each intarval
betwoen doses. The ugual procedure in a multiple-dose
regimen is to administer a drug repetitively with a constant
dose interval, designated 7, with both doseand 7 chosensoas
0 maintain the plasma concentrution in the therapeutic

* Careful studies show that trace amounts of reserping in the budy
outluat the affact and the duration of action may herelated Lo these trace

8. 'These residunl t&, howovor, ave much amallor than are
required o initiate the catocholamine.depleting acfion.
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Fig 36-13.  The ncownulation of drug in the body during a regime of multiple desing.  Dose, 0, Is administered infravenously el intervals, +,
equal to the hall-life, £, Thus, after each doss, the amount in the body, Dp, has dacrensad ta hall tho previous peak amount at the time each
dose is administerad,  When the cumulated amount I the boty after injection reachos 20, (he body content will fluctuats from 20 to 10 during
oach dose Interval theroafler.  Approximately § halldives are requirod before Lhis levellng off (plateau) of the body content cccurs. The
stippled aroa |s tho avea under the elimination curve of a single Infection, If no second dose had been given.  Tha cross-halched ared is the area

under the curve durliig a singlo-dose interval.  The two arcas are equal,

range, Some fentures of such repelitive doding may be seen
from the construction reproduced in Fig 36-13.

Accumulalion and Plateau Principle - the novice read-
er will make his own constraction, it will aid greatly his
understanding of the subject. In the construclion, the
amount of drug in the body, Dg, is plotbed against time.
Dose, 12, is given repetitively, intravenously, at intervals
sueh that v = {5, in order Lo facilitale the construction,
The [irst dose is given at » = O; sinee ik is given intravenously,
the amount i the body rises 1o Dy = 1 essentially instanta-
neously. Immaediately, Iy falls exponentially with the fivsi-
order kinetics of Eq 1, except that whole-body contont, rath-
erthan ), is plotied. Since r =Ly, abr, Dy = bl when the
next dose, D, is added, it brings the body contenl up to I3 +
W1 During cach dose interval, Dy falls exponentinlly to
one-hall the previous postinjection peak.  As Dy rises alter
each administration, the rate (not the vale constant) of elim-
ination rises proportionately, witi} eventually the amount
eliminated during » essentially equalks the mmount injected.
The maximum and minimuwm valuves of 2y, Dpyenen and
D siminyy during 7, approach respeclive asymptotes, shown on
thegraph. Ast > @ Dy > 20 and D -+ D0 'Phas,
although 1, fluctuates betwoen Dpgmar a0d Dy, once the
asymptotes ave approximatod closely, g can be thought of
as having reached a gualified steady-séale condition, and
the pharmacokinetics are sometimes called steady-state
pharmacokinetics. Also, Dy is suid to have reached a pla-
teauw. It is importand to node that the rate at whieh the
plateau is reached is at exactly the same rate al which druy is
eliminated from the body aller a singie dose. Thus, the
exponentially falling line for Uie elimination of I given at «
=() (had no further doses been given) is the mirver image of
the Hine conneeting the sequential Dy eos. The prineiple
that when the rate of absorption s fast compared to the rate
of elimination {ky > 5hy) the rate at which the multiple-
dose steady state is approached is delermined only by by,
and s known as the plateau prineiple, This is the funda-
mental feature of one-comparinient multipla-dose kineties.
Tt oblains frrespective of the value of v. However, the pla-
Lenu comcentrations do depend upon + (e below),

In Fig 36-13, the drug was administerad intravenously, so
that ne time-depondent absorption had to be eonsidered.
When absorption is involved, the Cratisany 18 D01 as high ns

with infravaseular administration, but is blunted and oceurs
with alateney after administration that is determined by &,/
ker ust as 10 single-dose administration, Theappearance of
the C,time curve with muliple-dose administration is
shown in Fig 36-14. The value of (7, ai any lime during
mulliple-dose administration can be ealeulated aceording to
Eq 40,

i
¢ S I LTy :
P Vlkg k) [( [

: PR LA
= (D"@”'""‘r A ) [wi-vol=!] (30}
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where nis the nih dose, ¢ i the dose-interval, £ 38 the time
since the last dose, 17 is the maintenance dose, 127 is the
initial or loading dose (sce below) and [ is the Pruction ab-
sorhed (bioavailability factor).  With this equation, Cp,
rather Lhan Iy, is caleulated; however, it will e recalled that,
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Fig 36-14, Tima course of the plasma concontration of a drug
admiinistorad according to a myltiple-dose sehedulo, €' (ordinate);
concontration; {{absclssal Yime; D' inltlal dosa; D mainlenancs
doso; 71 dosa-intorval {equal 1o fy; In this ltustratien); €' e mink-
mum concenlration afler snch dose (samo as Cy,.y in texd) (courtasy,
Kriger-Thlemor ¥,
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€9 = DYV, and similarly, €, = DpfVo, 50 thal the sguntion
easily is modified Lo ealeutate either , or Dy and the same
principles apply in either form.

1L is important Lo know how many half-fives must tran-
spire before the plateau is approached elosely enough to be
comsideved complete for practienl purposes.  The vilue of
D pstwiny 18 approximately 93% complete at 4r and 97% at 5v;
Digunax) 18 97% at 41 and 98.5% nt fr. 'Thus, it may be stated
that, [or practical purposes, the platean state is reached in
approximalely 5 haif-lives, provided k, > bk, This is an-
ather form of the pluteau principle, The principle applics
whenever the steady stale conditions are perturbed; thal is,
5 half-times will be required to reach a new plateau, wheth-
ar the plasma concentration is rising o falling o a new
plateau (see Fig 36-14).

Maximum and Minimem Coneentrations-—During mul-
Liple dosing, Cppmnsg and Cppisy ave deseribed by Egs 31 ancl
32

) Cﬂ (] _ nfrﬂsﬂ) i
Ciigsi =" '} e fwt - val™Y (313
OO (1 = e M) i
Coariom = =25 fwiovol™]  (32)

where n. s the rth dose, € is the concentration thet would
have oceurred rom instantaneous absorption and distribu-
Ltien {oblained hy extrapolution of the glimination eurve to
sero Lime) and 1, is the absorplion time. The levm C) may
be replaced by [D/VE, Puring the platean state, J — gtk
hecomes ek, and Cypan and Chpm are designated O,
and %, vespeetively, ‘The eguation is valid only when i, >
Hhe. 1t can be seen that O,y is determined by both k, and
ko (kg shows itsell only indireetly, in £} antd Cpunm by R
The greatest difforence between Cpman 804 Cppuim OCCUTS
when the drug iz given intravenously; when 7 = {0, alter
intravenous injection, Cpgme/Cpnan theoretically is equal
1o 2. With extravascular adminisbration, the ratio is nlways
lesa than that with intravenous administration, (he ratio
heing determined by kofha  As kb deereases, Cponan/
Cgnin docreases,

Average Concentration and Budy Contenl-—The average

concentration during the platcau state is described by Fg 33,
oo I bl

P = G pr Vi
The eoefficient 1.44 is the reciprocal of 0.693 in g 3. The
term Cpieny 18 0 time-averaged concentration and therefore

is really a mean concentration.  Since €, = DV, it follows
that

[wiswol™'] (33

i

)

[wi} ()

D yigaer % i
1t s self-evident. that the plasma concentration, or amount
ol drug in the body, is directly proportional to the fraction of
drug absorbed {f, bioavailability factor). The appearance of
J in these equations and Fy 90, however, serves as a reminder
that a change lrom one drug product to another with a
different bioavailability, /7, will he accompanied by changes
in Cptarey nd D, 88 well ag in the maxima and minkma,
The equations also reemphasize that o ehange in Ly (o0 by
will affeel e and Do, 8l other Enctors being held
comstant, Sinee ky and [ (and sometimes Vy in relalion Lo
weight) vary from palient W patient, the dosage of certain
drugs always needs to be ascertained with laboratory assis-
tance and seswmen, ‘The effeets of changes in » are discussed
below.

Importance of Dose-Drtervale.'The ratio Cppenf/Chpmin
depends on the dose-interval, v, If the interval is increased
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Fip 36-15. The offect of tha dose Intorval on the time courss of the

plasma concantration of a drug administerad ln a nuitiple-deso regl-
men. 0* =4, 0 =3 and k,/ky = 3. The dose inferval is 1.7 brin
Curve 1, 7.7 hbrin Curve 2 and 3.8 hr in Curve 3 {courtasy, Notari®).

and the dose is unchanged, Cpno Cpimim and Coigen all
deerense, bub Ui/ Cpimim 18 Incronsed. 1 7 is decreased,
then Cpimax)r C{Jh!ﬁ'r}l ane (-";:{qg-@} incronge, hut f:p(glm\']fc.u{mr'uj
is docreased. ‘T'his is shown in Fig 36-15. To avoid achange
N Cppaes comsequent (o a change in 7, the dose may be
changed appropriately, in accordance with Bgs 32 and 33,
Nevertheless, the wider fluctuations between Chimay and
Clatminy, When 7 is lengthened, cannet be avoided simply by
adjusting the dose (see Fig 36-16, hroken lines). I Chmin,
rather than Cpe is held constant, the fluetuations become
even larger {Fig 36-16, solid fines), and the hazard of the
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Fig 36-16. Fluctuations In tho plasma concantration of a drug when

the dose interval is changod but the doso s altered to maintain tha
sama minimai {solid lines) or avaragé (broken lines) concentration
durtag maintenance. G 7 is the minimat conzantration (correspond-
INQ 10 Gy 1N tha toxt) and C 7 s the average concentration during
malintenance (corresponding (o Gy In the 1ext).  Time ts in multl.
pies of tha hatf-lIfe (courtesy, Krilger-Thiamer.” adaptod).
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concentralion renching the toxic range is increased.  Con-
vorsely, the grenuter the niember of divided doses, the smuller
the fluctuations in plasma concentration.  For drogs with a
marrow therapeatic range, it s usually inadvisahle to dose ot
intervils longer Lhan £ With digitoxing + s mmuch smaller
than &y, and the fluctuations in plasma concentration are
ecomsequently Jeas than 10%. However, for deugs with a high
therapoatic index and which <lo nol require o steady plasma
concentration oy an adequate therapeulic action, doese in-
Lervals much larger than tyy may be used convenicntly.
Penicillin G is such a drug; i is more convenient Lo give large
doses at 4-hr intervals, or Jonger, than at 80+ 1o G0wmin
intervals (t 2 = 30 Lo GO min).

Cumidation Ratto and Persistence Factor— From the
above, it is evident that the drog comulated in e bady
during the repetitive administration appraaches different
mmounts (asymplotes) in the plateau state aceording to the
magnitude of 7 v relation to 2p (or ka). The dose-interval
must he o eonvenient interval that not only is ensy for the
prtient or medical and paramedical personnel to keep track
of but atso one which does not subject the patient o un
anmaying or difficalt number of doses per day,  Purther-
maore, Ly, varics from patient 1o patient.  Consequently, it is
rare when r = {4, although it is sometimes close enough that
the difference is inconsequential. Therefore, itis important
o be able Lo estimate the extent of cumulation with any dose
interval in any patient.  This can he done with information
derivad from a single dose, by means of the accumedalion
[uctor, ry.

|no units) (B

The componet factor, e " ig the persistence factor, r,
which is the fraction by which 'y, or Dy falls during the dose
interval, When the platean, or sleady state, is reached the
cumulated plasma coneentration or body content will be
larger than that from the first dose by a Tnctor known as the
eumudation ratio (or drug amaunt ralio), R,

( i D it
‘:T -’Jm
where €% s the mean coneentration duving one dosmre inler

val (llll‘n)f' the steady state and O is the mean concentration
from i =0 to = = aflera Mng!‘o dose; D}, and D, av
corrasponding respective body conlents. Since both G and
(3 can be estimated from the AUC, it iy sppropriate o
discuss Uhis farther.

Arca under Curve (AUC)--The area under the monoex-
panentially falling, single-dose plasma concentrution-time
curve ia the integral of the differential form of g 1, from ( =
Dtof = o

|no unita]  {(36)

AUCY "= = (0 L'tm

w - (.IU
= i Oty = 1‘--"-’ fwi - vol 1 time)  (37)
}

el

Although the units are concentration times time, the valuo is
equal to the Lime-averaged concentration and hence js ealled
the average coneentration Cy, although it is more appropri-
ately a log-mean concentration. I the amount of drug in
the body is used, mstead of plasma eoncentration, the AL
is equal 1o Lhe time-averaged body content. Ihe average
body content could, of course, be valculated from C; by
multiplying by V.

Sven when two ar more exponential processes act addi-
tively on the plasma concentration {or body umiont) as in
absorption plus elimination, the ALCY ** equals €7 (or 5.
The inlerested student may verity this by integrat mp any of

BASIC FHARMACGOKINETICS 37

Igs 28-30. In the two-compariment system (see helow),
ALCE ™ for a plasma concentration-time curve correctly
equals Cpy however, I eannot be ealeatated from (7, he
cause the plasma concentration dilfers from the average
hody concentration.

Sinee AUCY = = (e in (he ane-compariment gystem,
it is obvious that AUC dees not provide any new informalion
that. otherwise cannol be abtnined, as by bacic- -extrapululion
or I‘Lgl‘(‘hﬂl()!\ mmlw\la N(*V(‘rlhelims. AU h{'quvl:ll\* is

used in lieuw of {"' Yheo For example, in the determination of

the htmvmla!u]slv factor, [, the AT/CY *= afler extrovascular
aclministradion {Alf(ff, "), divided by the AUC after intra-
vascular administration (AU(?E:."") is equal to /.

The term ALCY s not the only A UC that may be used
in pharmacokinetics. The AUC during different time inter-
vals, under supposedly steady - state conditions, could o em-
ploved Lo delect time: or concentration-related changes in
clearance (egf, sec Fqs 11 and 27). During the platean, or
steady state, the AU during one dose interval (AUC=) is of
special interest. ‘1o evaluate AUCY * reguires many sam-
ples taken over a long peviod of time, which s an inconve-
nianee Lo Lhe subject or patient, The value of AL can
provide the same devived information with fewer smnples
and less time.  This is beeause ATTCS = AUCY ', Thus, in
Fig 36-13, the stippled area, which is AUC" ) would be
equal Lo the cross-hatehed aren, AUC, excepl for the negli-
wible stippled area that remains after 5. ALL = o the lwe
arens would be essentially identical, In thi comparison of
/\”f s, the identicnl areas do not mean that € s identical Lo

o but il does enable AUC™ Lo be used lmnlvuiule values of
single-dose parameters and vice versa.

Constant Infusion and Sustared Release—A constant
infusion or sustained release of o drug may be regarded as a
serics of minidoses given ol infinitely short dose intervals.
When infusion is intravascular, the plasma concentration
will rise in logarithmie fushion with the same Lime course
and cumulation factor as with nsuliiple dosing, ie, with a rate
eonstant of by, Thus, the plateau principle applies equally
Lo constant infusion and multiple dosing.  After discontinu-
ation of infusion, the plasma concentration falls exponen-
tinlly with a rate constant kg, in accordnnee with J9g 1.
These principles ave illustrated in Fig 36-17.

rotion (agiml)
2

fencant
B

Flosme

[ 1 R S P!
w (-]
Time (hr}
Fig 3G-17.  Semllogarithmic plot of plasma concantration during and
after cessation of a constant imravencus Infusion of o drug In a one-
compartmaent gystem.  Whether Infusion |8 stopped prior 1o the at-
talmment of a plmeaw or after, the plasma concanlration will fall log
lInearly with a slopo of —0.434k,.  In the figure, K is k. and 1/2,303
= 0.434, €. s he stemdy-siale cancentration, C-‘:,‘ (courtesy, Gi-
baldi and Parrigr?),
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The steady-state plasmu conceniration, Clis equal to the

infusion rate divided by the whole body elearance:
Y

v C!llif V:f}“ ol

whare Ji" is the infusion rate, 'The term ¥y must be ex-
pressed in the same volume units e RY Cip and B¢ must be
in the same lime units as .

With sustained-release dosage forms, in which the release
is approximately constant for Ionyg periods of time, the phar-
macokinelics are lke those of constant infusion.

Loading and Maintenance—In Fig 36-13, Dijan -+ 200
consequently, had 20 been given for the first dose and )
thereafter, the platean condition would have heen renched
immedistely. This illustrates the principle of loading.
The same elfect of loading s shown by corve 3 in Fig 36-14;
in hoth these figures, r = £ The initial dose is called the
foading dase, D*, and each subsequent dose is called the
maintenanee dose, £, Since i1 takes about 5 halflives 1o
reach the platean stale, it is very important to use o loading
daose with drugs that have long half-lives or in situations in
which it is desirable that the optimal therapeulic concentra-
Lion be reached rapidly.

The londing dose, D*, shauld approximate the amount of
drag in the body which wiil be contained during mainte-
nance (ie, the plateau state), The most direct way Lo caleu-
Jate D* is with the equalion

[wt - vol=] (38}

f i LB B e LU lw'[_l (39}

assuming that V5 and G, ) are both known, A first dose
so caleutaled achioves 8 Copma that is equal to that at the
steady state only for mtravascular administration.  After
exiravoseular administration Cppnen is less than that after
Intravaseular administration and hence the loading dose is
proportionately smaller. With some intravascularly admin-
istered drugs, the loading dose is caleulated deliberately to
be teks than that coleulated by Bq 39, Among rensons for
choosing a Jower dose than that caleulated by g 39 is that
tha effeets of the first of a series of doses often elicils greater
responses than do subseguent doses, hecause reflex, hormo-
nal and other counter-regulatory effects have nol had
enough time to come into full play. This practice applies
even 1o sume extravageularly administered drugs, such as
prazosin. Censequently, C5F, or even Oy .., may be used in
tew of Chipey 1t must be remembered that with such un-
derloading the steady state is nol achieved Fully with the
tonding dose.  With drugs which have a very low and erratic
therapeutic index and polentially fatal toxicity, the londing
dose may be divided inte smaller doses, to be given al various
intervals before the first maintenance dose; this permits
monitoring of both €, and clinienl effeets during londing and
allowy an assoggment of whethor the intended maintenance
dose is cotrect. Fractional londing algo is used when a drug
wilh a low therapentic index has a significant distribution
phase, such that toxic plasma ¢oncentrations oceur befvrs
distribution equilibvium oceurs. With some drugs, an ap-
propriate V¥ is not known, thus making Eg 3% inapplicable,
With such drugs, I}* can be caloulaied from traditional,
empirical maintenance deses by means of the equation

(-«

o ] (40)

=Tt

S T
The equation correctly applies only when &, > 3k, Also,
D* ¢an be eatenlated according to

D* e ID!R.‘ = ]-44!1.}!”2/1'

where I, is the cumulation ratio {see Ty 36),
The time course of the plasma coneentration after differ-

[wi] (41}

ent Jonding doses is shawn in Fig 36-14. When D* = 20, the
plateay mauintenance concentration is approximated closely
when 7 = gy bt is smaller than 2 when v < )4 and greatey
when r > iy,

In Pig 36-14, it should be noted that if the loading dose is
nol 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, Uhe prinei-
ple of loading also applies, beeause the plateaw principle
applies; ioading may be accomplished with one oy more rapid
intravenous doses, called boluses or glugs, or by an initial
period of rapid infasion o bring the plasma concentration to
the maintenance level. ‘The loading dose can be caleulated
from iy 39 or the infusion rate and half-time, 18

lwi) (42)

Open Two-Compariment Model

The one-compartment model adequately describes the
pharmacokinetios of many drugs, However, with an even
larger number of drugs, after intravenous administration,
the decline in plasma concentration js not monoexponentinl
but rather manifesta two o more monoexponential compo-
nents which are discernible in the semilogarithinie plotof C,
versus time.  The most common is a8 decline which manifests
lwo compenents; the open two-compariment model most
ndequately deseribes sueh pharmacokinetics. Other models
having more compartments or ather complexities will be
mentioned later hriefly.

Deseription of the Model--In the open lwo-compart-
ment model, the body is considered Lo comprise two com-
partments in dynamic equilibrium, as depicted in Fig 36-18.
The compartment. into which the drug is directly absorbed
and from which the drug is eliminated is called compartinent
1, or the central compariment. The hlood is a part of this
comparament, is the transperting and distributing medium
and is the medium actually snmpled for ehemical and phar-
macokinetic analysis; consequently, compartiment 1 is some-

Compartiment 2
{paripherol compas tnenth
£,

A

Walumo & vy

H & o
Frl .....-.»...\...k.'l.........._ r —’-—AQ{ N ...._J_< L
OUTPUT ™

R volume = i/,

-
€y ~

Compos tmant |
Lcential comnporiment)

Fig 36-18. Diagrom of open two-compartmont pharmacaokinetic
madal.  An amound of drug, 10, is absorbed from the adminlstored
dosa, £, with a first-order rata conslamt of k; Inte compariment t of
volume V. Some of the absorbed drug enters compartmant 2 with 2
lirgt-ordar rate constant of k,» and Is relurnod inte caompartment 1 with
n first-order rata constant of k. Oy s the amount of drug in
compaortment 1 and D, In compartment 2 C, and G, are thae raspac-
tive concontrations In compartmente 1 and 2 (C, = C;). Drug is
eliminated from compartmont T with o first-order rate constont, K.
which, however, Is obscured by the iag In transfer of drug from
compartment 2 1o comparimoent 1. 0, Is tha amount excreled inte
urine, tecas, axpired air, sweal, milk, elc: O, 15 the amourrt of drug
metabolized. Tho relative volumaes of V, and Ve may vary greatly, Vs
sometimes belng the larger and other times the smaller.
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times misleadingly called the blood or plasnis comparunent,
even though the erythrocytes or plasma proteins may some-
times behave kinetically as though they were part of come.
partment 2. In the simple two-compartment model, com-
pavbment 2 is closed ad communicates with the environ-
ment anly through Lhe central compurtment, being, as it
were, peripheral to the events of absorption and elmination;
consequently, i is called the peripheral compartinent.
Sometimes, italsofs called the tissue compariment, which is
misleading, since usnally some Uissues, or cerlain cell Lypes
within otherwise peripheral tissues, may he hinetically in
compartment 1. [t is important 4o reiterate that the com-
partmenis are fictive and are defined by the kinetic behavior
of the drug within the body and nol necessarily by identifi-
alile anatomicnd entities. To aveid confusion and to enable
a simple naumerical desipnation of model compoments and
distribution rate constanis by number, the erms compart.
ment. § and compartment 2 will be used herealter.

The movement of drug between compartments is defined
by characleristic irst-order rate constants. The subseript
indicates Uhe divection of movement; thus fs (subseript one-
two, not lwelve) indicales movement Mrom compartment Tto
compartment 2 and ky the reverse divection, The constants
ko and kg are entirely analogous 1o the like-designated re-
spective absorption und elimination rate constans of the
one-compartment model,  However, f, is not. observed di-
rectly from the dectine in plasma concertrations, sinee both
the characteristie overall rate of the elimination processes
and the rates of diffusion into, sod recruitment from, com-
partment 2 combine to control the rate of decline in plasma
comeentration (see below), Once an infinitesimal amount of
drug is absorbed, nll processes occur simultancously, ie, in
parallel. Nevertheless, since the various processes have dif
ferend time constants, one process will run its course (o0 a
practical end earlier than aother, and evenls may bhe
thought of as oceurring sequentially, with overlap, in the
order; absorption, distribution and elimination. 8o long ay
oo > (Bya b Jewsdhoy > g, the Lerminal phase will be a steady
decline in concentaation (see Fig 36-18), during which the
distribution ratio, C\/C, will be constant.

Abgsorption—Absorption does not differ from that in the
open one-comparlment model and does nol require further
description,  However, Uhe determination of absorplion
characteristics from the lop plasma concentration-time
curves is complicated by the distribution phase, und the
methad of residusls (page 733} entails the resolution of
three, rather than lwo, components (sce below).

Distribution and Elmination—After the intravageular
administration of & drug which obeys two-compartinent ki-
hetics, the plasmn concentration falls in a complex fwo-
process Tashion, but in an arithmetic plol the two compo-
nenls may nol alwavs be evident 1o the eye.  When concen-
wration-time data are plotled semilogarithmically, however,
the sepurate processes of distribution and elimination are
identified easily by the method of residuals (back-feather-
ing, page 733 and P 88-8), if the rate of distribulion exceeds
significantly that of efinination. In Fig 36-19, such a resolu-
tion has been made for the drug pralidoxime. Tn the figure,
it may be seen thal after 2 hr the ¢urve ossumes a log-linear
charneter, The assumption is made that the distribution
phase essentially is complete and a preudoequilibrium has
been veached between the two compartments. Therefore,
the late log-linear segment of the line, with the slope
~0.4347, represents the elimination phase. I this line s
sublracied from the nonlog-lincar porlion of curve, the dis-
tribution phase is the residunl line. 1n order o do his, the
log-linear sepment. is back-extrapolated.  From this extrap-
oluted line are obdained the antilogs 1o be subtracled from
the temporally corresponding antilogs on the wiresolved,
original curve.  The respeclive differences, or residuals,
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Fig 86«19, Rasolution of tha plasmn concentration curve for praf-
doxime Into its distribution and elimination componants affer intrave-
nous administration.  Note that plasma concendrallon (s plotied on a
legariihmic seale,  Tha time conslant Tor the elimination phase is
dstermined from the slope, =0.4343; It is a hybrld conslant and 3 is
not 1he spme as kK (see texi).  Likowise, the time constant for
disteibution, «, is oblainod from the sliope, —0.434¢, of the distibu-
then line; e 15 ciso o hybrid constant (Courtesy, Gibaldi and Perries By

then are plotted semiloparithimically to reveal the top-linesr
line that represents disteibation only. Prom the log-linear
properties of Lhe separate, but algebraically additive, lines
representing the twa processes of distribution and elimina-
tion, it may be inferred that the eguation for the original
compound curve was

O = Ae™ 4 Be™ wlvol 1] ()

where () is the concentration of diug in compartment | (1he
cenlral compartment}, o and @ ave fivst-order rale conslants
for the distriliution and efimination phases, respoctively and
A nnd B are fictive plasma concentrations to be diseussed on
page 740, ‘The constant f deseribes the late rate of disap-
pearance of drug from compartment T hut is nod the simme gy
Ro(see below),  IUis the rate constant from which the hiolog-
ical half'life is ealeulated iy a two-compartment system (¢4
= 0.693/8).

Hybrid and Prime Kinetic Parameiers—In Fig 36-19, the
slope of the late, slower elimination line is —(4344, where 8
is a first-order time constand for elimination. Howevey, #is
determined not only by the rate capacities of the irreversible
elimination processes hut also hy e vales al which drug is
transferred oul of and hack inte compariment 1, Therelove,
B 5 0 compound, or hybrid, rate constant. I is equal 1o the
fraction of drug in the central compartment, sometimes des-
ignnted as 1%, In the postdistributive {eliminalion) phase
iimes the elimination constant, £, Tor the central compart-
ment. Thus

B [y (44}

Alpha, , i5 a hybrid constant that combines &y, b and B

Jtime=1]

{time 1

Intevestingly, the equalion for & does not include kyy, al-
though f* does depend upon (e 4 ko }hy. The sum of &
and [ can he expressed entively in Lerms of prime constants;
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atf=kythy Ak, [time] (46)

However, these prime conslants cannol, be determined di-
rectly and must be derived from the hybrid constants Lvat.
are obtainable from graphical or regression analysis, The
formulac are

L ATH P 47
kg A B [time!] (47)
o
(48)
and
= ‘ﬂfj_'_l"mﬁ“ o | o
figs ) [time™!) (49

where A and B are the 2evo-time intereepts of the residual
distribution line and the postdistributive (elimination) Hne,
pespoctively.  Bach represents a fictive concentration Lhat.
describes 2 limit when the other variable is set to zere (ie, the
other progess is nonexistent).

‘Plie volumne of compartment, | (ceniral eompartment) can
be obtained from ('}2 (ie, V| = fD}[I::). From the fictive
concentration, M, the apparent volume of disteibution dur-
ing the postdistributive phose can be ealeulated, since A + B
= % From A — B may be obtained the value ol compart-
ment 2, (Volumes of distribution are discussed helow.) C}’,
can be determined more accurately by summing the two log-
linear extrapolates than from extrapolation of the unve.
solved curve. The coefficients A4 and B wre also hybrid, since
the value of B depends upon all of ay, #ye and far

Volumes of Distribution--The volume of distribution, Vi,
of a drug is a usefu) pharmacokinetic parameter that relates
O, to Iy (see page 727). Kven though it s fictive, it provides
not only some insight. into distribution but alse importently
relales to the rate of clearance of drug from plasma, and
changes in pathologien] conditions reveal changes in the
physiological-biochemical conditions, By means of the dis-
tribution coefficient, A', data from one patient may be ap-
plied Lo others of different hody weights (sne page 728),

In the open two-compartment system, the determination
of Vqis complicated by the slow attaiment of distribution
“equilibrium” {ie, steady slate} hetween two compartiments,
and the volume of distribution is changing continually dur-
ing the distribution phase, Tt is especially important to
know Vy during the postdistribution phase (in which case Vy
only appliss during postdistribution Limes) or Lo estimate Vy
by methods that cancel the distributive factors.

Theoretically, the most aceurate method for estimabing Vi
is known as the steedy-state method, of which there are
{hree variations. In this, the ideal procedure is {o give a
conlinuous intravenous infusion wtil the steady state (ie,
plateau) is reached. During the steady state, the amount of
drug in the peripheral compartment {compartment 2) is
congtant. Under these ennditions

Vi e LV
! B v

[vol] (50)
Note that ¥ is independent of kg and 3. There are, howev-
er, several disadvantages Lo Uhis approach, the prineipal ones
Doing that for most drugs the steady state is reached only
afier prolonged infusion, since § or mare half-lives often will
require days ol infusion, und that Vy, Ry, by and @ need to ho
determined. This can he done by discontinuing infusion
and resolving the curve of the declining plasma concentra-
tion irlo its component parts, Portunately, the same infor-

mation can be oblained from the mean plasma concentra-
tion during vne dose-interval at steady state, €= In this,

; e i \;0]] (6i3))
: Cni\‘ ‘.?.Ik ey

where k. is the rate of elimination [vom the central compayrt-
ment,  Provided that elimination occurs only fram the cen-
tral compartment, Bigs 50 and 51 are valid for any n-com-
partment model.  This method has the same disadvantage
as the infusion method in that dosing must be contined to
the sleady state, which, however, with repetitive dosing is
more comnfortable and less expensive than continuous infu-
sion.  An advantage is that extravascular routes may be
employed nand thal enly one doso-intervel need be sampled,
thus making the determination of Vi applicable to drugs
with jong half-lives.

The value of V4 also can be determined fom avens under
the curve (A L€ during and after constant intravenoug infu-
giem

fvol] (54)
where L(ss) is the time Lo reach steady state, Dy is the cumu-
Jated dose al, t(ss), AUCuy is the area under the plasma
concentration-time curve from ¢ = 0o ¢ = Esshand ALCY ™
is the total ares under the curve from £ = 0 Lo { = o,
providing that the infusion is stopped at the achievement of
stendy siate or that the AUC, during any overrun into the
plateau state, is climinated from the determination of
ALICE == The method has the advantage that the determi-
nabion of ks, kg, kg or VI8 not necessary.

A second method of determining Vy is that in which Vyis
caloulated from V), b and B
[vol] {53)

Vap =
! #

The designation Vi indicates the method of caleuiation.
The rationale for the method is the valid assumption that
plasma and tissue concentrations decline in parallel during
the postcistributive phase, so that the distribution ratic,
which will he equal to A%, is constant after the distribulive
phase has come to completion. The method has been shown
to yield the sume values for Vg as one based on aren:

1} 2]
. ID

ALY (Alx + BIB)A
The methed is independent of the roule of administration,
g0 long as the [raction abserbed, f, s used,

On page 739, on which the parameters derived from curves
wuch as that in Fig 86-19 were discussed, it was pointed oul
that the zero~Lime extrapolates A and B were ficlive concen-
trations [tom which apparent volumes of distribution could
be obtained. The extropolate § gives a volume known as
Vdu-.\'imm:

|vol] (54)

Vd'[!lﬂ'u} =

v«‘[i‘.wrap} o= % IVO!] (65}
T'he method does not. take into account the effect of process
Jeay Lo Limil the size of the peripheral compariment and henee
tends to averestimate Dy, oxcept at zero time.  However, it
hos the advantnge of rapid determination.

The value of Vigres is the most covrect approximation of
Vg Lo apply to the postdistribution phase and Vg, is correct
for constant infusion at steady state but otherwise underes-
timates D By magnitade, these three volumes of distribu-
tion rank os follows: V> VE >V,

Clearance—The definition and coneept of clearance can
he found on page 729, The definition of clearance applies
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whether the elimination oeeurs na one- or multi-conapart.
ment system, hence cleavanee is model-independent.  Tow-
ever, mathematical identitios of clonrance do depend on the
maedel. In the open two-compartmoent model, # and Vo
are applicable in the caleutation of Lot bady clearance:

i = BV staron [usualiy ml, - min Y (56)

Sinee it b5 customary bo express clearance in ounits of
ml/min, # must be expressed in min and Ve in mia An
analopous lormula is based on the condition of the model
that elimination ocours only fram the central compartment,
ae Lthat Lhe applicable volume and climination-rate conatant
are used:

Cle = k¥ Jmls min ?| (57)
O also can be expressed in torms of o, A, &, Bund [x
: 1) g 3
g B ml. e min~i (8
Y a7y | i W)

Absorption Plus Distribution and Blimination - Alter
ealravaseular administration in & lwo-compariinent system,
there are three fivst-order processes ocorving simultaneous-
ly: absorption, distribuiion and climination. These pro-
cosses all add algelraieally, as follows

7 e TERRAL N
O Ae ok Bo™ ™ e (e (b4)

They can be resolved by various methads, of which the
easies!. is the methad of residuals abready Nustrated in Figs
36-8 and 36-189. However, in a two-compartment. sysiem,
the first residunl line is a compound line {absorption +
distribution) and must be resalved further inlo s tao com-
ponent lines.  Figure 36-20 is un example of the method of
residuals applied (o tvo-compariment data, The first stop
is the sublraction of Lhe lale postdistribution {(elimination}
line {with slope (L4343 (rom the corve, which leaves o twa-
component residunl eurve.  This residual curve has a late,
postabsorptive log-linenr segntent of slope —0434e. 11 the
absorption segment of the curve of residuals is subtracted
from the extrupolaied a-ling, a log-linear second resicdual
line with a slope of —0.4340, will e gonerated. The extra-
polated intercepts A and B have the meanings previously
discussed, The zero-Lime intercepl of the absorption resid.
wd line is cqual to £, and hence, theorstically equals A + B,
Kinetic parameters other than o, 4, # and B are caleulated
by means of Bgs 44 and 45, 'The absorption parameters for
other routes of absorption can he determined similarly, ex-
cept with certnin sustained-release dosage forms, which re-
lease approximately at a steady rale over long periods of
time,

In the example lustrated by Fig 36-20, only two ar three
points ench could be used for eatablishing the fog-linear
segments of the residual distribution and abserption lines,
which, therefore, may be in considerable ervor. This indi-
cates the importance of laking frequent onough samples,
especially during the absorption and distribution phases, (o
provide relishle kinetic data.

Multiple-Dose Administration - Kqualions 3034,
which deseribe various sepects of Uie Nuctuating plasma
concontrations in the one-compartment system, are com-
plex. 1L may be appreciated that the additional complex-
ities conferred by Lwo comparliments renders Lhe anglogous
equations intricate and difficull. to follow Lor Lhe nonspecial-
ist. Howeover, onc-eompartment eguations modified in mi-
nor ways apply to two-compartment syslems with reason-.
able accuracy, when the distribution phase after one dose is
approximately compiele before the next dose is adminis-
tered, Under these conditions, # may be substitated for kyy
ant Voo Tor Vi, to adapl one-compartment equations o
bwo-compartment systems for rough approximations of the

{wt - vol™t]
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Fig 36.20. Resolution of absorption, diswidion and ofimination

components of a concantration-tima curvo of a drug with twa-com-
partiment kinetics.  The solid cutve s a semilogarithmic plot of
plasmn congentralions.  The method of residuals was ugad 10 resolve
tha componey lines.  The postdistriidion. or elimination, line of
slops 04347 (- —) was subtracted from the concantration-time
curve. The difforenco. or residual lna {X— X rotainod the absorplion
anel distrihution components.  The log-lnoar segment of this Hna
raprosents the postabsorption (“disteibution’') line. of slope —0,4344,
A soecond rasidual ling represarting the absorption phass was ob-
tatned by subtracting the absorstive sogment (tirst four points) of e
first rosidual cuive (X—X} trom tha extrapolated o line of slope
— 0,484 {~-~-) 10 givo the residual absorption line of slapo - 0,434k,
(++++e) The zero-time intercepts of the extrapolatod dnos dofined
by ko {+2 0o dy (1 {vesd AN 3 (o ~=) e C ) A and B, respectively
(Gaurtesy, data, Gibaldi and Porrior®).

Two-compartment paramelers and plasma coneentrations.
o
hus,

("i&-i T .!.Q ........
Il Vn'lnuwl-r

Adaptation of one-compartment equations for aceumula-
tion rotios and Joading dose also usuaily gives values that
satistactorily approximeate Lhose ealeulated with more rigor-
ous egualions. 1he respective adapted equations are

[wl < vl (60

[no wiits] (61)

and
Dy=RD  [wl) (62)

where 1., Dy, snd I ave the aceumulalion ralio, oplimal
loading dose and maintenance dose, respeetively,  In some
instnnees, eg, when n rapid response Lo lidocaine ik desired, o
loading dose ealeulated with Eg 81 will be Loo low Lo provide
adequate antidysrhythmic effects of the drag during the
distribution phase. o this case, # loading dose can be ap-

proximated by use of the formula
né=v,0, (63)

where 3% is the loading dose, V) is the volime of the centrul

[wif
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compartment and €, is Che target (immediate conlral com-
parlment) plasma eoncentration,

The rale al which the steady state is atlained depends
almost entively on A, The plateay principle essentinbly ap-
plics, and approximately 5 half-lives, based on #, are re-
quired to reach the steady state. Lssenlially all precepts
emanating from the one-compartinent plateaun principle are
applicable if two-compartment # §s vsed in place of one-
compartment 2.

Nonconformities and Miscellany

Fallibility of Assumptions—General pbarmacokinetic
concepts are applicable to many drugs without significant
modification. Implicit in these concepis are certain as-
sumptions which, however, do nol apply to all drugs or drug
recipients. Some of the basie assumptions are (1) the phar-
macological effect, is elicited by the drog administered (and
whieh is betng assayed in the bleod), (2) the pharmacokinet.-
ie paramelers remnin constant with both time and dose and
(3) the peak effect occurs when the concentration ig at is
peal at the site of action, binding and sequestration follow
lirst-order kineties and, in short, the models chosen for ki-
notic analysis are correct. ' When these assumptions are nok
valid, signifieant clinieal consequences aecrue, and theoreti-
eal and/or empirical modificetion of the models may be
necessnry.  Therefore, it iz worthwhile to examine some
departures lvom Lhe more common or commonly assumed
behavior and some miscellancous pharmacokinetic eonsid-
erations not stressed elsewhere in this chapter.

Active Metabelites and Latentiation—Some drugs are
biotransformed to o melabolile that has a pharmacological
action like thal of Lhe parent drug.  With these, the pharma-
cohkinetics of sach of parent drug and i1s metabolite may or
may not be simple and easy to define, but the combined
pharmacodynamic {and sometimes pharmacokinetic) netion
may rise and fall in a complex way hecause of the different
time courses, distributions and routes of elimination of the
two netive molecwles.  For example, the anticonvalsant. tri-
methgdione (TMO) s on-lonized at hody pH, is little excret-
od and hae o ¥y of about 600 mL/ g and a half-life of about 4
hr, whereas its anticonvalsant metabolite, dimethadione, is
a weak acid, iv excreted and excretion is affected by wine
pH, has a Vg of 400 mL/kg and has a halfdife of about 10
days. It is obvious thal a study of the pharmacokineties of
MO alore would be of little value in predicting a therapeu-
tic regimen and precautions.

Two or more aetive metabolites may inerease the com-
plexity greatly, There are a few drogs in which it is only the
nietabolite, not the parent drug, that is active; with these,
the relationship of pharmacokinetics Lo pharmacodynamics
is simpler, provided that it ia the metabolite that is followed,
It is sometimes deliberately the practice to prepare a drug
that is innctive with the intention that the drug he converted
Lo an active metabolile once it is in the tissues,  This prac.
tice is known as futentiaiion. Latentiation may he ugod
when it is desired (o slow down the rale of delivery of drug to
the tissues, 8 kind of systemic sustained rolease, ng il were, or
whes the active metabolite is locally toxic at the site of
administration. Some drugs which generale netive metabo-
lites nre shown in Table 11, Not shown are drugs whose
metabolites have no therapeutic activity bul which have
Loxic or other pharmacodynammic activity.

The amount of & metaholite of a drug in the body at any
one time depends upon both the rate of transformation of
the drug to metabolite and the rate of disposition of the
metabolite. The body content of metabolite will continue Lo
risa so long as the content of precursor is high enough that
the rate of biotransformation Lo metabolite exceeds the rate

Table |ll—Some Drugs with Pharmacologlcally Active
Metabolites

Pargnt Drugg Activo Motatolite]s)

Acetohezamide
Atlopurinot
Aldophasphoramide
Amitriptytine
Chlocal Hydreate
Chlordiazepoxide
Codaine

Hydrox yhexamide

Alluxanihine

Phaspheramide mustard

Mortriptyline

Trichforoathanol
Destethylehlordinzepoxide, Demexepain
Meornhing

Daenrlmzine S-Amincamidazole-4-carboxamide
I_)ia?.n;mm Desmaothyldiazepran
Digitaxin Digoxin

DesalkyHlurozepam
Flueredeasyuridine phosphate
4. Hydeonyglutethimide
Desipramine
Glyeinexylidide
Normeperidine
Phoncbarbital
w-Mothylepinephrine,

e metiyinarapinephring
Amphetnming

Murazepam
Fluprouracil
Gldethimide
[ripramine
Lidaraine
Meperidine
Muphabarhital
Methvbdopn

Methamphetamine

Phenncetin Acelaminepheon
Phenytbutazone Oxyphenbutazone
Irednisone Prednisolone
Primidone Thenobarbital
Propoyphone Norpropuxyphene
Procainamide N-Acetylprocainamide
Propranclol 4-Fydroxyprapranolot

Canrenone, Canrenoate
Sultapyridine
A-Hydroxytamoxiphen
Dimethacione (M)

Spironalactone
Suifasalnzine
Tanoxiphen
Trimethacione (TR0

of elimination of the metabolite,  When the eoncentration of
drug or precursor falls Lo a level below which there is ne
longer & net gain in content of matabolite, the metaholite
eoncentration will fall.

The kinetics of the fall in concentration depends upon
which rate is fasler, the elimination of drag pracursor ar Lhe
elimination of metabolite. 17 that of the drug is faster, the
content of metabolite will rise above that of the drug, snd the
drig will soon disappear. This eventually leaves the con-
tent of cumulated metwbolite to decline according to the
kinetics of its own disposition.

In Pig 36-21, drug B illustrates the rate-limiting effect of
the disposition of 8 metnbolite. ' When the rate congtant for
the elimination of the drug or precursor is slower than that of
the metaholife, as with drug A in Fig 36-21, the content of
metnbolite never reaches that of the drug and it eventually
deckines aceording to the kinetics of biotransformation of
the drug,  'That is, the content of metabolite is mainly that
which is baing produced moment-te-moment.  The figure is
adapted from a plot of data from 1 computer analysis of o
multivariable model.

The kinetics of the genceration and elimination of a metab-
olite relative to those of ifs drug precursor are important
when Lhe metabolite is either toxic or therapoutically netive.
In the latter instanee the kineties are the kinetics of letentin-
tion. Where the metabolite iz toxie, a pattern such as in A
would be lesa likely to generate toxic concentrations as in B,

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

Other Pharmacokinetic Modcls-—Apparent kinetic
nonconformities may resull when the system does nol obey
the simple gpen one- or two-compartment mogels. In the
two-comparimenl model discussed in this chapter, climina-
tion took place Mrom the central compartment; however,
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Fig 36-21.  Compuler ot of the redationship of the amount of drug
metabolite in the body 1o the amount of drug in tha body al diffgrent
redative ratos of disposition of drug acd matabolite,  With Drog A, the
metabolile s aliminated al a much Taster rato than the parent drag.
Curve "IV Motabolite A the bived conGeniration when the metabo-
lite is given infravemousty; curve “Metabolte from Drug A" the
concontration of melabolile actually bictransformed from Brug A,
With Drug B the metabolile is eliminated at a much slower rate than
the parent drug {courtpsy, comidined replot of twe figures, Mertin'®),

ather two-compartment models in which elimination takes
place partly or entirely in the peripheral compartment are
mare appropriste with some drogs,  1Sven abserption into a
poeriphoral eompartinent appears (o occur with some drugs,
In addition to alternale wo-compartment modeals, three- or
multi-compariment models are roquired ocsasionally 1o ac-
count for the pharmacokinetic hehavior of certain drugs. In
the conunon three-compariment model, the central com-
partment communieates with two perigheral compartments
(which are not interconnected), one enlled the shallow com-
partment and the other the deep compartment,  Distribu-
tiom into the shallow compariment is faster than into the
deep compartment.,

Many drugs that are deseribed as having ene- o1 (wo-
compartment. kinetics actually have more complicated ki-
netics, Thore is no drug that displays true one-compart-
ment kinetics, since distribuiion is never instantancous.
With any drug, sampling within the fivst minate (o one-half
hour will show one or more distribution phagses.

Nenlinearities—Nonlinearity is a torm applied o all
nonconformities in which a semilogarithmie plot of plasma
coneentration-time dala cannot be resolved completely into
log-linear components, ie, into first-order processes, There
tay be various cauacs, such s capacity-limited elimination
{ie, saturation of elimination system}), capoelty-limited ab-
sorplion or transport, changes in protein binding, changes in
PH at the site of absorption, changes in blood flow Lo Lhe site
ol absorption and/or elimination, low or erratic dissolution
ar relense rates from dosage foyms, low salubility of the dryg,
drug-induced or other change in body lemperature, elo,
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Same apparent nonlinearities are the result of fitding
straight lines Lo nontinear datn under the assumption that
deviations are experimental error,

Protein Bindimg—"The binding of o drug to protein or
other macramolecules can affect the pharmacokinetics of o
drug, the magnitude of the effect depending on e fraction
of the drug that is bound, the fraction of the hindiyg sites
ihat are veeupicd by the drug and the rates of association
and dissociation,  I7 only a small fraction of drug is bound,
the kinetic consequences may be minor or neglipihle, even if
binding is very tight. The effeet of the hinding of a large
Praction of drug depends somewhat on whether the dryg is
bound tightly or Joosely; if the rate of dissodiation is quile
rapid in comparison 1o the rate of delivery to sites of distai-
bution and elimination or in comparison Lo the indrinsic rate
of elimination, the kinetic consequences also may he minor,
The greates). consequences acerde Lo binding with high ca-
pacity and slow dissociation,

It catnod be overemphasized that in the analysis of plas-
ma, the total concenteation of drug (e, both free and hound
drug) usually is determined. However, it s only the free
drug that ean raove across cell membranes, and equilibrium
or steady-state conditions are established only through the
mavement. of free drug. Therefore, total drug concentra-
tions are defective indicators of a trae kinetic situation un-
fess a corvection is made for the extent of protein binding.
Wilhout such corrections, ervors can he serious,  Binding to
plasma protein has a profound effect not only on Vy but also
on apparent renal fillration fraction and clearance, as may
be seen iv Bgs LY and 16, 11 the plasma concentintion was
not corrected for binding, Cl, would be in error by a factor
of 1/(1 - p), whers p is the fraction bound; however, when
excretion ocours mainly by active tubular transport, protein
binding often has a vegligible effect on renal dearance,
Similarly, when intrinsic hepalic clearance is low, protein
hinding greatly affects the clearance, the effect heing o
decrease clearance,

The hinding of a drug to plasma preoieins retards the rate
of distribution and delays the attainment, of eguilibrium or
steady-slate conditions, 1L i3 as though the transport of
some molecules of the drug across a membrane has to wait
until these molecules dissnciate and are frec to diffuse.

When the amount.of a drag bound to plasma profeins does
not appraach saturation, ie, the bhinding capacity of the pro-
Leins, the fraction of drug bound approximately is constant
over a therapeutic dose range. However, when the amouni
exeeeds about 50% of the saturation value, the percent of
drug bound may vary considerably with dose, which will give
rise 1o dose-dependent kinetics (see below), Under the ¢on-
dition of noar-saluration, changes in the prolein cenient of
the blood also will make large differences in the pergent
bound and hence in the various pharmacokinetic parame-
ters, Clerbain pathological conditions, such as uremia, some
conpestive heart faijure, starvalion, ete, may he aceompa-
nied by hypoproteinemia and albumin with altered hinding
properties and henee abnormal pharmacekinetics,

Time-Bependent Kinetics—A drug with low Lo intérme-
diate intrinsic clearance, and which induces an inerease in
the activily of its own hiotransforming enzyme system, will
deerense 1y and increase clearance and, if its kinetics show
two-compariment kinelies, its Vg Sinee sueh an induction
reiuires lime, usually several dose-intervals of repetitive
dosing, the kinelies vary with {ime and ave called time-
dependent. Allosteric (or feedback] inhibition by aceumu-
lated metnbolites of a drug, or an effect of o drug to impairits
route or climination, alse will cawse {ime~dependent (and
dose-dependent) changes in the kinetics, Drugs that cause
the depletion of some slowly vepleteable intermediary fac-
tor, such as the depletion of novepinephrine by reserpine or
the irreversible inhibition of aceiyleholinosterase by isoflur-
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aphate, will manifest time-dependent effects on bady func-
tion whieh do not. eorrelate with the drug pharmacokinetics,
With seme drugs, especially central nervous system depres-
gants, the drug effect recruits time-dependent homeostatic
counteracjustments that tend to terminate the effect pre-
maturely and 1o increase the dose requirement. for effect (e,
eauses tolerance), so that the pharmacokinetica lose their
predictability with Lime. Similarly, drug-induced changes
in the receptor properties of the response system will tlend to
prodace a time-dependent dissociation of the pharmacoki-
netics from the pharmacodynamies,

Duse-Dependent Kineties—With some drugs, the phar-
macokinetics differ more with high, than with low doses.
Such changes may be due Lo:  saturation of g higtransform-
ing enzyme of excratory transport system, toxic impairment
of the organ of excretion at high doses, differences in inter-
compartment permeability and Vi at high and low doses,
drug-indueed changes in blood flow and hence in distribu-
tion and clearance, saturation of protein binding sites or the
recrnitment. of now hinding sites at high doses, elc. In those
instances in which the elimination route is saturated {(also
called capacity-limited), it is evident that the hali-life will
increase, as can be seen in Fig 36-22, The cause of the dose-
dependent increase in £z at the higher doses is the satura-
tion of the enzyme systems that form salicyluric acid and
carboxyhenzoxyglucuronide. 1t s usual Lo speak of the ki-
neties during the satoration phase as being zerc-order, but
they ure nol truly zero-order. The satursted system mani-
fests sero-order kineties, bul alternative routes of elimina-
tion, sueh as through salicyl glucuronide and glomerular
{iiration and renal tubular secretion, stil]l manifest first.
order kinetics. so that elimination is a mixture of zero- and
first.ordar processes.  In any event, since elimination is no
longer completely a first-order process in the saturabion
phase, there is no overall elimination rate constant and
hence ne constant half-life. During repetitive dosing with
the large doses, the new O™ will be delermined by both the
zero-order and firat-order elimination processes, os well as
the dose, but the time required to reach the new platesu will
he delermined only hy the remaining {irst-order processcs;
since the first-order overall elimination constant, K, has
been diminished, the time-to-platean will be increased ac-
cordingly, Kinetic behavior of this type is mathematically
analogous Lo the familiny Michaelis-Menten expression for
enzyine kivetics, and dose-dependent kinelics are some-
timen called Michaelis-Merten kinetics. They also are
called satreration, or capacity-timiled, kinetics.

Examples of important drugs which show dese-dependent
kinetics are aspirin, phenylbutazone, probenecid, levodopa,
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Fig 36-22. Dose-dependent elimination of salicylats i a nermal 22-

year-oldmale. Doses taken ware 0.25, 1.0 and 1.5 g aspirin, respec-
tivaly. Vartical mrrows on the Hima axls indicate the time necessary
1o aliminate 50% of the doss.  Stated hall-times (f,,,) aro for straight-
lino portion of curves whera allmination rate is first-order, However,
during the early howrs after the larger doses, the slopa at any time
{tangont to the curve) Is flalter, hencea t.yz s longer, than Juring the
flrst-order phase (courtesy, Gibali and Perrier.’ modilled from
Lavy 'Y,

phenytoin and dicumarel.  Bthanol obeys essentially zero-
order elimination kinetica at blood concentrations above
(0.02.-0.04%, which iz a {act of considerable importance in
court cases involving ethanol,  'The ¢linieal significance of
dose-dependent kinetics will be diseugsed further in Chapler
a7,

Chirality—Chiral drugs often are given as racemic mix-
tures, and the pharmacokinetics and pharmacodynamics of
the drugs are studied as if the drug were one entity. Ilisnow
becoming clear that this approach may be in error hecause
evidence is accumulating which shows that the pharmacoki-
netics (as well as pharmacodynamics) of individual enantio-
mers are not the same and that failure to differentiate
among them will give misleading kinetic data for the active
form of the molecule. Details of the importance of chirality
in pharmacokinetics have been summarized.'?

Kinetics in the Evaluation of Drugs and Drug Products

The utility of pharmacokinetics in devising appropriate
dosage regimens is obvious. Kinatic studies also are impar-
tantto the study of the influence of inhibitors of elimination,
ey, probepecid on the excration of penicillin, and the effect
of one drug on the disposition of another.

Plasma or tissite concentrations and their kineties are not
only valid but essential in comparing the bioavailability of
drug produets in which the excipients, adjuvants, ele, may
vary but the active ingredients are the same. Such data are
eritical to o proper appraisal of the practice of prescribing
drugs by proprietary names.

Kinetiey also are employed Lo compare diffevent drugs,
but. the meaning of such comparisons is often obscure, and
claims of therapeutic superiority based on kinelivs must be
accepled eautiousty. ‘The kineties of disposition are impor-
Lant, to a comparison of druga in a class in which oxic effects

are frequent; it is often desivable to use a drug with a short
biological half-life, so that a toxic episode may be lerminated
quickly upon discontinuation of medication. Furthermore,
it is valid Lo compare the fluctuations in piasma concentra-
tion among 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
efficacy or toxicity.

A comperison of peak or mean blood levels achieved by
equal doses of different drugs is not entirely meaningless. It
iatrue that the dose of a drug may be adjusted to compensate
{or adifference 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.
Farily because of the inertia of precedence and habit and
partly Lecause i is casier for the physician to memorize
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dosts as wgroup, closely related drugs whose potencies diffes
only moderately may all he available in the same dose.
Thus, tetracyelines are available as 260%™ or *500',” even
though Lhey are not equipotent, sulfonamides as 1 ¢, ete. It
i therelore valid for the physician w choose the drug whose
unit dose vields a blood level closest Lo the optimum.  Un-
fortunately, many physicians do not have the prorequisite
knowledge for such a choice and hence may he suscoptible to
misleading promotional arguments about the superiority of
one producl over another, Some of these points will he
elaboraled in the following chapter on Clinical Pharaacaki-
nelies,
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CHAPTER 37

Clinical Pharmacokinetics

Douglas E Roltins, MP, PhD

Assocloie Profossol of Medictne ond Phamacology
S¢hoo! of Meditne and College of Phaimacy
University of Urah

Salt Lake Cliy, UT B4412

In Chapter 368 the basic principles of pharmacokinetics
were presented, Clinical pharmacokinetics is the discipline
in which basic pharmacokinetic principles are applied to the
development, of vationel dosage regimens.  [n this chapter
the concepts of pharmacokinetics are placed into perspec-
tive with the development of individualized drug dosage
regimens, The dlinfeul significance of the processes of drug
absorption, distribution, elimination and influence of dis-
ense states on these processes are emphasized. Bxamples
will be given of the ways pharmacokinetic principles can be
applied in the ealculation and adjustment of dosnge regi-
mens designed to {it the pharmacokinetic and pharmacody-
nemic properties of drugs and specific disease states that
alter drug dispesition. The principles of therapeutic drug
monitoring and the rational use of this cinical selence in the
management. of patients alao are discoussed.

An individualized dosage regimen for a patient involves a
deecision about the dose or amount of drug (o be adminis-
tered, interval hetween doses, route of administration and
patient, factors thal may change during the course of drug
adminiatration. The latter implies that there is a plan for
monitoring the therapeutic and adverse effects of the drug.
Decisions about drug duse, dosage interyals and route of
administration are based on the clinical knowledge of the
disease being treated, efficacy of the drug in trealing the
disenge and absorption, distribution and elimination of the
drug.

Absorption

Drugs are administered by n variety of routes including
intravenous, intramuseular, inhalation, oral, rectal, vaginal
and topical application to the skin, The choice ol the route
depends on the many patient- and drug-related {actors dis-
cussed in Chapter 36. In practical Lerms, the important
congiderations in this choice include the systemic availabil-
ily of a particular dosage form, rate and extent of drug
ahsorption and patient convenience.

Oral Route—This route is chosen mest frequently be-
cause of ease of administeation and pationt aceeplance.
Howevor, the number of variables involved in the abserption
of drugs from the stomach and small intesLine make the oral
voute of administeation quite complex.

Plasma concentration-time curves will reflect some of
these complexities. One of these is the velative rates of
absorption of different preparations of the same drug (Fig
47-11), in which preparalion A vepresenls u simple, rapidly
absorbed preparation of o drug B is a more slowly absorbed
derivative of the same base. The bicaveilabilities of A and B
are identical and € is the same ecompound as B, bul in o
dosage form that is only 50% as bioavailable as B A is
absorbed rapidly (ie, k; for A is greater than for B or € and
the peak level is in the therapeutic plasma concentration
range.

Tho advantage of such a preparation is that a pharmaco-
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dynamic respanse can be expected to ocour quickly, provid-
edl the respunse is related to plasma conceniraiion. To
appreciate the chinical relevance of the situation, consider A
10 be quinidine suifate, an antiarrhythmle drug.  For quini-
dine sulfate, the absorplion rate constant, k;, is large in
relation to the elimination rate conslant, ke, and the peak
concentration usually ocews in 1 to 2he. The rapid absorp-
tion is important in elinieal situations in which some degree
of urgency exists.

It may bedesirable, in the initiation of therapy of ominous
ventricular premature contractions, Lo use a preparation
with the characteristics of quinidine sulfate. The halllife
of quinidine is 4 to 6 hr, so that frequent doses {every 4 hr)
are necessary lo maintain effective btood concentrations of
the drug, The short half-tife can be an advantage, since
steady-state concentrations of quinidine arve achieved within
24 I (plateau principlel. Therefore, one can decide within
a day whether quinidine will be uselul in suppressing the
ventricular premature contrgclions. However, the fact that
a dose must be administered every 4 to 8 hr to maintain
therapeutic plnsma concentrations is somewhat. of a disad-
vantage in that it is inconvenient and may result in noneom.
plianee,

B, with its slower rate of absorption, reaches a lower peak
concentration at a considerably later time even though given
in the same dose.  There are clinical consequences of this.
For example, if 8 wos the sustained-relense form of quini-
dine glucenate, it would be less desirable than quinidine
sulfate Tor the ivitintion of drug Lherapy, where a rapid
therapeutic response is needed. Beeause of ils prolonged
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Flg 37-1.  Plasma drug concontration:tima curvas of threa prapars-
tons of the same drug. A ts rapldly and completaly absorbed,  Bis
nat absorbed as rapldly a8 A but is 100% avaliabla.  Chas the same
time-to-paak concentration as Bbul is only 50 % as avallable (Courte-
sy, adaplation, Banet).
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abgorplion, this preparation commonly is administered ev-
ery B to 12 hr. This is so becouse Lhe slower rale of absorp-
tion enables the doss W be increased commensurate with a
Jonger dese-interval without pesk eoncentrations that rise
into the Loxic renge,

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

The preparation represented by C in the same dose as A or
B is probably not an aceeptable way to administer this drug.
The total emount of drug ¢ that is absorbed is only half of
that of B (area-under-the-plasma concentrations-time
awrve, AUC, for (s half of the AUC for 3). Thus, it would
require twice the dose to attain blood levels equivalent to A
or H.

The treatment of asthma with theophylline is an example
in which a rapidly absorbed desage form is used o initiate
therapy and a prolonged-release dosage form is used for
maintenance therapy, When a putient has an acule asthma
attack or worsening bronchitis that requires bronchodilator
therapy, it is advisable to use the theophyliine-ethylenedia-
mine complex (aminophylline). This dosage form can be
administered githor intravenously or orally; the former
should be used Lo initizte treatment in the aeute nsthmatic
patient who reguires prompt therapy, so that neither a delay
i achieving therapeutic plasma concenbrations nor bioavail-
abilitv are factors in the initial therapoutic response.

Tollowing the administration of nloading dose (see under
Distribution, page 749}, the drug should be given by contin-
uous intravenous infusion until the acute symptoms have
subsided, which may take 24 to 72 hr. In the patient with
lesg-gevere symptoms, eminophylline can be administered
orally four times a day. Once the patient’s eondition has
improved and an effective dose of theophyHine has heen
estahlished, then it may be possible Lo swilch the patienttoa
prolonged-release formulation for maintenance therapy.

‘The abserption and bicavailability of ‘Theodur and Sus-
taire, two sustnined-release theophyliine preparations, per-
mit 12-hr dosing intervals; Slo-Phyllin Gyrocaps should be
given every 8 hr. ‘T'he total daily dose of theophylline thai
was required during intravenous aminophylline administra-
tion is divided into smabler oral doses given at intervals
appropriate for the eharacteristic of the preparation or dos-
age lorm used,

It is important Lo keep in mind that the absorption and
plasma-time curve characteristics for these preparations
usually have been established in healthy volunteers or asth-
matic patients without other ilinesses, Patients who elimi-
nate theophylline rapidly (ie, smokers) may have increased
dosuge reguirements, and the dosage nterval may have Lo be
shortened to avoid recurrent asthmatic symptoms between
doses,

Prolonged-release dosage forms have the additional ad-
vantage that fluctuations in blood levels of the drug will he
less than with rapidly absorbed dosage forms. There is
evidence for some drugs that the reduction in rapidly chung-
ing blood levels may improve efficacy and decrease adverse
effects,.  For example, the dose of fentanyl or ketamine re-
quired to maintein anesthesin was reduced by nearly 50%
when the drugs were given by continuous infusion rather
than by intermittent belus.?

This reduced dose also resulted in more rapid recovery
with less-prolonged sedation, These lindings suggest that a
reduction of Muctvation in the plasma concentrations will
reduce {otal dosage ragquirement.  1f such a reduction in
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plasma concentration fluctuation alse applies Lo oral pro-
longed-relense dosage forms, it would provide g distinet ad-
vantage for their use,

The bioavailability of a particular drug product, by any
route of acministration, ean he determined by comparison ol
the AUC of a drug given by the route of interest with that of
Lhe same doge given inbravenocusly (see Chapter 35). In the
case of an orally sdoninistered 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 gasirointestinal absorption of the drug beeavse it does
not go completely into solution, as it may be degraded in the
gastrointestinal lumen, or it dees not pass across the intesti-
nal mueosa.  Furthermore, in ordor to reach the general
cireulation, drugs taken orally must pass through the wall of
the gastrointestinal trect and then to the liver via the portal
vein. Thus, drug metabolism may oceur in the gut wall oy in
the liver and severely limit the delivery of parent drug Lo the
general vircalation,

If the extraction of the drug by the liver is efficient, oral
administration results in low hioavailability and sometimes
limited pharmacological effect. ‘This is commonly reforred
Lo as first-pass metabolism. Table I lisis some of the drogs
known to exhibit first-pass metaholism,. Mecnuse their ex-
traction is high and their rate of metabolism great, the rate-
limiting step in the clearance of drugs in Table 1 is liver
hlood flow. The metabolism of these drugs can be referred
10 s flowlimited. "The clinical significance of changos in
liver blood flow on drug bioavailability will be discussed
under Druy Therepy in Hepatic Disease.

Different dosage forms of the same drug may have differ-
ent systemic bigavailabilities, ‘The ratio of the AUC for one
dosage form 1o that of another dosage {orm is termed the
relative biowvailabitity, A drug usually has the highest bio-
availability if administered orally as an agueous solution;
finely comminuted drugs mn suspension follow closely.
However, as o drug is packed into hard gelatin capsules or
compacted into Ltablety, its bioavailability decreases. Fur-
thermore, a drug in one dosage form made by one manufae-
turer may have a difforeni bioavailability from that of nn-
other manufacturer.

With drags for which bioavailability varies significantly
from product W produet, if ane product initially bas bheen
efficacious, it is advisable to continue with that product. 1f
for economical or other reasons the product must be changed
10 that manufactured by a different company, it is wise Lo
observe the patient carelubly for a possible change in clinical
response indicative of o change in bioavailability, Produets
designed for prolonged-release sometimes have a low bio-
availability, However, this may not be a problem during
maintenance therapy so long as therapeutic serum cancen-
trations are achieved consistently.

The presence of food in the stomach or intestine can have
a profound influence on the rate and extent (hioavailability)
of drug absorption, Initial absorplion studies for a new
drug, performed in bealthy volunteers, commuonly include
fasting and nonfasting conditions, ‘Therefore, in general,
and for controlled dicts, the effeet that food may have on

Table 1—Drugs that Exhibit Firet-Pass Metabolism

Acolylsalieylic acid Metoprolol
Alprenolol Marphing
Amitriptytine Nitroglyeerin

Desipramine Nortriptyline
Dopamine Pentagocine
Enipramine Prazosin

Isnproterenal Propoxyphene
Lidocnine Propranolol
Mepaoridine Salic )
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drug absorption may be known when a drug is introduced
into the market. Unfortunately, food-drug interactions are
not consistent, and the presence of food may cnhance or
diminish the absorption of drugs. The most common type
of interaction necurs when a food constituent binds the drug
and the food-drug complex cannot pass theough the gut wall,
For example, complexation of tetracyeline antibiotics may
oveur when these drugs are adminiatered with dairy prod-
ucls or with antacids containing aluminum, caleium or mag-
nesium,

‘T'he presence of a large menl in the stomach will delay
gastric eroplying. 1f o drug that is absorbed in the intestine
is ingested with a large meal, the delay in gastric emptying
muy result in a delny in absorption of the drug. However,
the presence of {food in Lhe stomach also hag been shown to
inerease nbsorption of some drugs. For example, the bio-
availabilities of the A-adrenergic blocking drugs, propranalol
and meloprolol, are enhanced by the presence of food.
Therefore, becavse 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 emply or
30 min prior Lo meals; an exception ia with drugs which enuse
gastrointestinal irvitation and nausea. 'These drugs must be
given with food to prevenl these side effects. I s recom-
mendad that such drugs always be taken with food to com-
pensate for the differences in absorption that might oecur if
they weie given ene time with food and another time without
food.

Watar taken concomitantly with certain drugs may in-
crense bionvailability, The administration of aspirin, exyth-
romycin stearale, amoxicillin or theophylline with 250 mL of
water resulls i greater bipavailability than if the same drugs
are ingested with only 25 ml. of water.* It is probable that
the increased amount of water enhances the amount of drag
absorbed by improving drug dissolution ns well as hy hasten-
ing gastric emptying.

Diseases that affect the atructure and function of the gns-
trointestinal tract also are capable of altoring the absorption
of drugs after oral administration.  However, no consistent,
patiern develops; rather, there appears Lo be a complex rela-
onship hetween the effect of the disease on stomach and
intestinal funetions and the absorption of the drug in ques.
tion.  For example, diseases, such as diahetes mellitus or
chronic renal failure, which delay gastric emptying, will
markedly delay the absorption and onset of effect of drups
that must reach the small intestine hefore they are absorbed.
This has heen a problam with the use of phenytoin in pa-
Lients with chronic renal fatlure. Celiac disease and Crohn’s
disense, which alter the intestinal epithelium, have been
gtudied in detail® In these disenses, absorption of some
drugs is affected greatly, but there is no consistent pattern of
altered drug absorption.

When a drug is to be administerad orally to a patient with
altered gastrointestingl motility, disenses of the stomach
and small or large intesting, previous stomach or intestinal
surgery or gastrointestinal infection, there is s congiderable
probability that drug-absorption characteristics in thesa pa-
tients will differ from those in healthy volunteers. ‘I'his may
result. in n change in the time of peak blood level or the
extent of absorption. I is advisable to observe such pa
tients closely for clinical effect during initial drog adminis-
tration and during chronie dosing in order to assess Lhe
influence of alterations in absorption and correct dosing
regimens accordingly.  Monitoring drug bloed concentra-
tions may be heneficial in adjusting dose,

Nonora! Routes—Drugs are administered by a varicty of
nonoral routes iveluding subcutancous, intramuscular, in-
travenous, inhalation, percutaneous, buceal, sublingual, rec-
tal, vaginal, intra-arterial and intrathecal, In the cases of
inhalation, topieal application Lo the skin or mucous mem-

branes, rectal, vaginal, intra-arterinl or intrathecal adminis-
tration, the route often is chosen to ensure that drugs reach a
specific site with a minimum of gystemic absorption. The
rationale i that the maximum concentration of drug will be
al the site of action so0 that side elfects will be lessened.
Nevertheless, if lurige doses are ndministered by these routes,
enough drog may rench the general cirewlation to produce
side effocts. 'Therefore, the dose and praparntion should be
such that timited quantitics of drug ronch the systemic cireu-
Iation,

The beta-gdrenergic ngonists, metaproterenol and albu-
terol, when administered by inhalation, produce hronchodi-
latation at doses that avoid serious systemic side effects.
Similarly, the corticosteroid, beclomethasone, also ean be
administered by Lhis route for the management, of chronie
asthma, Low doses of beclomethasene by inhalation are
without the serious systemic side effects of orai steroids.
However, as the dose is increased hoyond two inhalations 4
times a day, for an avernge daily dose of 400 ug, Lhere bs a
greater incidence of side effects, including adrenal suppres-
sion.,

The topical sdministration of drugs rapidly is becoming
an important route of drug administration of systemic drugs,
Previously vsed only for the application of drugs for local
effacts in diseases of the skin, it now is being explored os a
meany of administering drogs for their systemic effects.

Nitrogiyeerin commonly is applied to the skin in the form
of an cintiment or transdermal patches; it is absorbed rapidly
and provides sustained blood levels. Sublingual nitroglye-
erin also is employed 10 produce therapeutic blood levels; it
produces a maximal gffect on anginal pain within 3 Lo 5 min
but lasts only 20 to 60 min.  in contrast, nitroglyeerin oint-
ment provides penk blood concentrations in about 1 hr and
the effect on anginal pain may last for several howurs, The
aublingual tablets should he used Lo suppress neute anging
attacks, wheress nitroglycerin ointment or transdermal
patches may be useful o preveni recurrence of episodes of
angina for prolonged periods, such as during the night.
Whether or not the continuous administration of nitrates by
this route will result in the development of tolerance is not
clear at this time. Transdermal patches containing cloni-
dine or estrogen are availahle for the treatment of hyperten-
sion or estrogen-replacement therapy, respectively.

Close intra-arterial administration of drugs is used to get
drugs directly 10 a targel site or organ in high concentration,
After it has passed through the target region it is distributed
in Lhe entire blood volume, which reduces the systemie levels
of the drug and the consequent side effects. One example is
the use of eytotoxic drugs for the treatment of primary or
metastatic lwmors of the liver, The infusion of deugs into
the hepatic artery exposes the tumor to higher drug concen-
trations than can be tolerated with intravenous administra-
tion. If the drug is extracted efficiently by the liver, the
exposure of sensilive tissuos such as bone marrow and gas-
trointestinal epithelium Lo the drug will be decreased. For
example, after hepatic artery infusion of flexuridine
(FUDRY, hepatie vein concentrations are 2 (o 6 times higher
than comparable drug concenteations following inlrnvenous
infusion, yet systemic blood concentrations are 75% less.t
Thus, the therapeuatic index of FUDR in the treatinent of
liver cancer is increased considerably by hepatic arterial
infusion, ‘This type of selective drug administration may be
beneficial with other drugs that have low therapeutic indi-
ces,

Intrathecal injection is uved to deliver drugs to the spinal
cord or brain in sufficient concentration 1o produce an effeel
but al the same time io reduce the incidence or geverity of
systemic side effects. "I'he intratheenl administration of the
cancer chemotherapeutic agent, methotrexate, frequently i
employed in the management of leukemic involvement. of

FRESENIUS EXHIBIT 1013
Page 194 of 408



H

the centrad nervous syslem.  The epidural administration of
morphine, which produces long-lasting (6 Lo 30 hr) analgesin
with minimal side effeets, is proving to be of benetit in the
management of chronic paib.

Distribution

Onee a druy is abaorbed into the goneral vireulation, it
dislributes into various tissues and body Tluids. ‘'he nature
and extent of this distribution depends on several factors
guch as the extent of deug binding to plasmn or tssue pro-
teing, blood Mow Lo selected arens of the body, lipid-solubili-
ty of the drug and, consequently, its ability to permente
membranes.  In clinical practice, concern about drug distri.
bution often arises regarding the penetration of an antibiotie
into the central nervous systom, into abscesses al any loca
tion, inte hone Tor the (reatnent of ostecinyelitis and into
specific body fluids such as synovial fluid.

In muost cases, the distribution of a drug within the body is
determined by the nature of the drug. However, distyibu-
tion oceasionally iz allered by the disease process for which i
is heing used. For examplo, in healthy individuals, the con-
centration ol pemeillin in the nervous system is much Jess
than in serum,  However, v patients with inflamed menin-
pos, as in hacterial meningilis, lnrge daily parenteral doses of
penicillin can result in bactericidal covcentrations in the
cerehrospinal [uid.  "Thus, pneumaocoeseal snd meningocoe-
cal meningitis can be lrealed effeciively with intravenous
penicillin,g - Inereased penetration into the hrain in these
distases ocours bacause the inflamed meninges are maore
permeable to the penicilling - Also, active Lransport of peni-
eillin out of the cerebrospinal flyid back into plasma may be
impairad ip meningitis, thus causing an inerease in penicithin
concentration in the brain,

In Chapter 36 the term volume of distribution (V) wag
introduced, Despite the fet that the Vi ol a drug is o very
important pharmacoldnetic term, it is important to recali
that knowing the Vyof a drug does not indicate necessarily
how or where a drug is distributed within the body, The
ahatract nature of the Vy is illugtrated with a drog sueh ax
the tricyetic antidepressant, amitriptyline, The WV, for nmi-
triptyline is 20 L/lgr, which vepresents a tatal Ve of 1400 L in
a Thly men, ‘Uhis large Vy indieatos thnd the amount of
drug in the plasma is small n relation to the amount in
extravaseular compartments and implies that lssue concen.
trations of the drug probably are very lurge. Sines the
volume of total body watler in a 70-kg man is less than 701, a
Vo of 1400 1, alse illustrates that V; does not represent s real
volume, Prugs with a large Vy usually are distribufed ex-
Lengively Lo tissues where ey commonly are bound to tissue
constituents sueh ns DNA or other macromolecules, or dis-
sodved [n lipids, wherens drugs that are bound extensively to
plasing proteins will have smaller Vs,

One situation in which knowledge of the sive of {he Vi is
useluf elinjeally is in the manggement of the patient with o
severe drug overdose, 10 a drag such as amitriptyline has a
large Vy, itis likely that after an overdose neither hemodial.
ysis nor hemoperfusion will be an effective way of lowering
the fotal body concentration of the dryg  Dialysis may
lower the plasma drug concentration temporarily, hut there
will be redistribuiion from tissues inlo plasma soon afler the
dinlysis is stopped.

Knowledge of the Wy also (s impoertant in determining the
loading dose of a drug. ‘This is the dose of 5 drug adminis-
tered initially to bring the plasma concentraiion 1o g level
anfieipated during maintenance. An example will illustrale
how the Vyis wsed to detormine the loading dose of theo-
phyfline. The V, of theophyliing is approximately 0.5 Likg,
and n commanly dosired plasma concentration is 10 pg/ml
(10 mg/L). Iquation 7 (page 748) shows that
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where [ is the hivavailability factor or the Praction of drug

administered that reaches the systemie eiveatation, 1 s the

dose of drug administered and Cis the plusma concentration

desired, Since the f lor theophylline is 0.96 it can be consid-

ered 1o he 1. Thus

0.5 Lrkig = M

itl mg/ﬂ
andd
1= 6 mpdkp = 360 mg/70 ki

This dose, administered e a 30 min intrgveneus infugion, an
oral solution or as an uncoated, rapidly dissalving tabled, will
resull. in # penk plasma theophylline concentlration of ap-
proximately 10 mg/l, in patients who have not. received
Lheophylline recontly.

The V4 usually is considered to be a constant parameter of
adruy, so that the loading dose is independent of subseguent.
changes in drug elimination produced by disease.  For ex-
ample, the foading dose of gentamicin in o patient with
gevere renad failure ustally will not be differont from that in
a patient with noyinal rengl Tunction.  Therefore, therapy
can he siarted with the conventional loading dose without
knowing Lhe aclual status of renal funetion,

The severity of renal failure as measured by creatinine
clearance {see below) nevertheless will have Lo be deter-
mined prioy to calewlation of the maintenance dose. There
are wome clinical situations, however, in which the Vs of
various drugs may be allered o that the leading dose may
have o he altered approprictely. The Vg of w drug may be
alfected by a variely of factors such as protein binding,
thisease stoles, body habitug and age.  As a rale, the offect of
changes in protein binding on the Vyare important only for
drage which are bound B0% or preater 1o plisma protains.

Propranclod provides an example in which in palients with
chronie liver discase the V, is incrensed significantly because
plasma protein binding is deereased, ‘This occurs because s
gronter fraction of unbound drog has access to tissue, The
Ve of digoxin in patients with severe congestive heart failure
wsnally is decreasod Mrom thal in patients with normal eardi-
ae oulput,  Conseguently, the loading dose of digoxin is
reduced i these patients,  Severe dehydration and sepsis
result in contraction of the extracellular space and a conse
guent decrense in Lhe Vool dings thit largely are conlined o
this physiologicnl space.

The degree of obesity also muy alfect the Vi of somae drugs.
The relative Vg (A% V/kg) of walor-goluble, hpid-insoluble
drugs varies inversely with pereent body fat; the A% of Hpid-
soluble, water-insoluble drogs varies diveetly with bady (at.
Iven in extremely obese palients the inerease in body weight
may nok he accompanied by an increase in the ¥V, lor water-
soluble drugs, such s aminoglycoside antibiolics, which will
not distribate into 'ai fissue.

Caleulation of the Jonding dose of Lhese antiMolics in
obese patients illustrales this problem. 10 actual hody
weight, rather than the ideal hody weight or lean budy mass,
is used to ealeulate a loading dose of an aminoglycoside
antibiotic, efevaled penk concentralions may oceur in obese
patients. Nevertheless, an excessive loading dose is prefera.
ble to the risk of possible subtherapentic concentrations
from a misealeutated adjusted dose in aoseriously i patient.

“aleulation of mainlenance dosing shositd be made using
ideal body weight to avoid consislently elevated peak plasma
concentrations, lnthe first vear of life, infants are kirown to
have g larger extracelbular space per unit of body weight than
adults so that the A7 of same drags s also greater. This has
heen shown 1o be Lrue For ampiciiling teareillin and amifa-
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cin. Changes in the ¥, oceur Mrequently in elderly patients
as the result of changes in lean body mass. A linear incrense
in the A with Increasing age has been demonstrated Lo oceur
with dineepam.”

1t should be kept in mind that the Y for a particular drug
in an individual patient may change during therapy. An
example might oceur when o severely dehydrated patient 18
trealed with intravenous fluids.  Unfortunately, there are
no aceurate means by which the Vy of a particular drug can
be determined in an individual patient without first admin.
istering the drug in guesiion. Thersfore, insituations where
one suspects that the V, may be altered, it is important o
monilor Hood concentrations of drug, or clinieal response, Lo
ensure that therapeutic, and neither toxic nor inadeqguale,
plasma concentrations are being achieved. This particular-
Yy is true during initial cumulalive drug administration or
when 2 loading dose is being given,

Protein Binding-—Pharmacological cffect is related
closely to the Iree concentration of drug at its site of action.
Hawever, all drugs ave bound to some extent to plasia
andfor Lissue proteins, und the free-drug concentration of-
ten may represent only a fraction ol the amount of drag in
the body. For mosl drugs the total-drag concentration is
measured in plasma and related Lo an observed therapeutic
eifect.  Thus, recommended therapeulic concentrations
commonly are expressed as the total drag concentration in
plasina, simply because total-drug concentration is much
easier Lo assay than free-drug concentration,  If something
accurs that perturbs the protein binding of drug, then either
mure of less may be ree in plasma (and thus Mree at the site
of action) and “standard” therapeutic drug concentration
guidelines nu longer apply. 'This gituation is made more
complex beeauso changes in profein binding may alter elimi.
nation as well as distribution.  There is delinitely a need to
understand Lhe therapeutie consequences of alterations in
drug-pretein binding in order w individualize druyg thorapy.

The major factors that affect drug-protein hinding in-
clude the types of proteins available for hinding, the binding
affinities and capacities and the presence of competing sub-
atances, such as endogenous substances and other drugs.
Albumin is the major protein in serum, nnd drug binding to
albumin, consequently, has been studied in detnil,  Drug
binding Lo alpha;-acid glyeoprotein and lipoprotein also has
heen shown 1o he of ¢linden] significance for certain drags,
There are little data on the ability of other plasma proteins
10 hind most drugs.

For the purpose of discussing protein binding, drugs can
be classified as either acidie or basic (Table 11).  Acidic
drugs commonty hind (o plasma albumin, and concomitant-
Iy adiministered acidic drugs may displace one another from
their binding sites.  Basic drugs may bind to either alhumin

binding protein by another drug or by a disease process, the
concenteation of free drag in plasma (and at the receplor
site) will inerease temporarily, mm effect whick then may
ineresse temporarily the phiarmacologic response.

The elinienl impact of displacement dopends on (he total
amount of drug in the body that is hound, the extent of
displacement, whether Lhe drug is alse Hssue-bound, the Vy
and whether the drug is a high-clearance or low-elearance
drug. High-clearanee druga are those with an extraction
ratio (soe below) of close Lo 1, 80 that the extraction usually is
insengitive tu the extent of protein binding. A low-clear-
ance drug, on the other hand, has o Jower extraction ratio,
and the clearance of the drug may be very sensitive Lo pro-
tein binding,

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 displneed
from protein binding sites, Cpee increases and clearance
increases. 'I'he increased metabolism will result in the elim-
ination of excess (e und restore the original free-drug
levels, Nevertheleas, the initial release of bound drug may
esuse o Lemporary depletion of clotting factors and conse-
quent bleading.

The effects of protein displacement are usually of clinical
signilicance only when binding exceeds 85 1o 90%. Consider
a drug which is 98% hound Lo plasmn proteins. A displace-
ment of 26 potentinlty will inerease free-diug concentration
by 100%. Hewever, Lhis does nol mean necossarily that free-
drug concentration in plasma actuadly will increase by 100%,
because froe deug usunily distributes quickly into tissues,
After redistribution, the actunl inerease in [ree-drug concen-
{ration in plasis depends on the Vo I1 the Vg is large, the
increase in plasiin concentration may be minimal; if the Vy
is small, the concentration at the recepior site may rise
significantly and elicil an increase in intensity of drug ac-
tion. To make matlers more complex, a decrease in protein
hinding also can increase divectly the Vg by decreasing the
total concentraiion in plasma, from which the Vi caleulat-
ed.

Diseases can alter drug-protein binding by decreasing the
amount of prolein nvailable for binding and by inhibiting
drug binding, Table 111 lists some conditions thal increase
or decrease plasma proteins,

Hypoalbuminemin and elevated alphn,-acid giveoprotein
have been shown to have the most dramatic effeet on drug-
protein hinding. A normal concentration of serum albumin
isd g/dL, and a concentration of 2 g/dl would be considered

Table Jll~-Conditions Gapable of Aliering Plasma Prolelns

Aplin-teld

or lphiy -acid glyeoprotein, 1 a drug is displaced from its il Sk
Decrensed plasma Burns Nephrotic
Table il—Drugs More Than 80% Bound To Plasma Protelns protein syndiome
aciiihics /A — - (".lm)'nic‘]ivm'diamu;c
. S Sy Cystic fibrosis
Protein-losing
Alfentanil Acetylsalioylic neid enteroputhy
Amitriptyling Cloxaeillin Nephrotice syndrone
Chlorpromaing Naproxyn Prognuney
Desipramine Penicillin Chronie renal failure
Dinzopun FPhenylhutozone Trawma
Flurazepam Phenytoin Ingreasoed plusmo Hyputhyroidism Celing disvuse
Imipramine Probenecid pratein
Lidocaine Sullinpyrizone Crohn's disense
Lorazepum Tolbutamice Myocardinl
Mifedipine Warfarin infarction
Naortriptyline Renal Milare
Propranolol Hheumaloid
Quinidine arthritis
Waorapamil Trawimn
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severe hypoatbuminemin,  The effect of hypoalbuminemia
on drigg-protein binding has the greatest impact i 90% or
greater of Lhe drug is bound, if the number of hinding sites
on albumin are limited or if the drag has g fow V. 1t has
heen shown that a ehamge in plasma albumin coneentration
from 3.5 down to 2.3 g/dl causes the protein binding of
phenyloin Lo chamge from B0% 10 BO.8%.5 'I'he reduced bind:
ing results in an inversely proportional increase in total
plasmia elearance, so that in steady-state 1 he imbound-drog
concentration remains unchanged. Thus, it is probably un-
pecessary Lo alter the total daily dose. However, the de-
crease in Lotal plasma drug conceniralion poses a potential
problem for the interpretation of routine plasma concentra:
tivas.  Thie problem is discussed in further detail under
Drug Therapy in Reaal Divease.

Diseases ulso can affeet the atfinity of druge {or albumin.
The best-lknown example oceurs in chronie renal failure, in
which aceumulated endogencus compounds, which are not
significantly removed hy dialysis, displace acidie drgs fram
albumin binding sites, In disorders or situations in which
frae fuity acid levels are increased, acidic drugs are displaced
from albumin binding sites. Quantitabively, when the [ree
futty acid/albumin ratio exceeds 1.5, the binding of acidic
drags usaally is reduced sipnificantiy ¥

Elimination

The elimination of drugs from the body usually vecurs
sither hy excretion into the urine or by biotransformation to
metabolites thal are eliminated in the urine or feces. The
mechanisms wherehy (he kidneys and liver eliminate drugs
and the pharmacokinetie principies behind these processes
were prasented in Chapters 35 and 136, respectively.  In this
section, emphasis will he placed on the practical applieation
of these prineiples townrd the development of individuntized
dosage regimens.

When drugs are approved by the FDA, their elimination
has been studied in detail, usvally only in healthy volun-
teers.  Nevertheless, there s often enough information
available to make rational decisions aboul the individualiza.
tivn of drug doses in pationts who might have Tmpaired
elimination. The most important information is whether
the drug is eliminated unchanged in the urine or Liotrans-
formed m the liver. With a drug for which the major route
of elimination is venal, it is necessury o know il exeretion is
by tubular secretion, glomerular filtration or by a coming-
tion of seerction and filtration.  With a drug of which the
elimination is principally by the liver it is necossary to know
if the biotransformation is primarily by u Phase 1 {oxidation}
reaction or a Phase 11 (conjugation) reaction, if the metalo-
lite{s) is/are pharmacologically active and il the drug exhil-
its Mirst-pass metaholism,  With the knowledge of these faels
about: each drug, one ean determine if i1 is necessary 1o
adjust the dosage regimen in a patient with kidney oy liver
impairment.

As indieated in Chapter 86, drug elearance is n moro divect
expression of elimination than s hallulife,  Thiy s men-
tioned here only to remind the render to he cautious about
eguating impaired renal or hepatic function with a change in
drug hall-life. 1 a decrease in the yenal elimination of a
drug is accompanied by an increase in hatf-life, it is neces-
sary Lo know this to adjust the dosoge regimen,  However,
the elimination half-life of a drug is a complex funetion of
elimination and the V., and it is possible 1o bave a change in
the ¥, in patients with renal er hepatic impairment such
that there is no alteration in half-life. Furthermore, it is
possible to have a drug with a high total body clearance vet s
long hall-life, ‘This seeming contradiction occurs when
drugs with o very high clearance also have a lnrge V.
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One class of drugs that disphays this contradiction is (he
wicyelic antidepressants; the members have rapid clear-
anaes of about 1600 ml/min as the result of hepuiic metalo-
tsm, but their plasma elimination half-life may be as long as
20 hr. Beeause of Lheir large V; (1000 10 2000 L) and rapid
redistribution between tissues and plasma, drug cleared
from the plasmn nlmaost completely is replaced by drug from
the peripheral compartment. As alveady mentioned, this is
important to remembher when deciding about the use of ex.
tracorporeal (hemodiatysis or hemoeperfusion) systems (o
remove drugs from the body of an overdosed patient.

For u drug with o hall-life of 20 hr it might appear that an
extracorporeal system would enhance drug elimination,
However, elearance of the Wrieyolic antidepressants by digly-
sis is small compared to nornal hepatic elearance, 11 the
drup also has a large Vy, redistribution likely would kecp the
plasioa levels elevated and bemodialysis or hemoperiusion
would have Lo be continued for an unusually long Ume to
enhinee significantly the removal of drag from the body.

Rennl Exerotivn---Unchanged drug or drag metabolites
can be eliminated from the body by way of the kidneys, as
mentioned above, Drug excretion by this route wakes place
cither as & result of [ltration Lhrough the glomerulus, by
tubular seeretion or both, A knowledge of how o drug is
exerotod enn be useful in predieting the effect that renal
disease will have an ils elimination.  Drugs that ave excreted
hy tubular seeretion generally can be divided into organic
acids, such as penicillin and probeneeid, and organic bases
stieh ag eimetidine,

Asindicated in Chapter 36, the organic acids and hases are
secreted by separate transport systems.  Among the evganic
acids there is competition in transpord such that the cond-
ministration of two such drugs con result in decreased elimi-
nation and elevated hlood concentrations ol each.

Sometimes this competition ean be used 1o advantage, as
in the administration of probenecid in combination with
penicillin in the treatment of gonorvbea. The resuli s that
the clearance of penicillin is reduced and the plasma penicil-
lin concentrations remain high for a prolonged period of
Lime; the combinalion is more effective than penicillin alone,
Sinee the therapeutic index of penicillin is high, such inter
actions are usetul,  However, if' probenecid is administered
with the cylotoxic drug, methotrexate, the secretion of the
latter drug is impaoired and significant toxicity may oceur.
When tubular secretion is high, plasma protein hinding usu.
ally dhoes not affect active secretion by the proximal tubule,

Most drags aro excreied by the kidney via (ltration aerosi
the glomerular membrane,  Glomerular fillration is a pas-
sive, nonsaturible process,  Because of the small size of the
pores of the glomerular membrane, only free drag in plasma
can be filtered; consequently, drugs that are hound to plas-
ma proteins are filtered poorly.  Displacement [rom pro-
(eing aetually ean increase the amount of drug Filtered in the
glomerulus and hence efiminated in the urine.

The glomerular clearance of drugs is divectly proportional
to the glomerular filtration rate (GFR). 1t follows that a
decrense in GIR will result in a proportiona] deerease in the
rate of glomerdlar elimination of o drug. ‘Thus, monsure.
mentof the GIFR ean bie very helplul in the individualization
of dosage regimens in patients with impaired renal funetion,
The GFR generally is estimated by measuring the clearance
of either inulin or creatinine.  Inulin must be infused intra-
venously, whereas erentinine, o product of muscle metaby.
lism, is released fn ofoe al o relalively conslant vate, thus
obviating the need for constant intravenous infusion.  Uri-
nary creatinine exerction usually exceeds the amount [il-
tered by about 10% because ol o small amouwnt of renal
tubnlar secretion of creatininge,  Mowever, hecanse determi.
nation of GIFR by crentining elonranee is inespensive and
casy 10 do and, because the difference between fnndin and
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creatinine clearance is nol significant olinieally, creatinine
clearnnce commonly is used Lo estimate GFR. 1L is very
imporlant Lo realize that the ereatinine clearanee is an accu-
rate estimante of GFR only il renal function isstable. Ifrenal
function is deereasing, sexum erealining coneentrations will
be increasing, and it may take several days o reach a new
sleady-state.  Until & new steady state is renched, the GFR
cannot be estimated aceurately from serum croatinine con-
centrations, and serum creatinime should not he used to
calenlate an individualized dose of adrug. Although ereali-
nine clearance only measures the GFR, it frequently is used
in the determination of the dosage regimens of drugs that sre
eliminated both by {iltration and by tubular seeretion, Un-
fortunately, there is no gimple test to mensure Lubular secre-
Lion, ‘Therefore, dosage adjusiment based on - erentinine
clearance may not be appropriate for patients receiving
drugs that are seereted actively by the venal tubules.!?

The effect of ¢changes in urine pl and urine flow on drug
exvretion alrendy have been diseussed in Chapter 35, In
routine drag therapy, these parameters are not considered Lo
be of grest importance. However, the alkalinization of urine
Lo pH 8 by the administration of sodium bicarbonute is used
rottinely o treat overdoses of phenobarbital and salicylates,
sinee ionization of these weak acids reduces their reabsorp-
tion and inereases their elimimation,

Drug Therapy In Renal Disease—Druy administration
{o patients with hnpaired renal function is complicated by
their associaled medical problems, by Lhe number of drugs
they receive and by the alterations in drug disposition and
elimination that oceur.  In renal disease, the protein binding
of acidie or neutral, but not basie, drugs in plasma usually is
altered. Some of the reasons Lo explain changes in protein
hinding include:

1. Hypoalbuminemia that oceurs as a result of protein loss in the
urine.

4. Competition Tor protein binding sites with small acidic molecales
that accumuiate in uromia,

3 Changes in the conformation of allumin that resulis in decroased
affinity for hinding sites.

4. Acemulation of deug metabolites ot might displace parent drug
from proteins

Whichever the cause lor changes in hinding, the clinieal
importance of changes in plasma binding and/or protein
concentration is that care must be used Lo interpret plasma
drug concentrations,

Meoasured plasina drug concentrations usually are report.-
ed as toinl drug, ie, bound plus free drug. For example,
therapeutic plasma concentiralions of phenytoin in persons
with normal plasma protein content are 10 to 20 mg/l, of
which only | 1o 2 mg/L represents ree drug.  In puatients
with renal fuilure, the free phenytloin concentration is un-
changed, wherens the total drug concentration falls 4o 510 10
mg/l, beeause of changes iy protein concentration. The
clinician might, therefore, be mislead into thinking that an
inerease in dose was necessary to ingrease the plasma con-
centration, In fact, because the free phenyloin levels are
wichanged in patients with renal disease & dosage adiust-
ment is pol wirranied. The renal climination of metaho-
lites ean also bo affected by impaired renal function,

I'he uremic state has been shown Lo have an effect on the
biotransformation of many drugs. However, the effects of
uremia on drug melabolism often are inconsistent and not
prediciable, and the dinical significance of such effects usu-
ally are not lmown.  ‘The elinieal importance of the reduced
elimination of drug metabolites is better understood. Table
111 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,  'Uhis metabolite is eliminated by the kidnevs,

and its plusma concentration iy increased in patients with
impaired renal function. Patients with renal failure who are
treated with procainamide should be observed closely for
signs of clinical proeainamide Loxicity, and plasma concen-
trations of both procainamide and N-acotylproeninamide
should be monitored,

Dosage adjustment of drags in patients with renal impair-
met should be based on a knowledge of the pharmacokinel-
i parameters of the drug and, when indicated, on monitor-
ing of plasma drug congentration. The aim of individualiz.
ing dosing regimens in patients with impaired climination
(renal or hepalie} is to maintain an average plasma concen-
tration () similar Lo thal of patients with normal elimi-
nition and, thus, lo avold unnecessary Loxicity or loss of
oltiency,

In Eq 32 in Chapter 36 it can be seen that . is 0 direet
function of dose (D) and bioavailubility (/) and an inverse
function of the dosing interval (1) and clearance (Vka). In
the patient with impaired elimination or decreased clear-
ance, Cpipyg will increase until a new platenu is reached
(plateau prineiple). If clearance is impaired markedly or if
the therapeutic index of the drug is small, toxicity may
OLeur,

i1 is apparent from the same equation that cither an np-
propriate decrease in dode or increase in the dosing interval
will offsel a decrease in elimination, and a Cppae can be
attained Lhat is similar to that in a nonimpaired patient.

In the patient with renal impairment, individuatization of
drug therapy requires knowledge of the dogree of impair-
ment and its effect on drug climination in order Lo choose a
proper dose or dosing interval Lo nchieve a desired Cp ).
As discussed shove, the endogenous ereatinine clearance is
usually the most practiceal nydex of GFR and it is used widely
(with the limitations indicated) o determine the degree of
renal impairment in a patient with renal disease.

The translation of the degree of impairment into a dosage
regimen is notsimple. In the literature there are s variety of
nomograms and eguations available to aid in ealeulating
dosage regimens in patients with renal impairment.  Iach
has its proponents and opponents and each is based on a et
of assumptions thal provide limitations to ils use. None
take inte nceount all of the complexities diseussed above,
Therefore, 4 nomoygram or an equation used to determine a
tose of a drug Lo be given (o a patienl with renal nmpairment
must be used only as a guideline and, when possible, should
be used nlong with monitoring of plagma drug coneentrntion,
when indicated, and careful elinieal ohservation to ensure
oplimal therapy.

Deug clearance in patients with renal insufficiency (C';)
cun be estimated (rom the relationship of the ereatinine
clearance in the rennl-impaired patient, the creatinine ¢lear-
ance of normal persons and the clearance of drug by renal
and nonrenal clearance mechanisms according Lo the equa-
tion
G

Cn",i = el “)

ks ("!ﬂml ol
where Clygy is the normal renal elearanee, Cloa sapaiied 15
the creatinine clenranee in the patient, Claey gormal 18 the
creatining dearance in normal persons and Clyroga) 16 the
nonrenal eloarance, The renal and nonrenal clearances may
not be available; therefore, Lo delermine a proper dosage
regimen, one must rely on the pharmacokinetic information
that is available in the literature; the elimination rale con-
stants, fa, in normal patients and [n patients with complete
anuria frequently are available. The values (or these con
stants for many drugs hoave been listod in Table IV, Detuli'?
has derived a nomogram in which these elimination rate
constants and Lthe ereatinine elearance can be ysed Lo deler-
mine an individualized dosage regimen (or patienis wilh
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Table iV—Drug Elimination Hate Constants in Normal and
Anephric Patients

Normal Anephric

ki Ko
Divig (T3] {1y
Alpha-methyldopa 0.17 .03
Amikacin 0.4 .04
Amoxicilin 0.70 0,10
Ampholeriein 13 0.4 0.02
Ampicillin 0.0 010
S henicitlin .60 005
Celazolin ha0 0.0
Crphacetrile 0.1 0.04
Cophalexin 1.0 0.00
Cophalothin 1.40 (.04
Crphaloriding (Lol 0.08
Clhiloramphenicol (180 020
hlorpropamide Lo 0.008
Chlortetyncyeline 1LY 0.0
Clinglanmyvein (g 0,10
Cloxacillin ] 0,57
Colistimethate 0.20 0,04
Digitoxin {1,014 (.00
Digoxin 0.017 0,000
Doxveyeline 003 093
Frythromyein .40 {1.1d
Hthsmbutol .64 000
Fludroeytosine 4 101
Gentumivin Q.30 0.01
Faoninsid
(fast acotylators) .60 020
(slow acelylaiorsy 0,20 (LO8
Kanamyein {40 AKSH
Lidopaing 0,40 (.56
Lincomygit [$R 1) (.36
Methicillin L4 07
Minocyehing 0.05 .04
Mafeitin 1.2 048
Oxacillin 148 0.35
Ovtetracyeling 008 0,02
Denicillin G L4ty (.05
Pedymyxin B 0.16 0.2
Procuinnmite 0.22 0.m
Propranalal (Lu0 016G
Quinidine .07 Q00
Rifampin 045 (.45
Streptomyein 0.2 .01
Sulladinzine .08 0.03
Sulfameathoxazole 050 0.70
Pelracyeling LR 201
Tieareillin 0.60 {06
Pohrumyein 0.36 o1
Trimethaprim .60 0.02
Vancomyein 0.1% {003

deereased renal funetion,  This nomogram is reproduced in
Fig 372,

An example of how this nomogram can be applied is as
follows. The ratio Eugmephric Fotmorony 15 the fraction of the
usual dose of a drug Lo be administered when there is anuria,
When this ratio is enlered on the leftordinate of the nemo-
gram in Mg 37.2 and connected by a line 1o the wpper-right-
hand corner, the dose Mraction is deseribed for a range of
creatinine clearances [rom 0 Lo 100 milAnin (100 mL/min is
that of a normal 70-kg person). A line then is drawn verii-
enlly from {he patienl’s ¢reatinine clearance on the abscissa
Lo the dose fraction Hoe, 1'rom this peint of intersection, a
second line is drawn horizontally to the left ardinate of Lhe
nomogram, The point of intersection on the lefl ordinate is
Uhe dose fraction for that particular drug corresponding 1o
the compromised creatinine elesrance,

Ingolar as the malntenance dose is concerned, the dosage
regimen in the patient in cenal failure can be moditied by
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Fig 37-2.  Nomogram used to determine the fraction of & dose that
sheuld be admintstered to & pationt whh a parlicular creatinine clear-
anee.  An example §s given for a pation with o ereatining vlearance
of 36 mL/min and a ralio of Kymepirio Fageseay 0f 0,08, Tho dose
fraction in this case is determined tobe 0.36,  This dese lraction then
is usad Yo adjust the dose er dosage inferval for a pationt with tha!
dogreo of renal impairment (Gournesy, adaptation, Detfi "),

adiusting either the dose or the dosage interval aceording to
the caleulnted dase fraction. The maintenance dose can be
adjusted by multiplying the normal dose by the dose fraction

D, = D-Dose Fraction {3

where 1) is the dose in renal insulficiency, I} is the usual
dose in normal persons and dose fraction is the value deler-
mined from the nomogram as deseribed above, The dosage
interval, =, ean he adjusted by dividing by the dose [raction

v = v/Dose Fraction (&3]

where v is the dosage interval in renal insufficiency. An
example of an adjustment in a gentomicin dosage reginen
for o patient with an impaired creatinine clearance of 35
ml/min is as follows:  the usual gentamicin dosage regimen
in a patient with normal renal function is o loading dose of 80
mwg followed by BO mg every 8 hr, From Table TV it can be
seen that

!“ol[mwl)llrh:l"kt‘.llnurmuli w ALOT/0L30 = 0,03

When 0,03 is eniered on the left ovdinaie of the nomegram
and o line it extended to the upper-right-hand ecorner, the
dose-fraction line for gentamicin is doscribed. From a ove-
alinine clearance of 25 mb/min on the abscissa n line is
drawn vertically to the gentamicin dose-fraction line, From
this point of infersection a corresponding point on the left
ordinate of Lhe nomogram is a doge fraction of .36, The
dosage interval then ean be adjusted as

AL 7/Mose Praction
= B hir/(.36
=299 hy

Thus, in a patient with such an impaired renal Mfunetion, a
once-a-day dose of B0 my is likely o maintain therapeutic
plasma concentrations.  The maintenance dose lor pentami-
cin in ihik patient also could be adjusted using 19 2 as
Follows
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Dy = D-Dose Praction
= 80 my0.36
= 2B8.8 mg

Thus, 29 mg administered every B he would provide thera-
peutic plasina concentrations in this patient.  'he decision
to adjust the dose or the dosage interval also should be
individualized. Fluetustions in plasma coneentration of
gentamicin will be less if the dosage interval is lengthened o
24 he. However, there may be s therapeutic reason to have
peak plasma concentrations oceur 3 times o day rather than
onlyonco, As mentioned above Uhis, or any other nomegram
or caleulation for dosage adjustment, is only an approxima.
tion. Once the dosage adjustment has been made, careful
clinienl observation and, when indicated, monitoring of plas-
mna concentrations is warranted, Since the loading dose
depends primarily on the Vg, & change only in iy does not
necessitate a change in the loading dose,

Drug Therapy in Hepatic Disease—The biotransfor-
mation of drugs is discussed extengively in Chapter 55, Al-
though many crgans are involved in drug biotransformation,
the liver is Lthe mogt important. One might therefore as-
sume thal all patients with liver disease would demonstrate
o predictable deeline in drug elimination by the liver, ‘This
Isnot the ease. There are several factors Lhat complicate the
management of drug therapy in patients with liver disease.

There are na vautinely perforimed laboratory tests that predict Lhe
offect of liver disease on deag motabolism,  Unlike (he correlistion he.
tween crentining clearance and renal clearanes of drugs, [here is not g
pood correlation between the commonly availahle tesis of liver Tunclion
und drog eleprance by the liver. Iu fact, the elimination rates of many
hiotransformed drogs ave unafTectod by liver disense.

Deug elimnination By the liver may he alfected by several factors in-
cluding liver bloud fow, protein hinding and volame of distribution, in
uddition to drug-metubolizing capneity.

Liver disanse is nol a single well-defined entity bul comiprises a nuin-
hor of various stewctural and funetionad altarations,  These nclude in-
flarmnstion and nocrosis, which genorally alter oniy Tivor cell function
and henee drug-metabolizing activity; cirrhosis, which may impaie both
liver cell funetion amd liver blood (Tow: cholestasis, which may impair
both Diotranstormation and biliary climination and neoplasia, which
ety both invpadr cetl fanotion and (i{\cmm—w Wleand flov,

The discussion of biotransformation in Chapter 35 indi-
cates that the process of hepatic elimination of drugs is
complex, involving many different types of chemical reac-
tions. While this is true, for proctical purposes it is most
important. 1o know whether o drug is meiabolized by an
oxidation (I"hase I) or conjugation (Phase IT) reaction, 'The
specific type of chemical reaction is of less elinical impor-
tance, Many drugs are blotransformed first by an oxidation
reaction and the resulting metabolite then is conjugated to
facilitate urinary excretion, In these cases it is the oxidation
reaction that probably is moest important.

The clinieal significance of knowing the goneral renctions
involved in the metabolism of drugs is related to administra-
tion of such drugs in the patient with hopatic impairment,
It generally is accepted that liver disorders which affect
hepatoeyte eell function will impair drug oxidation long be-
fore drug conjugation is altered. A specific example oceurs
within the benzodiazepine class of drugs. On the one hand,
chlordiazepoxide and diazepam are metabolized initially by
oxidation reactions that have been demonstrated Lo be im-
paired in patienta with alecholic cirrhosis.™?

Accardingly, the climination of these drugs is decreased,
and elevated blood levels may result during chronic therapy.
On the other hand, oxazepam and lerazepam undergo only
conjugation with glucurenic acid prior to being eliminated in
the urine, Glucuronidation does not appear to be affected
in clinieally siable alcoholic cirrhosis, and the elimination of
these drugs is no diflerent than in healthy volunteers, 3!
From a pharmacckinetie point of view, oxazepam and lora-

zepam are more rational choices than diszepam or chlordiaz-
epoxide for use in patients with aleoholie cirrhosis.

Most stadies 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 disense, such aw chronic forma of hepatitis,
neaplasias of the liver or cholestagis. Furthermore, one
must not extrapolate studies of Lthe metabolism of one drug
in pationts with liver disease to another drug, even though
the metabolic reactions appear to be similar, There is a
multiplicity of subpopulations of cylochrome FP-460 en-
zymes. One drag may be metabolized by one of these sub-
populations, while another drug is metabolized by another
enzyme. For this reasan, there is often poor correlation
between the oxidations of two drags,

Heputic disease alse can produce changes in serum pro-
teing and in liver blood flow which can influence the elimina.
tion of drugs. Because the liver is the site of synthosis of
serum proteing, patients with severe chronic liver discose
frequently have decreased protein binding of drugs, In ud-
dition, there may be decreased protein binding as a result of
qualitative changes in serum proteins. Liver blood flow ia
dominated by the pertal venous system Lhat drains Lthe mes-
enteric veins, Thus, all drugs absorbed from the oral route
pasg through the liver via the portal vein. In cerlain types of
liver disease, most. commonly aleobolic eirrhonis, there is
shunting of the portal circulation away from functioning
hepatoeytes. This leads to increased pressures within the
portal system rnd shunting of drugs away from the drog-
metabolizing enzymes,

One method of classifying drugs by the characleristics of
hepatic elimination 1s to divide them into those with a high
hepatic extraction ratio and those with a low hepatic extyac-
tion ratio. As described in the explanation of g 23 of
Chapter 36, the hepatic extraction ratio is defined as

B = Cap= G,
&

ah

whera Cy, is the hypothetical momn of mixed hepatic arterial
and portal venous drug concentrations, and C, is the hepatic
venous drug concentration. The hepatic cloarance, Cljy, of 1
drug is determined by its extraction ratio as

Oy = HBP-E

where 11 BF is {olal hepatic blood flow. The elassification of
druge according to their hepatic extraction ratios is shown in
Table V. Hepatic blood flow is wsually the rate-limiting
factor in Lthe hepatic clearance of drugs with high extraction

Table V—Classification of Drugs According o Thelr
Hepatic Extraclion Ratlos

Dirups with an Extraetion Radio Greater than 0.5

Lidetuine Nortriptyline
Propranolol Morphine
Pethedine Lahetalol
Pentazocine Vorapamil
Propoxyphene Metaprolyl

Drrupgs with an Extraction Ratio Less than 0.5
Hinding-Sensilive Binding-Ingensitive

Phenyloin Theophylline
Dinzepam Acetaminuphen
Toibutamide Hexobarbital
Warfarin Chloramphaonicol
Chlurpromazine

Digitoxin

Quinidine

FRESENIUS EXHIBIT 1013
Page 200 of 408



ratios, and the metabolism of such drogs sre considered Lo be
[lowg-findted metabollsm.  These drugs demonstrate lirst-
pass metaboliem in that after oral adminiatration a major
portion of the drug does not reach the systemic aireulation,
Their bivavailability is low and their metabolism is sensitive
1o anvthing that alters hepatic hlood flow. Thus, for exam-
ple, the elimination of lidocaine can be decreased substan-
Lially in patients with congestive heart failure, which nsually
causes 8 reduction in hepatie blood flow, 1n patients with
cirrhosis and portal hypertension, the shunting of blood
away [rom functioning hepatoeytes has the greatest impact
on drugs with a high hepatic extraction eatio,  1n patients
with portal hypertension, the hioavailability of drugs with a
bigh extraction ratio may be increased signifiesntly, so that
toxie blood levels may resull. At the present time there is no
routine Jaboratory Lest that will prediet this effect in an
individual patient. Rather, it is advisable to start with g low
dase of drug and increase the dose slowly to achieve the
desired responge.

Fhe rate of metnboiizm {or drugs with a low extraction
ratio is dependent on the concentration of drug al the hepat-
ic engyme site, which is proportional to the free concentra-
tion of drug in plasma.  Consequently, deags in this class can
be divided further into thoge in which hepatie elimination s
cither sensitive or insensitive to protein binding,  Drugs
with & hepatic elimination distinetly sensitive {0 protein
binding are generally 80 1o 994% bound, wherens drogs with
a hepatic elimination clearly ingensitive to protein binding
are loss than 30% bound. Conditions that offect plasma
protein binding can have a significant effect on the hepatic
clearance of a binding-sensitive drag but usually not a bind-
ing-insensitive drug.

Although much is known about Lhe hepatic metabaolism of
drugs and the factors that can affect their hepatic eliming-
tion, the use of drugs in potionts with potential altored
hepatic clearance is still evapirical in that there ave no specif-
ie guidelines relating the severity of hepatic disease and drog
elimination, Toagreal extent this is due to the muitiplicity
of drog-metaboliving enzymes, and it is unlikely that a single
or simple battery of lnboratory tests will suffice to predict
the hepatic elimination of all drugs. Applying the known
fapts phout liver disease along with the knowledpe of drug
elimination by the liver usuatly will perniit a rational use of
drugs in patients with disorders of the liver.

Therapeulic Drug Monitoring

Rational drag therapy requires ndividualization of the
dosage regimen for a particular patienl.  In many instances
this can be done by monitoring the clinfeal response Lo drug
therapy. or example, if & patient. with hypertension is not
responding to therapy and there is no reason Lo suspect poor
compliance, it may be appropriate Lo increase the dose until
the patient’s Bood pressure is under control,  Whenever a
drug is administercd, well-defined therapentic end-points
shauld be a preferred part of the management. plan.

Observation of 1he clinical respunse or monitoring a reli-
able laboratory test may be easy with certain classes of drogs
such as antibvpertensives, oral hypoglyeemics, oral antico-
agulants, analgesics or druga used Lo lower serum uric acid or
seram lipids. FPor other drugs, the definition of 4 therspeu-
lic end-point may notl be clear or the onset of toxicity may
oceur al dosages only slightly above therapentic concentra-
tioms,  For some of these drugs one should menitor the
sevum drug concenlration and s determing if the dose
administered Lo an individual patient is achioving therapeu-
Lie congontiations.

The following are several criteria and Lypical examploes
that should be considered before measured drug serum con-
centrations nre of clinical value,
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The drag must have a reoersible wetion, A cxample of drugs with
irveversilile setion would b the abbylnting agents which exert s lnsting
offiect after o singho done. AL Lhe prosent Gane there sesms o he litde
nesd foy routinely monitoring the plasmn concenbation of thise drugs.

The deselopment of tolevanes af the receptar site showdd il neour,
A therapeulic concenleation range for morphine ix not rational, sinee the
dost requirdmentt may ineresse with use.

The plarmacokimetie praperties of e dregore token inta aceeuni in
the dlood sampling schedule, 1 sompling is performed in o mainte-
panee repiven, stendy state shonkd have been achioved prior (o sam-
plingg. Steady state may oeetr 4 Lo b hall-lves after the initistion of
tharapy if a loading dose s ot administered.  Chanpes in deog half-life
produced by dizgeare must be token into aceount. Quaditative differ-
enees in Lhe metabolism or exeretion of drigs also are ksown Lo seour in
paliculs with hepatic guddor renat disease. Wor exmnphe, patitniz with
impaived renal function may crpericnes prelonged respizalory depres.
whony when treated with morphing, dus, in pat, 16 thi accumulation of an
active melabolite, morphineGoducoronide.  For draggs with nshort hadf-
Hife, peak (107 2 by aller oeat dosing) und trough (preduosing) determing-
tions aro advisuble, The distrilution phose should be complote Belore
drug concenlrations sre measured.  Slow-release Tormulations of droags
huve different absorplon eharacleristios and dilferent plasma coneen-
tration versus tme profiles thit must be taken o account when infer-
preling @ single plasimn coneenfration, ‘The chironic administralion of
somn deugs (e barhiturates) results in the induction of hepatie drog-
medaholizing enzymes. A decrense in Lhe steady-state plasing eoneen-
vration of that ditg, or others medshedized by the induced hopatic -
symes, oy veeny unless the dose of thnt drug is incrensed.

The presenee of aetive metabolites shadd be taken inte considor-
utimt. The serun concentralions of the N-acetylprocainamide melabo-
lite ol procainatiide shoukd be e whes ing omtiarrhyth
miv aetivity after administering proceinamide, This is preticolarly Lrue
in potents with renal feilure who may eliminate e metabolite slowly,
Active metaboliles also ure respongilile for toxicity Ge acolaminephon).
Most assays for (e menserement of plasmn drig concentrations du not
account for aclive loxle melabelites thal are present al very low plisma
coneenirations,

Pire analytival method mase be seasttioe enowgh o measare acei-
rately the expected serum vopcentralions and splective enowgh Lo be
cartain thal inferfering substances will not influence the resulis. Nost
clinienl drug assayvs do not distinguish between ennationans il g racemic
mristare of deog is administered. His important Lo eongider this when
interprefing the glosmag concentration of a drug iF one enantiomer is
mare setive of there is stercctelaotive disposition. “The (S -warlrin
chmntioner Is aboul ve times more potont in e un tie (8 enanptio-
mer; the 8244 enantivmer ol disopyramide is bownd more avidly Lo
plisiu pratsins than is corresponding £ C-J-puntismer. Some drugs
(e phenyloing nuy De atsurhed by plasties in inteavenous wbing, sy~
rimpees andd Blood-collection tubes, Whon analytica) results do not £iL the
clinjent sitwition, considesation shotid be piven o adsorption as a poten-
il probbenm.

P dole must be cenfuated in the contex! of sound clinfenl jedg-
mend, Trent the patient, ned Uie serem deag concentration.  As exame
plo s dhe paliont whe i taking digoxin and develops 0 low plasma
potassium,  Bypolalomin malkos the myoesrdium more sensitive (o (he
rhythin disorders produced by digosin, Thus, the putient with o norinal
serurm digoxin coneentration mny experieace drug induced eardiotox-
ivity i’ hivpokaiemin nlao is present,

Table Vi—Therapeutic Ranges for Drugs

Amilacin Trough 4-4 mgfls
Penk 20530 mgfl.
Carbampzepine 4-8 mgfL
Dijroxin 0.8.9 prian
Disopyramide ] gt/
Ethosuximide 40-300 mg/1
Caentamicin Trough .52 mgdl.
Peak {10 g/
Lidocnine mg/ 1
Phenobarhital g/l
Phenytoin gL
Primidone (see g/l
phenobarbital)
Proesinamide 410 g/l
N-Acelylprocainamide 1030 mg/l"
Quinidine 1548 mgi/l.
Theophylline 10-20 mg/ L
Tobramyein Trough 0.5-2 my/L
PPenk 410 mg/l.

Valproic Acid 50100 mg/Ls

Al of prosiinihiicde nod V-acelylprocainamide,
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Table Vil—Pharmacokinetic Parameters of Commonly Monltored Drugs

Volume of Protein Oral Rose “?1‘1":!'2‘33%.’33%
dlstrilution binding avallabliiy Routy o1 Half-Lfa. Aonal ar
Drug {L/kgh (%) (%) olimination ma nophric  fellure tsllure
Amikacin 0.25 <5 Parenteral only  Renal 3hr 2-ddoys  Yes No
Corbamazepine  0B-1.4 il 70 Hepatic—upoxide 10-26 hr — No No
metabolite is active
Digoxin 6,074 20-40 5093 Renal 43-51 hr .6days  Yes No
Disopyramide 0.5 G080 BO--BS Ronal and Hepatic G-10 aH Yes No
Kthosuximide .62 Negligible 100 Hopatle 60 hr adults — Noe No
30 hr children
CGentamicin 0.25 <5 Parentersl onty  Renal 2hr ¢-3dnys Yen No
Lidoening 1.4 60 Parenteral only  Hepatic—metabolites 1.6 b o No  Yeos
are aclive
Phonobarbital 1.0 46 B0 100 Hepatic primarily 3-4cays - No  Yes
Phenytoin 0.6 00 90 Hepatic 10-30 hr Ne  Ounlyin
concentiation severe Casen
dependent
LPrimidone 0.6 14 100 Hepatic—phenobarbitel  3-12 Jw 5 Ne No
and pheayl- S0-96 hr
othylmalonyl- motabiolites
amide {PEMA)
nre aetive
metabotitos
Procainanide 2.2 15 heH8 TRenal and Hepalie 2.5-4.5 hy 1015kt Yes No
N-acetylprocainamids
i# notive
Quinidine 0.4 GO- B 7096 Hepatic —metnbolite B hr S No  No
nelive
Theophyiline 0.3-0.6 55 Complate Hepatic 3-8 hr No  Yes
T'obramyein 0.25 <h Parenteral oniy  Renal 4 hr 2-ddays Yes No
Valproic acid 0.2 Pl 70-100 Hepatic 1016 lw No  Yes, use

with eaution

Therapeutic drug monitoring reguires as much clinical
skill as does titration of an oral anticongulant dose by moni-
toring the prothrombin time. A basic asswnption in this
principle is that free drug at the active site is in equilibrium
with total drug in plasma or serum. This hag been shown
probably to be true for many drugs. Furthermore, for these
drugs, optimum therapeutic effects and minimal toxicity is
observed when the serum drag concentration lies within an
empirically determined therapewtic plasma concentration
range. However, there is overlap between the therapeutic
and subtherapeutic serum drug concentrations, Therefore,
therapeutic drug monitoring should be considered as an aid
o, not a substitute for, careful clinical observation in the
management of drug therapy.

‘T'he purpose of this section is (o provide some guidelines
1o follow for therapeutic drug monitoring and seme of Lhe
sulient features of the drugs being monitored. Table VI
contains a list of drugs commonly monitored and the serum
concentrations thought to represent the therapeutic range.

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

An uupamlix ol pharmacokinetic dita, developed by Bonet and
Sheiper.'™ is available.  Included are excellent campilations of availubil-
ity, urinury excrelion, protein binding, elearance, volume of distribution,
half-life and therapeutic and txie comerntrations (or most of the cur-
vently used drugs.  Data are qccompanied by references so that the
original work enn he documented.

Phe newslettor, Perspectives i Cliaical Pharmaey, ' provides timely
digenssions of popular topies in clinieal pharmacokinaties,

Another uselul reference is by Gorson ' Includod ave chaptors on the
nsapor drug elassos with detailed discussions of the commanly weed dreags.

The pharmacokinetics of abused substances nee covered by Barmetd
and Chinng. '™

Table VII provides important pharmacokinetic informa-
tion far commaonly monitored drugs. A sound knowledge of
the clinical phermacokinetics of ench drug, a eritical use of
plasma drug concentrations as described above and n thor-
ough clinical evaluation of the patient will provide the data
required for the development of rational drug therapy.
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Topical Drugs

stewart € Horvey, PhD

piafessor of Phormatology
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A large number of chemical agents may be applied to the
skin and mucous membranes for Lheir local effects. Many of
these, such as antibiotics, antiseptios, corlicosteroids, anti-
neeplastics and local anesthetics, belong to distinet pharma-
colopic clagses trented elsewhore in Uhis text, and will nol be
diseussed in this ehapter. The remainder comprise a hoter-
ogeneous growp of agents which, by exclusion, are mostly
nenselective in action.

‘Fhose loendly acting agents that have imited chemical and
pharmacologic aclivity generally have a physical basis of
action.  Ineluded in this groop are protectives, adsorbenis,
demuleents, omollients and cleansing agents. 'The relative
ineriness of many of these substances renders them of vilue
as vehicles and excipients.  Consequently, many in thiy
group are also pharmaceutical necessities nnd may he treat-
ed in Chapter 66.

Those locally acting agents that have general chemical
reactivity include most astringents, irritanls, rabefacients,
vaesicants, sclerosing agents, enustics, cacharotics, many ker-
atolyvlic (desquamating) agents and a miscellaneous group of
dermatologies ineluding hypopipmenting and antipruritic
ageils,

Although the skin and muocous membranes ditler consid-
erably in structure and function, they are simitar in penetra-
hility (to chemieal agents) and in their response Lo certuin
physien] and pharmacologic stimuli.  Thus, many of the
agents found in this chaptey may be applied Lo both types of
surfaces. MNevertheless, it is obvious that many agents, for
which thare is either contraindication or ne eationste {or
their application o the mugous membranes, may be applied
only 1o the skin.

In its broadest pharmacotogic sense a protective is any
agent that isolates the exposed surlace (skin or mueous
membrane) from harmful or annoying stimali. In conumon
practice only those substances that protect by mechanical or
othey physical means are considered to be proteetives, al-
though the surface action of adsorbents and demuleents
cannot be divarced feom their ehemieal 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, sdsorbents, mechanical protective
apents and plasters.

Protectives and Adsorbents

Busting Powders

Certain relatively indifferent (inert and insolulle) sub-
Slances are used to cover and protect epithelinl sarfaeos,
Weers and wounds,  Usually these substances are subdi-
vided very finely, They generally absorb moisture and,
therelore, nlso act as cutaneous desiceants.  The gbsorption
of skin moisture decrenses friction and also discourages cor-
Lain bagterigt growth,

The wator-abisorbent powders should not be administered

1o wet, raw surfaces because of the farmation of eakes and
acdherent crusts.  Staveh and other carbehydrate powders
not only may beecome doughy bul they also may ferment.
Consequently, such powders often conlain an antiseptic.
Most impalpahle powders are absorptive, to some exlent.
Whether absorption of substances, other than water, con-
tributes Lo the proatection of the skin is aneertnin; however,
absorption of fatty acids and other constituents of perspira-
tion, along with sutaneous drying, contributes Lo a deodor.
ant action of the powders. [IL generally is held that the
adsorptive eapacity is important to the gastrointestinal pro-
tective action of chemically inert powders taken internally.

The chemically inert. dusting powders are not entirely
hiclogically inert, despite the name. Whoen entrained in
pores or wounds or left upon parietal surfaces, certain of the
dusting powders, eg, tale, may cause irritation, granulomas,
fibrosis or adhesions. Been without diveet irvitation or ob-
struetion of the perspiration, dust ean be troublesome.

Several of the dusting powders are incorporated into oint-
ments, crenms nnd lotions,

Bentonlte---page 1305.

Borlc Acld—paga 1318.

Calclum Carbonate, Procipltated—page 776,
Talc—page 1327.

Titanium Dloxide—page 772,

Zinc Oxlde—page 762,

Zinc Stearate
Octadecnneic weid, zine sall

Zine stearate [557-05 1], A compound of sine with & mixture off
salid orgonic acids oblained from fals, and consists chietly of vari-
able proportions of 2ine stenrate and cine palmitate. 1 contoins the
equivalent of 120 14.0% of Zn0{i1..18),

Preparation--An agueous solution of zine sulfate is added to a
soclium stearale solution, and the precipitate is washed with water
wilil free of sudfate and dried,

Beseription-- Fine, white, bully powder, ree Trom geininess with &
faind chntacteristic color; neutral Lo moistened litmus paper.

Solubitity.Incoluble in waler, sleohol oy ether [t is sodobde in bon-
AT

Uses—In watercrepelient ointiments and ag a dusting powder in
deriitologic practice for its desiceating, astringent and protectioe
affects. 1t has been removed from baby dusting powders, owing (o
accidental, falal inholations.

Mechanical and Chemieal Proteciives

Several muteriads may be administered to the skin o form
an adherent, continuows coat which either may be flexible or
semirigid, depending upon the substanees and the manner in
which they are applied.  Such materials may serve three
purposes: (1) Lo provide oeclugive protection from the ex.
ternal envivonmient, (2) Lo provide mechamical support and
{3) to serve as vehieles for various medicamoents,

57
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The two principal classes of mechanical protectives are
the collodions and plasters. Neither is used Lo much extent
today. This is because there is increasing recognition of the
beneficial effects of air in maintaining a normally balanced
cutaneous bacterial flora of low pathogenicity. Also, Uhe
mechanical protectives may of themselves be somewhat irri-
tating because of inlerference with normal water Lrangport
through the skin caused by certain oleaginous and resinous
ingredients, especially in plasters. It also is recognized that
rubber in adhesive plaster may induce eczema. The cerates
may be employed similarly to the plasters, Bandages, drass-
ings and casta also aflord mechanical protection and support
(see Chapter 105 for additional information). A brief dis-
cussion of plastars is included in Chapter 87,

A number of insoluble and relatively inert powders remain

casontially unchanged chemically in the gastrointestinal
tract. Il the particles possess surface properties thal favor
their clinging to the gastroiniestinal mucosa, and eepecially
if' they eplit up into tabular shapes, they offer mochanical
protection against abrasion and may even offer slight pro-
tection agoinst toxing and chemical irritants. Many such
protectives also are ndsorbents (charcoal, bismuth com-
pounds, kaolin) or astringents (zine and bismuth com-
pounds). They are discussed under those categories.

Aluminum Hydroxide Gel—page 775.

Collodion
Containe not less than 5.0%, by weight, of pyroxylin.
Pyroxylin ... Feaa AR z 40 ¢
Ether ......... e d veir 760 mL
Aleshol ... ... .. L R SRR A _2i0mL
Tomnke about ... vvuennes T AR 1000 mL

Add the sleohol and the ether to the pyroxylin contained in o
suitable container, and atopper the container well. Shake the mix-
wre eccasionally until the pyroxylin is dissolved.

Degeription-Clear, or slightly opalescent, viseous liguid; colorlens,
or slightly yellowish and has the ador of ether; xpecific gravily betwenn
0,765 and 0.775.

Alechiol Content—22 Lo 26% of CaHl,OH.

Uses---Chiafly to seal small wounds, for the preparation of medi-
eated eolludions and to protect nonaffected arens of the skin from
topically npplied irritunta, corrosives, olc.

Caution-—Cellodion is higily flammabla.

Flexible Collodion [Collodium Flexile]-~See 15 16, puge 717, See
also Satieylic Acid Collodion {page T68).

Absorbable Gelatin Fllm
Gelfilm (Upjolin)

A sterile, nonantigonie, water-inzoluble, gelatin film obtained
from a specinlly prepared geolatin.forinaldehyde solution by drying
on plates ot constant temperature and hnidity with subsequent
sterilization by dry heal. at 146° 1o 148°C for 12 hr.

Deseription—Light amber, teansparent, pliable film that becomes

rubthery wheo moistenod. .
Solubility-—Inseluble in water; it isgumes o rabbery conuisteney afler
Deing in water for o low minuies.

Uses—Both as & mechanical protective and as a temporary sup-
portive structire and replecement matrix in surgival repair of
defects in membrancs, such as the durn mater and the plewra,
When emplaced between damaged or operaled structures, it pre-
vents adhesions.  When maistened, the film becomen plisble and
plastic, ao that it can be fitted Lo the appropriate surfoce. Absorp-
o tequires 1 to Ginonths, I is nlso a componentof wiomadhesive,
to e placed uround an ostomy,

Dose— Applied in the form of sheets, previously sonked in isofon-
le sodium chloride solution and cul to the derirad shape.

Dosnge Forms—-Filmy 100 % 126 mm; Ophthalmie Miln: 28 %
HO .,

Zinc Gelatin

Zine Gelatin Boot; Unna's Boot; Unnn's Puste

Fine Oxide, ooooinie i iiie i 100 ¢
Gelatin . ............ .00 . 150 g
QIPROFIN. . i vie givcrinimsionsncitine 00g
Purificd Water .. ... .00 0000t

Tomakeaboul ... .00 1000 g

Gradunlly ndd the gelatin to the cold puritied water, with constant
stirring, allow the mixtare to stand for 10 min, and then heat on a steam
bath until the gelatin dissolvey. Add the zine oxide, which previously
hag beon rubbed to n amooth paste with the glyeerin, nnd suir carefully
until o smooth jelly rosult

Usen—Melted nnd applied in the molten state between layers of
bandage toact as & protective and to support varicosities and similar
lesions of the lower limbs,  After a poriod of about 2 woeks the
dressing is removed by soaking with waym water,

Dose— External, ns an ocelusive bhool.

Dorage Formu—Imprognated Gaure, in 10-yvd lengths in follow-
ing widtha: 2%, 2%, 3 and 4 in; impregnated with while or pink
paste (the latter colored with a small nmount of ferric exide),

Kaolin—page 796.
Lanolin—page 1312,

Lanolin, Anhydrous—page 1311
Mineral Oll—page 788.

Minaral Oll Emulslon—page 788.
Minaeral Oll, Light—pago 788.
Olive Oll—page 1308.

Peanut Oll—page 1303,
Petrolalum—page 788,

Other Mechanical und Chemieal Protectives

Potrolatum Guuze [Petrolated Gaurel-—Absorhent gruze saturated
with white petrolatum, Tho woight of the petrolatum s 90-806% of the
wolght of the Gouze. It is storile,  Propared by adding, under aseplic
conditions, molten, sturile, white petrolatum to dry, sterite, absorbunt
gauze, previously cut tosize, in the ratic of 80 ¢ of petvolatum to each 20 ¢
of gawze.  Uses: A protective dressing also as packing matorinl {or
pustoporative plugs, packs, rolls ond tampons, and na g wick, draln or
wrag-around for tubivg. 1t i elaimed that there is no danger of Uasue
maceration mnd that no growth of granwlation tissue through it oceurs,

Dimethicone [Poly{dimethylsiloxane; poly[oxy{dimethylsilylene)]
[2006-65-9] {CyHa081),3—A water-ropellent silicone oil consisting es-
sentially of dimethyt siloxane polymers of the 200 series of (uids (see
Silicanvs, bilow). 1t is a water-white, viseous, oil-like liquid; immiscible
with water or alcohol; miscible with chlorofurm or ether. {fses: Has
akin-ndheront and wator-repellont properties, It is both a protective
and anomollient, for whtich ita FDA clagsilieation is Catogory L. Applied
Lo the skin, it forma o prodective film that provides a barrier to ordinary
soap and water and water-soluble irritants, The flm may bt several
howrs if the skin is expused mainly o agueous moedin,  The [ilm provides
0 less-effective barrier {0 synthetic detergents aud lipid-soluble mnteri-
als, sueh ap organic sulvents. 1 ehouid not he applied excopt in contact
dermntosos and dermutoses nggravoled by sabstonees Lial cun e re-
pelied by the silicone, [t i useful in preventing irritation lrom ammonia
produced by the urine of infunts, but it may exacerhnte proexisting
ieritation. The oeclusive protection by the siliconn i debrimentul Lo
inflamed, traumatized, sbraded or oxcoriutod skin and to lesions require
ing free deainage,  Towever, applied adjacent 1o sueh lerions, it offors
protection againstirritating discharges and moceration,  Ttpractically is
harmless, and does not sensitize skin but it dees cause tempornry irrita-
tion Lo the eyes. Tt may be incorporated into ointments, ereamea and gels,
Dosey Applyuniformly with rubbing 3 or 4 tmes Tor the firat day or twa,
then (wice daily. Dosage Forma: Avrosol, Cream and Qintment: 20
and 30%,  All concentrations from 1 Lo 30% are approved.

Sillcones (Polyorganosiloxanes)—These are organosilicon polymers
cantaining chains of slternating exygen andd silicon atoms with substitu-
enturgniic groups, freguently methyd or phenyl, attached to each alicon
atom,

Preparation: These polymers may he prepured synthetically by con-
densing alkvlated or arylated sitanois. Disubstituled silanediols
FRGSIOM )] form Finoar polymers having the jgeneral formula:

i R |
L I j:
rm-----v?-un‘-m 8- Of- - -0l
i It

[i
i Ty
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Cross- Iinled polymers result from condensution of mixtures of substi
tated sitanediols and mongsubstiteted silaneiriols [REIOH 4], ropre
sented hy Lhe Toliowing partinl formudn where R s o ivdrosrbon rudieat:

i K R
R | R
Al 0 —‘Eu L
K R R

st I

One methad of preparation invelves intergetion of silican [elsachios
yicle with epproprinke Grignard vengents Lo wield aikyinod or agvlated di
ehlorosilanes, After hydvolysis Lo the correspanding substituted silan.
ek, delyedrating procodiures are used 1o et condensalion polymerizn-
tion. e overndl ronetioh, a8 it inveives o disubstiluted silanediol, nusy
b represented as

it e SICL M sion), MM BosiR), M
Silicon Dhisubsti- Vyisuhsti- Silivone
feira. 1t tunked linenr
chloride dichioro- silunediol polymer
silane

Prapertivs: Silicones with o wide range of properties may he pro-
duced by varying the substituent R ang the degree of croms-Ynking.
Physically, silicones vary from mobide liguids thiraugh viscous Houids
e somisoiids to solids, Viscosities ronge from 065 to 1000000 centi-
stoles, o general, they display high- and Jow-lemperature stability,
Thoy are otdoriess, tasteless, relatively inerl chemically andd phyaiologi-
eally, wator-repellont and posscss anifon elinrneteris Linmodi
fied rilicones are generally insalubbe in winter; boenese of Usis the Bauids
often are termed stticone oifs; however, o waler-soluble sodium sal ol a
simple silicone, chemically sodivn methyd siticonate [C150
1O ONR], bas been marke{ed.

[xess Proparations conlaining silicones have warious devmatologienl
wses (aee Dmrethivancd and are usod as inpredients of bases Tor ol
mets and Jiniments. I the form of inhalation sprays, silicene (repara-
{ions Dave been amployed in the treatment of pulmonary edems invaly.
ing Fratihyg of fluid @iy the uppes respiratory Lract. They wiso are used
orably as anliflatulenl or gustrie defomning agents (ee Simethicann,
page 290, A silicone bosgieing puty s found acecplatee far use us
physical speat in treating conditions requighng finger exercise,  The
waler-repellent propertios of the silicones hove found considernble use in
i grent varioty of spplications where complete drgnage of ngueouws fuids
o panTowes is desirabie,

Siticones virkaally gre nonirvilading consequent Ly, silicone rebbers are
used in various indwelling sutheters, tabes, o, and in some 1ypes of
prostheses.  Liguid silicones are used also Yo fill in Fypapiastic body
aveas for cosmetie purposes, although they tend 1o relosate beeawse of
Tl under gravity and motion,

Dt el dition Lo tses invelving mulifoatiing, witur-repellent and nonirri-
auing characteristics, silicones also are pmployed Lo prevent sticking of
one opdrject 1o another and then are referyed to conmonly as release
spents, Mxamples of auch employment include release of rubiber and
plustics frotn molds, food fram matal, iee lrom the wing of nirersit snd
enpsules and (obets from woids and dyes in which they ore fbricated.

Silicone rubbers ave used to encapsitlale steroid iormenes and other
drugs Intended for ehronie tse, in order Lo retrd absarption and offect n
repository selion lasting in some instanees for as long os 1y Contim
ing developienta in Uiis fiuld offer interesting possibititivg,

Zine Carbonate [COZn(125.38)] - White rham buhedroids, Soluble
10 ppm in water at 152 soluble it dilute acids, atlaies or solutions off
ammoniwm salls,  Uses: Both for s lubricity and as a drying agent,
As o skin protectint it falls int FRA Cuotegory 1 1t 35 induded in
commerein! topical burn mad sunbuen products nesd extemporry protecis
unts. Moser 0.2 (o Y%

Demutcents

Demuleents are proteetive agents that are employed pri-
marily to alfeviate irvitation (demuleere—to smooth down),
particularly of mucous membranes or abraded Ussues,
"They also often are applied Lo the skin. They gencraily nre
applied to the surface in viscid stcky preparations that,
cover the aren readily. 'The local action of chemical, me-
chanieal or bacterial irritants, thereby, is dimigished, and

TOPICAL DRUGS 750
pain, reflexes, spasm or eatarrh are atlenuated. They also
prevent drying of the affected surface. The demuloents
may be applied to the skin in the form of Jotions, eataplasms
ar wel dressing, (o the gastrointestingl tracl in the form of
demuleant liquors or enemas and Lo the throat in the Torm of
pastiltes, losenges o gargles.  Demaleents plso are included
in artificial tears and in welting agends for contact lenses.
When demuleents are applied as solid materiat (as 1 loz-
enges or powders), the liguid is provided by secreted or
axuded fluids. Demuleents frequently are medicated, In
such instances the demuleent may be an adjuvant, a corree.
Live oF & 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 Lhese are the alginates, mucilyzes, goms,
doxtring, starches, eertain sugars and polymeric polyhydric
glyeols, Mucts, in ftsolf, is a natural demuleent. Certain
silienles that Corm silicie acid on cxposure to aiv or gasivic
juice and glycerin, although itis of Tow moleeular weiphi and
has relatively Jow binding power, frequently are plaeed
among the demuleents. Alse the colloidal hydrous oxides,
hydroxides and basic salts of severn] metals are claimed to be
demuleent, but aceeptalile elinical proof of the claim has not
buen provided,

Ihe hydrophilic colloidal properties of most of the demud-
cents make them valuable emulsifiers and suspending
agents in water-soluble ointments and suspensions. They
alsa retare the absorption of many injections and, thus, may
be employed in sundry depot preparations.  Many of the
demuleents mask the {lavor of medicaments by means of ot
leasl three physical phenomena: (1) they apparently coat
the taste receptors and render Lthem loss sensitive, (2) they
incorporate many organic solutes into micelles nnd, thevehy,
diminish the free concentration of such solites and {3) they
oont the surluces of many parlicles in suspension. Because
af the adbosiveness of the demuleents, they are employed
widely as hinding agents in tablels, lozenges and similay
dosage forms,  Conscquently, eertain demuleents will be
discussed in Chapter 66.

Acacla-page 1304,

Benzoin
G Benjaming PBenzoc

The halsamie resin obtained frem Styrexy benzein Bryander or
Sryrax peralleloneuris Perlking, known in commeree as Sumulra
Benzoin, or from Styrox tonkinensis (Merre) Crail ex Hartwich, or
ather apecies of the Section Amthostyray of the genus Styrax,
known in commerce as Siam Benzoin (I'am Styraeeoc).

Sunmaten benzoin yiekds not Jess than T5.0% of aleohol-soluble
pxbractive, snd Siam hewsoin vields nol iess than 90.0% of aleohol-
soluble extractiv

Constituents-—Siam howoin conlaing ahout 89% of crystalline
coniferyl benzoate |Cryd Tt up 1o 108 of an amorphous form of
this eompound is also present.  Some comiferyl aleahol (m-
methoxy-p-hydroxyeipnamyl ateohol, mp 73-74°) veeurs in the
free siate as webl,  Other compounds Lhat have been isolated are
benzote aefd 11.7%, d-sieresinofic aeid 6%, clnnamyl benzoale 20%
and eanitlin 0.9%,

Sumaten benzoin has boen reported 1o contain benzoie and cin.
namie acid caters of the ateohol benzoresinel and probalily alse of
coniferyl aleohol, free benzofe awl einnminie acids, styrene, 2 ta 3%
of einnamyl cinnamate s called siyraein), 1% of phenyipropyl
einnamate, 1% of saitlin, a trace of benzaldelyde, a little Birarzad
efnnamate and e sleohal desumaronnol |CagM sl

DoseriptionSumudre Bengoin: Blocks or lumps of varyi
made up of compueled lears, with a seddish brown, voddish gy
genyish hrown resinous mass. Siom Benzoine Compressed peblle-tike
teaps of virving size aod shape. Both variet i vellowish to rusty
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brown externally and milky white an fructure; hoed and beitthe ol ordi-
nary lemperatures but softensd by hent; aromatic and balsamic odor;
aramatic and slighily nerid tnste.

Usen-- A protective application for irritations of the shin, When
mixed wilh glyeerin and water, Uie Lincture may be applied locally
Tor cutaneous ideers, bedsores, cracked mipples and fissures of the
lips and unus.  For throst and brenchial inflammation, the tincture
may be administered on sugar. The tineture and compound Line-
Lure sometimes are used in boiling water as atoam inhalanta for their
expretarant and soothing aetion in aeate laryngitis and eroup. In
combination with zinc oxide, it is used in baby aintments.

Daoge--Topical, as a 10% tincture or compound tinelure (helow),

Compound Benzoin Tineture [Halsamum Hyuilis Suncli Vietoris,
Balsamum Commendaloris, Balsamum Citholicum, Balzamum T'rau-
maticum, Halsamum Vebserariwn, Halsamum Persieum, Balsamum
Sueciom, Balsamum Frinri, Balsamum Vervaini, Guttae Nador, Gutiae
Jesuitarivum, Tisctura Balsamicn, Balsom of th Holy Vieterious Knight,
Commander's Balzam, Priar's Balsam, Taelington's Drops, Persian Dal-
smn, Bwodish Balsam, Vervain Balsam, Turlington’s Balsnm of Life,
Balsam de Moitha, Ward's Balsam, Jerusnlem Bulsam, Saint Vielor's
Balsam, Wade's Drops, Wound Klixir and Balsamic ‘Tincture]-—Prepa-
rattan; With Banzoin (in moderately conrse powder, 100 g), aloe (in
maderatoly conrse powder, 20 g, storax {80 g} and tola Balsam (40 g,
prepare o bnctare (1000 ml) by Process b (page 1541}, asing aleohol ns
the menstruum,  Alvofiol Content: T4 to 8 of Q11,0  Usesr Es-
pecially valuable in acute leryngitiz, also in croup, when added 10 bot
water and the vapor inhaled. By adding s teaspoonful of the tinelure to
bailing water in an inhaler, and mhaling the vapor, very effective results
mway b obtpined.  See Chapter 104, Also administered, on sugar, for
throal and branciial inflammation and ax a local application, when
mised with glyeerin and water, for wleers, bedsoros, cracked nipples and
fisswres of the lips and anus. Dose: Topicel, as required; inhalativa,
i in very hol water.

Carbomer Methylcellulose—page 1306.
Gelatin—page 1306.

Glycerin—page 931.

Glycerin Supposilories—page 785,
Glycyrehiza—page 1295,

Hydroxypropyl Cellulose—page 1306.
Hydroxypropy! Methylcelluiose—page 1308,
Hydroxyethyl Gellulose—page 1306,

Hydroxypropy! Methylceliulose Ophthalmic Sofution

A sterile solution of hydroxypropyl methyleallulose, of o grade
contpining 19.0-30.0% methoxy and 4.0-12.0% hydroxypropoxy
groups; may contain antimicrobial, buffering and sinbilizing agents.

Usuog--A welling solution for contact lenses, [ts demuleent ac-
tior deerenses the irvitant effoct of the lena on the cornen, Tt alse
impnrts viscous properties 1o the wolting solution, which asvists the
lens instaying in place, ‘The demuleent effect oluo finds application
in aphthalmic decongestants,  “Artificial (ear” formulations con-
taining this drug may he ased when Jacrimabion is inadequate. A
2.5% solulion is used in gonioscopes,

Dose- Topical, ta the confjunctiva, 1 dropof 0.3 1o 1% solution 3
or 4 Limes » day.

Dosnge Forms—0.0, 0.6 and 1% solutions,

Methyicelluloso—page 1306.

Melhylcellulose Ophthaimic Solution

A sterile solation of methyleellulose; may contain antimicrobinl,
buffering and stabilizing agents,

Uses  For the same purposes, and in the same manner, as Jy-
droxypropyl Methyleellutoze Qphthalmic Selution, ahove,

Dosuge Forms 0,25, 0.5 nwl 1%,

Pectin—page 796,
Polyvinyl Alcohol—page 1307,

Polyvinyl Alcohoi Ophthalmic Sojutlon
VasoClear A (Coopor Vigton)

A wierile solution of polyvinyl aicohol, which may contain antini-
crobial, buffeving and stabilising agents and other demuleent sub-
slances,

[9002-89-5] (Palyvinyl alcohol).

Preparation-- By partind hydrolysis (en 80%) of polvvingl nee-
Lale.

Doscription A white powder whiely s o lipear polymer, —(CHypew
CHOH)—, whore the value of #t is between 500 and S000; pld {1 in 26
agueous solution) between 5.0 and 3.0

Solubility - Sofubls in water; insoluble in organic solvents.

Usos—A wetting solution for contnet lenses, The polyviny aleo-
hol has o demuleent action that helps protect the oye from irritation
by the eontaet lens. 1 s also tsed in “artificial tenrs” employed
when there is insufficient lncrimation. Tt iy spplied (o the sonjunc-
tiva, [ or 2 drops, 8 ar 4 Limes a day or s needed,

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

Emollients

Iinollients are bland, fatty or oleaginous substanees
which may be applied locally, particularly to the skin, and
also to mucous membranes or abraded tissues. Water-solu-
ble irritante, air and airborne bacteria are excluded by an
emoliient layer. The skin also is rendered solter {emol-
lier-~Lo soflen) and more pliable through penetration of the
amollient. into the surfoce layers, through the slight conges-
tion indueed by rubbing and massage upon application and
eapeeially through mechanical interference with both sensi-
ble and insensible water loss.

Emollients have certain disadvanlages. It now ts recog-
nized that retention of perspiration below the emollient and
exclusion of air render canditions favorable to the growth of
unnercbic bacterin,  Furthermore, the rubbing during appli-
cation aids in the spreading of culaneous bacteria. Con-
sequently, the use of emollients Lo cover burns and abrasions
is diminishing, The liquid emollients may be used for mild
calharsis (page 783) and for protection against gostrointesli-
nal corrosivey; however, castor oil is hydrolyzed in the gul to
the irritating ricinoleic ncid and, hence, is emploved as an
emollient only externally.  Orally administered liquid emol-
lients may be pspirated into the trachen and lungs, especially
in infants and in the debilitated, and, thus, induce “oil aspi-
ration paeumonia.” ‘This condition also may be induced by
emuollient nose drops.

The chief use ol emollient substances is Lo provide vehicles
for lipid-soluble drugs (as in ointments and linimenty),
henee, many of them are deseribed among the pharmaceuti-
cal neeessities (Chapter 66). It is widely, bat incorrectly,
held that such vehicles fucilitate the transport through the
skin ol their active ingrediants. On the contrary, when the
oil:water partition coefficient is greater than 1.0, the pene-
tration is retarded and the emollient vehicle protongs the
aclion of the aclive ingredient. Bmellient substances also
are employed commonly in both cdeansing and antiphlogistic
ereams and lotions. Compound ointment bases, creams and
othor medicatod applications ave treated elsewhere in this
hook (Chapter 86). Only the simple emollignis and impor-
tant. compounded ointwents that are used Irequently for
their emollient actions are listed below.

Castor Oll-—page 785,

Caslor Oll, Sullated—page 1311,
Cocoa Bulter—page 1671,
Coconut Oll—page 1317,

Cold Cream-—pags 1312,

Corn Oli—page 1303,
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Cottonseed Oll—-page 1303,
Ointment, Hydrophillc—page 1312,
Rose Water Qintmant-—pagae 1318,
Sasame Oll—page 1303,
Theobrama Oli-—page 1320.

White Olntmont—page 1309,
Yoilow Ointment-—-page 1309.

Other Bmoliientr

Marisivl Aleoho) [Tetrndecy? Aleohol J512-7240] CH(CH)
OO (21488 White erystalline nleolol; specific grasity 0,894,
melts al 30° Insoluble in waler; seleble in ether; slighthy soluble in
mleohol, Ohtained by reduction of Tatty acid esters.  User moblient in
cold ereanss,

Hhork Liver Oil—The ol extraciod Trom Uie livors of the soupfin
shark, Guleoahinug 2yoptorus ov Hypoprion breofrostrie, hoth of which
ave rieh in vitaming A aned 100 Dses: Ao emollient and protecstant, the
VDA classifiention of which is Category 1. HUis ased in buri and stnburn
aintments. Hase: Usually 3%,

Astringents and Antiperspirants

Astringenis are lecally applied protein precipitants which
have such a low cell peneteability (hai the action esseniially
is limited to the cell swrface and the interstifial spaces. The
permealility of e cell membrane is reduced, but the cells
remain vable, ‘The astringent action s accompanied by
cantraction and wrinkling of the dissue and by blanching.
The coment substance of the capillary endothelivm and the
hasement memhrane is hardened, so that pathological trans.
eapitlary movement of plasma protein is inhilited and jocal
edemg, inflammation and exudation, therely, are reduced.
Mucus or alher seeretions also may be reduced, so that the
affected aren becomes diier.

Astringents are used therapeufically to arvest hemarrhage
by congulnting the blood (séyptic action, page B16} and to
¢heck diarrhes, reduce inflanmmation of mucous membranes,
promote healing, toughen the skin or decrease sweating,
The antiperspirani effect is the result hoth of the closure of
the swoab ducts by prolein precipitation to form a plug and
peritubular iritation that promates an inerease in inwaed
pressure on the tubule,  Astringents also possess some de-
odorant properties by virtue of interaction with odorous
fatiy acids liherated or produced by action of bacteria on
lipids in sweal, and Dy an aclion suppressing hacleriad
growth, partly because of a decrense in pi

Many astringents are irvitanis or caustics in moderate to
high concentrations.  Consequently, sirict atiention must
be paid to the appropriate concentration. Meost astringents
are also anliseptics, hence, many of them are discussed in
Chapter 62.

The principal aslringents are (1) the salts of the calions
alumimun, zine, manganese, iron or hismuth, (2} cerlain
other salts thal comtain these metals (such as permanga-
nales) and (3) tumins, or related polvphenolic compounds.
Acids, aleahols, phenols and olher substances that precipi-
tate prateins may be astringent in the appropriste 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-
tomic solutions dry the affected tissues and, thus often, hual
wrongly, are called astringents, unless protein precipitation
also occurs.

Alcohol—page 1314,

Alum

Bulfaric aeid, slominum potassion sabt (20507, dodeesbydime
Subfurie acied, aluminun ammonium aatt (2:1:1), dodeeshydrate;
Alamon; Alumen Pucifieaium; Furified Alun

TOPICAL DRUGS 761

Aluminum ammonivoe sulfate (01:2) dodecalydrate [7784-26-1 [
anbydrous [7784-26-0] (287.14); or alumimaey poussium saliale
(1:3:2) dodecnbydrate [7784- 249 anhyelrous [10043-67-1] (258.19).

The label of the container must indicale whether the salt is ane
moniun alum JAINH 8005 12H0 = 453.32) or potassiom adum
[AHKISO) 51 20,0 = 474.08].

Prepuration--repared from the mineral fonyite (o bydrated
aluminwm nxide) and sulforie acid, with ihe addition of ammonium
or petassivan suifaie for the respective alums.  Ammonium ahinw iz
prevalent on the market hecause of its lower cost.

Dascription--Layge, colorless ervetals, ervaladline fmpgments or i
white powder; odorless and has o sweelish, strongly astringenl fosie;
solilions are neied Lo litmas,

Sodubility—1 & ammonium alom is soluble in 7wl witer, amd ) g
potassitom abum is sefuble i 7.5 mil water; hoth are soluble Inaboal 0.8
il boiling water, but they are inseiuble in aleshol alum is freely
showedy sohuble by glycerin.

Ineompatibilities - When alon s dispesed in powders with phenel,
soffeyfolos or feritic Geid, groy or g colurs mny be developed doe o
tenges of fron i thealum, A pactial liberation of fls waler of erystalliza-
Liom permits it o el as an acid toward sodivm bicarbonaede, thas Herat-
ing corbon dioxide,  Amiponin is libernded simultancously fram aminao-
i e, Adal fydioxides and covbonnies, borax or fine wwder
precipilate aluminum hydeoxide from selutions of ainm, “Fhe sfuns
passess Lhe incompatibilities of the water-soluhle sulfales.

Uses-~A powerful astringent in aeidie solutions. 1 is slightly
mmtiseplic, probably due to bacteriostasis through fiberation of acid
on hydralysis,  Hosomelines is used as a local styptic, and Dreguent-
Ly is e ployed in making astringeni Jotions and douches, 1t is used
especinlly by athletes to toughen the skin,  As no sstringent i is
used in concentrations of 0.0 to 5%, Some vulvovaginal cleansing
aned ddenderant preparations contain atun,

Suyptic pencils are made hy fusing potassiom ajw, uswally with
the nddilion of some potassium nitrate, snd pouring inte suitable
makds,

Cawtion-~DNo not eonfuse styptic pencils with coustic poacils
{page 767} the Jattey eontain sileer nitraie,

Dage-—Tapical, ns a 0.5 tis 5% solution.

Aluminum Acetaie Topical Solution

Acetie neid, alaminum solt; Liguor Burowiiz Burow’s Solution
AHCEO |

Yiolds, from each 100 ml,, 1.20-1.46 ¢ of ahuminumt oxieie [ Al =
101.96], nd 424 16 512 g of acetic acid [CuH Oy = 60.05], corre-
sponding 1o 4.8 to 5.8 1 of pluminum acetnte [139-12-8] CHpAIO:
(204,12, Bomay be stabilized by the addition of not more than 0.6%
of horic acid.

Cantian—"This solution should pat be canfused with Alenyinnm
Subkeeotale Topical Sulidive which is o stronger prepurttion.

NoteDispense ondy clear Aluminum Acelule Solution,

Duoseription - Clear, voloriess liguid having n faint scetous .’tlll}l‘. wiud
a sveatish, astringent taste; specilic grovily aboul 1022 pHALG Lo 44,

Ukt A 110 ssLeingent. drossing or as an agtringent. moulh wish
and gargle. Alwminam acetate is included o prepuiations to treal.
athlete’s foot, dermatididis, diagper raah, dry skin, puison vy poi-
goning and inflammation of the oxtarnal enr

Dose - Topical, Lo the shin, ax nowet dressing conlaining 3 1:10ta
1320 dilution of the solution.

Aluminum Chlorlde

|7784-138.0] AYCLLGH O (24).48) authydrens [T446.90-00 (13334,

Proparntion--By henting aluminum in ehlorine gas, then dis
subving the product in waler and erystallizing, or by dissolving Mresh-
Iy preeipitated aluminum hydroxide iy bvdrochlorie acid and son-
centrating Lo permit erystalliation,

Diencription White or yellowish white, crystalline powdur deligques
centy swoed, astringent Gudes solutions are acid (o e,

Solubibity-—1 ¢ in alwows 08 mLowater or 4 ml aleohol; soluble in
itlyeerin.

ively employed on the skin as an astringent and
included in some proprictary prepurations formua

Uses
an !\itll'(\
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lated tor this purpose. 1t is used especially in the lrenimentof sogry
sthlete’s foot, to promote dreing nod, hence, to enhanee the efficacy
of specific antifungnl drugs.  For ordinary antiperspirant use the
basic salt aluminem chlornhydroxida, ALCIHOHY,, is preforablo as
it is lens irvitnting and causes Jess deterioration of elothing than does
thisdrug, Tt may have aspocial uge in the trentment of hvperkidro-
sixof the pulms, soles oraxillae, for which n 20% aolution in nhsolute
ethanol isused. 10 the presence of water, it hydrolyzes to nluminum
chiorohydroxide and hydrochioric acid, which ean couse irritation,
cupecinlly in fissures, disecinforl and also detoviortion of elothing.
Concenlrations below 15% cause 4 low incidence of irritation,  Con-
suqueéntly, it is assential that the nrea to he treated is completely dry
hefore application. Ta protect bedelothes, the treated arexis somo-
simes covared with plastic wrap, but such ouclusion of the axillae
may reswlt i hoils or furunclos, [t should oot be applied 1o the
axiilpe immediately after shaving or used where the gkin is irritated
or broken.  Concentiations aliove L5% are used as coustics.

Dosc—Topical, to the skin, o8 625 Lo 30% selution. The 20%
aleabolic solution may be applied on 2 suzeessive days and Lwice o
woek thereafier, except that i may be applied twiee o day for
athlete's foot,

Aluminum Chiorohydrates

The hydrate of aluminum chloride hydroxide [1327-41-89] Aly-
CIOU),

Uses.— Mainly employed in antiperspirant produets, for which
they have been rated safe and effeclive Dn concentrations of 85% (as
anhydride) or less. Since solutions or suspensions ara less acidic
thass Whise of aluminum chioride, they cause o lower incidenee of
irriladion Lo the skin,

Doge-- Topical, Lo the nxilla, us a 2.6 10 26% enke, ointment,
solubion or ﬁl.!ﬁi])l‘:nsinl'l.

Aluminum Sulfale

Sulfuric acid, aluminum sald (352), hydrate; Coka Alum;
Patent Alwm: Pear] Alum; Fielde Alum; “Topermaker’s Alam™

Aduntinum sulfate (2:3) hydeate [17927-65-0] Al(S0,)axH20; an-
nydrous {10043-01-3} (342,140,

Preparation—Ty reacting froshly precipitated aluminum hy-
droxide with an approprinte quantity of sulfurie acid, ‘The result-
ing solution is evaporsied and allowed Lo cryslaliize.

Peseription--White eryatalline powder, shining plates or erystalling
Tragnents; atable in air; odorloss and has o sweer, mildly astringent taste;
agueaus selution (3 in 203 s acid wiad has a pH not leas than 2.9,

Seluhility-—F g in ubout 1 mL water; insoluble in deohol.

Vsese A powerful astringent, aeling much like alum. 1t is used
widely as a focal antiperspirant and s the effective ingredient in
some commercinl antiperspirant products,  Solutions usuudly are
hufferad with sodium aluminum lactate Lo nake them less rvitat-
g N is vsed for water purification in the “alum floceulation™
provess. 1L is n pharmacenlionl necessity foy Alminum Subace-
tate Solution.

Doso—Tapical, to the skin, ns an 8% solution.

Blsmuth Subcarbonate--page 799,
Bismuih Subnitrate—page 775,

Calamine

Tron oxide {Fe)0.), mixt, with zine oxide; Prepured Calamine;
Lapis Calaminarin, Artificinl Colonine

Catamine [BOLL-96-8]; contains, nftor ignition, not less than 98.0%
40 (81.38)

Preparation— By thoroughly mixing zine oxide with sufficient
ferric oxide (usually 0.5 to 1%} Lo obtain a product of the desired
color.

1 originally was oblained by rofsting & nntive zine carbonate,
then nown as cafamine, hence, the nome,  This name also s ap-
plied by minuralogists Lo a native form of zine silicate, which is not
sttitable for making medicinal ealamine.

Deseription-- ik powder, all of which passes throwgh a No 100
standard mesh giove. s odortess and almost insieless.

Solubitiy - Insoluble in water; dissolvos almost eompletely in miner-
al acids.

Uses—Similar 1o those of sine oxide, being employed chiefly asan
astringend and in protective and soothivg oiniments an lotions for
sunbupn, {vy poisoning, ete. 1t often ig preacribied by dermatolo-
gists 1o give opacity and a Neshelike color ta lodons or aindments.

Dose—T'apical, to the skin, in various concentrations in lotios
and cintments.

Calanine Lation [Lotie Calaminae] - Preperation: Dilute henton-
ite mugma (250 mL) with an equal volume of caleium hydroxide solution.
Mix caliumine (80 gh and zine oxide (80 g} intimatoly with glyeerin {20
mL)and about 100 mL, of the dilied mopgia, tiwraling until g smooth,
uniform pasie is farmed,  Gradually incorporate the remainder of the
dituted magma. Finally add eoleium hydroxide sointion {gs) to moke
1000 mL, and shake well. 3 g more viscous consistency in the Letion i
desired, Lhe quantity of Lestonite magma may he inerensed b nol more
than 400 nl.. Note: Siake thoraughly before dispensing.

PMhenelated Calamine Lotion [Lotin Calaminae Composit; Com.
pound Calumine Lotion).-Preparation:  Mix liquefiud pheaal {30 ml.}
el endaminie lotien (390 mL) to wake 1000 mL. Commercial prepari-
tions alse cantain BA4% isepropyl aleohol and have various other modifi-
cations. See Cafemine, Nole: Shake tharoughly before dispensing.

Ghustaral—page 1165.
Potassium Permanganate—page 1173.

Resorcinol—RPS-16, pags 1107.
Sliver Nitrate—page 766.

White Lotion
Latio Alha; Lotio Sullurata
Fine BabFatn .o e s e 40
Sulfurated Potash Wi 0 g
Purifiod Wader, s sufficient guantity, [
Pk, L lin el 1000 mI.

Dissolve zine sutate and sulfurnted potash separataly, cach in 460 mL
purified water, and filter ench solution. Add slowly the sulfurated
potash solution Lo the zine sullate solution with constant stirring. Then
sidet the required amount of purificd water, and mix,

Nole—Drepure froshly and shake tharoughly before dispenaing. For
further diseussion see Sulfurated Porash (page 1527).

Uses—An aatringant, protective and mild antimicrobial prepara.
tion. 'The astringeney is attributable to the zine jon. The thio-
sulfates and polysulfidos i it exert antibactorinl and antifungal
aclions (sce Sodiwm Thiosulfute, RPS-16, page 1176). White lotion
is wsed in the treabment of acno vulgaris

Dose-— Topical, te the skin, ag reguired.

Zinc Oxide

Flowers of Zine Line White; l‘umg}huiyﬁ: Mibiel Albung;
Luna Philosophicr

Zine oxide ]1314.13-2) ZnQ) {81.28).
Proparation--By heating zinc carbonaie af. a tow red heat until
the earbon divside and water ave expolled.

Doscription--Very fing, odorices, amorphous, white or yetlowish
whito powdur, free from gritty particles; graduslly absorbs corbon diex-
ide From the air; when strongly heated il assumes o yollow color whieh
disappents on cooting its suspension in water is practically noutrad,

Stlubility—Insoluble in waler or aleohol; soluble in ditute acids,
solutions of the alkali hydroxides or ammonium onrbonote sefulio,

Incempatihilitios—Heacts slowly with falty neids in offls and fats to
produce himpy masaok of zine olenls, stenrate, ele.  Venishing creans
tend 1o dry out and crumble. Whenever permissible, {Uis advisable to
levigate it to a smoath paate with a Hutle minoral oil hefore inrorporation
inte an cintmont.

Uses—Has & mild astringend, pratective and gntiseptic action.
In the form of its various officisl obilments and paites it is employed
widely in the treatment of dry skin and such skin diserders and
infeelions as aeme vedgaris, pricikdy hewt, inseet stings and bites, iny
poisoning, dieper rash, dandruff, seburrhen, eczema, impeligo,
ringwarm, psoriasis, varicose uleers and pruvitus. 1L s contained
in aome sunsereens. B i included in some valvovaginal deodorant
preparations and in preparations for the treatment of hemorrhoids.
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11 also i wsed in denin) cements e temporary Tillings, I is the
prsenbint ingredient in Calantine {page 762).

Dase— Topleal, nsa b 1o 25% cream, lotion, oinlbmend, paste, hal}y
potwder or yeetnl suppository.

Dasngo Forms --Cintment: 20%; Paste: 25%.
combinations: 2 to 15%.,

In numerous

Zine Pyrithlone~—page 1173,
Zine Sultate—-page 1170.
Zinc Undecylenalo----page 1237,

Other Astringents and Antiperspivants

Alaminem Ziveoniom Chiorhydrate-—ses: Mninly N nnfipirspi-
rant products. Beoawse of the propensity of the sirconiam o icit
allergie renctiona and sarcoid-like grasulons, e compound s not
incloded b oeresols, because of possible pulmenary enmplications if
inhalec.  Doses “Fa the axilly, in a coneenteation nol Lo exceed 20% {as
anhydrided, '

Fanmic Acid [Gallotannic Agid; Manning Digellic Acid] {1401-85-
41 A tannin wannlly abtained from nutyalls, the excrescences produced
on the youni twigs of Quercees infectoria Olivier and allied species of
Geprezs Linnd (Fam Fageeeae) Yellowish white 1o Bight brows amor.
pliaus powder, plistening scales or spongy massos; usually oderless with a
strong astringent (nste; produally darkeos on exposuse Lo air and tight. 1
g dlimsolves o aliout 0080 mm Lownter or 1 mbowarm glyeerin vory soluble in
wleohol; pragtionlly inrolublc in chloroform or ether, fncompatibilities:
Solutions graduaily davken on exposure to uir aad light through oxide-
tion af phenokie jgrodps Lo geinoid steactures, T is incompati ble with
mask cngvines, guma, silts of many metals and many obher substances.

pes: O an opan sord or denuded surlnee, it forms a film of protein
tannate thai acts as 0 mechanieul protective which exeludes externa
irritants and infectives and, Yus, provides same relief feom pain. Hew-
ever, His nol astibaeterial and not only does not inhibit the growti of
hacteria ehtrained heneatit Uhe film ut actuelly may create favorsble
contliiong for the growth of covtain snaerobes. Wor this resaon, and also
the fact that it is absorbed sufficiently Trom arge denuded aress {0 cnuae
Jiver damage, (L is no longer waed in the Lreatment. of burns and should
i Tt wisseed o0 any large lesion,  Nevertheless, i i incorporated in 8 1o
10% concenteation in several products Lo Lreat ivy or ouk poisoning, Asa
P el 1 s vsedd o eold aoves, Yever blisters wnd cankers,  Elisineluded in
2.16% concentration in o hemarthoidal preparalion amd in 4% concentra-
Gon iy a heralolytie product for vemoving corns, ealluses and warts, thess
concentrations prabably being too low w contribute signifiesnily 1o the
supposed efficacies, Tn 26% solution it is used to reidues inflammation
aned harden skin around ingrown toennils, Ui inerensing comfort and
making nail-cuiling easier,

Ts eontend in lea necounls for the use of steong tea as an internal
antidote, presummably for the dual purpese of precipitating toxie allin.
loidds and havdening the suvfice of the gastrointesting mucosa and its
wieons laye,

Zing (,npr yinte |Zinc oelanvate [H07-09-5] CgMayOu¥n

(350799 Lustrows seales. Sparinghy seluble in bofkingg wator; moides-
mely seduble in boiling aleohol.  Ufsess 1o the treatment of athiete's
foot. 'I'he wstringency of the zine decreases inflammation and weiness.
The coprylote b nowoek antifungal sction. Dose: As o 5% aintment,

Yine Chloride [Zine chioride |7646-85-7] YO (13625 ] Prepared
by reacting metadlic zine or sine oxide with hydvochlovie neit and evapo-
rating the solution to dryness,  White, o neardy white, odorless, erystal-
line powder, or as poreclain-like masses, or in moulded pencily; very
lediguoscent; syueous solution €1 in 100 5 peid Lo Hlnus, 1 g dissobvos in
0.5 ml water, nhout 1.6 mls aleohol or about 2 ml glycerin; solution in
water or aleobol s usushy slightly tarhid, but the turbidity disappears
o addition of 8 small quantity of HCL  Tneompatibifities: Soluble zine
snlts are precipitated as gine hydroxide by alkali hydroxides, including
ammonivsm hydroxide; the precipitate s sotuble in s excess of either the
fized or the amaonium hydwoxide.  Carbonates, phosphates, nxalotes,
arsenntos, and Larin cause precipitation.  The preclpttation with sedi-
win bovate can be prevonted by addiion of an umount of glyesein equalin
waigght Lo the sadivm horate.  Tnweal aguenus sobutions, it has a tenden-
oy 10 form the inselubiy basic sait by hydrolysis and aboul ene-hoif its
weight of wnmonium ehloride has heen wsed for the purpose of slobilize.
tiom. I e very deligueseent. 1 has the incompatibilities of chlorides,
bring procipitated by siloer ond lead salts, Uses: In high concentra
Yotk il is cotstic aud has beon used as o coustie agem U dread coons,
enlluses ad warts,  Tis the Jow coneontrations in which it is macketed it
i astringent and mildly uititmeteriol and probably does nal contribute
Lo keyntulysis, J\ll.lmu[,l: it s used in mouthwashes, the contact Hine is
ton shurl,, andd only an asteingent. and ot an an L;hnrwrm] wetion resalis.
g Tapiead, to the teeth, as o F0% solution; Lo skin and muaous
merbranes for astringency and antimicrohinl aclions, as o 0.1 o 9%
solvtion,

Zine Rictnoloate {Zine |R-(2)]-12-hydroxy-S-octudecenonte
(C1sH Q)i (6060.24)] - Only a5 a deodoerant for osiomies,

Zireontim Oxide [Ziveoninm Dinxide; Zireonic Anhydvide, Zireomia;
[E04-23-4) ZrQh (123.22)|-- White powdar or eryatals.  Insoluble in
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waler; nolble in acids.  Ulses. Moy weak nsnm;.,r'm ancd adsorpiive
activity, for which it is employed in topiea} prepavations o frenting chus
dermntivis Gvy and oak pumnmnﬂ} However, it is nofb only pourly
effactive lor thiy purpose Dud it also cnn canse allergic renctions that oy
give riee 4o sareoid-like gronulomos. Congequently, ity use shaould be
condemned, Yirconium salts adso are subject 4o (he same erivicisms.

Irritants, Rubefacients and Vesicanls

The trritants are draps that act locally on the skin and
mucotns membrimes Lo induce hyperemia, inflammation
and, when the action s severe, vesication,  Agents that in-
duce only hyperemin are known as rebefacients. Rubefac.
tion is accompanied by a leeling of comfort, warmth and,
sometimes, itching and hyperesthesta.  Appropriately Jow
concentrations of directly applied or inhaled vapors of vola.
tie aromatic irritants, such as camphor or menthol, induge &
sensation of coolness rather than warmth, When the inita-
tion is more severe, plasma escapes from the damaged capil-
laries and forms hlisters (vesicles). Agents that induce blis-
ters are known as vesteants, Most rubeficients also are
vesicants in higher concenirations. Certain irritanls moy be
relatively selective for vavious tissues or cell types, 5o that
hypersecretion of the surface, seborrheic abscesses, pares-
thesin or other effects may be noted in the absence of appre-
ciabie hyperemia.

[rritants have been used empirically Tor many centuries,
probably even prehistorically. ‘They may he employed for
counterirritation, the mechaniam of which is poorly under-
stood. A moderate (o severe pain may he obhscured by a
milder pain ariking from areas of irritation approprintely
placed to induce reflex stimulation of certain organs or sys-
tems, especinlly respiratory.  Sensovy and visible effects of
irritation smnelimes give the patient asswrance that he is
receiving effective medication. Taken internally, many irri-
tunts exert cither an emetic or laxative aclion. Lrritant
laxatives are listed on page 783. A faw irritanis, especially
cantharides, on absorption into the blood stream, irritaie the
urogenital tract and, consequently, have been dangerously
employed as aplrodisiacs.  Cerlain irritants also possess a
healing action on wounds, possibly the result of locai stin-
lation. Many condimenta aro irritants.  Tn high concentra-
tions, many irritants are corrosive.

Alcohol—page 1314,
Alcohol, Rubbing--page 1164,
Ammonia Spirlt, Aromatic—RPS-17, page 15.

Anthrailin

1.8.8-Anthracenctriol; Dithranol; ;
Digxyanthranelk Cignoling Authra-Derm (Terndl); Linsan (Stiefed)

1,8-Dihydroxyanthranot [480-22-8] Oy H g0y (226.23).

Prepuration- - Anthraguinone is sulfonated (o the LB-dizulfonic
ncid, which is isolated from the yeaction mixture and then heated
with a ealcium hydroxide-caleinm chlorite mixture 1o form 18-
dihydroxy-8,10-nnihracquinone, which is reducod with thy and HCI
Lo anthiralin,

Deseription-- Yellowish heawn, crystalline powder; odorless and
tnsteless: melis butween 176 and 181°

Solubitity—Insoluble in water; slightly seluble in sleohol; solubde in
chloroform; slightly soluble in ether,

Usen—Although long considered 1o be an irvilant, its principal
thernpeutic action is the reduction of epidermal DNA synthesis and
mitotic nebiviby. Il is used i the treatment of pyoriesis, alopecio
areata, eezema ad sther chronie dermatoses, T wsaally is used in
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combination with ultraviolot light and a daily eoal tar “bath.” To
avoid harmful irritation, medienments containing it should not be
waed on the face, sealp, genitalin or intertriginons akin aveus; they
should not be appliod te biisterad, raw or oozing areas of the skin,
and should be hept from the eyes, sitiee they may cause severe
cumjunctivilia, keratitis or corneal opacity. Renal irritation, cants
aned albuminurio may result when the drup is abaorbed systemienily,
Phe hands should be wished immediately after applying medica.
tion. A revorsible slipht disseloration of the skin may oecur,

Dose--Topical, to the skin, 85 a 9.1 4o 1% croam or cintinent,
onge o day with cream and once or twice a day with cintiment. The
concontration should be tow initially and inercased only g noces-
sary.

Dosnge Forms-—Croam: 0.1,0.2, 0.25, 0.4, 0.5 and 1%; Ointment.
(.1, 0,25, 0.4, 0.5, 1 and 2%.

Benzoln Tinclure, Compound—page 760.

Coal Tar
Pin Carbonis; Prepared Coal Tar 1Y, Pix Lithanthracis; Gis Tar

The tay obtained as by-product during the destructive distifla.
tion of bituminous conl.
Doseription - -Nenrly black, viscour liquid, heavier than water, with o

characteristic naphtialene-like odor and ashorn burning taste; an fgni-
tion it hitrms with & veddish, Juminous and very sooty {lnme, leaving not

mare than 2% of residue.

Solubility—Only slightly soluble in water, to which it jmparts its
charncteristic odor and taste and » taintly alkaline renction; partially
dissolived by aleohol, acetone, methanol, solven! hexane, earbob disul-
fide, chiloroform or clher; (o the extent af about 95% by heneene, and
entirely by nitrohenzene with the exception af o small amount of sus-
pended matter.

Uses-—A iocal freftant used in the trentment of chronie skin
dizeases, Like anthrolin, ite primary action is to decrease the epi-
derma) synthesia of DNA nnd, henes, to suppress hyperplagia, Oc-
casionally, it may cause rash, burning sensation or other manifesta-
tions of excessive irritation or sensitivation. Since pholozenuiliva-
Lion tnay accur, the treated arca should be protected from sunlight.
It should be kepl away (rom the eyes and from raw, weeping or
Blistered surfnees, Temporary discoloration of the skin may oceur.

Dose—Tapical, (o the skin:  cleeasing bar, 2% once or twice a
day; crewm, 8,6 to 5%, 2 or 3 times a day; gef, 6 to 7.5% unes or twica
aclay: lotion, 2 Lo 5%, ¢ Lo 4 tmes a day; ointnent, 1 Lo 5%, 2or 3
timew 4 day; paste, 5% once or twice & days shampoo, (5 1o 10%
wice i week; sofution, 2.5 W0 20% straight or difuted 133 with waler
1 Lo 8 times @ day; suspension, 7.5 10 33.3% diluted in lukewnrm
woter at intervals directed by Uhe physician,

Dosago Formu—Cleansing Bar: 2%; Cream: 1.6 and &% Gel: 5
and 7.5%; Lotion: 2 and 6% Ointment: 1 and 6%; Paste;  6%;
Shampaos: 0.5,1,2,3, 4.3, 5, 9 snd 10%; Topicut Solution: 2.5, 5 and
20%; Topical Suspension: 7.5, 30 and 33.3%.

Grean Soap—RPS-17, page 786.
Graen Soap Tincture—RPS-17, pago 766.

Methyl Salicylate—page 1205,

Resarcinol-—RPS- 186, page 1107.

Resorcinol Olntment, Compound-—-RFS-16, page 1107.
Resorcinol Monoacetate—-RPS-18, page 1107,
Storax-—-page 1326,

Tolu Balsam—page 1289,

Turpentine Oll, Reciifled—RPS-18, page 808,

Othier Trritants, Robefacients and Vosicunts

Camphor [Bieyeln [2.2.3] heptane-2-one, 17, 7-trimothyl-, 2-Cam-
phanone; 2-Dornanone [76.22.2] CyHyd (152.24)  Gum Campher;
Lawrel Camphor]--A ketone obtained from Cinnemomwm camphora
(Linng) Meer ot Bhermaier (Fum Lanreceae) (Matursl Camphor} or
produced mynthalicnlly (Synthetic Comphor},  Preparation:  Natura)
erude mm;“}(mr may be oblnined by stean distilling ehips of the compher
Lree: the crade camphor so ohtained b puritied, usually by sublimntion.

One method of producing syntbetic camphbor storls with pinene
|G ial, 1 hydracnrbon obtained from (wrpontine oil. The pinene is
sutirated with hydrogen chloride at 99 ferming hornyl chioride
{EhaHpCHL On heating the barnyl chloride with sadinm ueatate aned
wlocin] aeetie aeid, it is converted into isebornyl aeelate, which i sabse:
quently hydralyaed Lo iseborny) ateohol [CoHOH] and oxidized with
chrotic neid th enmphar. Synthetic camphor fesembles natoral eam-
pheor in masi. of its properties exeept that (€ is a racenic mixture and,
thevefore, Incks optienl activity. When enmphot is nuixed by approxi-
mately molecalar proportions with chloral hydrate, sumthol, phenol or
thymol, liguefaction ensues; such mixtures are known as eefoctic mix-
{erres (see pngo 176).

Beseription:  Colorless or white crystads, gennules o erystalling
miaskes; or A8 colarless Lo whits, trunshicent, teogh mnsses; s peisetrnting,
characteristic odar, a pungent, sromatic taste and is readily pulverizable
in the presence of n little wleehol, ether or eldoroform; speeilic gravity
nhoutl 0,99 melts between 174° and 179° and slowly volatilizes al ordi-
nary tomporgture and in ateam, Solubility, 1 gin ahout 400 mL water,
1 mlb, aleuhol, about 0.5 mi chloroform or 1 mb ether; freely soluble in
carhon disullide, selvent. hexune or fixed and volatile oils.  Imemnpati-
hilities: Torms @ Hguid or & soft mags when rabbed with ehforal hy.
drate, hydroguingne, menthel, phenol, phonyl salicylate, resorcined,
salieylic acid, thymed or other substanees. Tt s procipitated from its
aleahalic solution by the addition of water.  [4 is precipitated from
camphor water by the addition of solublo ralis.

Uses: Locally, weakly anatgesic, mildly analgesic lantipriritic)
and rubefacient when rubbed on the skin, The spirit is applied
locally to allay itching caused by insect stinga. It also in used as a
counterirritant in humans for influmed joints, sprains ond rheqp-
matie and other inflommatary conditions such as colds in the thront
and ehest,  Although the patient may feet improved, the inflamma-
tion ik not affected.  Howeyer, reflexty induced lacal vasoconstric-
tion may moediate a mild naeopharyogeal decongestant effvet.
When tukten internally in smodl amounts it produces a fecling of
warmih and comfort in Lhe gastrointestingl teact, and, therefore,
formerly was much used as a carminative.  Systemically, it is a
veflexly active eirewdatory and respiratory stimudant, Howevor, its
use o 0 slimubnnt is obsolete. 1 alno possesses a wlight expreciorant
action nnd is included in some cough-supprossanl mixtares.  Con-
centralions ahove 11% nre not safe, Toxicity conmists of navses and
vomiling, headaehe, feeling of warmth, confusion, detirivm, eonvul-
gions, ooma or raspiratory arrest.  Camphor is a pharmaceutionl
nocessity for Fexible Cotlodion and Camphorated Opium Tine-
ture, Dose: Tupicad, i the skin, rectim or teoad, a5 a 0. to 3%
lotion, cream, spray or ointment, or 10% tincture {spirit), no more
thin 3 to 4 times o dey.  Par topieal analgesia, concentrations of 0.1
W 3% aro used: for countoriritalion, 3 to 11%.

Cantharidin {(3am47,90, Tar Hexahydre-8a, Ta-dimethyl-4,7-opaxy -
isobonzofuran- 1 3-dione[56-25.7) Gl 00 (AG21)]-—The setive prin-
ciple of Canthurides. White plielets soluble 1 g in 40 ml. acotone, 65
mbs chloroform, 560 mL ether or 150 mb ethyl acetate; sohuble in oile.
Uses: Produces intradermal vesiculation, 1 is used to remove warts,
particularly the perivnguat type. 1t is applied wnder an ocelusive ban-
dage, The vesiclo eventually breaks, beeomes encrusted and falls off in ¥
1o 2weeks, Dose: Topicad, o Lhe wart, as an 0.9% solulion,

Crprleum-—The dried ripo fruit of Capsiciun fruleseens Linnd, So-
Innarear, which containg less than 1% of copsaicin [(f)-N-[4-Hydroxy-3-
methoxyphenyDmethyl]-8 mothyl-G-nonanvamide[404-86-4}
ClaaNOy (305.40), which i the active ingredient,  Uses: ls aetive
ingredients are mildly irritant, cnusing crythemin and o feeling of
warmth without vesicalion. s preparations nre uked us connberire-
tants, Dose: T'he eguivalent of 0026 Lo 0.26% of capsicum applisd (o
the skin no move then D or 4 times a day.

Fehthummeol [Ammonium Iehthosulfonate; Sutlonated Bitumen; fe-
tiok; Lchthymall (Maifinchrodiy, tohthyol (Stivfel) [8029.68.8])-H i
obtained by the destructive distiftation of corlain hitumineus sehista,
sulfonating the distillote and neutralizing the produet with ammonia.

1t vields not dess than 2.6% of NHa (amimonia) and not loss e 10% of
total sullor,

Constifuents: I belongs Lo o closs of proporstions contoining, as
cssential comntituents, salts er compovnda of & mixture of sckds dosignuot-
ed by the group name selfoichthyelic acid, formed by sulfongtion of the
oil obtained i the destructive distilistion of certain bittwninous shales,
Sulloichthyolic aeid s characterized by a high sulfur content, the sulfur
existing lnrgely in the form of sulfonates, slfones and sulfides.  Dev
seription and Sofubility:  Roddisly brown to hrownish hlack, viscous
fluid, with o strong, characleriatic, enpyresmatic odor. Miscible with
water, glycorin fised oils or fats; partially soluble in aleohol or ethor.
Incompatibilities: Boeomes granulur in the presence of avds or under
the influencs of heat. Tn salution, it is precipitated by acids and acid
salts os w dark, sticky maws; alkalies liberate amionisg mony metallic
salts canve precipitation.  Oses: A mildly nstringent irvitant and locol
antibacterinl agent with moderate wuroltiont and demuleent propertios,
It is used alone or in combivation with other antinepiics for Lhe treat.
ment of skin disorders sach ns tnseet stings and bifes, erysipetes, psoria:
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w5 andd fpees ersthemeatosus and 1o produce healing in chronice inflem-
snadiuna, 11l bs used to beeal inflommoed fon and bodls in the exterl
enr canal, Medieal apinion is divided ns 1o whether 1his ngent is uselul.
Tu higher coneentrations, irritation is frequent and rashes may develop.
1t whodd be kept away from the eyes dud othor sensitive surfaces. 1 has
hoen roporled fo cause hyperepithelinlizstion, an action that woutld b
eounterprodictive in the trestment of psoriasis,  Doses Topdeal, to Lhe
shin as o 10 or 20% ointment or external enar ennnl pg o 0% aintment,

Juniper Tar Cade Oil]-The empyreumatic volatile off obtained
from the woady portions of Jeniperis oxyeedius Linné (IFum Pinaceae),
Dark Drown, clear, thick liguid, having o tarry odor and @ fuintly aromal.
i, hittor toate. Very slightly soluble in watery | volume dissolves in 9
volumes of aleohol: dissolves in 3 volunes of ether, loaving a slight,
MNoeeulent residue; misvilde with chlorelonmn,  Uees: A mildly irritan
oil that. is s ploved as n lopical antipruritic in several chrenie dermato-
logic disorders, sueh as penriasis, atapic dermatitls, pruritus, cczemu
and seborrhien. Since itis irritant to the sonjunctiva and slso may canse
chemasis of the carnea, enve should be tken to keep it out of the eyes.
Syatemin absorption may tesnlt in ronal dmnage. Pase: Topival, s 110
% aintment applied anea n dayy i slso is usod ax o 4% shampoo or 54%
batly,

Menthal [Cyeloboexanul, Somothyl-2-0-mothylethyl)., o Mentian- 3.
ol Peppermint Camphor [1490-06-6] Ctin0 (166,2705-An akcohol
obtained from diverse mind oits or prepered synthetically. JUmay be
lovaratatory [(~3-Monthol] frem natural o synthetic sources, or rucemie
I(;E]-er:]lhtﬂl.

Preparation: 1L owes its odor chiefly to menthol, which i ob-
tained Trow it by Tractional distillation and allowing the proper
frnelion to erystallize, or by chromaiographic processes.  Among
numerous methods of synthesis of an opticalty inactive menthal, the
most poputar involves the calalytic hydrogenation of thymol {ab-
tained from natural sourees or synthesized fram m-gresol or cresylic
seid), Thedifficuity in the synthesis of (—)-menthol arises {rom the
fact that menthol containg three asymmetric carbon atomsa, and
there are thus cight stereolsemers, designated as (=) and (+4)-
menthol, (~)- and (4)-isomenthol, (~)- and {+)-neomenthol, and
(- and [+)-necisomenthol. To oblain a product meeting USP
requiremonts, il is nacessary (o separale (=}-menthol from ils ster-
eotsomers, for which parpose fractional evyataliization, distillntion
under reduced pressure of esterifiestion moy be used.  The other
stereoisomers differ from the official (=}-menthol in physieal prop-
ertics and possibily 1o some extent in pharmacologie action.

Deseription:  Colortess, hoxagonal, usually needle-like erystals, o
Fused mases, oF a orystailine powder, with a pleasant, peppermint-like
otor; (—1munthol melts between 41° awd 44%; Gi)-menthal congeals ot
27¢ o ¥8%, Selubitity: Very saluble in nleohol, ehtoroform or ether
Treely soluble in glucial acetic acid, mineral oil or in fixed and volatite
vils slightly soiuble in water, ddentdfivetfon: When mixed with shout,
un eguad woight of eemplior, chiornl hydrate, phenol or tiwmol, it forme s
Yeuteclie” mixlure lHguelving st rosm temperatare.  compatibilities:
Proluces a liguid or soft mass when tritursted with camphor, phenol,
eliforal frvdrate, resurainol, thymol or numercus other substances, Lo
Imh'ay.l' The lahed on the container indicates whethor il is levorotatory or
Fanend,

Lises: In Jow concentrations, relectively stimulafos the sensory
nerve endings for cold and, hence, enuses o aensation of eoolness,
Some local analgenic offects nlso acenmpany this effect.  Higher
concentrations not only stimulato sensory endings for heat and
ather pain, but also may enuse some irvitntion,  Conseguently, there
may firsl he a sensation of coolness, then aslight prickly and hurn-
ing sensation.  The local snalgesia and sensation of eoolness ore
employed i the lreatment of inscet biles and stingy, itehing (anti-
praretic effect), minor burns and sunburn, hemorrhoids, tanthache,
cankers, cold sores and sore thrond. “The loeal analgesic effect. also is
the probable basis of the aulitussive use, although the value of the
drug as an antitussive remains unproved,  Care must be (aken Lo
avoid the inhalation ol ireilant concontintions,  The cantribution of
aplaceho effect to some af {hese effects cannot bo discounted. 1t is
incorporated into irritant products used to woeat aene valgaris, dan-
druff, achorrhea, calluses, corng, warls ind athlete's fool and in
vaginal preparations Lo lessen the sonse of jrritation.  Whatever
effocts the rubbing of menthol-containing sintment on the cheat
pusseas to relieve pulmonnry congestion in colds and allergy are
attribtable (o counterirritation and placebo coffects, Tt also Is
contained In counterirritants for the Lreatment of musele aches,
Dase: Topicel, 4o the skin, as o (.1 10 2% Jotion or ointmeni; to the
thraat, as 0 0.08 1o 0.1 9% losenge.  Tnhatation, 16 mL of 1% liguid or
10 mis of 2% cintment per quart of water, to be dizpensed by steam
infinlation,

Povuving Balsam [Peru Babsany Balann of Portg Indian Balaoam;
Hinek Batsam]-—Obtuined from Myroxyion perefrae (Royle) Klotzseh
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{Fam Leguminusoe), Containg from 80 Lo 64% of 2 volatile oil lermied
ernmamentt and from 20 Lo 285 of resin, Cinsanmain is o mixlore of

compounds, amony; which the following have heen identified: 1he pstees

benzyl benzeute, benay cinpeemate, connamyd cig e (sEyracin and
the sdeohol perasiol {considered hy some 1o be identical with 11 simipui-
terpene alechal neralidol, CigHys} as vstor, freo epnnamie ael
.00% of sl and 1 waee of cosmarin, “The sesin consists of be
and cinnamic acid,  Description nnd Solability: Dk browa, vise
liquid; traneparent and appears coddish brown inthin layers, wreeable
ador resembling vanilli, o bitter, nerid Laste, with a pe vt alter-laste
sl frer from elringiness or stickiness. 1L does ot harden on exposare
10 aik; specilic gravity 5,190 o 1,170, Neardy inscluble in water, but
saluhle in alcahol, ehloratarm or glacial acetic acid, with not moere than
an opalercence; partly soluble in ethey or sobvent besnne, {fwess A focal
feeitand amd pulnerary. 14 onee was usel @ oo dressing (o JEIREITITR ()
growth of epithetial collsin the teeatment of fridolant wleers, wunds ol
curlain shin disemses, ej, scabies, 14 prosently i an isgredient in sup-
positorivs wed In the treatment of hemorrhoids and asal provite. Al
lergie reactions Lo iU oecossionally seear, Qintmentg containing hoth
this and sulfur present o probles in compaunding, sivee the resinous
part of the Dalsam tends 1o sepurate. 'This difficuity may e overeome
hy mvixing the balsam with an vqual amoeunt of eastor oil, prier to incor-
porating it inte the base; or alternalively, by mix ing itwith solid petroxo-
tin fAn cintment vehicle (oxygensted pelrolown} consisting of tiguid
paratfin, obede acid and ammoniated aleehol]. Dose: Tupreal, veetald,
1A 1o 0 my b supposttories,

Pine Tar [Pix Pini Pix Ligaida; 'Uar]--The produet obtained by the
destroctive distillation of the wood of Paus padistris Miller, or of other
species of Piris Linng (Fam Pinecene).  Usuntly obained as a ly-
product in the manufacturg of chareenl or neetic acid frowe wooe, [Hisn
complex mixtuare of phenolic hodics for the most parl insoluble in water.
Among Uhese are crosal, pitoral, guaiest, pyracatechol, caerahigna and
pyrogalin others, Traces of pheriol and eresels alse are prosent as well
at hydroenrhans of the purallin nad benzene sevies,  Deseription e
Solubility: Yery viseid, blackish brown ligquids ranslucent in Uhin lay-
ers, but beeomes granular and opague with age has an sanpyreunsalic,
terehinthinate oder, a sharp, empyreumatic taste and i mord dense i
wirteer; solution s acid 1 lismus, Miseille with aleohol, ether, chior.
formm, glacial acetic acid or with fieed aud volatile oils slightly soluble in
water, the solusion heing pale vellowish to vellowish hrown, Usess B
Lernasily s mild feeitaand and loend angibiriterfal agont in chronie skin
iseuses, capecially eczema and paovinsis,  {1s volatle constituents are
elaimed 1o be ex porant hat tieir efficacy s unproven; its inhalations
were formerly used for this purpose, Dose: Topival, as w L (o 30%
s,

Sclerosing Agenls

A number of frritant drogs ave of sufficient activity to
damage cells but are not so potent as 1o destroy large num-
bers of cells at the site of application. Such agrents promote
fibrosis and are vsed to strengthen supporting structures,
closg inguinal rings, ete.  The intimal surface of bleod ves-
sals may brealt down under attaci by sueh ngents and thus
initiate thrombosis, which may be an undesirable side effect,
Thig action is ihe basis of the use of sclerosing agents in the
reduction of varicose veing and hemaorrhoids.  Sclerosing
agents generally nre regarded as obsolete. They can he
harmial when improperly used and sometimes even when
uged with caution,

Sclorosing Agents

Marvhuate Sodium Injoetion A slerile solution of the sodium saits
al the fatdy ncids of cod liver il 10 conteins 50 mg of sodivm mursha.
ate/mi. A suitalle antimicrobinl ngent, not to exesed 0.5%, and ethylor
boney] aleohol, not to exceod 1, nay he added. Nate: St moy show o
separotion of solid melter on standing. Do aof use the materiolif suei
sulid dos not dissolve completely spon wornving. Prepared by heating
cod liver oil with aleololic sodivm hydroxide until completely snpoai-
fied, After dilution with waler the sleohel is remeved by distillation,
Dilule H,80, is then added Lo the ngueous solation, and the libernted
nrgnic aeids are separited or pretorably estracted with i suitable in-
miseible solvent sueh s vther,  Just-ssflicient aquecus NatM then i
added to neatealize the acids,  About 20 mg of bengyl aleohnt/ml, of the
Injoetion usunlly is ndded Lo lessen the prin of injection, Lses For
morly, widely wed ag a sclerosing and fibrasing agear for obliterating
waricase peiis, Irritants of this (e euce were eimployed for closire of
hernia) rings, fibrosing of uneomplicated hemorsloils, removn! of con-
dylomate teuminats and in ether conditions whore the ultimate ohjee-
Live was production of fibrous tissue. Botor Intravenons, by special
injeetion, 0.5 to & mb, of 1 5% injection o a localieed ates usical, 1l
Dosage Porms: ond bl
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Sodium Tetradecyl Suifite FT-Hihyl 2 moethyl-d-undecnnol ydro-
gen sulfate sodium salt [130-88-8] CyiHaeNalS (31848} 5TS; Sotrade
col Sodivm CthingSian}]-- One method of proparation reactls 1the cor-
resporing aleokol with CIS0,H and neutralives the resulting hydrogen
wlfnte eater with BN U0, Ocours as a white, waxy, adorless salid,
Soluble in water, aleohol or ether.  Uses: A seferosing agent similar in
action o sodivm marrdunte, It formerly was used widely os a buffered
polution in the obliteration of waricase veins and ingernal hemorehaolds,
For such purpuoses, the salution is injeeted directly into the vein.  [njee
tion outgide of the wein may cause sloughing.  For Uhis roskon, the
substance is nod used to close inguinal rings The principal untoward
effect is pain immediately upon injection, althowgh bricf; mikl aneply-
laetoid and idiogyheralic responsss rarety oceur,  Because the substanee
is an anionic surlace-active ngent, it also is used as B walting agent 1o
promote sprending of cortain lopicsl antiseplics, Dese: By ingoetion
directly into the targel vein, as o 1 or 3% solution, depanding on dw wlut
of tho vein, The volume then to be injesiod al. any one site varios from
0.2 to 2.0 mL, depending on the concontration mul the number of previ-
ous injeclions al the sile, the larger volumaes heing given only after
severnl previous injeetlons.  No mora than [0mlL of the 3% soludion or 6
mi. of the 5% solotion should he given at any one time. “The interval
hedween injections varion from & 10 7 days.  Possge Forar Injection: 1
and 3% in 2-mi. ampuls,

Caustics and Escharotics

Any topicnl agent. that causes desiruction of tissues at the
sile of application is a euustic (or corrosive),

Taustics may be used to ivduce desquamation of cornified
epithelium (“keratolytic” action) and, therefore, ave used to
destroy warls, condylomata, keratoses, certain moles and
hyperplastic tissues,

If the agent also precipitates the proteins of the cell and
the inflammation exudate, there is formed o seab {or eschar),
which later is evganized into a sear; such an agent is an
escharotic (or cauterizant), Most, but not all, causlics ave
also escharotic. Furthermore, certain caustics, especially
the alkalies, redissolve precipitaled proteins, partly by hy-
drolysis, 8o that noscab or only agolLscab forms; such agents
penetrate deeply and generally are unsuitable for therapet-
ticuse. Escharotics scometimes are employed Lo seal cutane-
ous and aphthous uleers, wounds, ete.  Singe most escha-
rotics are bactericidal, it formerly was thought that chemical
cauterization effected steritization; however, sterilization is
not achieved always, especially by those agents which ve-
main bound to the protein precipitale. The growlh of cer-
tain bacteria even may be favored by the chamically induced
necrosis and by the protection of the scah.

Acelic Acid, Glaclal—page 1317,
Alum—page 761.

Aluminum Chloride—page 761,
Phencl—page 1323.

Podophyllum
Mandrake: May Appie

The dvied rhizome and vools of Podophyllum peltatum Linné
(Fam Berberidacsae); it viclds not less than 5% of podopliyllum
rosin,

Constituonts—-From & Lo 6% of reain along with up to 1% of quer-
cetin and podophyllotexin and peltatin glueosides, At least. 16
different eompounds have boen izolated and characterized. "The
aglycone padophyliotivin {CyHpOy) is the lactote of 1-hydroxy-2 -
(hydronymothyl) - 6,7 -methylenedioxy -4- (340 -trimethoxy-
phenyD)-1,2,4,4-tetrahydronaphthulene-S-carboxylic acid, Hydro.
Iytic rmpture of the lnctane ring vialds pedopliyllic acid [CpllyOql,
the 2,3-trans form of which is podophyilinic acid while 1he 2,3-cfs
form is picropodophyllinic aeid.

Although podophyllitoxin has been demonktrated o possess
morked caustic, cathartic and toxic propertion, il is believed that not
iL, but an amorphous resin, called podophylioresin, is the chief
cathartic principle of the drug.  However, podophyllotosin is saler
and ultimately probably will replace the crude preparations,

Usres nnd Doso—See Podophyllun Resin,

S Podophyllum Resin

Uses- Supersedos  podonhyllumy (abovel,  Certain glycosides
and palynuclear lactones in the resin interact with tohulin and,
tius, interfere with cell eyeling and intracelhdar dynamics such as
Lo eause Lhe eventual death of affected colls, Applied topically, it is
corroaive in the rogion of contact, 1t mainiy is used in Lhe freatment.
of cendyloma veewminatum hut also of juvenile papillome of the
larynx, multiple superfieie! epithefiomatoses (basol eell and squa-
mous col} car¢inoman), precancerows keratoses (sehorrheie, actinge
and radintion kerotosos), verrucee fibroids and calluses. Some
pain usaally oeeurs al the site of appliontion; if i is excessive, the
drug should be removed with ethanol or isopropyl alcohol. Resin on
adjneent normal tissucs also should be removed. Pain may be
ivoided somewhal by tresting only asmoll aven of surlace ab oy one
time. M especially is imilating Lo the eyes and mizcaus mem-
branes. 'Prestment of large surfaces also may result in excessive
nbsorplion and svstemic effects, such as nauvsen and vomiting,
tachyeardin, shallow reapiration, feukopenia, thrambosytopenia, re-
nal dumage, paralytic iteus, lethargy, stupor, psychatic confusional
states and peripheral nouropathy, including flaccid paralysis. Sys-
temie absorpiion is enhaneed by veclugion.  The drug ju contraindi-
ented in pregnaney and iactation.

Dawe-Topical, adudis and children, 1o the skin, condyloma ac-
cruminala, o2 o 26% solution, the resin Lo romain in place for G hy;
application may be repeated weekly for up to 4 weeks, if necessary;
superfivial epithelivmatoses and precancercus keraloses, s n 26%
soution obee s day, to be continued until several days alter a sleugh
hay oeeurred; to laryngoal tesions, fuvenide laryngeal papillona, as
o 12.5% sobulion ta the papitlome, initially once a day, bul progres-
sively longer intervala may be elected ns the lesions shrink (medieal
aathorities held that short intervals nre more offective); the 12.5%
solution ls Lo be extemporized by diluting the 25% solution in 95%
othanol.

Dosage Form—Topical Solution: 25%.

Salleytle Acld-—page 768.
Sliver Nitrate—page 760,

Silver Nitrate
Nitric acid sitver(14 snli Argenti Nitrus

Silver(1--) nitrate {7761 -88-8] AgNO; (16G0.87).
Preparation— By the aclion of nitric acid on metaliic silver.

Desoription--Colorless or white ervsialy on exposure Lo light in the
presence of organic matter, i1 hecomes gray or grayish Piack: pi of
solutions nhoul f.h,

Solubility—] g in 0 wl wider, 30 ke aleobal, about 260wl ncelone,
slightly more than 0.1 mL boiling water or about 6.5 mlL of Doiling
weohol; slighlly soluble in cther.

Incomputibilites—Busily reduced 1o metallic silver by most redie-
frge agrents, including ferrows salls, arseniles, hypophosplites, tor-
trates, sugars, taning, eofatile offs and other organie sebstanees, In
weulral or alkodine solutions, procipitated by ohiforides, bromides, io-
dides, borax, hydroxides, carbonates, phosphates, swlfutes, arscailes
waed arsenates, Potassium permanganele, tannic acid and soluble oi-
trates and sudfates moy coune o precipitode f sufficiently concentraled.
In acid solulion, only the chlaride, fromide and fodide are insoluble,
Ammonia waler dissolves many of the insoluble silver salts through
formution of the silver dinmmine complex, Ag(NHak*.

Uses--Silver ions combine with proteins and canae denaturation
and pregipitation. As a vesult, silver iong have astringent, coustic,
bactericidal and antiviral properties, In low concentrations, silver.
denutured protein iz canfined to the interstitial spaces and the
surface of denuded, weeping areas, so that only astringent and
antimicrobinl effects oceur; with highey concentrations, ¢ell mem-
branes are disrupted, so that caustic effects result, The corroded
site will become covered with a seab of silver protein precipilate,

Tt in used mainky in podiatry as a enustic Lo deatroy excession
prantdation tissue, such as corns, eatluses, granuloma pyogenicum
and plantar warts, Lo reduee newraoesclar ielomas, remove popil-
lomus and cauterize small nerve endings and blood vessels. As an
nsbeingent, it is used to treal Dngpeligo vieljoris and prurités as well
asindolent wleors, wounds and fissures. Tt also ia used ns 3 styptic,
espeeially in dentistry.

As an antseplic, it mainly is employed prophylectically againat
ophthalmia peonatoram. 1 formerly was applied regularly 1o
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purnud surfaces becnuse of its high efficacy against hoth staphylo-
cocet and paeudomonas. However, the precipitation of Al at the
site of application and in dressing depletes plasna choride and can
panse serions electrolyte disturbances; conseguently, the drag sel-
o is wsed in burn therapy Loday. Reder to REPS-17, page 1G5, (or

n chiscussion of ity prior uses us i antiseptic,

Bxeessive corrosion nt 1 Largel site und corvosivn from inadver-
tent application or leakoge away from the intended site can oceny.
Dantal cones or picces of toughened silver nitrste that are acciden-
tally ingested can couse death,  Blomentad sidver fram the hioredue-
tion of silver ion may reside permonently an the site of application
and caune a bluish-to-Black discoloration ealbed argyeia.  Locally
igeeted sodium thiosullfste sometimes can remove the silver. Ni.
trate fon absorbed from large, denuded surfaces ean cause methe.
moglobinemia,  Only concentrations 0.5% or below should be ap-
plied to raw wounds, fresh cuta or hroken skin,

Dove--Topleal, antiseplic, to the conjunctiva, 0.1 mL of o 1%
kolulion; to the burned skin or spen lesion (neither advised), 0.1 1o
0.5% solution as s wet dressing.  Astringen!, to the affecied skin, as
u 109 solution for impedigo vidiaris and s o 1 or 26 % selution for
pruritis, Ceawstic, to the lesion enly, as 0 10% solution o sintment.
for halomas and to cawterize small neroe endings nnd bload vessels,
ax 4 26 or 50% solution for plonfar eeris and as a 50% solulion far
granulation tissue, pranddoma pyageniva snd papitiomatous
growihs,

Doscge Forms—intrent:  10%; Topical Solution: 10, 25 and
0%, Tor Toughened Silver Nitrate, soo RPS-17, page 784,

Other Causties and Escharoties

Bichloroscelie Ackd |Dichloroacelic acid Ul CLO,
(128.86)] T unpent liguid miscible with water, aleshol or ether. { ’:.M
Sew Trichloroacetic Acid,

Mitrie Acid—Containg 67-71% HNO,, Afumlrlj.ghqmd VEryY eanstic,
with a eharaeteristic, highly irvitating odor; boils nt 120%; specific gravity
aboul 141, Miseible with water, [hess As o cavteviving agent for the
immediste slerilizntion of dangeronsly infocted wounds, such as the bite
From o rabid animaly it doss et penctrate oo deepty and forms a fism
eschar,

Podophytotoxin—| (68,508 00) -5 5a,0,8,80,80- Hexahyd -0 hy-
droxy-5-(8,4,5- u‘l‘metlmxvpilt.ny]lfum[ 148 ?]nnphtlml? A1 Adi
wiol-f-one ]l’)iﬂ 28:5) CoaHyyOy (414, '{l}l -Found in the rhizomes of
savarel spocies of plunts, prineipally Podophadliom patratum 1. Borberi.
daceas, P amodi and Juriperus virginiana L, Condforee. For the syn-
thesis sen JACS 708: 6208, 1081, Qceurs as hydeated erystuls; mells
about 1% {dee] and about 184° affer deying: a number of polymorphic
formy exisl,  Very sliphtly spluble in water; soluble in aleohal, ehiore-
forms or acetonp,  Jses Aetiong, uees and ndverse elfects ore Lhose of
Podophoylfum Resin (page 756} except. that the therapeutic indes is
preater, Tt is several tines more potent, 1 is on uwmiigaiinntsl i,
fioser Tupieal, to the shin, aduits and chiddren, as n 05 10 1% solution
wice i day for 3 days,

Potnssivm Wydroxide [Potassivm hydroxide; Cavstic Potash; Lye;
Potash Lye [1310-58.3F containg not less than 86.0% of tetal wlkali,
ealeutnted a8 KOM (56.11), including not mare than 35% of TaC0y
(138.21)] Ceution—Exercise greal care i handiing, os if supidly de-
stroys dissties, Do not handfe it wich bare hapds, Prepared by electyol-
woisof a sotution of potassium chloride in nalinphragm coll thal does noi.
allow Fibarated chlorine 1o react with it. 11 & prupared in the form of
sticks, pallots, fakes or Deeed masses, Sticks or potlets are made hy
evaporating nsolution of it 4o a fuid of uily eovuisteney and then pouring
ihe b Hguidd into sultable molds inwhich i solidifies,  Deserijation and
Sofubility: White, ar nenvly white, fused wasses, stnall pellels, Nakes,
aticks, und other forms; hard nnd liritile and shows a eryatatline fracture;
exposed Lo nir it rapidly absorbs carbon dioxide and meistare, and
detiquesees; melts af about 3603807 when dissolvod in water or aleohol,
or when its solution i treated with an acid, mueh heat m renerntod;
solutions, pven when highly diluled, are stmn;Jv alladine. | g dissolves
in 1 mb witer, 3 mL aleohol or 2.5 mL glvestin at 25% vory soluble in
builing aleehol. fneompatibilities: Daoses react with aefds to form salis,
tiberate allaloids from ngueous solutions of allealoidal sadts, wnd pro-
mole various hydrolyals reactiona such a the decomposition of cidoral
hydrate inte sldoroform and a formate or the lreakdown of sado! into
phenol and & saliovlate. Onby the alkali hydroxides are approciably
soluble i wator, Nearly n]l comman mebals will he precipitated as
hydroxides when wiutumu ol Ltheir salis nre added Lo sofutions of the
alkali hvidroxides, Cortain hydroxides, however, notubly those of glumi-
e, #ing, arsenie or lead, will dissolve in excess of sodivm or polassium
hydroxide. Uses: A eaustie, principally n veterinary peactice.  The
and of 8 stick of potassium hydraxide vay be inserted inte a section of
rubber tubing, or wrapped seweral times with n (o3, to tvoid cantorining
the fingers of the operatar, 10T used also as o plrar maveutical necessi ¥
i3 wevaral pharmuwopoint preparations,

Trichtoronentie Aedd [Acotic acid, trichlora., Triehloroneetie acid

TOPICAL DRUGS 767

F76-03-0] CoHCL0 (6330 Usually made by axidising chioral hy-
drate with Tuming nitric seld. Colorless, deliquescent crystals having a
alight, thmm‘tﬂ‘tum acdors mells at about 58% and boils gp 198%. 197",
Sedeebiticy: 1 ginabost g mlowater; solubile in ateobol or sther, e,
Precipitates prodeing mnd used as 8 caustic oh the skin o mucous mend-
lirimes Lo desiroy loca) lcaiuus il for trosst ment of various dermag ndog ic
diseasion.  Ns ehied use is Lo destroy ordinary warts s _ﬁ:wmic' Ml
warls, 10 B employed vetensively as a0 pregipitant of protein in 1The
chemical analysis of body {Tuids and tissoe extracts, ns well o ndeeateis
fier and Mxative i microsenpy, Cartion--Triehboroncetio Aeld iy Iy -
Iy corvosfoe ba the skin, Dose: Topical, Lo the shing s o 1 to B0 wde
solulion, carelully applicd with a catton-tipped appleator o glass roel.
Coneentrations alove 50% are not recommended.

Zine Chloride-—page 763,

Keratolytics (Desquamating Agenis)

The epidermis consisis of fnyers of flal cells, called strati-
[ied squamans epitheliol cells. They nre bound together by
desmosomes and penetrating tonofibrils, both of which
largety consist of keratin, 'The outer layer of the epidermis,
the cornified epithelim or stratum cornewm, i made up of
the collapsed ghosts of the sguamoeus cells and, as such, is
principally a tight network of keratin and lipoproiein. Cer-
tain fungl, especiatty the dermatophytes, utilize keratin and,
therefore, veside in the stratum corneum 0 those piaces
where Lhe degroe of hydration and the pld are sufficiently
high, One way sueh mycoses ey he supprossed is that of
removal of Lhe stralum cornean, a process (hat s eadled
desquamalion,  Cerlain chemieal subslances, especially
among phenols and suifhydryl compounds, loosen the kera-
tin and, thus, Meilitale desguamation.  These substances
are called keratolyties. Aqueous maceration of Lhe strafum
cornew also favors desquamation.  Inaddition Lo the treat.
ment of epidennophytosis, keratolytics are used to thin hy-
perkeratotic areas.  Most keratolytios are irritant. hrritants
also ean cause desgquamalion by eansing damago 1o and
sweiling of the basal cells,

Benzoyl Peroxide
{VMurioes Mfrs}

R GeGedo- glesgy

O O

194 -36-0] Cyabd Oy (242.23); containg 66 B2% of henzoy| peroxide:
also conlaing abowt 26% of wiler for the purpose of veducing flans.
mabitity and shock sensitividy.

Preparation-—Benzay| chloride is rencted with a cold solution of
sordium pueroxide,

Deseription.While, granufar powder, having o characteristic odor
welts aboul 1464%; may explode mith heet,

Soelubility - Sporingly saluble in water or alvohaol; soluble in scotone,
ehlovadarm or ether,

Caution (For the drag entily —not the dusoge forms) 11 may
explode «l tomperatieres higher than G0° or eowse fires in ihe
presence of reducing substanves, Stuee (f in the original contain-
e, tredled (o reduce stalic charges, Lo not transfer it Lo metal o
glass containers fitted with friction tops. Da nol reteen ioned
material to its original container, g destroy it by Greatment with
NuOH sofutron (Fin 10) until addition of g erystod uf K resuits in
no release of free iodine,

Usos—Possesses mild antibacterial properties, especially ggainst
anaerobic bacteria, 1t is also mildly rritant, and it exerts moderaie
keratolyiic and antiseborrheic actions. s prineipal vse is in the
trantmenl of mild wene vudgarsy Gin whieh i s comadolyticy and
ache Pogeceae, al it nkso B ased Iy the treatiment of decabital nnd
stasis ulcers,

I causes stinging or burming sessations for o briel thse alter
appiieation; with continued use Lhese ol Tects mostly disappenr, Al
Eer §oor 2 weeks of ase Uhire may be a sudden exeess deyness of the
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shin and peeling.  The drug must be kept away frons the eyes, and
from inflamed, denuded or highly sensitive shin, such as the eircam-
aral nress, neck and skin of children, 1t shonld not be vsed in
conjunction with barsh abrasive skin cleansers, [t enn ¢ause con
et dormstitin, 1t can bieach hgir and fabrics.

Doso-Tupical, o the skin, adulis and children 12 yi of ofder, ag
afior 10% clemnsing bar 2 or 3 Limes aday, 5 o 109% cream or gel 1 or
2 Limes a day, 5 Lo 20% lotion 1 to 4 times o day, 5 or 10% cleansing
lotion Lor 2 {imes o day, 5% facial moagk once a day, 10% soap | or 2
times o day or 10% stick 1 to 3 times a day. The 208% lotion s wsed
only for the trentment of decubital and stagis uleors.

Dosnge Forms—Clennsing Bar: § snd 10%; Cream: 5, 7 and
10%; Gel: 2.5, 6 and 10%; Lotiom B, 6.5, 10 and 20%; Cleansing
Lotion: 5 and 10%; Facial Mask:  5%; Stick:  10%,

Fluorouracll—page 1151
Resorcinol—RPS-16, pags 1107,
Roesorcinol Gintment, Compound—RPS-16, page 1107.

Salicylle Acld

Benzaie neid, 2-hydroxy-, o-Hydroxyhenzoio Acid
coo -

@w

Salicylic acid {69-72.7) CellgOy (108,12,

Preparation—-Mostly by the Kolbe-Sehnidt process in which
0y i rencled with sodiam phenalate under pressure al about 1:30°
to form sodinm salieylate, followed hy treagment with miners) acid.

Deseription - White, fine, ncedle-like crystus or as o falfy, white,
ceystalline powder; the synihetie neid is white and odoriess; sweetish,
afterward acrid, taste; stabla in ihe air, melts hetween 1582 and 1617,

Solubility—1 g in 460 mL water, 2 mL aleobol, 45 m], chieroform, 3
ml, ether, 135 mb, hemeene or about 5 ml, hoeiling water,

Useg-~Used externally on the skin, where it exerts o slight anti-
septie action and considerable keratofytic nction, The latier prop-
orly maokes it o beneficial agent in the loval treatment of ceértain
forms of eczematoid dermatitiz, 1 also is meluded in produets for
the treatiment of psoriasts, for which the FIDA classification is Cale-
gory 1. Tissue colls swoll, soften and uitimately desquamate, Sali-
cylic Acid Plnster often is used for this purpose. The drug is espe-
cially uselul in the treatment of Hrcg pedis (athlete's Toot) and
tinen cepilis (ringworm of the aealp), since the fungus grows and
thrives in the steatum cornewn, Keratolysis both removes the
infected horny layor and nids in penoteation by anitfungal drugs. |
is combined with bensoic acid in an ointment Jong known as Whit-
fiotd's Ointment, 1t niso is combined commonly with zinc oxide,
sulfur or subfur and coad tar. 14 is fucerporated into mixtures for the
treatment of nene, dandruff and schorrhen, inaect biteg and stings
and inte seapy and vaginn! douches, hut elfiency remning to be
eatablished. In high concentrations it iz eawrsiic and may be vsed Lo
remeve corns, calluser, warts and other growths,

Codlodions or solutions of 17% or higher and ether forms shove

26% concentration should nel be employed If the patient hos diabe-
1oz mellilug, pevipheral vascular diseade or inflammation or infee.
tion at the intendad gite of application. Continuour application of
the drag 1o the skin ean eauso dormatitis. Systemic toxicity result.
ing from npplication Lo large ureas of the skin has been reported, 1
is not employed internally as an analgesic beenuse of its focal irvitat-
ing effect o the gastrointestinal Lract.

Dope Fapical, to the shin, freratolytic, 88 a 16.7 or 17% collodi-
on once & day, 2.5 10 10% eream under geclusion onee every 3 1o
days, 2% foam oncu or twice a day, § ov 6% gelunder occlusion once
adny, LA% lotion once or twice aday, 3 1o 10% ointment onee a day,
2 or 4% shampon onet or twice nweek, 3.5% sonp onee a day or 17%
solution onee n day; atipsorfetie, as a § or 6% gel under oeclusion
or 3o 10% ointment onee o day; aibiseborcheic, aaa LA% lotion, 3
1o 10% ointment or 2 or 4% shampoo once a day; antieene, ns n 2%
fonm onee or bwice a day, B or 6% el under occhusion onee a day, 3 o
6% sinbment once n day or 3.5% soap onee nduy; canstie, ns o 25%
crunm pnee overy 3 10 5 days, 25 to G0% ointment under ocelusion
every 3 1o 5 days, or 48% plaster once a day.

Tosage Forme. -Flexible Collodion: 167 and 17%; Croam: 2.5,
10 and 26%; Gul: 5 and 6%; Lotion:  1B%; Ointment: 25, 40 and

B0% €3 (o 10% ointments must be extempurized); Ploster:  40%;
Shampon: 2 and 4%; Sonp;  3.5%; Topical Solution: 19%,

Sulfur, Precipitated-—-poge 1247,

Tratinoin
Retinoie ncidy Retin-A {Ortha)

Cliy,

HyTL o /i’ﬁ _
o b
o,

all trans-Retinoic aeld [308-7894] CutuOy (300,44).

Preparation-- By oxidation of vitumin A aldehyde which may he
pbiained by oxidation of vilamin A, Biochem oJ 0 563, 3064,

Poseription- Yellow to light-orange cryvstals or ervstaltine powdor
with the odor of ensitage; should be stared in cold and Protecied from
ligght and air; melis between 176 and 1849,

Sotubility-—Insoluble in wiley; slightly salable i aleohol; slightly
soluble in chloroform; | g in 10 md, boiling bensene.

Uses-—It is retinoie acid, or so-collod vitamin A geid, which is
formed when the aldebyde gronp of retinene (retinal} is oxidized to a
carboxyl group. 1t is not known whether retinoic acid has o physio-
logie function, but some awtherities consider it 1o be the form of
vilamin A thal sels in the skin, This view is supported by the fact
that retinel and retinal have very little setion en the skin but large
systemic doses of vitamin A evoke prominent. dermatologic changes,

Topically, it causes inflammation, thickening of the epidermis
(ncanthosis) and loeal intercellular edema, whieh leads 10 some
separation of the epidermal cells.  Follicular epithelinl colls hecome
less adhesive, the stratum comeam loosens and exfolintion may
ocgur. High concentrations can couse vosiculation, These nclions
are wsed in the treatment of aene veelgars. The loogened horay
lnyer makes it easier for the camede to vise up and dischorge, and the
inflarmmatory response mobilizes while cells which attack the baete.
ria i the folliele. In the carly stagea of troaiment, the sudden
gurfneing of obscured preexisting comedones makes it appear that
the aene has beon exncerbated, but the new comedones do not
eonlesae into eysts or nodules and searring does not occur. The
exagperated stage may laat for az long as 6 weeks, after which
improvement. comes rpidly,  Shortly after diseontinuation of
wrentinent, reliapses readily oceur.  Deep oyséic nodular aene (acno
conglohata) or severe eages usaally are not improved by the drug.

Various hyperkeratotic conditions are reported o respond to it
rvosponses being sometimes exceplionally dramatic.  Solar and fol-
ticular keratosts, lnmellar ivhihyosis, kerelosis palmaris and plan-
aris and other hyperplostic dermntoses have been treated success-
fully with the dreug. Tt alse has bees vsed in the trentment of some
akin enncers, Rocent reports indicate thal it may somewhat rejiave-
nate pun-nped skin,

i3 au entioxidant, and free-radient scavenger.  "There iv some
pvidence not only that topical applications may provide some pro-
Lection from aclinic and other radintion effects on the skin, inelud.
ing eancer, but thnt internally it may be prolective against carcine.
penesis from radiation and cureinogens.  Systemically, it does not.
cnuso the toxic offocts of large doses of vitamin A, )

In concentrations of 0.05 Lo 0.1%, il causes » Lransiont fooling of
wormth or mild stinging, and ayythema follows, Paeling of the skin
may oeeur.  Irritation and peeling are marked more when tho con-
contration creeeds 0.1%. When peeling, crusting or blistering oc-
curs, medieation should be withheld until the skin recovers, or the
eonconiration should bo reduced, The drog shoald not be applied
around the oyes, nose or angles of the meuth, hecase the mucosas
are much more senaitive than the skin to the irvitant effects. Tt also
may cauge severe irrilation on sezematous skin, It should not be
applicd along with, or dosely following, other irrilants or korntolylic
drugs. Bxposure (o sunlight should be aveided i possible, Both
hype- and hyperpigmentalion have heen reported, hut the condi-
tons appear L be roversible and temporary.

Doke-—Topical, psval, 1o the skin, 0.01 Lo 0.1% once o day at
hadiime.

Dosage Forms—Crenn: 0.06 and 0.1%; Gol: 0.01 and 0.0256%;
Tapical Bolution:  0.06%.

Trichioroacetlc Acld—page 767,
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Urea—page 931,

Cleansing Preparations

The slin may he cleansed with detergents, solvents or
abrasives, singly or in combination.  Among the detergents,
the soaps have enjoyed the greatest official status, more
through custom than through specinl merit. The nonsoap
deterpents hocame important, not oaly as household hand
cleansers, hut also in dermatologic and surgical practice as
well. However, hecauge many nonsoap detergents de not
decompose in sewage disposal planty, there has been a return
to real soap. Some of the antizeptic "soaps™ alill contain
gynthelic detergents. Soap interferes with the action of
many anlisepties, which is one reason synthelie detergents
oflen are used in antiseptic eleansing preparations. Howev-
er, synthetic deterpents also interact with some anbisoptics.
Anionie nensony skin detergents rarely sensitize the skin
and, thus, ave preseribecd when the user is allergic to soap.

Ordinary soaps tend Lo be alkaline, with pH ranging from
0.6 to 105, Superfatied soaps have a pH in the lower end of
the range. Synthetic detergents usually have o pH of 7.5 or
ess. Neutral toilot bars contain synthetic detorgenis.

Shampaos are liguid soaps or detergents used Lo elean the
hair annd sealp, Both soaps and shampoos oflon are used s
vehicles for dermatologic agents,

Many bar soaps contain either triclosan or triclocarban as
anliseplics in concentrations which suppress bacterial pro-
duction of hody oders but which effectively ave not antisep-
tic. A number of soaps and shampoos contain kerntolytic
and antiaene ingredients. Abrasive soaps contain particles
of aluming, polyethylene or sodium tetraborate decahy-
drate.

It. commonly, but erroncously, is believed that soap has an
antiseplic action. The promotion of cither seap or synthetic
detergents alone for the conbrol of aene is unwarranted;
andiseplic substances must he added to the cleansing matets-
al or he used separately. Quantitative studies of the cutane-
ous Tora belore and after cleansing with soap or with other
anionie delergents show a nepligible antiseptic effect. How-
ever, the removal of loose epidermis lessons the likelthood
that cutaneous bacteria will be transferved from the slin to
other structures.  Cerlain eationic detergents employed in
dermalology are antiseptic. Detergenls are treated under
Surface-Active Agenis (page 267).

The chetee of organie solvents Lo cleanse the skin depends
largely upon the nature of the material Lo be remaved. [
medical practice ethanol and isopropyl aleohol are the most
frequently employed organic solvents, Cleansing creams
act both as solvents and as detergents,  Othor soaploss
cleansers variously contain petrolatum, vegatable oils, lano-
lin, high-molecular-weight nlechols, warious carbohydrate
derivatives, ontmeal and other ingredients.

Alcohol--page 1314,

Algohol, Rubblng—page 1164

Benzalkonlum Chiorlde~—pege 1164,

Green Soap—RPS-17, page 786.

Hexachlorophene Cleansing Emulslon--page 11686,
Isepropyl Rubbing Alcohol—page 1167,

Sodlum Lauryl Sulfate--.page 1307,

Miscellaneous Dermatologics

Gurgles, nasal washes, dovches, enemata, ele generally
contain as basie ingredients substanees described under oth.

769

TOPICAL PRUGS

¢r categorios in this ehapter, Lhese proparations are de-
seribed under Agueous Solutions, page 1521,

Antiphlogistics include aleohol and several creams and
lotions that cool the skin by evaperation.  Many antiphlo-
gistic preparations also eontain an astringent andd a local
angsthetic or camphbor or menthal,

Commonly employed entipruritivs also depend largely
upon lacal ancathetics and the soothing effect. of cooling,
although emollients or demuleents may be included, espe-
cially depending upon the etiology of the pruvitus, 'The
antipruritic propertics of phenol preparations largely derive
from superficial local anesthesio,

Vulnerary and epithelizing properties are attributed to
numerous irritants and to several dyes; however, few reliable
data exist to support most claims 1o valnerary action,

Sunscreens contain aromatic compounds, like aminoben-
zoic acid, which officiently absorb the harmful ultraviolet
(V) rays from ihe incident sunlight and transmit. mainly
the less harmiul wavelengths, o ttaniwm dioxide, which
rellects sunlight from the surface ol upplication. UV lightin
the spoctral range of 200820 nm couses sundan and sun-
burn; thercfore, 8 sunsereen to prevenl fan or bum should
have o high molar absorplivity in this range.  However,
pholosensdization (ie, the photoactivation of chemicals to
make them Loxie ot allergenie) may occur with wavelengidis
as high as 500 nmy; consequently, to protect recipients of
certain drugs (tetracyclines, sulfonamides, ervihromyein,
promazine, chlorpromarine, promethazine, provalengh, sun.
sereens with a hroader absorption spectrum are required.
An adeguate broad spectrun is usuatly achieved with combi-
nations of sunscreens (eg, dioxybenzone and oxybenzone},

Metanizers are substances that promote the pigentation
of the skin.  Most melanizers produce their effect by sensi-
tizing the skin to UV light,* so that the effect is principally
the same as if the subject bad been exposed for along time (4
the sun.

Shin bleaches, or demelanizers, mostly contain hydrogui-
nene derivatives.

Hair bleaches gencrally contain peroxides,

There is a large vaviety of depilatories on the markel,
Many of them are sullhydryl compounds, especially thiogly-
collates, which reduce the disulfide bonds of keratin, thus
softening the hair Lo the point where it can be separsied
eagily from the apidermis, Some of the same eompounds ave
used it lower concentrations in hairwaving prepavations,
Phere is one drug, minoxidil, an antihypertgnsive drug,
which caninercase hair growth and freat baldness, Dinnox-
ide probably will prove to have similar activity.

Antiperspirands have been includad among the astrine
gents,

Aminobenzolc Acid

Benwoic acid, damino-, PARA

" ;«<{i}- L

p-Aminobenzoie aeid [150-13-0] CrHyNOy (187, 34).

Preparation - p-Nitrotoluene is osidized with permanganate to
p-nitrobenzoie apid, and the nitro group is then veedueed Lo aumine
with irom and hydroehlaric acid.

Doweriptiom - White or slightly yellow, oderloss erystalsor erysialline
gJ(:;\'{!m': meits Datwern [HGY and 1889 discolors on exposure 1o air or
light.

* This nelion s wrmed & petadynentic action, Ler Jas hoen
used loosedy (o inelude sl instances of onbaneed sensitivily (o lighat, Liwe
i1 &l i

dofinition 3. s confined te photosensitization i whicl: the

purticipation of oxygen is required, T the photodynwasic process, fight
of warvolengt s fon long te o ordinarily effective may D wsied, wer thit the
petiviting speetrum may be shifted townrd langer wavelunglhs,
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Bolubility—Shightly soluble in water or chlovalurmn; freely soluble in
aleohol or solutions of alleali hydroxides and carbonates; sparingly retu-
bile in ether,

Uaes-—A sunsereen. 1L absorbs UV lght of wavelangths in the
region of 260 to 313 nin; its molar abaorplivity at 288.5 nim is 18,300,
However, it does not alwiorh throughout the neay UV range, 5o that
drug-related pholosensitivily end photeloxicity may not be pre-
vonded By it, but in cambination with bonzophenone it does protect
againat some drug-induced phototoxicities, MNevertheless, In the
260318 nm range, it has the highest protection index of currend
SUNKCTEeN Agents.

Far animal species that do not use proformed folic acid, which
containg the p-aminobenzoyl moloty, iL is a B-vitamin, Howover,
man does not use it, and its promotion in vitamin preparations preys
on the ignoranee of the conaumer. 11 or its potassium salt is promot.
cd as an spent. Lhat soltons or regresses (ibrotic tissue in Peyronie’s
disease, seleroderme, dermatomyositis, morphen and pemphigus.
The elaims for the antifibrotic actions are substantiated poorly, and
the actions and uses are not mentioned in major works on pharma-
cology anct therapoutics.

‘Popicatly, it is rarely allergenic (o recipients but phototoxicity
aned photoallergenicity oceur. Systomic side effocts include navsea,
ancrexi, fever and ragh,

Dese—Tapical, as o sunsereon, 4 Lo 15% in solutions, letions,
crmns and lipaticks,  Oval, adudfs, 12 g o doy in 4 Lo 6 divided
doses; children, 1 &/10 Ih a day in divided doses, to be diluted ond
taken with food.

Dosuge Forms--Capsules: 500 mp; Cranm: 4% (may also ¢con-
tain soddivm PABAY; Gel:  B%; Lotion: 5% Powder; 2, 100 ind 453
g Solution: 5% Stick: 5% (mny conlain red petrolatum); Tablets:
30, 100 and 500 mg.

Cotyl Alcohol—pags 1312,

Dloxyhenzone

Methanone, (2-hydroxy-4-methoxyphonyl) (2-hydronyphenyh) -,
Soectra-Sorh UV 24 (Amerfcan Cyviwvamid); Solaguin (Blderd

OH MO

2,2 Dihydroxy-4-methoxyhenzophenone [131.53.3] C) M0,
(244.26).

Preparation-—By o Friedel-Cralts reaction in which g-methoxy-
benzayl ¢hloride is added grodunlly Lo a mixture of 1,3-dimethoxy-
benzene, chlorehenzene nnd aluminuin ehlorida. The reaction con-
ditions are such that both methoxy groups ortho to the carbonyl
bridge in the initial condensation product are demethylated. U5
Pat 2,668,621,

i)cseripliml.-n()ff-whitc to yellow powder; congenls not lowor Lhan

S EHCH,

Sotubility —Practically insoluble in water; freely solubie in aloohal or
toluene.

Uzes.-— A sunsereen of intermediate molar absorptivity (11,950 at
282 yum), but it absorbs throughout the DV spectrum ond, honee,
affords protoetion not only agninst sunbuen but also againet the
photadynamie, photosensitizing and phototoxie effects of drugs,
At present, it is marketed in combination with the closely related
Oxybenzone (pogo 771}

Dose—Topical, a8 0 3% lotion,

Dosage Forms— Dioaybenzone and Oxybenzone Cream: 8% of
ench inpredient.

Etretinate

24,6 8-Nomanelelraenaic neid, B-(4-methoxy- 2,3.6-iimethyl phonyl-
Ai-dimethyle, ethyl ester (ol BY, Togison (Roched
CHy CHy CHy

il T R S 2 0 OG-

CHy0 Gy

[54350-48-0] ConHlaoOs (354.48).

Preparation——{ne rcheme involves the Witlig condensntion of
diphenyl 2,36-tvimethyl-4-mothoxybensylphosphonium  chloride
and B-oxo-3,7-dimethyl-2,4 8-octane-trienoie acid (all-trans) in the
progence of butylene oxide: iy perientia 34- 13113, 1978,

Desaription--Crystalline solid melting about 104°,

Uses--Although not a topical drug, it is a retinold closely related
to fretinoin and is vsed only Tor j1s dermatologic actions, conse-
quently, it is included in this chapter. Tt s used in the treatment of
recaleitrant psoriasis, papecially the severe pustular erythrodermic
type.  H ocdecreasas acaling, erythoma and the thickness of lesiong
andd causes epithelial and dermal cells to vedifferentiate to normal
eells,  Bometimes, dromaotie improvement cceurs within 2 weeks
and complete clearing i 1.5 to 4.6 mo. Howeyer, relopses are
frequent onee trentment is diseontinued and sometimes even during
chronic maintenance, 1 ean be used alone or in low-dose combina.
tion with PUVA therapy. The mechanism of action is unknown,
but it is undoubtledly like that of vitamin A, Activity resides in tho
acid metabolite.

Adverse offects ocour in more than 75% ol recipienis. They in-
clude chapped lips, pecling of the palms, soles and fhagertips, dry-
negs of the mucouws membranes, sore tongue, cheilitis, rhinorchea,
nosehleed, gingival bleeding, loss of hair, nail abyermalities, dry ond
irritated cornea, selera and conjuncliva (30%), eptdermal fragility,
onny sunburning and other effeets. Qceasionally, proudotumor eer-
wbri, metostatic caleificatlon of ligamoents and tendons, anid liver
dysfupction or necrosis oceur. In children ang adolescents there
mny be premature closure of the epiphyaes,  Plusma cholestorol nnd
triglycerides rise and high-density lipeprolein decroases, The diug
i aleo tevatogonie.  Adverne effeets ore Joss with the Jow doses used
with PUVA,

Abnorption after oral administration is mcomplete, [t is in-
ereased by whole milk and other lipid-containing foads, ‘Pherc i n
rapid metabolism during which it is deesterified to the acid metabo-
lite. A much slower dogradation and eonjugation follows, the me-
tabaliten being seereted into bile and urine. Nearly all of the eircu-
Enting drug is bound Lo plasma lipoproteing, but the nelive metabo-
lita is hound toalbumin,  Ultimately, it is token up into fal, where it
may be found even os long as 2 yr after the lust dose. The apparent
climination half-Hfe is about 120 days. This persistence of drug in
the budy militates ugainst the vae of the drug in fertile women of
child-bearing uge, since the ineidence of congenital defects is high
even when conception occurs mhonths after the drug is discontinued,
The drug also is excreted into milk; effeets in the vursing infant are
not known,

DoseOral, adede, initielly 0.85 to L6 mg/ke n day in divided
doses, the dose depending upon the type and seriousness of the
disorder; with erythrodernic psoriasis, the initinl dose s (.25 mp/ke
a day, increesed weekly with inerements of 0.25 mg/hg a day until a
rosponge ocours; maintenance, 0.5 to 0.75 mg/kg & day. Mainte-
nance usually s not begun until after 8 o 16 weeks of treatment,
The ubove doses are higher than those wsed concurrenily with
PUVA treatment.

Dosago Form—Capaules: 10 and 26 myg.

Hydrogen Peroxide Solution—page 1171,

Hydroguinone
LA-Henzenediok p-Dihydroxybenzene; Hydroguinal; GQuinol; Eldoguin
and Fldopague (Eider)
on

O

ki

Hydroguinone ]123-31-9] CyHa0y (110.11).

Proparation--Various processes are employed. One involves
reacting a salfuric acid solution of aniline with manganese dioxide
and roducing the resulting p-benzoguinene with sodium bisalfitea,

Dosoription.—Pine, white needies; darkens on exposute to air; mells
batween 172 and 174°,

Solubility-—1 g inabout 17 mLowater, 4 mb alechol, §1 ml ehtoroform
or 6.5 mi, ether.

Usesp Nypopigmenting agent omployed percutaneoisly Lo
lighten localized arens of hyperplemented skin, such ay nkin blem-
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ishes, lentips, melosma, ehlongma, freckies, e, s aelion is Lempos
rary, s that it is necessary to repeat the application al frequenl
intervals, It iw o mild drvitand, and ervibema or yash may develop,
which vequires discontinuation of the drug. Tt should not be used
neay Lthe eyes or in open euts. Itis contraindicated in the prosence
of sunburn, midisria or irdieted skin, 1Cis not e be used i chil-
dren.

Daoge-~ Topical, Lo the slin, adwlts ane children over 12 yr s 0l
Ly 4% cream, gel, lotion o1 ointment 1o the affected aven onee or
Lwice n day.

Dosoge Forms- -
ment: 2 and A%.

Gream: 2 and 4%; Gel: 49 Lotion: 2%; Oint-

Hydroxyurea—page 1158,

Isotretinoin

13-cis- Retinoie Acid; Aceutane {Roche)

e ‘"s C'h
C F R
EIHIH
iy

4,7-Dimothyl. 9.2 6,6-trimethyl- 1 -cyelohexen - 1-yi)-2-vi-4-
Lrcits-B-triens-B-frans-nenatetraemoie acid  [4759-48-2] CugldpuOu
(300.44).  Diffors from trotinoin [vitamin A) only in the configura-
tion of the unsaturation at the @ and 8 corben atoms, which is efs
rather than trans,

Usca—Although not n depical drog, il.is a dermntologic agent and,
henee, i deseribod here.  Its primary action i to decroase the
production of seliiin, which lends itself (o the treatmont of severe
maodidar and eystie eene {nene conglobata). The size of the seba-
coous giand is decreased and there is a chabye in the morphology
and secrelory capacity of the cells (dedifferentintion). Complete
clenting of Jesions ts seen in about Y0% of cases, A single course of
treatment usually brings aboul Jong-tasting, sometimes permanent,
remissions,

1t also appears to dimbiish hyperkeratosis and has been reported
0 he effoctive in rosuceq, gram-negative felllculites, lamellar fch-
thyosts, Darier’s disease, pityréasis rubra piaris snd keratocanth-
HIREL.

Adverse effects include facial dermatitiy, fragile skin, thinning
nnd deving of the hair, reversible cheilitic and dry skin, mouth, eves
and conjunctivitis in 25 1 80% of recipionds.  Pecling of the palms
and soles and sensitivity to smburn seeur in aheat 5% of asers.
Uretheal inflammation also oceurs freguently.  Joint paing and
exacerbation of rhevumatoid arthrits also as heen reported to oeeur
in about 16% of patients.  Sedimentation rate, seram triglyceride
concentration and seram levelds of alanine und nspartale transami-
nases Lransiently oceur in aboul 265% of users. In spite of the
relatively high incidence of side effects, treatment rarely has to be
diseontinued.

Aftor ornl administration, peak ood concentrations oeenr within
1104 hr. ‘The eompound is oxidized to 4-hydroxy-13-cis-retinnic
aeid, which is then glneuronicdated and isseereted into the bile, "The
elimination half-life is L1 to 39 (mean 200 hr.  sotretingin should
not be given during pregnancy or DUrsing.

Dose-~Cral, adult, for aceee, 1102 mg/kg a day in 2 dividad doses
for 15 Lo 20 weeka, I the eyst count has not been redweed by more
thign T0%, a second course of treatment may be given alter o wait of 2
months,  Persons over 70 s or who have saevere chest and hack
invalvemaont usually require doses at the high end of therange, For
severe rosacen or grag-negative follicilitis, 0.26 1o 0.5 mg/ky {wice
o day, Tor hyperkeratuses, up (o 4 mg/ly,

Dosage Formeg.-Capsulen: 10, 20 and A0 my.

Methoxsalen

TH-Suro [3,2-g}1 lenzopyran-Teone, nethoxy- Ammoiding 8-
Methoxypaoralen; Xontholowing Oxsuralen ateder)

LK,

I

G, 0

[20B-81-7] €150, (216.19).
Preparntion---Oceurs natorally in Psorales coryfolia, Ammi ma-
dus, Rt ehalepensis and various other plants, o may be synthe-
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sized by methaeds described in JACS 790 3491, 1957, and in US Pat
£HBH 305,

Degeription-White 1o cream-colored,
cryslabs s boetwoon 1617 and L45%

Solubiiity -~ Practically insoluble in colid waler, sparingly solulde in
hoiting water; freely soluble in chloralorm; soluble in boiling aleohel,
neetone or acetic acid; soluble in aqueous alliodies with ving cleavape;
recenst UL aeeurs o wntraiization.

odorless, uTy, needle like

Uses--A psoralen melaniger, 18 increnses the photodynamic pig-
mentation of sking it does not induce plgventation in the shsence of
DV Hight or molapoeyies,  1Cs used in the trentment of oitidigo and
1w desensitize Lo sandight. Severe suphuming can occur with (opi-
cal npplication; if is custemnry {o protect the surrounding skin with
asunaereen,  Malso is used in PUVA treatiment of psoriasis, myto-
sis fungoides and erdaneors Tecell omphonia; in Ahese, iradiation
activades it to crogg-link DNA, 10 may heve value in the PUVA
Irastment of alopecia areate, inflomnatory dermoloses, cezema
and iehen planus. Afier oral ndainistration gastrointestinat upact
and central borvous systom Loxielies, sueh as vordipo and exc
ment, alsr ocear. l,nmetmunt!v, Lhae drug showkd e used oraliy 0;1!\;
under medical supervision. T is additive with other photosensitiz.
ing drugs and the furoeumarin pigments in cerals, celery, figs,
Times, mustard, parsley and parsnips. 1 nhibita the metabolism of
catfeine.

Poso—Popicnl, us a 1% Iotion (see the package litorature for
details of application and use).  Oval, adrdis and children over 12
yr, for eitéfigo, 30 to 40 mg once a day % to & hr before exposure to
whenviolet light or at longer than 48-hr intervals 2 or 3 Hmoes o weel;
for peortasis, myeosis fuigoides or eetaneois Tecell lymphora, (16
mg/leg 2 or 3 hr hefore UVA exposure (sec the package literatare for
details).

Dosage Forms—Capauless 10 mgg Lotion: 1%,

Monobenzone

Phunoi, 4-(phenvimethoxry)-, Manglenzyl By of Hydaguinone
Benoguin (fder)

OO

p-{Benzyloxy)phenal [103-16-2] CH 0, (200.24).

Preparation--FPrepared in various ways,  One method invalves
eondensing sodium penitrophenolate with beney chloride Lo pro-
duce benzyl penitrophenyl other followed by (1) reduction of nitre (o
aming, (2} diazotization of amino and (3) hydrolylie decomposition
of the dizzonium compound 10 the corresponding phenol,

BPreseription—White, adorlass, crysiolline powder possessing very Jil
tle fugtes medls botwosn 117° and 1207,

Solubility--1 gin = 10000 ml, water, 14,5 ml aleshol, 28 mT, cldora.
form or 14 mi other.

Usies-—A depigmenting agent or demelanizer. Tacts by inter-
fering with (he formatiom of melanin, which i the jrineipal cutane-
ous pigment. 11 ia recommended only for the fnal depigmentation
inpitiligo, I is not recommended for treatment of lentigo, sevore
frecklin and other types of hyperpigmentntion. 1 s nol elfective
agingt. pigmented moeles or madigsent melanoma.  Tis pigmant
decrensing uction is semewhat erratic.  Ievitation of vuvying degrees
oceurs in a eonsiderable number of patients,

Doke---Topical, adults nnd children oter 12 yr, 10 the skin, aa a
20% cream % or 3 times a day.

Dogage Formy-~{ream:  20%.

Minoxidil—page 837.

Oxybenzone
Methonene, (-hydrexy-4-methoxypheayiphenyl-,
(Veriows Mfrs)
1Y,

Oy o

2-Hydroxy-1-methoxyhenzopbenone [135-57.7] CyyH0,

(228.25).
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Preparution-—Benzoic acid is condensed with resoreinol mono.
methyl ether by henthng in the presence of ZnCls or potyphospharie
acid (103% H,P Oy equivalent), and POl LIS ot 3,003,860,

Deseription-. White Lo offwhile powder; congeals not lower thon
Gt

Solubitity. Practically insoluble iy waten; freely solable in aleshol or
Lobuene,

Uscsi——A sunscreen with a high molar absorptivity (20,381 at 90
nmb, and it ahsorbs in both the long and short UV specirum 270-350
nm, Thereforo, it server not anly Lo prevent sunburn but also to
protect ngainst the photadynamic, photosensilizing and phototoxic
effects of various deugs.  Conticl with the eves should be avoided.
At present, it s marketed only in combinolion with other sun-
screens,

Dose-—Fopical, ns 0 3 to 5% eronm, 0.5% lipstick and 2 or 3%
Totion in combination with other sunscreens.

Ringer's Irrigation—RPS-16, page 762.
Sodium Blcarbonate—page 777.

Sadlum Fluoride

Sodium {lueride {7681-49-4] NaF (41.99),
Preparation—By interaction of 40% HIF with an equivalent
guantiy of NaQH or NngCOs

Description— White, odarless powdar.
Sotubility.~F ¢ in 25 mL water; insotuble in sleohol.

Uses—a dental caries prophylactic, Fluoridation of runicipal
water supplies is considered o safe and praetical public health mea-
sure, a coneentration of rbout L ppm of fluoride in the water wupply
resulting in a 50 to 65% reduction in the incidence of dental enrics in
pormanent teeth, Ingosted Muorid is effective only while teeth are
being formed. 'The Huoride s incorporated into tooth uaits ns fluo-
roapatite. Mxcessive intake during development of teeth may cause
mottling; hence, mollling of newly erupted teeth b an indication to
reduce flucride intake.  Where drinking water containg lees than 0.7
ppm of fluoride, dictary supplements for ¢hildren with unerupled
teeth may provide some future protection,

Topical application resulls in ehanges only in the outer leyers of
enamel or exponed dentin,  Inchildren, repeated application of a 2%
solution of the drog 10 clenned toeth resulls ina 16 to A9% reduction
of dental caries; adult teeth ave prolecled to s lesser extent by
topical application. ‘Fopicul application also ia used to densensitize
teeth.

Orally administered, it produces new bone formalion in some
paticnts with osteoporosis, espocially when calcium and vitamin I
{and estrogens in women} are administered concomitantly to facili-
tnte mibarakization of the new bone. Howsver, the bone may Ho-
come briltle.

It removes calcitum from tissues and also poisons cerlain enzymes.
Latee oral doses may cause navsen and vomiting, which wsually can
be prevented by taking the substance with food. Paeles, rinses,
solutions and gels for topical appiications should not be swallowed.

Dose s sodiwm Mueride)—Topieal, L the teeth, as u 0,02 10 2%
aotution, 1.1 or 2.71% gl or 0,22 to 2,3% toothpasie, Oral, 15 Lo 3
ppnt {oauivalent 1o 0.7 to 1.3 ppm of Muoride jon} in drinking watey;
a8 a supplement, when the drinking waler containg less than 0.3 ppm
of fiuoride jon, .55 mg o day for infants from 2wk Lo 2 yr of age, L.
mg once o day for ehildven from 2 40 3 yrand 2.2 mg for those [romn 3
to 18 yr, and when the drinking water contains 0.3 to 0.7 ppm of
Nuoride jon, BH0 2@ onee n day for children 2 to 3 yr and 5.1 mg for
those 3 t 13 yr. "The fluoride ion equivalents of 550 s, 1.1 mg, and
2.2 mg of the drug aro 250 ug, H00 kg, nnd 1 mg, respoctively. For
asteoporosis, up Lo 60 mg a day. Cawtion: [t s paisenous.

Dosage Forms.-Drops: 0,275, 055 and 1.1 mg/drop; Gal: 1.
and 2.71%: Rinse: 0.0, 0.05, 0.2 and 0.44%; Solution: 1.1, 3.3, 5.0,
and 20 mg/mb; Chewable Tablets: 0.55, 1.1 and 2.2 mg. Sodium
Pluoride and Orthophosphorie Acid: Gelr 1.23% fluoride lon and
1% phosphoric acid.

Sodlum Monolluorophosphate

Phosphoraflueridic ncid, aadium salt

RN

Disodium phosphorofluoridate [10163-15-2] {143.95).

Preparation—Substantially pure drug is produced by fusing a
mixture of sodiumn metaphosphate and sodium uoride, in sinichio-
n:{nl,ric propostion, in a closed vessel [rom which moist air is exclud-
v,

Description-—White to alightly gray, adorless powder.

Solubility—I'reely soluble in water.

Uses—Like Sodiuin Fluoride, above, it promotes the replace.
ment of the hydroxyapatite by fluoroapatite in the Looth salis and,
hence, is used as o dental praphylactie agningt dentat carjes, It has
{he advantage over sodium fTuoride in thit the teeth do not require
spociad preparation before application, it is effective when included
in dentifrices and in dentifrices there is no huzard with raspect to
Yocal tonicity ta the gingivae or systemic intoxieation fram ingestion.

Dhose—Popteal, o the teeth, in dentifrics containing 0.76%,

Stannous Fluoylde
Tin ¥flaoride; Fluoristan

Pin Tluoride (Sn¥y) |7783-47-3] (156.69); contains not less than
71.2% 8n?! {stannous tin), and about 24% B {fuoride).

Preporation—Stannous oxide is dissolved in 40% HI and the
sobution it evaporated out of contact with air.

Pescription.~White, crystalline powdor with e hitter, snlly foate
meits al phout 213%,

Solubility—Frecly soluble in wator; practically insohuble in akeohel,
ether or chloroform.

Usca-—Alters Lhe composition and erystnlline structure of the
hydroxyapatite-like salts thet make up the bulk of enamel and
dentin, so that tho tooth material is more resistant to neidic erogion
and dontal caries (decay). The substance i applied only topiesily,
g0 Lhat the tooth substance ia only affeeted i the suporficial layers,
and it mmst he applied perodically. It is most effective when
applied Lo the tooth surface after the teeth have heen cleaned thor-
oughly by n dentist. However, there is good evidence thal oven
when incorporated fnto tooth pastes the drug has a relardant effect
o the development of dental enring.

Dose—Tapical, to the teeth, genarally as 0.4 % el or 0.1 % rinse,

Doange Formg—Copautes (for solution): 0.4, 0.66 and 0.8 g;
Coneontrate  30%; Gel: 04%,

Titanium Dioxide
Tianic Anhydrido

‘Citanium oxide (150 [13463-67-7) Ti0, (79.88).

Preparation—By adding ammoenia or an alkali carbonate to o
solution of Litany} sulfate (TIOB0,). Titanic acid {THOH) or
Ti0(OH)y] ie precipitated and, nfter fltrstion and washing, is dried
arl ignited,

Description - White, amorphous, (nsteless, adorless, infusible pow-

dor; denaity ahout 4; suspension in water (1 in 10} noutral to Htmus.
Solubility-—Insoluble in water, 130, HNQ; ar dilute S0,

Uses—-Tts powder has o very high reflectonce at visible and UV
wavelengths, and, hence, it nerves ns an excelient white pigment. v
ointments or lotions it reflecty a vory high propottion of incident
sunlight, hence, protecting the skin from sunburn and serving aa o
sunbloek. 1t nlso is used in casmetics and ag o dusting powder.
Topieally, it is deyoid of toxicity,

Doso-—Tapical, as 2 to 26% crenm, Jotion or eintment ay re-
quired. :

Trloxsalen

7H-Furo3. 21 benzopyran-i-one, 2,59-timathyl-, 6 Flydroxy-3,2,7-
trimethy)-4-lonaafuranacrylic Acid 8-Lactone; Trisoralen (Klder)

Chy
0y -0 »fi\],t',He
O
CH,

[8602-71-4] CqH1204 (228.25),
Cuption, Avold eantoel with the skin.
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Peeparation 2 Moethylresoreinol i eyelived with ethyl acoto-
gevtate with the aid of sullurie acid o 7-hydroxy.d Bodimethyleo-
marin (B, Treatment with allyl bromide in the presence of potassi-
up carlonate transforms binte tie 7-allvloxy compound which, on
veneting with acetic anhydrido in the presence of N N-disthylaniline
and anlvvdrous sodivm tectote, rearranges and esterifies 1o give e
Feacelony Goalty! compound 1), Bromination o 13 {fellowed by
reaction with sodium methoxide viclds trioxsalen. US Pag
3,200,421,

Deseription - While (o off white, odarliss, (nsteless erystalline solid;
atuhbe in light, air and heat; melts alabout 250°,

i ml. aleshol, #d il chlorotarmy or 43 m).

Sojubility- -4 gt in 1]
methylenctlichloride practioaliy inseiuble 1 wator,

Usgps - Although tot a topieal drug, it closely relates o other
druge i this section, Tt facilitetes the action of near UV light 1
indhuce medsnin skin pigment) formation. 14 s ased Lo caome repig.
mentation in idiopathic eitdige and to enhance pigmentation Lo
fnerease (olerunee Lo sunlipht or for cosmetse perposes. The in-
erensed toleranee 1o sunlight does not aceur until enhanced pignien-
tation has cecurved, and the user most be cantioned Chat severe
sunburning with less than nermal expesure can oceur early during
the course of treatinent.  The incredse in dermal pigment ocewrs
aracdually over & period of several days of reposled exposure, Core
must b talen Lo protect the eves and lips during treabisent, "Fhe
manufacturer’s recommended sehedube of exposure should be esed
exeept al high altitudes, where exposwre $imes should be appropri-
ately reduced,

It & contenindicated in persong with photesensitizing discases,
sueh os infections leukoderma, porpbyrin or lupos erylhemotosus
and when pholosensitizing drops are being giver, The dyug some-
Limes may eatise gastiic irvitation and emesis,  Children under 12
should not take it

Dase - Oval, adults ind ehitdren ooer F2yr, 8 10 10 mg 2 he before
expuosure Lo sunlighl.  For the trealmenl of vitiligo the exposare
should be repeated once 2 day for 4 days, and subsequent exposures
should be determined according 1o the resslls of the initial 4 days,
Par the enhangementi of pigmentation, trentment should hot oxeeed
B weoks, and the totnd accumuladed dose inany ane trealment. corsg
should nod exceed 140 myg.  Persons who show side effeets 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 19 g,

Dosnge Forms - Tablets 5 mg,

Urea—page 931.

Other Miseelluncous Toples! Drogs

Allntein 2.8 Dioxo-4-imidazolidinviureas |97.59-6); CyqHgNJOy
(168120} Prepared by oxidation of uric acid,  Colorless erystals wmell-
ing at 23S 1 g dissolves in 190 ml, water or 800 mL akohok nearly
insoluble in other.  Plees: In World War 1 it was nitiesd thin maggel-
infasted wounds setmed 1o heal betior than unintested wounds, sn eflect
attribaned 1 this drug produeed by maggots, 1t is used Lopically as a
valnerary (o slimalate tissue repair in sopparating wounkdy, resistan
weers, ache, seborrhed, cold mores, hemorrhaoidys and various desmatobog-
ie infectinns and psoriosis. 16 Breguently iz eombined with msiringents,
heratolylios, cont Lar, antisepticy and antifungal drggs. The silver sult
in the topical treatment of extensive burns,  Dose: Topi-
Teerenms, lolions arshamgsoos wnd 3 o 00% invintimenls
Tor hemarrhaoids,

Cinoxate [3-Ethoxyethyl ponethoxyeinnanute |20 28- 9] Cyab il
{5203 | — A wiseons Liguid that may huve aalight]y yollow tiyge; boils ol
tbout 186 Practicstly insoluble in water, miscible with aleohols,

wen, A sunsereen that absorhs UV light a0 970 Lo 328 nim and hos o
relativedy high mobse ahsorptivity (9,400 al 306 nm) but et ahsorbing
well Lroughout the entive offending range of UV light, Consequentiy, i
is ween] prineipslly in preporations intended 1o promoete fanning rather
than o peotect agminst photosenaitivity and pholotexicity.  Deose;
Topical, 19510 4% o croams, geis or lolions,

Dextranomer [Dextran 2,5 dibwvdroxvpropyl-2-hadrogy- 13-propan-
eyl ether [HG08T- 187} Dextran polymer; Delivisan (Pharnacia}]--
Small, dry boads of o three- dimenaional dexten polymery highily hygro-

TOPICAL DRUGS 773

seopie. L ahsorhs ahoos 4 gowater, Dsess Bor deving, eleansing aned
debnidement of exudative menons stosts eleers, infecied wewnds and
Dernigs it i non uselod for cleanstog nomesodalave wonaeds or lesions. "Phe
Beivds vt only ahsorh wati b also proteins, including Gbrin/ibring
e degradition prodcts aned, Lhus, prevent encrustation The beads
gre poired dato L eleansed wound, whigh s circwmseribed with pedro-
Teumy dellp, sogd o compress B taped iy ploes o relain the material,
Changges may be made w103 or 4 e s day, s nesded. The beands
st b romved bedfin i gralting ke ntlempled,  Care most be talen
fo prevent croseconlantination Trom patient (o prtiepl. On the Aoor
e basids sre slippery and, thuy, hizardous,

Digabloy]l Trioleate [{17048-09-4;, 29486 R0.2] Cydbal)ye
(EE10.50) Lo M sunsereen with an alsorption bund at 270 10 320
nae FC s used Lopientty ne a 36% cronm or 25% lpstick,

Dihydroxyneetone {1,3-Dihydroxydimethy! ketone [96.26. 4]
il (80.0H3 | — The ketone resuiting Prom oxidation of the secondary
wleohol grovp of glyeerin, A ervstalline powder; Tairly hygroseopie;
eharacteristic odor and sweel stee 'he normal Toon is the dimer,
slowly soloblein [ part water of 1 party aleohol: the monomer formoed in
solutbing is very soluble in water, aleoliol or ether. Llaess D sriets with
Kerstin 31 (e stratuin corngam Lo form a dack pigment that sinwlates
the appearanes of a suntan. T b incorpurated it soveral sunserien
preparations. Kinee the sunscreen component is wsenlly present in 4
vomeenbration Jower than aptimal, sueh proparations may nol provide
priztection to pholosensilive persons,

Fthyl Dihydroxypropylauminebongonte |5yl 4 [bisthd rosy pro-
pyll [aminobenzoate [SERE2 1700 CaligNO, (281.35); Amorsereon
{hmerelol)]— Haes: A sunsercen with o baniled absorption spectram
{280 16 3490 nm) charaeteristic of p-nminohoweontes bhut a reliatively high
wolor shaorptivite, 1t s used matnly o suntan produets. Lose: Topi-
eol, in eoncentraiiiond o | 1o 5%,

Bihylhexyl Moethoxyeinnnmate {2-8thylhexyl p-mathoxyeinna.
e 15466. 77 3] UMy (290401 Llsess A simsereen with g merow
abmorption band of 290 Lo 390 am and & mederade molur absorptivity,
Drses Popread, in 2 16 7.5% concenlrstion in croams, olions and ol

Glveeryl p-Aminobenzoate {1,253 Propanecrici 1-(4 amineben-
gotpde) {1500 O NGOy (211810 PMrepared by esterification of
anvinobonzoie neaed with plveerin, A waxy semisolid orsveap, Dnsclulile
inwater, oils or fats; soluble inethanol, isopropanal or propylene gyeal,
Dhsese A sumsereen Uil abzorbs 1V bt ad 264000 215 nm and which bas
n relalively v mokar absorplivity (17,007 a4 295 nn) but o limited
spectrent, terefore used primarily (o promote (nsning rather than o
profeci sensitive persons. Doser Tupdead, 2 10 3% i lotions,

Huoinusalate L35 Trimethvlevelohesyvl saliovlate; homamenthyt sa-
licylale [115-86-0) O3y Op (262.59G) ing of Coppeytons (Mo ) Piltro-
sol "M {Nordad; Heliophan (Greeff)i— Uses: A liguid with relatively
low molar absarptivity 16,720 ot 310 mnd and limited absarption fn the
wear ultrsviokel ranpe (200 1o 315 nom), a0 that it is wsed maindy 10
pramote twming.  Photosensitive pegsons may not be prodected Mrom
Irarsns wond photoloxic Beowe: Topicnl, 4 1o 108 in creams, lotions or
oilg,

Muthyl Anthrennitate (Methyl 2-aminohenzaate 4-20-3] CyllyNC,
(1) 163 A comstituend of severn] essantia] oils; also abtained by osteri-
fying anthranilic acid with methyl alcohol. A erystalline substanee;
melts ut 26°, Shghtly soluble inwater; frealy soluble in sleohol orether,
ses: A sunsereen, with e lowest miolar absorptivity of all sunsereens
041 11 315 nmd; also, it doos ot absordy throwghout the near UV range
{nhsarption havel, 200 1o 320 nm) and, hersfobe, is used i combination
with ather subscreens o Hihi-protectives. 1 also is used asa perfume in
ointmerds aned cosmotics,  Doser Topicad, Lo e sking 5Y% in creams,
letioms or eintiments.

Ociylsnlicylnte-..[ wilh an absorption hand af. 280
10320 nn and o msoderade ebsorplivity. 1 s used primarily in ennjunc.
tion with otdier sunseroens in sunton producls,

Padimate A [Pentyl p-(dimathylaninodbensoate [14779.78-4)
Cpaa MOy £20500) [ Various Mrsd—A mixtare of penty), isopentyi
an 2 mathylbutyd estess of poaminohengoic acid. Yellow liguid with s
fainl, aromalic vdor,  Proctically insolulile in water o giveening soloble
in weshiol, chlorofvrn, isepropy! aleobal or mineral ol Uses: A sun-
sereon of modernte molar absorptivity bul reladivily narrow UV shsorp-
Lion speeiruar {290 10 335 nm) chavacteristic of other aminobenzoie acid
derivatives,  Dose; Topreail, 1o the gkin as & LA Lo 8% eream, foam,
Intiom o1 stick,

Padimate O (2 Fthylhexyl 4-(imethiyiaminolbmzoste [21845-02-3]
Cyp Ny, (2774 )3 { Variows Mirs) A Lt yvellow molsile [iguid with
s Gaint, aromatic ador. Practivally insoluble inwaler, abcohol or mineral
ail. Llees: See Padimate A

Red Potrolatum--4/s Oaving 1o its epaeity, iU used in sunblock
crinms, intmentg and sticls, Concentrations range Trom 30 Lo 100%,
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This chapter describes substimees that are ol little or to
therapoutic vatue, but which are useful in Lhe munufactyre
and compounsding of various phitmaceutical preparations,
Henee, they are veforred 1o oy phormacentical necossilios,
The substanves deseribed inclwde antioxidantys and prose

vabivar; colering, favoring and diluting agents; emulsilying
and susponding ngents; ointmoent bases; pharmacentice) sol.
venly and miscellnseous agents. 1Mo o more dotailed review
of (e weos of these agents, the interosted reader in reforrad
Lo the various chapters in Parl 8 of this book.

Antioxidants and Preservatives

An anlioxidant s a substanee eapable of inhibiting oxida-
Lo and that may bo adeded for this purpose Lo pharmaceti-
enl produets subjeel Lo deterioration by oxidalive provessos
s, for example, tho development. of raneidity in oils and fan
o Lhe ingelivation of geme medicinals in the environmoent of
cheir dosnge fonms, A prekeevative is, in the commaon phare
macevtical sense, 1 substanes that prevents or inhibits mi-
crobinl growth and mny be added e pharmaceatical prepa-
rationg For this parpose (o avaid conseqguent spuiluge of Le
preparntions by steroorganisma. Both antionidonts and
preservitives have many applications in making medicinnl
jrrntluct.

Alcohol-page 1314,

Ascorbyl Paimltate

LeAneariie neid, 8-hexadceanonle; Agcolile Acid Palovitate tesgor)

ERITL A i, 1y

Hid im

1-Aeeorhic newd G-polmitate [137-60-6] Cpldgtls (1004),

Propention by contdeming prbimltoyl chlorkda with preorhic
weied in the presenes of o sailablo dohydreaehlorinating agan sach as
pyridinge.

Doucrintion White t vellowinh white peeer hnving a churetedn
Lic anelows waelis 1T and L19%,

SalbREy--1 ¢ b > L0, of venter, L5 il ot alestiol, 2 O il of
ehalapetppm or = 3000 mE, of elther,

Uon-An andioxidant ued in fode and pharmacenticats, 1L
Ao bn umred Lo prevent rancidity, t provent the browning of oul
apphis, B ment, earingg and i the prosorvation of canned or frazon
fouds,

Bonzolo Acld—paga 1235,
Benzalkonlwm Ghlordo—page 1104,
Bonzethonium Ghtorlde—page 1170,
Donry! Alcohol—page 1050,

Butyiated Hydroxyanisale

Phemol, (3,1 -dimethylthy -4 mathoxy-, Tones RHA (Fastmin)

Ll

feert Bubyi-d-mothoxyphenol 2018 D6-0] Oy B a0y (180.26),

Prepuration--Bp an addition intesaetion of poosedokyphenal
aind Denielhyipeopene, WS Dol 24 30,745,

Doseription. Whity or alightly yetlow, waxy selld ieving a fuint,
chatneterinle ndor,

Salubilzey- . fosolably inowider; g lnd mlood gleohol, 3 mloof elidorn
form or 1.2 mb ol efhor,

Usns An andinxvidant in cosmetios mnd pharmiscoutionds eon.
tanivsiane fats il gils,

Rutylparaban——page 1170,

Bulylated Mydroxytoluena

el 40 i 1,1+ climathylethyl) 4 apethyl-, Butylatd
Hydrxytolaenn Crestnlline (imend Shemielt); Tanox BHT

[Bstoran}
B
LI i1,
Ty

4,613 tert Bkl -p-craval [128-3-0] Gy Hyal) (220.50),
Proparation-—By an addivlon interaction of peeresel and 2-
mothylpropeme.  US Pat 2,428,745,

Doseription. . While, tustologn erystabn with nomikl ador; stable i
Lt ok miy; mttn g 0% i

Holubility--Innoduble o wader: 14 in 4 mbsof aleohol, 1.1 mt, of
elitoratormy ar L1 wi, of ety

Unohe At ambioxfdaat soployed to retand oxidative degradation
of oity npd Dats in variows conmotios mid pharmaceuticnls,

Cotyipyridinlum Chtarlde—-page 1171,

1280
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Chlorobutanol

2 Propnel, 1,1, bichloros b mathwh, Chidovhutul; Chlorbutanni:
Ace b ehloraform; Chloretone (Paeke Daviz)

(IO

£0,) - Trichioro-2-mothyl & propanel |57 16-8] € HCLO
L1PTAGY homilydrate [GOD1-G4-5] {78645,

Preparation. -Chioroform undergoes chenicol wddition to ace
1one under Uie antalytie mfloanee of powdersd potarsiom hydros-
il

Vpeserbpion. - Colordoss fo whits eryntabi, of n ehornepristic, kome-
whnt eamphoracoons ndor wnd Gute; anhydrous mslta aout 865% hy.
dronn mebls mhont T8 bails wilhosome rlecampnmition 160 nnd 1R

Sotubikity - g in 120 mL of water, ) mlof gleobol o about 10 mf. of
clyenein: Creely solutie in ebtorofirn, vt oy volnd e ofin

Inepmpatibition . The anhydrian form wust by vsed i oedor o
prophre n clens wlation in Tguid petrelatam. 1L doconpasd by
wthitica: ephodreioe is solficiently alkaling to s e hreakdown with
the forsation of ephedring hydrochioride whicl sill separate rom o
figuid pesrotatmn solobion, 11 i anly slight [y sduble in witer, T
alvorlio] st e usod Lo dissalve Uhe revuived amonnt in eertadn vobielos,
A woft anss i progueot By triamndon with andipyrine, eatived, pheaod
il other subitoneem,

Unen-Popieally, i o solution in edove ol i o detad analyesic,
1t s dwead aaestherie potoney Looa mild depese and huw boen
employae gnoan anesbhetic deating powdey (1 to 5% o nintmont
Q0% 1 haw antibactorial and gormicidad properties. 10 i wed
ehiedly i o preeaeraadive in iolutions of spinephring, postorioe pita.
oy, b, When administerad orndly, it bt sacsh e nanne Lhera.
pentie e as chloral hydete, Henee, it hais bom employed s a
sedative md hypnotic. 10 hos been takon aroily to alluy vomiting
e Lo L ritis,

Powe- Fogpical, as o 2% solution in clovi ail,

Cither Dose Byformotine e oral doue ix 300 gyg to | given in
L letn or enprules,

Detydroacetic Acid

Kot Fupsns SF Fyron 40800 dive, AoneorybeG-mot s,

(IR P o e, 0 L0
[ E o
1 TGy LO0H,
a

o

Leaty funerd Tanid i)

ool form: 3-Aeetyl-A-hye oy -G-methyl 21 pyean. 2oone (520,
Ah-0 (et ], {71084 (enol)) Culdel (LB8.15).

PPreparation...By fractionnl distillation of o wmixtare of ethyl
aeetoncotale and sodlan Dicarbonate, nintaimings almast tolal ro-
1w conditime, nllowing only ethnnal te o peseeud, Vha raddue is
wintilled vndor vaeusm, (g Syn Colf Vol TH 331, 1956,

e piption--Whilo Lo erenmy-white erystailine powder neltng

about 3107 selth suldimation.
Solpbility - One gy dimolven i 26 5 of ncatiane, 18 of henzene, b ol
ikl o 3 g of othsnol,

Ulsbom-- - ProsnrvaLivi,

Ethylenodiamineg
1.2-Erhanodianise
JENCY UGN,

Ethylonedipmine [307 105-5] CoHaNy (60,103,

Chinethony o e care [ andling hevaiene of its eaustie nedare end
the treitating properties of (e aapor.

Noteo-d fp strengty alkaling and may readily adworly corhon
divxide from the atr du form a qeeeelidile carbenote, Proteet [
rq;:tr'rm‘ e By poxiare bo the {lhllﬂe\‘jlhl‘-’l"".

Pyopurniion.3y rocling ethyleno dichloride with mmmonis,
then aedching NaOT anel <botitling,

Domaription 4 Noar, eokarlos or oniy slightly setluw legaid, g an
sniondn -1k ol or and steong alkobing reactiom wiscible st h waler nod
dendinal; mdiyebrgus barle 116 Lo 1177 and polidifies ok phount 825 volutla
with stenan noslromy b and sendily combinu with aciels to forn alts
with the evalution of mueh heat,

PHARMACEUTICAL NEECESSITES 1287

Unph-A pharmaventival wecessily Tor Amibrophyliine Injeetion.
1w drpitativng to skin ond mucous membrones, 3G ks may covse
aetmitization charncterized by asthme and allogie dermntitio

Ethylparaben--page 1171.

Ethyl Vantilin—poage 1204,
Glycerin---page 1027,
Hypophosphorus Acld-—page 1322,
Methylparaben—page 1172,

Monothioglycorol
1,2- Propancdiol, Sawereaplo.,
HSCHCHOW)CHLON

G-Mearenpla: ) 2-prapasiadiol [86-27-5] CaTT0«5 (10815},

Propuration--Anl othmsolle solution of 8-ehisro-1.2- peopaiidiol
in hontod with potassiom biaalfide.

Promeripilon - Calorlom or pale vellow, vincous Higald having o wlight
sulfidic odor; hygroseople, apocifie gravity 1230w 1260, pH {0 inoio

anlubion) 6o 7,
Rolubitity.Freely raluble fn waler mincible with aleshol insolable

in wiher,

Ulnas- A phgrmnceatic nid stutod 10 bo used ns o prosorvative, 1t
s been used in LRI aolution to ntimnlaio heatug of woundn, mud
adn 11000 jolly in mpopbic chinitia,

Phenol—page 1323,

Phoenylothyl Alcohol—page 1207,
Phanylmercuric Nitrate-—page 1172,

Polpaalum Bonzoate

Homwoie avied, polassinm anl

(_-_) —CH0N v

[t-20- 2] Oyl BIA0, o2 1) fanbydronus),

Dawoription- - Crystallioe puwde.
Solabiriny-Soulubbe in wator we wdeohol,

Uit Prosorvative,

Potasslum Matablsullite

Tyt insnium pyrestiline
| VG -BAF] eSO 1229.51),
Doneription - White vrystals or exyatalline pewedor with an odor of
S0, Oiediven onir o Uhe sulinte. Moy isnile ms geadovig inaomovtar

if tow mueh hen develope, . .
Kolubdlity - Frealy wolublo fn wnior, inmedubie i aleehol,

Uweh. Antionidant,

Potasstum Sorbate

4 Hoxudienode aeid, () K)-, grotawdun solt: 2. Hoxudivnoie neid,
Pk g aalt; Potpmsium So-Texudivnonlo
" "
. I. I
HA:.‘_‘_.#\- .-'I""L L
lll |"

[N

Ml

Podasaivm (9, ) anarbate; potassium aorbate |600-00-1]
61-0] (g KOy (150,220,

Propn tition.-- Sorbie Acid in eoneted with an egquimoelar portion
ol O The vexulting polmimivnm sorbate may e evvatallizod from
ntpuoens wthanol, U Pt P73 ME,

Droweription-Whito ceysiobs or powder with o charpeierislivc otdee
ralin iyt 270° wilh decomponition,

Holubdtity 1 g e bk of water, 3wl ol aleclml, = 10000 m). of
ehloroform or > 100 i, of vihoy,
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1200 GHAPTER 68

Ulngn- A witan-uchablo st of worle agid uned in 1;hnrnwruutim!a
Yo diliihit the growth of notdy vl yeusts, TieLoxicity in low, bt it
may irritate the shin.

Propytparabon--—-page 1173,
Sassalras Oll---page 1300,
sodium Roanxoate---page 1173,

Sodium Disuile

Sulfuree i, ronescdivm et Sodivm ydragen Sulfite; Sodiom
Acid Hulfite; Tacopen

Muomonud it sulfitg [7631-00-5] NabSG; and sodivin motnbisl-
fite {Nagys) in vaeying propartions; ylelde BE -7 A% of 500,

Fameadption - White or yellowlsl white cryetabs or jeemnlar (mwiber
Tavingg Lhe odor of waltun dioxise; wlabibe i1 adr, ;
Salthility- | g ind mlof watee olightly soluble in adealial,

Mo - A g beawiddont and atadilizing epend. Bpinephirioo hy-
droehloridy wolutions mny be wiabilized by the additen of amall
guntition of the salt, T4 also s sed Lo help solnbilice Kitlnoy
slones, L i waefu) for remaving permamgannte staing and for solu-
Ditizing cortain dyos nol ather chombenls Givo Meacdion: Sodium
Isulfite, WG9, paga 1011),

Sodium Metablsulllte
| diswl foentm acid, divedivm sal

Vinoclum pyrannllive [TOR1-67 6] Moy On (190.10),

Proprration-Formmd vehen sodivm B e odergoes thormal
dehydeation, Tt algo way e propared by pasaing sultur dinkitin ovar
poclitim carbonale,

Nosoription. Wit eryadals or white (o yollowish crvatalling powtder
tavigg an odor of sulfuy dioxide; coovepesare o oie and moiiure, it 3y
wluwly oxidivec 1o sulinge.

Salubility- 1 ¢ in % mbs of woter slightly soluble in aleoholl frenly
roduble in glyvern,

Do reducing ngent. i used in enmily oxidieed phorsti-
ceutients, such m opinophcine hydvochloride ad phenyleplhring
hydrachloride injection, Lo retard omdation,

Sodium Proplonote..-page 1230

Sorbic Adhd

24 Memdienie acid, (4K B4 Hoxedivimie il

i

(B m)-Borbic seid; Sorbie aedd (SRA0008: | VI dd-1| Cal40,
(1121,

Proporalion- By virous processas,
PXIFIRTLE

Phieelpbhon  Wrew- Cowing, white, cevatinlline posweer, g o ehoe-
aeterindiv adar; melis about 133°,

Madubility - 1 g in 1000 md, of water, 10 sde of aleadwl, T mb. o
ehlaraform, 30 mibe ol elher ar 13 mi, of propylene dyvol

IResfaee Lie HIS %y

Lok A reold and yeast inhiddbor. TUakso is used as s lngistadie
mrent for Toos, wpeciolly chooses,

Sulfur Diexido

Sl dioxide |7446.00-5] 50 (84,06}

Proparation.. 13y burning salfur or aulfides and by renctivg i
Disudfite or a subtiie with o strong neid,

Poseription - Colurdens, aonflinimmalilo gk, with a ateong, maftocat.
inag, oilor el raedoristie of Boeaimg sulfug 11w 2007
ek 043 sogddidy liquabion vnder pronsire forining o cofurless Tould with
censity of agrpreoximately 18 w/mb, ane o holling it ol =74m,

Solulility. b volume of witer divsolvos approgitatoly 56 votumes of
Ab O as w200 F ol of aleohsl diwolves appraximataly 114
valtmoe neder e agnie conditionn sobalilo iy oher or chidoraturmg,

Nete- 2t in uned apatly i the forae of o pas in pleemacendival
.-’J'ur*)ﬁu"fmnkl andd 15 deserided horein for anile FULL T Hormepsie, it 4
astufty pivehaged tndor presenee, enee the USE spogificat {ois 1Wa.
fow, Norsadatfle vosgetive andd Selfueie aced), ae degigned foe e teating
wi its Hguid furm,

Cinitkio - Fha s in the prosence of moisture fomes sudiurous acid
which in o blonching agent, fungicide and buetaricide,  or this
yepren frails ofton ate axposed to the gus bofope deying Lo provent
darkerning and the growlh of mold and baetorin, Tho gow il niy
antlonidont mnl 5 phapnncestion! necessity for Ijevtinns, 1omay
N intemnely freitading o the eyen and respivutory traet,

Thimereeal-page 1173,

her Antiexidants and Proseryntives

Ancstanrar |14 Benzenndial, 20011 dimothylethyli-, palyimer with
iartheny) Beamene, 4- (1 L-dimathydechyl phenal, 4-med hoxyphonaol, 4.4°
CL-mathyluthylidenadbis|phonol] and d-methylphened 00837672
0l a) 0 L O O R Hr b g H e O L0 HD)
Frow: Andoxidnnl g Toocd aeklithve,

M Awid 138 fein- Paranedite neisd CybCy (LG Toxilic neid)
o paration Banzene vapor boxidized by pasage over heated vamy
dium pettagide, Odorlons, white, crvstaliine porwier hiving o strangly
seted tsleg molts whout V3G, Solubslo L6 parts of waler, & ports ol
adpodil o 82 poete of othor,  Uses: T the progaeation of argoretrioe
waleate injuotjon or ng o rancldity petnrdnnt 1 {its aod ofie (R OO00),

Brapy) Galhde 11 [Peopyl 54,0 Cribydrosybonzonte) - White to
creniny-white erywinitioe powdor; oducleas stighddy Bilter foste, Sehible
in LOO0 paels of water or 3 parts of nheohol. (kes: A preseivative,

Coloring, Flavoring and Diluting Agents

The use of properly coloved and flavored medicinal sul-
wtanees, although L}i'f{ll‘ilj]; wo particulir Chernpioutie advan.
Lage, i of considernble inportanee paychelogunily, A wa-
ter-clear medicine iy not particularly ageepialle W omost
pabients, and, in goveral, is thought o be inort, Many very
petive medicinnl substaneen are quite wnpaintable, and the
patient, may (ail (o take the medicing simply hoeanse the

Laste or appoatiee is objectionnble,  Dissgreeable modicn-
ton iy he made both plepsing 1o the taste mud attietive by
caroful seloction of o approprinte eoloring, Mavoring i
dituting agonts.  Therelore, judicious uge of Lhese sub:
slaneen iy Importmst in securing poationt, gooporation in tak-
ing ov using the preseribed moedication and continued com.
pliance with the praserihec’s intent,

Coloring Agenty or Colorants

Colsring agents may he definod og compounds employed
in plarmuey solely for the puepoue of impaeling color, ‘Thay
may D elussitied in various ways, en, inopganic or organic,
1or the purpose of this disevssion Lva subdivishons are ysod:
Nutarad Coloring Prinipdos sod Symthetic Codaring Prined-
ples. “I'he mombers af Uhent proups ave usod ag eolors Doy
phaemecuticnl preparptions, cosmaetios, foadi nnd s baete-
rielogien) staing and dingnostic agunls,

Mitural Coloring Principles

Naturnl eolorbg principles ave obloined from mineral,
plant nnd animolsources, They nee vaed prinagrily for artis
i patposes, ms symbolic adornmenta of nadives, ag eolors for
fouds, drigs and cosmetios and Ty other payehologion] ef-
[ETHEN

Minwral eolors lrequently nee ermed plgments and are
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used L color lotions, cosmetics and other proporutions, usu-
ally for external application. xamples are Ked Foreie (2.
fode (page 1328) and Yellow Forvle Oxide (page T32E), titani-
um dioxide (poge 772) and carbon black,

The term pigment also is applicd genorienlly to plant
eolors by phylochemists, Many plants eomtain coloring
principles that, may bo extrocted snd aiad a6 colornnts, op,
chlorophyll.  Anattenes sre oblained from annalte soods
and give yollow Lo orange water-soluble dyes.  Natural betu-
cnrotene i vellow color extractod fram earvots and used 1o
color margarine.  Alizarin is o reddish-yellow dye oblained
from the madder plant, 'T'he indige plant is the souree of o
blue pigment, called indigo.  Flavones, such ss ribollnvin,
rutin, heyporidin and quercelin, are yoilow pigments,  Sal-
fron is a ghyeoside that gives a yellow color to dragy s
foods. Cudbenr nnd red saunders are two other dyes ol-
tainocd from plands,  Most plant colors now have heen chase
actorived and synthesized, however, and those with the de-
airnble qualities of stability, fastness and pleasimg bua are
available commerginlly ns synthetic producis.

Animals have been asource uf coloring prinetplos fram the
aarllest periods of rocorded history,  For examplo, Fyefon
purple, onee o sign of voyalty, waw prepored by aiv oxidation
of & colorlons secretion obtained from the glnds of a snail
(Murex brandaris). 'Phis dye now is known to be 6,6° dibro-
moindiga, and hos bean synthesized, but cheapor dyes of the
aame eolor are available. Cochineal from the insee!. Coceus
cacdf containg the bright-red coloring priveipte carminic
acid, o derivative of snthraguinone,  This dye is no longer
usod in fouds and pharmaceuticals due 10 Selmonella con-
tamination.

Synthetic Coloring Principles

Synthetie coloring principles date from 1856 when W H
Perkin accidontally discovered mawneiine, alko known as o
Perkin's purple, while engaged in unsuccessful attompta to
synthasize quinine,  He obteined the dye by oxidizing ani-
lino containing o and ptoluidines as imporities,  Othor
discoverien of this kind followed soon ofter, and a major
industry grow wp in the feld of coal-tar chemistry,

The earliest colovs wers preparved from aniline ahd for
many yours all conl-tar dyos were called aniling eolors, iyre-
spective of their origin,  The coub-tar dyes inelude more
1han o dozen well-defined groups nmaong which ave nitroso-
dyes, nitro«dyes, azo-dyes, ovazines, thiczines, pyrazo-
{ones, xanthenes, indigoids, anthraguinunes, acridines, ros-
anilines, phthaleins, quinotines and others. Theso in tarn
nro elassilied, necording Lo their method of use, ws gefd dyes
and busic dyes, or direct dyves nd mordant dyes.

Cortain structural elements in organic molecules, enlled
chromophore groups, give colar lo the moleculss, ey, nzo
(=N Nee}, nitrose (-=Ne=Q), nitre (o NOw), nzoxy
(e N N3}, carhonyl O Co=0) nnd evhylone
(>Ce=C<), Other such elements augment the chromophore
groups, e, methoxy, hydroxy and aming groups,

duge Lo their unsaturated structores,  ‘They arve subject 1o
fuding duoe 1o light, metals, hoat, microorganisms, oxidizing
and reducing agents plus atrong peids and bases,  In tablets,
fading wmay appear as spotiing nud specking,

Uses-- Most synthetic coloring principles are vaed in col-
aring fabrics and for various artistic purposes. "Thoy also
find application an indientors, bacteriological stains, ding
nostic nids, reagents in mieroscopy, ole,

Muny conl: tar dyes originaily wore used in fondstidfs and
beverages without careful soleetion vr discriminntion he-
iween those that wore barmloss and thone that were toxic
and without any suparvigion ay Lo purity of freedom from
poisonous eonstituents derived Cfrom their musfhetore.

PHARMACEUTICAL NECESSITICS 1200

After the passage of the Food and Fhyuga Act in 106, the
LIS Department of Agricalture establishod repulations by
which o few colove camo Lo be known as permitted colors,
Certain of these colors may bo uaed in foods, drags and
cosmetics, bt only after certification by the DA that they
maet certain specilications,  From this Hat of permitted
colors oy be produced, by skillful blending and wixing,
other colors that may he wsed In foods, heverages nnd phar-
maceutieal preparations,  Blends ol eeriificd dyes must be
racertifiod,

The word “permitted" is usod 0 o restricted sense, It
tlaes not earry with it the right. to use colors Tor purposes of
doteption, even though they are “permitied” colors, Tor ull
foutl laws have clauses prahibiting the coloring of foads and
Daeverages in a manner s a8 Lo congeal Iferiorily or Lo give a
fulse appenraneo of vilue,

‘The certified colors are classified into threo groups;
PR dyes which legally may be used in foods, drugs and
cosmetics, D& dyes which logatty may he vsed in drogs and
cosmetios nnd Extornal E&C dyes which logally may be usaed
only in externally applied drogs and cosmetion, Uhore nre
specilic s for the e dye, silfled ash, other extone
tives, sotuble and insaluble mnter, wnenmbined intermodi-
ales, oxides, chlovides and sullates,  As the use stpiun of
these colars i subjoct. to chiunpe, the Intest regalations of the
FDA should be consulted to determine haw they may be
et enpecintly sinee severnl PUDEC dyes formorky widely
sl have been found 1o be earcinogenie even when “pure”
angd, therefore, have been hnnmed From use

The Cond-Tar Color Regulationw apecity that the (erm
“externally appliod drgs and cosmelies” menns drogs and
cosmotics which are spplied only o external parts of the
body and not to the lipd or any body surface covered by
mucous ovembirane,  No eaortificd dyo, vogardless of its eate:
pory, Jegally may be wsed in any articlo which is o he applisd
o the aron of the eya.

Lakes are caleium or aluminum salts of cortified dyos
extonded on a subkteate of thoning, "Chey are inselubi i
wirker and organic solvents, hence are used 1o color powdoers,
pharmaceuticals, foods, bard candies and food packaging,

The apphication of dyes 10 pharmacentical preparations is
an aet that can be acguirod only after wn waderstanding of
the characteristios of dyes and knowledge of the eonzposition
of tho products to be colored has been obtained. Speeifie
rabes for the choice or applieation of dyes 1o pharmacentical
preparalions ure difticwkt to formulate, Boch preparation
may prasent. unlgue prohlons,

Prepavations which may be colored include wmost Tiguid
pharmacenticals, powders, aintiments and emulsions, Some
renorad hints may be offerod i conneetion with solution
niid powders, hut desirod results usaally ean be ohtained
anly by aseries of trinls. In general, nn inexperienced opera
for fends to wee 1 mueh highey concentrnlion of the dye than
i nocossiry, vesulting in o dull eolor,  The nmount of dye
present in any pharmaceutical preparation should he of a
concontration high enough 1o give the desired color and low
enanigh to prevent toxio reactions and permanent staining of
fabrics ane Ussaes,

Liguids (Solutions)--"Tho dye concentration in tiguid
preparations and solutions usually should come within a
ramige of 0.0005% (1 in 200,000) amd 0.001% (1 in 160,000,
depending upon the depth of eolor wantod and the thickness
of eolumn (o be viewed in the container, With some dyes,
coneentrations ag low ag 0.0001% (1 in 1,000,000) may have a
distinel tinting effeet,  Dyos are used most sanveniontly in
the form of stock solutionn.

Powders-~White powders uaually requive the incorpora.
tion of O, % (1 in 1000) of o dye to impart a pasiel color. 'he
yes nay be incorporated into the powdor by dey-Dlending
i ball mid v, on oosoad] sende, with a mortor and postle,
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"Fhe dye s incorporated by tritveation and geomotrie dilue
tion, Powders also may be coloved evonly by adding n solu-
tion of the dye in aleohol er some other volatile solvent
having only & slight solvent action on the powder heing
colored. Whaen Lhig procedure ie eoployed, the solution iy
added in portlons, with thorougl mixing after each addition,
after which the solvent is allowod to evaporate from (he
mixture.

Many of the syrups uand elixirs wsel ag Havoring and dilut-
ing agentan ave colored.  Whoen sueh agents are wsed no Tar.
ther coloring matter ix necossary, Tho use of colorad lavor:
ing agonts is discussed in a subsegquent section.  However,
whin it s desived to ndd color to an otherwise colorless
mixture, one of the ngents desoribod to the firsl section moy
be usod,

Inconpatibilitios P& dyes are mainly andopic (sodi-
i sl henen are incompatible with eutionic subslances,
Sinco Lhe concentrations of these substances sro generatly
very Jow, no procipitate is evident,  Polyvalent ions such an
caleiun, magnesive yod alumingm also may form insolubbo
compuntds with dyese A pl change maty eimvge the coloy Lo

change.  Acids muy rolease the nsoluble acid form of the
dyn,

Caramel
Hurnt Supr Coloriag

A conumnbented solution of the produet obtained by heating sway
o placose uptil Whe swoel tste i dostroyed and o uniform daek
By i eosn1Ls, sl smoust of alkali, aikaline enelwomate o
Lruee of minerad acfd being added while henting,

Dowe eiption - Fhick, dark Grawn liguied with the ehaeactorintic wop
of Tuent sygar, ane 4 pleanut, hitler taste specifie gesvity non lew
FA30: 1 L divselvod by BOOD parla of witer sulds o clone subution Lo,
wabistinet yeilowlsh drige color wivch Je not changed and no pn-.uipiu,:(:
i fortneth aftar exposie o sl ide. for G b when sprend e i avey
on i glasy plate i appears homogeneoun, retdish Teown gl |Y‘xll)n||.u{.
ent,

Bolohility - Mincille with watay in all propwrtions snd whth diluie
adea bl vy f S5 by valome; i iseille witly ether, ehlovofur, aestape,
Deavzona, kolvent fiwexane or Wrpanting ofl,

Usos--'' produce u hrown color in elisirs, sayeaps ond athey
P AT,

Flavaring Agonts

Flavor

he word flavor referd Lo o miked sensation of wsto, oaeh,
winetl, sight and sound, sl of whicgh combine to produce nn
infinite number of gradations in the pereeption of a sub-
slanee,  The four primary tastos..sweet, bilfer, sowr and
grline—-appanr Lo be the rosult partly of physicochomical
and partly ol payvehologicsl action. Taste buds (Wiy 66-1),
focated mainty on the Longus, contain vory sensilive nerve
odings that reaet, I the prosones of solsture, with the
flavors in the momth qod os o result of physicochemical
netivity electrical impulses are produced anel transmitted
vig the seventh, ninth and lenth cranisd nerves (o the nrons of
tha brpin which are devoted to the parception of tasie.
Soma of the taste buds are specialived in their function,
piving rise (o arons on e kngue which are sensitive to only
one typa of taste.  The brain, however, usoadly perecives
(ante as o compoesite sengation, and aceordingly the compo-
nents of wny flavor are not readily discernible,  Children
have riore taste buds than adults, heneo are more sensitive
10 Lasten,

Taste purtly dnpmuiﬁ on the iona which are produced in
the mouth, but peychologists have demonstratod thit sight
(colord and sound also play i definite role when eérlain
roflexen bocome conditioned Lhrough custom and associn-
tisn of sense poceptions.  Thus, in the classic experimonts
of Pavloy demonstrating “conditioned reflexas,” the ringing
ol 1 bell or Lhe showing of o cirehe of Bight caused the gusleie

Iy 6627, Upper Surtate of tha tongue,  n: Towls recaptars for alf
tustes, Ix  wwoot, salty and gours ci saHy aned sour; ¢ sour only, &;
n¢ tnsta sensatlon; 1 sweet and seur and g: bitler, ewaot und gdur
{adapled trom Crocker EC:  Flavar, MeGraw-(41l, New York, 22,
1046),

Juices of w dog to Mow altheugh ne food was placed before i,
and mueh of the enjuyment derived Tram sating celery is due
Lo iy erunehy erispnioss an the fibvovaseular bunddor are
erushed, The effeet ol eolor s just ag pronounced; oleomar-
garine is unpalatable L mesi people when it i uncolored,
bt onge the dya has been incorported gounnets frequentiy
ennnol distinguish it from butler. Color and toste must
coineico, o, cherry Mavor is nkkoniatod with a ved color,

A person walferimg frony g hond eold finds his faod moch
[exs palatable than usual boenuse hin sonxe of smell is im-
paired, aud, i1 the nostrily are held closed, raw onions Late
rweel and it i much eosier (o ingest costor o] and ather
nausenting medicinos,  The volatility of o substance is an
imporant Faetar that i fluesced by e warmth ad mojs-
ture of the mouth since the imore volatile i compound, e
e pronounced jus odor. The sense of smaoll deleets vary
minute imounts of materind and is ususlly much more sensd-
tive in detecting the prasence of volatile chemicals, Tt the
tongue is able o dolect infinfesimal nmounts of some vi-
pors it it i protruded from the mouth so thut solution of the
guses in the suliva may take place.  In this manner traces of
sulfur dioxide ean be dotocied in the niv since it dirsolves in
the aadivn mud erentes o sour tisl,

tlavors doesgribed ay hot are those thit, exert o mild coun-
terirritant effect on the mucosn of the moudd, those that are
astringent ond pucler the mouth contain tanning and acids
that produce this effect by reacting with the lining of the
moubh mad wines possess & hovquel <due to the odor af the
volabile constituents,  Indian Lumip {Tack-in-Ue-pulpit)
owes its {laveor lurpgoly Lo the stinging sensation caused by {he
minule acicular cryatals of caleinm oxalate which peneleats
the mucous membrmne,

Olher physiologicat and physical factors thal ndso may
affect takte are conrsonoss oF grittiness due to small parls-
eles, e, ton-gachange resing, Anticdiarben] prepavation
Bave o chalky tisita,  Monthel imparts a cool Uiste beeause il
alfooty the coldness roceptors,  Mannitol givis o cool seosi-
Lion when it disgolves bacause its nogative of heal of solution
will cuuse the tenmperature 1o deop, For thik reason, manni-
Lol oflten is used us e boso for ehewable taliews,

Phera s a dolinite threahold of (kete for overy sulwtance,
which varies somewhat with the individual and with the
snvironment,  ‘The experienced chef taston his delioncies ot
Whe temporature ol which thoy will be served sinee hoat andd
eold alter the flaver of many preparations, "Thus, lemon
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lones it wour Laste entirely at an elovated tompemiure and
othor flavers become almost nonvalatile, tastoless and ador-
loss when cooled sufTiclently, luaddition o the influence of
Lemperaturs, the senwitivity of cach individual must be con-
sidered,  For examplo, iC hes boen detormined by experi-
ment that the smount of sugnr thal can just be detocted by
tho average indivichual is about 7mp. Fowever, Hiix amount,
connod be tasted by some and it s definitaly sweet Lo others.

People are maore sensitive to odor thay (o teste. There are
alyout 10,000 to 30,000 identifinble seunts, of which Lthe aver-
agge person can identify about 4000, Womoen nro move seénsi»
tive to odors than men,  Additional insights con he oltained
by reading Cogan RH, Kore MR:  Biochemistry of Taste
and Olfection, Academie, 1981, and Beidler LM (ed):
Handbook of Sensory Physiology, vol 1Y, ple L oand 2,
SpringerVerlag, 1971,

Prescrvation of Fluvors-Most monography of officis!
products contain spoeific directions for storgge.  Proper
mathods of stornge are cssontial to prevind deterioration
which in mony instonces resis in destroction of oder and
taske,  Under adverse conditions andesiralile changos oeony
due o one or a eomhbination of the following:  enzymnlic
netivity, oxidation, change in moisture content, nbsorption
of odor, netivity of micreorgunisms and effects of heat and
Jight. In eertain prodocts some of the changes wrowght by
Lhese factors are desirable, a8 when esters nre formaed due {o
the activity of anzymos and when Dlending and metlowing
resulls fram Lhe interchangs of the radicals of esters (trans.
asderification).

One mathod Tor protocting readily exidizablo substances,
auch as lemon oil, from deteviorating, and thus preserving
their original delicate flavor, s to microencapsulale them by
spray-drying. The cupaulos containing the flavors then are
enclosed in various packnged producte (e, powdered gela-
Lins) or tublets which nre favored deticionsly when the cap-
sulo i dlsintagrated Ly mixing and warming with water or
snliva,

Correlation of Chemical Struecture with Flavor nnd
Odor---The compounds employed as Havors in vehicles vary
considerably in their chomical strueture, ranging from sim-
ple osters (mathyt salicylate), sleoholy (glyearing and alde-
hydes (vanillind tir carbohydrates (heney) and the complex
volatile oits (aise oil).  Bynthetic flavory of alinest any
degired type wre now available, ‘These (requently possess
the delivate Mavor and aromn of e natural products and
atuo the desivable characteristion of wtability, reproducibility
and compatatively tow cost.  Synthetic produets sueh as
cinnamaldohydo wvd henzaldelyde, first officially recog-
nized when severnd of the exsentiol oils became scaree during
World War 11, have bemy used widoly,

There i n ¢lose relationship botwoons chemienl structure
pivl timate, Solubility, the dogroe of fonisntion and the Lype
of ions produced in the saliva definitely influence the senka-
tion interpreted by the hrain,

Sour taste is eaused by hydrogen ions and it is proportion.
ul to the hydrogen-ion coneentration and the Hipid solubility
of the compound, 1t is charactevistic of acidy, tanning, alam,
phenols and lactones, Saltiness s due o simuligneouy preu-
onco of anions and cations, og, KBr, NHCl and sodivm
palieylate,  High-molecular-woightl salls may have o bitder
Loate, Sweel taste iv due to polyhydroxy compounds, poly-
halogenated aliphatic compounds and wonmine acids,
Aming and amide groups, especinlly if the pesitive effect is
balanced by tha proximity of 8 negative gronp, may produce
o wwoal laste, Swooetnous incropses with the number of
hydroxy grouns, possibly due Lo incrense in solubility. Tm.
{des such us snccharin and sullmnstes avch ng eyelamales are
intensoly swosl. Cyclamates have boon removed from U
market hoeanse thoy reportedly couse Badder tumor
pata, e boses such as allaloids and armides such as am-
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phetatnines give bitter lastes,  Polyhydroxy compoands
with a molacular woight gronter Lhan 300, halogenated sub-
stances gl aliphatie thio compounds nso may have bitter
towlon.  Unsaturation frequontly bestows o sharp, biting
odor and tiate upon compounds.

No progise relationship between chemionl steuclure and
odor hay heon found. ‘There are no primary adars, and adory
blead into each other, Polymerization reduces or desirays
odor; high valency gives odor and unsatueation enhances
odor, A {eriiary eorbon atom often will give o comphor-
ceous odor, esters and Inctones have a fraity edor and ke-
tones have a pleasant odor, Blrong odors often are accom-
punied by volatility and chemicul renctivity,

Selectlon of Flavors

e proper selection of flavors For dinguising neusenting
madicines nidy in their ingestion,  Ocaasionally, senkitive
patients have bocome nausented sulliciently to vomil at the
theupht of having to toke digngrecable medication, and it is
particularly ditficull to persunde chiltlren Lo continue Lo use
and rotain distnsteful prepavations, Thare is aneed to imow
the allamgies and idiosyncrasies of the patient; thus, it ia
fooligh Lo use a chocolate-Navored vehicle for the patient.
who dislikes the Mavar or whe is allergic Lo it, notwithstand-
ing e Mol that this flavor is genorally aceeptohble,

Flavoring Mothodology

Faeh Navoring problem i unique and requires an individ-
wal wolution. The problem of flavoring iy furthor complicat-
ed heennse Tavor and tnate dopend on individual prefer-
ences.  In sobving MDavoring prablems the following tech-
nigues have boen ukid:

1. denetiog - Penie e Dl with sony tawtes bitter istes can ke
Bloaderl with salby, sweet amd sour tastes; aall, veetinees mouness and
et wwarobnins: chemieals such as sanilling wonguodiom glutamate
nnd bonzaldelyde are wsed Cur Blending,

o Osershuidow - Addition of o flaval whouy intensdty i longes and
stronger D e olvious tasde, o, moathyd salieylae, glverehia and
nletrEsing.

B Physical-Formation of inoiubie compotibde of the uffinycling
deng, e, sabfonmnicon; eonulsilicacion of il elfervasemen, ok, Mg
sl el ente golotion: Bl vineouity of uddse O Ll eomtaes of drwgg with
tho Longaw, md mechasieal procedures sl o conting tabtots, are phys:
ek e harcli Lo rechen Bavorig problons,

A, Cheagead. - Adwopption of the deag on nscbsbeate, ot formnt b of
i complex of the drugg sl donexehang eesing or comnphaing ueeats,

5, Meysiolopieal I he taste bhuds ey bo moesthetived by weathel ar
mint flavors.

Wavors, as used by the pharnmacist in compounding -
aeriplions, may be divided into four main eakegories necord:
ing 1o the type of taste which is 1o be masked, as Follows:

) Mty Paste--Cinton syeup hag hean foand Lo e the hedt
vahicle for ammentum chloride, wied obher unlly devpge auels s sodivm
sulievlute wied fervie atmonium eitate. I a study of the compurative
oificioney of Mivoring agonds for dingsislyg salty taste, the following
adelitlonud veltielos wore arcunged in doscending ordar ol usefilnegr:
orntge syrug, eitrie neid sy chersy keeup, coren syeap, wikl eliery
wy g, raspherey syruap, ghyeyeihizs olixin weomalie elisiv and glyeyryehizn
syrupe The Inaleswmed b particutarky uselal an o velsielo Ty Uie sa e
Dy virtue ol ita colloide) propertine and e sweetaess of hoth glyeyrebi
il mleron,

B Hitter Toate-Cocon wrap was Found o bo thoe host vehlelo for
diagnining the bitter tasty af guining tisuliate, fotlowed, Dy deseamling
ungm— af it U livenn, Tvy TampIOEEN B3R, coeom nETag, cRie ey Ay, clinma-
won gyeap, eotpaand sarsagata syeap, citeie acid syeop, Heovles nye
up, awramatic alisin, orpog e syrap and wilil cheery syrap,

e Aeridd o Seer Paste Raspborry syvup aood ofhoe Sradt sy ore
eupocinlly offlolont br masling the taste of sour subitison saeh w
fydvoehborie neid,  Aenvin syrup o othier mucilginaus vehielos ire
Tanal, S dlisgpising o aerid taota of sibat cen, such as capaionm, since
They tond Lo Faray a soliosdal pratective conting aver the tawte Bude af the
tongue, Tragnemn Uy, waalB seactng iney e vsed inoan aleobolic vohicle,
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4o ity Past e Crmtor il miny e made palobable Dy eanlgitying with
o erquad votumg of oromuitie rhuliely sseap o witd contpoined soingag-
rillnosyrig, ol Livor ol bs ebinggtised elfeetively by ndding wintergreem
eitor peppermind orhe Vaemon, sennge aned anise or combinnlions ol (hese
e Al wnelul. T8 s Better Lo mis mast ol Uhe Bavor wits the ofl hefore
emualsify e i, v Wit the nmvallvesidndg guambity ean bo addad altor
{ b pretonaey conn lsion is Formad,

Thosy flavers that are moest ploasing Lo e majority of
people nre associated with somwe stimulant of a physteal or
physiolegical noture, This niay he g contral pervous stimu-
lant such as enlfoing, which i the regson so many enjoy Len
and coffiee as iy Deverage, or iGmay be s counterhritant such
s une of the spives that produce o “bifing” sensntion or an
ngeat which “tichles” the throat such as sothn waler. Sherry
awe Ha sharp Navor toils acetaltdehyde contont, nne some ol
the volatile oils contain terpenes had are stimolating o the
mueous surfacos,

Selection ol Vehicles

"Poo few pharmacists tealize the unigue opportanity they
have in acquainting physicians with a knowlodge of how Lo
ineroase hoth the palatability md efficnsy of their pre.
seribed medicines through the judicious scdection of vehis
cles. Boemse of the tratning o pharmneist rogeives, his
lonowledyge of Lthe charseteristion of various pharmacenlicals
wnd therapeutic agents and s techotgue and skill in prepar-
ing ologant prepovations are woll-doveloped, so tnt he is
gualificd admirably to advise concerning Lhe praper use of
vehicles,

Aldarge selection of Navors is ovailable ms well as & choice ol
colors, so that one may proseribe o basie drug for o prolonged
poriod, bhut by changing Lhe vehiclo {rom time o time, the
taste and npponrance are so altored thal Uhe patient doos not
tire of Lhe prescription or show other peychologien! repelions
tay it

The statement of the lute Dr Besnard Fantios that “the
Lest, solvent is the hest vehivle™ holpa to explain the proper
uge ol n flovoring vehicle. For oxpmple, n sabstance thal is
seduble in nlenhol, og, phenobarbital, will not lenve mn alen-
holie vehicle rendily 1o dissolvo in the agueous salivi,

Wators--'Those aee the simplest of the vehicles and wre
availnble with sevora! Havora, They contain no sucrose,
fach to bo considered at times, sinen suerose under cortain
eirewmmbances mny be ondesirable. They nre likewise non-
aleaholic, phether facl which freguently influeneen vehlels
selection,

Blixira-—These have adehed swontaess (that waters Jack,
nnd they usoally contain aleohol, which imparts wn added
sharpiess 1o Lthe flaver of certain preparations, moking the
latter mora plensing to the wste,  Blisirs are suitnble for
nlcohol-soluble drups.

Sy hese vehicles, ke olizies, o/ Ter o wide selection
of flavors and colors from which to chaoso.  “Their specific
value, howover, lies puticularly in the foct (that they are
intensely sweet and conlain little or no aleohol, n combing.
tion which makes them of singudar value ne masking sgenis
for waler-soluble drags,

Vohieles consisling of o selution of pleasantly Tweored
valntile oils in syrip ae ghyeein (LS00) hove Dean enyployed
suceessfully in producing uniform and stable propnrasion,
These vehicles aro prepared by adding 2 ml, of the volatile
oil, dituted with § il of tlechal, w500 ml. of plvcerin or
ayriyy, which hing been warmed gonlly, The aolution is add.
od n e nta time with continuous shaking, and Lhen sulfi-
ciend glyeerin or syrap s wdded Lo make 1000 ml, nind mixed
well,

Aleohol solutions of volatile oils are sometimes used ns
“aloek salutions” for favoring pharmacouticals,

A listivg: of substances, moatl of them officin), vsed an

Tabiae I-—Flavaring Aponts
Menehi sy Huney
Anethole Isor Alcohotic olixir
Anise il Lavender oil
Aromntie slixir Latton il
Pewdtlobyde Lomon tineino
Bunzaldehydo olixir, Mamnital
comppound Muthyl naligyinte
Crraway Nutmey il
Carawany il Orango, hitter, ¢lixir
Curdamom oil Oenager, bitter, oil
Cardaninom seod Oennge lowar uil
Cardniiom apirit, Orarge Mower water
compound Chanee oil
Cavtlruvuny Winetars, Chranigge o, bitdey
compoanil Ounngen poel, wwot, Uned e
Cherry juice Orange spirit, vomponnel
Chorry wyrup Drange syiup
Chynamen Pepperemint.

Cinmamein pit

Chmamon waler

Claie neid

Cityie avid syrap

Clowve oil

Locon

Llacon nyrags

Coriandor oil

Pextrose

Toriodictyen

Friodivkyon Musdextrnel.

Liriotlictyon syrip,
aromatic

Fitliy] metnte

Etlwyl vanittin

Fennel oil

Gingrer

Gingor flaidextract

Cingror oleororin

Uiluease

{lyeerin

Oilyvayrehizg

Glveviehinn alizis

Glyeyrrhizn extract

Glyeyrrhizn oxtract, pue

Clyeyrrhiza (uidextrped

Glyevrrhing syrup

Poppermind ol

Peppormintapir

Pappermint watsy

Phenylethy! aleohol

Rasplrry juice

[Rusphony syrig

Rosemary ail

Rose oll

Rowo waier

ot walor, stiunger

Sueehnrin

Sacehprin ealeium

Maecliria sodinm

Sreesaporilla syeap,
compd

Buhitel saltiom

Spearnaint

Hpoarngin il

Sucrose

Hyrup

Thyme ail

Tl bubam

Tedu Lakanms gy

Vimilla

Vitnillo tinetare

Vanitlin

Wild chorry syrup

lavors, fovorod vohiches or as sweebenors, iy giveu inTalblo |
Additionat infornintion on favoring ingredionts may be oh-
tnined in Furia P8, Bollunea A: Fenaroll's Handbook of
Flavor Ingredients, Chamical Rubbor, Cleveland, 1971,

Acacta Syrup-—age page 1301,

Anothole

Fotizme, 1- :mri.lmx_v-'l S prapnnyl) (B Anethol; Anine Comphor

i “‘t el
W,

s

Ciy

(B} p-Uroponylanisely MIHOA3-6] G20 (L18.20) obtained
from anduo ol o other sourens, or prepaved synthotien)ly.

Prepuration.- [t i the privelpal constituent of andeg and fonnal
el el unanlly is obtained from the soweees Dy feactionntiog sid
chibling the proper fraction wherely it erysiallizos oat,

Desoyintion--Cotorlows or Gintly yollow Bquid at or slove 259 wre-
mpdic odor of andio v o sveet sto; affectod Ty b speeific genvity
(L9 0 098, disdils conyploboly 2383 Lo 299 and conprents at ol bues than
A% 5t adeolyod solution in nevteal to it

Hululdlity- Vory slightly solutde in wioten; freely solabse i sleobol;
et hile with chiografor or efhoes vields neloar solution with 3 volumes

al wleetinl,
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Llgun .-‘\f!uhrlurr;‘u,n"l!rl.' (4% gno o gdmilan’ Lo dhose of nige il
11 sermatimes i aoied ng Syachoetie or Aetificid Anise 0 o avoring
aml By lieorien ke Hover uned in diphenhydroaring Bydvaedtlo.
tidde Mlixir,

Anlsa Ol

Mo Ol Bhar Avige (1l

The volntibn of] dislifled with st from Che deed, vipe fmit of

Pinepinotle andoim Liand (JFum Hinbeddiferaed oy frony the dried,
pigse Brudy of Adednn v Hooker Tiding (IFnan Megindineeae),

Mate- [} pulict mrglesaf Hos we g ed, :-ru'ﬁ[nr”)' tenent Hhe !
kil it s ¢,‘r:r}”,‘r.ft,‘{i.'|‘y fieprenfived, wnel iy i ,{iq'}'t:)'le LRI,

Comatitaonts: - Phe officis] ofl vaeion samosdual i gompesition,
cheporsching upun whcalhor ilowns oblined fyom Painedln anfsem
ur bhe star anise, Mlicican torenr, Anethole s e chie conslituent,
of hoth oils, ocourtimg o e estanloof 80 o 0%, Metlivd efraicn,
i feprmer of anethole, and anfaie kefgne (O O] e advo Tonnd
in Bty el annee somlb mmeonis of gy oty conrtilaex,

I!r'lia'l'iplim'l <ol s pulo ‘\'(tf!u\v, Q:Eq'm“ﬂ_\' i‘t:il‘m!li\‘t-||l||.1il’.|. v
ime he eharncderingie oo amd isde of s speeifie grovity S8 16
TLIRR g hi 1\1}1 lhelowe 1LY,

Holubitity  Bolbiein i voalmos of HO% aleoiinl,

Ul Vneremsadvdse ans o fleiapiagt enpriitd, poaiieidanly fur Heariew
eamdien. [0 haa boen given ay o ewenrfiatioe inoa dose of abant &
ml.

Aromatic Elixir-pugo 1302,
Aromaile Blixle, Hed-{28- 16, page 1240,

Benzatdohyde

Artilieiad Famential Afnnd 0§

‘.} s

Ih'l‘a.{.ultli-l‘l'.nh- [IIE02 1] Col 0 (106,128,

Peeparntion13y the intorction of heogal ehlopide with o in
the preyenee uf' wiler, Domzal eltoride i oblaingd by troaling
liiling tehne witl chlorine.

Denvription -Coblen, steomgle cefonerive Bgaid, having s edor
vomuinblingg that of hitter almond wilo gl o buaadgg draiiinic s,
;|ﬂ{-(h'd Iry hllhl wpaneifie pranior LoD to L4 Doile bt TV, wolidic
Tt n = LAY gl o e pemain toonie B peadustiy oxidiaes Lo beisoin

Priveodven iy aliont 350 wolomes of waler; miseible with
Cebdurolormear Bk and volntife uils

aleohinl ol

Ui I plie of Bitter slmatl oil for foworing purmposes il s
ity safer than the latier oenma i eontains na bydrocy e aciel,
14 aluss it vesd sxcdermively i perfioneey and in e oot of
dyenty s aed mnny olher organie comrprouide, sy nr npiling, ncat.
anilidd or mancloliv acidl.

Compovind Benzaddedivdo BLgie Peparation: Pigseles buial
abelivde (006 wmlL) el vemiBin C1 )l adeshiol a0 mby, mded wyrap (100
wld, arnnge flowor wakey tEAE b inud st |)ur\1?iul walar, iy
voveral pordionm, nlinking this mixtaee thotonghly Gfler ench 'Nlrlslnm 114
make Lhe prodoet meassre 00 mibg (aen Gller, 0 necessary, il th(-
pevcuel delear, Aleshiol Condents S, Dees: A il voliele fin'
:ulmmmtmmp Deganivtin ol e nnlte, vspaecially when a luw aleobolic
cuartbyind, in dosivad,

Camphor Water. RS- 13, paga 136,

Caraway
Criee Curssvny Soee; Croenseay Peeits Kinan]

e drfed vipe Dt of Carenn card Livnd (Fam Llnidelliferae).

Comntibaonin- Abonat 5% ol vodad ite ofl, with w L he fived wif and
other conntiluenln,

Usen. A flapor, Moadso has been unecl wanpivieally o caethine
feue anel wiimeefand,

Canvnway O [Oiotin Cari] A walod e oil distillod Feom (e drived,
P drnat cl Careent eaiy Teinodh d Pany Db dlifeyeane )3 vicldn it lons (huan
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M efo) of Gl terevane), "Phe ekded adoriteroms songweal el e
anll i the helgne decnrane JEIE GO0 wliieh i U aptiead marer of i
T tab il ay WEPERLY DECUETIE i At arming. nil, 'i T et el o e odd
cormsints mdinly of e Lo o L |00 (ol

sl Liuaied, with Ve ehnraetorist voedor wmd Tasdo of canwayy sppeilie
prvily R0 e 00, Do Doy nzadingg carsiwny wkee aoned ou o i
dnsel earrmsaprtgee e other prlumnacestieal peeporations,

Cardamom Sacd
Caidaniim Frovs Cavdansen Ceston or Malalas Cavdannnm

Thie drieed vipe soad of Blectoela cordamanpm (Linnd) KMajon
(o, Zingiberaciroe),

sl did hee pemocod recently fram the eapseto,

Constitventn A volatdle o, e yield of which s
Ml (.'Jtryloll Seolx and B6% Droan Mysore-Urylon Hewde, Pyed
1t i gttty Lhe extant of 10%, alsnntareh, moeilage, i,

Ulgen A flevors Far ooy yanes it wos ampiored enpiricadly ason
carminalivg

Cavadimwaos 00 The volatile wil disgilled Srom the soed of Retrar
copdomurren Cdnndd Maodon Q% Zdnpibececened. Vaorketies ol Ehe i
et o e deeprinend O ORI Doth Pres aned os theeaeotnie, B 0t
efireed (U ipblyY) el Toneosee JCI G The Cevlon O, Towever,
vintaing the aleohol A-terpinect (0 sarhomendhoned) Il";.,ilh Mt
forpoaen diepine aailsefiiene, i geetfe and fornie acily, |:|u|}u'lnly
cinsthingl pm ostors, ol loms or wery pade yellow Hoguid pesseesingg the
nranntic, | vaet g s | sansesw il enmplinieios ador of enedagn,
mteh a poskainlent |y punggent, stramily nrommic e pifeated By Tght.
Hpevifi HE IR T st hbe with aliohel; diwselves in b
velonen ol 0% wleahi),  Loss A fenpire,

Cardamom Tincture, Compound.--page 1302,
Chearry Julga-—pags 1320.
Cherry Syrup--pago 1301,

Ginnamon
Sardgen Clinmupang *Prave Cinsmrmon; Saigon Casndn

W bviwel bok o Cnamonin foured vl Mo (P, Lagern
e ),

B gontaims, Dy emel TEY g, 08 Toas Ehie 2.0 0l ol volad e ail.

Ut A floportng agent. Fopmigly, it wie wied i o enemann
v,

Clussamron O §Casaia O Ol Cltineee Cinnatoon] o The valatik
il histilledd withstenm from the Joeve aoed i of Clremnee canie
(Nt} Newe e Blieme (% denerarennd, elifing by distillagon: pon-
of Loz by 805, by velume, of e totsd addehydes ul vinnamun
ail. Cinmaddehyde in U el copstilgen, Y ellineish o Lrowni
licgniicds Beameiogg darleee noel thacdees onongiag e oxposee 1o e ar,
lssving Mue ehiractoristie odor mad faste of vossia clianon, npecilhe
prnvily DO g 2060 Salublo in s egosd valus of atealal, 2 volanie.
ol 0% wleabot ar i t‘qurll viduasn ol ploesnl aeedic el Dhess A Jlahor,
1t fovinorly waan tseed s o close wl D by e Oniadent cobie

Cocoa

Leno LISE XV Propared Covon; Powdered Covon, Cor Povalder;
Mardivim P € o

A powder prepared from the ronsted, caved karnals of U eipe
weed of Thoateoma ctcao LA (5u Sterendiaceary,

11 yiodehs 100 Ler 22% of novolntile, othorawluble axtractive,

Propuration. | 'be coson Bean is davk m e rasalt ofn fersientn-
vion o reruding provess which L andergoos, Plado choeolate cos
sinds ol sholled coron bowns fencea gilisd gronnd to n smonth g
swhieh forms o hard enbe when G0 eogin bocinse ol tee Tiigh Fat
aanitond AhD Lo G,

10 g Uy Tosaael peerpuiirvied By palvarisang the vosidue oinaining altey
part of 4he Gt s Deoay pooeved Dy expresaion From pinh chunalate,
Temey o Oavored by the addition of geonpd spree, grovnd vanilla
Loy, veesiliay, e by bvnmat i, eonumarin, salC o ot e vt fong
i thy do nok initate the Davor af ehogalale, milh o batber, Theee
Lyt e eoeognized daponding o fet contents breakfast coeeu or
Nigh fot covoa (A% sinisum, coong o aredion-fat cocog {10 Do
28 and diw fat coeon e tinn 107,

Sipeert eineolate b phuin chovednte plus added sogae ol Bavor
tusunlly vaniling.
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1404 CHAPTER 06

Mitk shoeolate i s mixture of swont. chotalate and mitk powder or
other dnivy produet. Choeolato and the produets described alove
contain the purines theobromine and eaffuine, piad vonmideralile
guantities of fat (eocen buller o theobroma ail), ny well as protein
ol stavel, Phene faelors uro Jowered in swaet chocolate boeause of
the large amomit of sdded suar (move than 50% of tho final prod-
ueth

Dosgription -Wenk oaldizh to pueplivh brown 1o mmdilvite brows
paw(!dr Tawingg a chorolate-lilke odor and toste, oy From wwendieom,

Ulson---A Tond avek phavmneautionally s adtavor iy tablots, syrips,
pril) el tnblet contings, trochos, et

Cocona Syrup--page 1301,
Corlander—page 1200, ’

Corlandoer Ol

o volatile oif dintilled with stewmn from (he driod ripe Tl of
Corfandiun satomm Linnd (Fan Lmbedliforee).

Constituanty--"The aleohal d-finaloif (formerly termed “eodon.
draf™ in the ehiel constituent of this oll, ocaurring in ambunty
varying from G0 Lo 80%, Othor constituotts inchude & horeel, geru:
niel, pinches, terpincaes and p-oymone,

Dencviption---Colorlas uy jinke yollow liguid, hoving the churaetori
e odur and Laate of corfander; spuel(ie eyity QREY Lo G475
Bobuhitity- - Salwhle in 3 volumes of 90% aleahol,

Ui A tlovering wgent, It Former)y was omployed by acdase af
) mL ana carmindtioe,

Deanwlonlum Banzoale --pape 1321,

Erlodictyon
Clanmmptives’ Woed; Mountain Balng Yoehs Santa

The dried leaf of Driodictyon colifornicwm (Hooker el Arpott)
Poarvey (Vam Hydrophylineeae),

Canstituenti— A bhitter resing volatile off, eEfadic oo e
1CsaH 400, alse called homoeriodictyol], fived oll, taanin, gan, ob,

Vnor--A phormnemibical necsindly, T mot i the proparation
of Eriodictyon Flutdexirant,

Exiodictyon ¥hutdox rned [Yerbn Santn Muldoxtesel]--Lropard:
i Using Tiricadivtyon (i modorately comrse powdur, 10060 ), progay
Wae Duielesctenet by Procoss A (page 0483, using nmixture of eolusen of
wleabiol mad T vetie of waler sy Ui gaonutrawm, Maocornwe Uw dig
qlmiu;[ A8 hr, then poveolale at s nadernde ode nngd reseevo Lho £l 34
mlof percalste.  Alenhn! Cantent: 8 1o 024 Uress A peoalin,
armetic favor tned in gyrops won olisten, espeeinlly for mnsling the
Limbe of hitter dyvgs Hbe quinine. Beenuse of i€ resinoun shavaeter it
sephives an alkali Lo vedor i1 wedublo Y g ueous 0HRLITOS,

Erlodictyon Syrup, Aromatic---page 1301,

Ethyl Acetaie
Aeetle neld, ethyl oster; Acetic 18wy

CHACO0CH,

Fithyd aeetute [1a1-F8-6] O 0, (8811,
Proguvaion. Ay giow distillation of o mixture of gleobol and
weetie acid i the pevsenee of gullues weid,

Descriptiom . Transporenty aolochess liguid with g Cragnnt id ve-
Prenbidngg, rliplitly neetouws odor, aud s poesliae aeetoues, havning (el
et fiee seravitye Q8804 to QAN il 70 (0 17,60,

Solahility- 1wl in oboul 10 md. of watar miseiblo with wlenhed,
needone, ather, etdoralom o Tixe) sand volatile ails,

Uhkon—Chivtly n n flavowing wpent. 10 s unmd industrindly in
artilicial Traitl essonee, ns a sedoent Yor sitvocellalose varmishes el
Inequers and wa a solvent. in onpiic chomiietey,

Ethyi Vaniliin

Benmaldehpdo, othogy d-Jydrosy. Hourbanal: Bthovo
anillul Yanirene

Cathtr

WQS.))L: n

13t hosy-4-hydrosybensldohydo (121 -3808] Uyl (106,18,
Ppapnpution. By venctiog c-othoxyplynal with Grmadduhydo and .
ndtrosadimethvdngiling v the presence of fuminam ood waluer,

Danoviption P, whive e slightly vellowish ormdahsd odor gl
Ll wivktar tes vanilling sdfoctod By hiphls solotions ae aeid o lita;
wek nbout 7

Solubiling: 1 g in abowt H0 b of water at H0% frouly selabke in
aleohol, ehlaveform, eldor of iolugions of Gxoed alkili hydrozide,

Ulen-—A flavor, liko vaniibing but alyonger.

Euvealyptus Qil

T'he volntide oil distiller] with stoam from the frekh loaf of Hue-
ypataes glebietien Labitlardidra av ol somv otherupecios of Kucalyptus
L' ovitier (Fmn Myriacene). 1L eomtaing not lom than 0% of
by O (paenlyplol).

Canntitnonts T he most. imperlond constitvend i euenlypnd
{cipea?),  Uthor compounds inelude d-w-piasne, glofdol, piiocar.
venl, pingearione and sovornd wldehydes,

Domeription o Colorkms or pale vellow Hooid, havitg o ehirseceristic,
avomatie, somewhut enmpharmmoui odor, and 8 pangent, spiey, couling
oo npuekle pravity 00908 Lo RIE6 nd 44Y,

solnhility . -Solablo in 5 volones of F0% alealol,

RIgese A flooorfig agent nod wy cxpectoraan? i chivanic bronehi.
s, Honlso has hacteriostatic propertien. Thiv oil may o taxie.

Fonned DI

Tha valatile oit distilled with steam from the deind e Tral of
Foendeuum oufpere Millor (Fam Bindodliferach,

Nutge- U adldd material Bas soparaded, earefutly warm the ot
until it i complolely Howefivd, aned nvix 0 befure wsing

Contitsenta--Auethute {Giall 0 is the eliel constitues, or-
wering to the extent of 50 40 105, Some of the ather canatituuniy
are d-piness, phollandrene, dipentane, tonchote, methylehavicol,
anisnidahycde nned poisic agid.

Droneripthon. - Uolorhos or palo yellow Lepwid, luving the charetoris.
tie sdoy and bt of Tennel; specifie el B0 G QU7 congealing
Ttk e i nol below B9

Salvbility - Solulle tn 8 volumes of 8% alealwd or b 1 ol ol 0%
uleohul,

Unoso A Tnvering agerd. M farmorly wan eanployed dhoadioso of
0 mls s acarminative,

Glycyrrhizn

Licorice Ronls Liguerice Root; Bweatwond: Jiadan Juive Bt
Speandil Juice Rool

The dried shiveme aned roots of Gdyeyerhiza glabea TANWE, knows
i cummerco ns Spanish Licorivo, or of @lyeyrshiza glidre Linwd var
glundulifers Waldatein o1 Kitaibel, knowinin commeree as X Uskslan
VAcorheo, or of othor variotios of Glewrrhiza gleben Linnd, vivieling a
yellow and sweel wood (Fnn, Legeminosac),

Cometitaents.-This well-knawn root containg & o 7% of {he
saveed pringiple ghyeyrelizing, or glyeyrehizie aeid which is 50 times
s rweed o6 cnng sugar,There also s prosent s oligrosinos sul-
wanen Ly which its stight aeeidity in due, 10 aleohod or on allodi is
used 3 (o menstraum for the reot i tha prepitabion nog treated G
clepprive it oof nerviddily, (Lwill have o 1|iﬂn|!.'|‘t".*llhll‘-'"“ oflaste, o Lhis
repaan Boiling waler by el Fer its eetraetion i botl e usbrnet anil
the (uddextact,

Duseription-The USIYNE provides deaeripllons of {hgraind
Spardish wnd Russion (Glyeverhizos, Histology anil Powodored Gilyeve
rhizn,

Unon- Yabuakde it pharmaoy ehielly for W steeet favor. 10isone
of the msy sificient substonees knowa foe masking the taste ol
bittor substancos, Hhe quinine. Acids precipitnte the ghveyrhizin
sl should not Se added toomiluren i which glycyrebizn is inlond -
acl tor ek dikngroeabile taute. Mont of tho imported licovicee i used
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hy tobaeen mmndacterors to Arver (obageo, N ok s ueed in

wadeing enndy,

Pave Glyeyrrhion Bt [Pure Liearice Root BWximnet | o
Hinr® Mm-um 000 g of lpevrehien, tn granulay pnwihit. witly lwsiling
wiler, Crsder f o s pereulinton, aad povcoliie w:lhlmlhng waller unidl
il gdyesrrhiem i vxdimited,  Add enowg h dhituged sonmomn sobution 1o
e paerenlute Lo fganet o elisginet by anoiniae ulculur. e Bk e S i
winelisr morvnad abmsphirie prossnm i b s redieod oo volame of
alwut 1500w, Filter the liguid, and Immediately evaparate the Til-
wltsr wviminteney.  Pure exteacl
Tram thie commmercial extmet in b il s pdivest mmpis\!nl\
woltlhle fn sgueatg nuxLuﬂ'u Tl barge wresand of [ilker ysed in Chy
comvimereind et baive 30 Grmies ciasders oaalin loouse oo sl
e tor the pure sxirael, Desergpdion: Black, ppidobar sy Iumuu., @
charaelevmliv, hweet Laste,  Haest A fluvaring ageint . Oueof the imgro.
dignta in Aramadiy Coscira Sugrode Flaides teuet,

thyeyrrhiz Vhiidestenet [Licoviec Ront Fhoidextenel; Liguid 1
traat ol Ladepuearivu] o Pregueration: "To 000 g of tonesely ground ylyeyr-
i mcde bt OO0 ancof Tl Vange wateer, mds, sind allow To mucerate in e
suilinhile, coveredl pereointor Tor 2 b, Then alliw the perelalion Lo
e ad A vate ol 1w mbamin, geadunty aelding oiliog water until
the plyveyrrhian i extumsmtod, Add el edilored s solotion (o
e pretenslute Lo Toapart bt ety mvianiseal arloy, Chen il e ligoid
actively undar noveal almospheric premsuse watil 10 is medoesd o a
valumie of sbout 1600 i, Filtes Ui Hogwid, ovaporate the G100te on
bt ot DG K cesidu ivgsures 00 sl eonl, pradsndly nid 2660
el el aleobad wnd gnuouphy water sk (e peodnet ssssorg 00 ol
wondd sk, Aealeol Coafeni: W0 G0 20%, by el Taee A ploanint
fravor for wwe i gyrups and elinirs 1 he woployel as vebicles and
ORIV,

Gilyayrrhtza Ellxir---pago 1302,
Glyeyrrhiza Syrap—page 1302,
Honoy ~puge 1802,

Hydrtodic Acld Syrup—pnga 1302,
Iso-Alcohelle Elxir--page 1328,

Lavender Ol
Lavender Ploweyn Oil

e volatite oil distillpd with st feom e Feonh Ooweriig tojs
o Laoteridue offieinadis Chinix ex Villav Goovandiede vere 1etCan
dolley Otpm Labdatae) or prodoced syathetivally, 10 gontaing not
leesin Whnea S5 of ektona ealeubnlud as Gty Qisnlyd nealnied,

Constituents 10 isa produet of consideradle importance in pee.
Toumereys ddwedsl aeetode in e chief comtibaent, Craeol appsirs Lo
e norma) conttituent of Bagdishooile,  Ouher conebitaen iy inedude
wmyl aleohal, o-bovacal Ganadl amounts pecandol, laandtedt
{0, Bnatadl: nerol; aeetic, hatyeee, waleric, and eqpalc aerdw
G endern}s Linven ol d-pingie, lomenene G Kiglish oils only) amd
Uhe sesequieyjrenes iyl Hlevee ety -yl fotone: sy fdehvde
(prabadsly vaderie aldoindey md conmarin,

Dwseription Coloslam or villow Tgiid, Baving tho ehimrmteri
widine il |||‘a\un! lawerndder Mo e Tl poma )y M7 1o 1), 380).
Salubidisy 1 wabuane dinselvos 3 valsies o T8 whealiol,

Usen  Vrimarily a8 a pecfume, 10 farmerly wi weed in doses of

0,1 ml. as n carmiinatioe,

Lemon Ol

The wolotile uil obtained by exprossaon, without the aid of hest,
feam the Freah poud of the frait of Clims B O dnne) Buinann
filion (1 mm Nutaerde), with or without Lhe provious seporation of
the pulp aid the peel. The totad sddohyde conjent, calewlnted o
gitral (Chpld w0, be 2.2 8.8 for California-type ofl, and 1.0 406" for
Toalim type: ail,

Not Do ol wse ofl that les a tevebinthine udor.

Conptitnoiy - Fram the standpoint of odor and Navey, the maost.
nofeworthy conntituont s the aldehyde eileal, which in prosont W
e o tent of about 4%, About 0% of d-Eatonene in proseots sl
apints ol d=ee pufrere, f pinoae eaongdiente, (3 phetiandrone and
v Lorpinene ik ocear, Abauk 25 ol s wlid, nonvelatile submanee
enlled citeaptene, Nmetifn or denonecamehor, which is dissobved
vur of the pool, alae i presont. In nddidon, thore aro traces of
pavernl olbier gompounds: o ferpinsel; Lho geotalos of linaduil and
seiwradols edtronotted, oet yf nnd nossd aledefpedion; Ui sosgaibersnes
fdunthoderie ondd caderene and e Tt one med il ptenoae,

PHARMACEUTICAL

MECESSITIES 1205

When frenh, the oil hos the Cegeant ador of Bevons. Beaine of
the Bmstabibity of the fecpones preaentd, the oil coadily wnderoes

detorioratinon by oxidntion, aeaguirigg o beebintbioate odar,

Dusieription - Pade yellow 1 doep yollow e greenish volloy Bogoid,
with the eharaeierinlic ador and takle of The ottor part of Tresh lomon
el specific pravily [LIAD) a Db,

sotubility. Soluble in 3 velumon of aleohol; adscible inall propm-
i el edeldeatedd ahoubied, earbion disnbide o o) aeetic sgid,

Unok A fHur in phasnaeeatical propacations mwd in eectain
ciedion nnd Foads,

Methyl Sallcylate
Penraiy awid, @-bydvoxy melhyl osleor; C.||1|»|Tu-rm!‘ill Winlepreen

ORl Hetaln O St Bivsde Ol Poadiorese Ok Avtifisa) Wintergroen
Ol Synthtiv Wi Lorggenen O

K)’

Tt 0N

L0y

Maethy! walicylate (159368 Gl 0OMHICOOTCM, (15218); pro-
dueed synchetiendly or alitained by maceration anel sabsegnent div
fillation with stemn (rom the leaves of Gueltheria provambens
oot O Befeeaesed or Promy Uhe bk of Pedtta e ta Linnd 40
etadaeene).

Naole —It st he Wdded o intlieate whother i was modo syn-
thietiondly or distillod from aithoer of the plants seationed above.

Frepuration. Fowad storadly i govdtheein and Bebala oils and
ity other plant iy e comureeein] produes e iaally syaki -
i, madde by esterifying snlicylie aeid with methyd aleohiol i the
preneney of sulfurie acid and Jistithg,

Boneription - Colrless, vellowisteor vediliah figukd, Baving i obing
weterntic whar nid banle of wintengrees, apecifie gasdty Gt hetle),
L v ) VES, dven gandt e on Dedadn ), U7 G L0 Dadly Dolween
AU b R with some decom posiviog,

solubility. SHghtly seluble in witees solubibe inoaleshul ae gladal
wentie awlel.

Liges A plinmoacen biond necess ity amd eosaberieeitent Cacal an-
nlggesie. As o pharmaceationl necessity, 1 is wsed o Havore the
alficinl Arewnatic Caseara Supraca Fladdexiract, and it b equal in
mvery respeet Lo wintorgreen oil orsweed iveh ol Aw o comsterin
Loty i is npphied Lo the skin in Dhe Tocm ol s niment, aintasent or
vrentn; eare shautd he exervised sinee silicylute s nbsurbed throngh
Lhe skin,

Caretdone Vo abomnolls Blos wintergroen ennedy, it s iopeated
fregpuently by ehildven antd i eoused many fatalition Keep o of
the reavit of ehildren,

Bage - Topdend, in lotions and sofutihoms in 10 1o 26% concentens
ey

Monosodium Glutamate
Cilwtanie eil, ssmadivm salt, monshyeenie

(14247 2] CutaNNaO 110 (157, 1)

Prepavation:~Feom tho fermentation of heet sigar o molpses
or by hydvobesia of vepelalile profaibm.

Deseviption - White, erystalline powder, Phe ppoatahydate of-
Morencen it aiy to Torm Lhe mopohydrate.

sebnbility - Very solulilv in woter; spavingly suluble jn ateohol,

Ghen o Wlavoring agend pod perfiime.

Nutmeg Ol

Marisiien Gil N3t XU i Bnfinn Natiney, (i
Wt Londinn Nivtniey, Of1

Thve vilatile il distiled with steam from the dried keenels of the
vipo sceds of Mywisiiea fragrons Moultboyn (Sm M ysticaeeac),

Conntituonts - 1L eontaing about B0% off o-pdiaene and dean
prhene, 86 ol dipeatene, aboul G o B aleshols d-borget, geram-
oly d-tinadudl and terpinest, A% of nyrizticin, 0.6% of sajeal, 0.3% of
revrdxdiv aetd Free and meentes, L20% oC oo nol and ixoergenad and
trawees of U aleoll Lerppinteald, oeitead il adldehyde and sevoeal
el ol peeonesnt ns erlers,
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1200 CHAFTER GG

Pogerd prinn--Colovlon ar pals srklow Bt having e eharagtoris-
G viclor and Gole of nuimes specifie gravity (Bl indias Q) 0880 1o
CLI0, (Wt Dneizan ) g 1o (0. BE0.

Sela bty Solulde o egsal anounl of aleolul; 1 volume of Kusl
Tndlien £ i 2 valamen ol 908 nlenliol; | valwne of Wit Trschimer CHL ia o
voalumes ol 90% afeohol.

Uson-iteimnrily an o floooring agent. 1L uwe] For thin purpuse
U Aromaltiv Asmonie Spivic (pnge 18833, 'Mheoil also s sployed
et fluser 11 toods, cortaim alcoholic bovorages, dentifrices and
Lohaeen; 10 some oxtant, i nleo ik wead in perfumery. formeariy
i Lned a6 o eaeerinatioe aad foced seimdant (o tho paitroi nbosti-
vl tract i dose of 0,03 mba  Tu oveydoxos, it acts as o nareotic
poikon. Pli oil i ooy difficult to keep aned noen i slightly tere
binthipate fanfit for flavoring purposes,

Oronpe 01l
shwnal, Orasgio (il

Pha valatile oil abained Ly oxprogsion Trom Ui Frosk pool of L
vipe fruit of Citres sinensis (Linné) Osbeek (Fam fictaceae). '
totiil aldelyde content, anlendnted an docanal {Cipldeth, s 1.2 Lo
2.

Note-Dn aal wee off ihad fas a derebitn thine wdor,

Constituonts - Crntinte of d-linenete o the axtent. of nl lest
(1% in Whe pemnaining B to (6% are Ui dtloroum cunklilien s, amang
which, in samphes of Amesican arigin, aee n-deeyliv atdelyde, citeal,
d-linadotd, n-nonyt atoahial and traces of estary of formic, avetic,
ctpeyire and eapriv agidg,

i addition Lo most of these componired, Tinkingeproduesd oil
contiing o derpineal, terpiaotene, arterpinene nml maethyt enthrg-
atfute,

Bopt undor the urnal comlilions i i vory prong Lo deconmpuse,
anel raplelly neuires o Lerehinthine ador,

Duncrinpthon - Infersely vollow utatgen o lvep osange Tiguid, which
pisksesse the duriwrerdslic odor nmd teste of ie autor et of fromh
ssvent ornnee peel: e e groety D440 1o G50

sedubilbiy- M iseible with dehydited aleohol and withs enrbun dishi-
fihes disgolvon i i el Molame of glacinl e i aeid,

Ugos A flavtrionyg agend in elixing el oflue prapneitions,

Qrange Flowar Ol
Mapali (4l

e valtubie oif distilod feom the Prash Howores of Cilews auean:
tium LAnné (o Rielneeae),

Clomstitients- L eimene, ba-pinahe, boamphend, dipentene,
Ldinuladl, peraniof, farnasol, daerpinenl, phalethyl alenhol, e
sl nerolidal, deeylic aldeliyde, fesmonv, metidd anthrenitate, in-
ddole, tevtre waters of the aleolints prosml and tracos of exters of
henzoie, pherylaeetio nnd padmitic acids.

Dhongription - ile yollow, slightly fuecesewnt. Heyid, which bedoin
yodlelist roven on exposase G gt ad aleg distinetive, fragran oo,
ainvilinr Uy Uit of arange Bloweans, and an petnalLie, al Firsk swieet,
winmewhing bitter, tantey sy bueoind taebic or sobid at low empoerstires
wpidilie ruvity Q5G4 (0 0880 nontial 1o Hlmuk paper & wheeahgliv
it bon b prede fluareseeree,

Usion-A flavor and perfione, Sovoenl luws vatuable varietion of
the oil ave known commerdinlly, " hase aro designated an Bigerade
Urom the frech fowers of bitter orange, the ordinnry noreli ail),
Portupat (feom the fronh Howors of wweel. ormga) and Petit-grain
(o tho beavos and young shoots of the bitter orange), The Nnest
varlety i kiown su et ale,

Orange Flower Water---page 1300,

Sweot Oronge Poal Tinclure

Piapatution- -From sweel arsnge peel, which ie the onter vingd ol
Wi nonatificiadly colorad, Tresh, mipe Teait of Cilmes sinensis
(3Aning) Orbeck (Tam Rutateaad, by Process M (pigen 1543, Maee
pele 500 g of the sweet orwge peal (Vote--Bxelude the dmer,
wleite puriden uf the rind) in 900 mb of aleshol, and eomplete the
prepurntion with pleohol to ke the proslueh mequure 1000 M.,
Usar Lok ag Ahe (iltoring wedium,

"J‘!w wh?u: portian of the eind must nok e usesd, aw Lhe proportion
of ."HT wlhiieh i rtn]}' i the yalbow vind, is reduced, avd e Bty
prineiple hesperidin ia inteodoed,

Aleohol Contont. - G2 Lo 7905,

Uk A flapor, unod i syeaps, elicivs and emubsdons, Thin tine
ure was infroduced Lo provide o delivate orange favor direet. from
the Pruit istend of depending upon ornnge il which so Preguentdy is
tereiinthipute and anfit for wse, "Ihe tineture keeps will.

Compound Orange Spirit

Clantning, (v cach G ke, W50 0 b of Ll wais ol ailm.

Qrange Il oo 204 k.
Lomen O oo FRIA
Cordamder il oo “ Hml
Anlwe O 0ol ol

Adveohod, o sutliciont aunntiiy,
Tonmahke ... 1
Mix U oibs with sutficie
ml.,
Adeoltal Contont - G5 to 7%,

- NI @,
b aleohol to msake Uie peouct mssure 19000

UM flavor fue oliziee, Al ateoholie sebution ol thyis Lind
permity the uniforn introduetion of nenll proporllons of oils aad
atbn prontvves arange and lemon aile from rapid oxidation. ‘e
Lo ails showld be Bogght v kmall guantities by the pharmmeis,
sineo the apirit i made most salifnetorily from vils taken Lrom
bultkes nol previously opened,  This will insure that delieaey of
Pnvor which shoukl always be chamelerisliv of whinira

Orange Syrup
Syep of Gromgn el
Containg, ineach 100 ml,, 460 10 680 1y of eitric seid {01040,

Sweat Urepbige Foel Tluetuie e cooec Mmb
Chiple Audd (unhvedrvons) . Dl Tl
Tule ovnn A e G e R R 16K

HUorusy oo e e e
Parified Wator, o mlielunt guantity,
T MM e e e e eneean o HHIE ML
Triturate Whe tale with the tinetare nnd eitede aeied, sl gracdundly adel
A0l ol purifiod wates, “Phen fitier, returning e Feet partivni ol the
filtvate untib it bogoman clanr, and wash the mertar and fiter with
ornbgedy predtingd water (o ke the fllabe woideg A5 ml. Vrinsolve
v guperiome i3y Chin Dleate by agitation, withenat hoabing, o neel wiongh
i fled water Lo make B pradoet mumre 1001 mila M aned strgin,

Note- Fla nat wge wviup that hag o terehinthine wdor o tde wr
ahipiy pther fnddcationg uf doteripend i,
Adeabiol Content 2 Lo %,

Ul A ploamant, neidic vehicle,

Peppermint
Amerlons Mint; Lamb Mint; Brandy Min

Commiats of the dried lonl wnd floworing to of Mentha piperita
Ladtanad {Faom Ladiatae),

Ut Tlhe souree of groon color for Peppetatiat Spivie (g
TOR), The udor of fonl peppertning i1 due 1o the preseide ol aboat
2 of 1 volatile oil, much of whicly is host on deying the leaves in atr,
1 i euluivitod widaly both in the US and Fronco, W Tormerly wis
v a0 snrminntive,

Popperming G- I'he volntile oil igtilled with steam rom B frosh
overground prrts of Lie lowering plint of Aentha piperita inah (o
Labittae), rectifiod by distillation nnd neither ptially ner shelly do.
mantledizod. LU yioldy not Jess han 5% of ektor, eolewdntod as menthyl
aeatate [CadaOu], nod not low s 50% of tota] menthol [ Ie TN
Tree and o calers,  Copetifuents Thiv iond af the mest important. o
1 group of volndlle oils, “Phe chiol connbituent i Menthal Quyge: 1600
which o i the evoretatory Torm; ity estor, menthyl deeiids, i
prosent in o muel smder anont Ouher compounds which are gpregmt.
incluch tho heteme menthone, pipesitons e pinene, |-t phel-
Yanitdrene, cadinuoe, menthyt wevaterate, sosaferic afdedyeie, neelilde:
tryate, mml!.‘](;]lu'"n, cingnf, an oblontified fectone [43 b st o] ol
profmbly amyl acetule, Cotorless or pnle velow Heguied, huvingg oulvong,
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pewik ity oeder of preppormist pod g pongent Gede, Tallowaed by a
cpnpantiony i ecled whens oo deodewwssn B Eha ssonth; u Lty
Vo AN 4 voluni diselves T velanes ol Yk ndeolne), lsewe A
Fhuiaring g, cermpanfioe, arlivepdie aand foced et hiepre, W alwsin
] s Ll oot S i oy, elewing pon, ol

Poppevidnt Spirit---page 780,
Piepparmint Water. ..page 1300

Phanylothyl Alcohod

Bariaetaen sl & F T invled b

Phesiierthyl deaslad Jo0- Bd03 CLFGE Q021 TE ortlern il neider
of tyonitin] iy suseb e Uhase of rose, neeoli, hyactneh, enroakion and
ol

i with o evsesDike odor sod o sl
I el ity 1AY 1o 1aRAD,

1l ol alealyol, elildorofimm or
| wligluly

weripibon  Culorbeas 1
L e salidhilies s -

Selwhblite 1 g0 b s ol ol waler;
etheny vory sodudde sn Bikee ol glysorin o propyione ghya
sl i museenl ent,

Vlans Tneroducel Tor v o an antilaeterial agentia ophithahnie
solutions, bl il s al Sinlend of foe peermens.

1t iw mseed i Mopsns, o senepr pevfime and i U pevgaration el
avvithotie oils o rone aned simsilor Mower oils. 10 s adse a valunble
el Fixative,

Pine Negdle Qi
Ul Pine Ui

The volatile of] distilbod with stonn Dot (e fresh lend of Minos
gt Faeva it ety pemilio (Huenke) Zevned Q%o Piaa-
ann b dnim i e 1, by webhi of enters caleuloted as Ol Lo
{00 YD netel alid,

Contatuents: 10 eontadim Lo o fa-pinesie, d-pinena, [
phellandreae Lifmonene, dipenteae, and possibly syfoestrene, e
el oy Bowrayd seetale wmd several onidestified teepene and oo
torpene aleahols,

Trepeription - Colodims Lo vellowisl gaid, oving o (eaent, e
Daetties Oelesi anned o RS Loee, panangeaes Danshen Apieti9e perina 0 IS Lo L8 il
Y,

Hedub bty | aissolves st fo 00 sdoesae ot 0% seleabaol, often with

I gty

Ulsase - Chiofly s o gaeefusie ol faoerimt agent, T sl inoem
Ployed wa o indudaat in bronehitis,

Ansphotry Sysup--yage 13037,

fioge DI}
Otr o Ko Attar of Heose

lie vodidi b i eliet st witlesdema Fran Che Proads Nowers of s
doflicu | dnmdy, Ros detnaaecan Milley, Roxn wlba Binné, Rosa condis
fukion Biwnds anek varisties of 1Bose spetios (Fan fosoeeae),

Constitueniy---Fronn the qusnditasive siandpeing the chied oo
pnentay are e aleolnls gevcoiol JCulbat™ and Leitroneitol
Y. e sugpuiteraone steolols feriesol anil reved aceus to
ther exbend of 1% and 5 to 10%, cespectively, Topgether, the four
aleolols constitate 7 et ol the ail. Ploypdetios el which
‘;|i||'1|;|ri1u,‘rj 1 ot oil, G an Boportant odoriferaur eonstibaent,
(e eompoonts prosent s intedd, vageool, nonyd aldelydn,
Lrntges of e fred qued D solid Sy roraeTnsie ol B parad T serions,

Dhescripthon A coloebon r yellow Siguid, which i e ehazaeterine
tie odor gl e e ol fone; o Lo Vises sy o geadal conling it
hipigzan Lo st ensloewnt, vestndbine o, whis T Dbl cnindly
Iy sapragndnges srciin peayity L3 do 860l 0% cumpued sl boswales al
1A ] ke mines witho bl of elilovedorm withabt woebidilg on e
ardeditiom of 20 mbsof S5 akeobol G this aobabios, e resuring liguid is
wonteab o peid o medetansed e poger anel dignogita s wrvataliine
veiehvie withan o o stnnding al 26",

Ui A rineign by o e, 10an recagniaed of fiiably tor b
s an nt inggrecliont in Boge Water fritaent and dosiintien,

PHABMACELTICAL NECEGSITIES  T20F

Strongar Rese Waldy
Triple Bewe Wador

Anaturatad solulion of the adarifurons prieiples of thie Sowors of
Rova ventifialia Linnd (Famy Boxecene), propared by distilling the
Tpoals Meavors with wedo andd sepirabing e oxeee voladile ol fromn
e clear, winter portion of Uhe thisillou,

Nate-When dilated with on equal volume of puritied wotor, i
mny b mapypelicad when Ruae Woter in reguiraed,

Beneription - Naarly volorleas andd elware Bagtoind swhiichy potwesgon {1
{resmang odar gand tmdar ol Vreenle vese Tabumscainsg ovusk e Prow from empyr
i, st inens el Fanpa grow e,

Ve An inpealiont in Bese Wotop Qinfiment. 1L somslimo is
propnrat] oxtenperanastdy fom coneentrgtes of Dom twe oil, Hut
ey witer 18 ol ofticial and rrely compaees fuvorably with the
Trealy dintiifute 'vom rase petals,

Sacchaotls

L Vonsnnt Blaal 8120 v, 1.0 cioxdde; G ot aePonsositinddy
Sakin (eeevarehy Wellesne ) Swoula (8l

0
e
i, S T
L
Ay il
1oat-Bongisothiozoalin sone ] lioxide [8§07.2%
(1 18). :
Prapuration - ‘Paluene i reacted wilh chlovosudbimic aeid to
Pornn s todogoesalionyl ehlovide, selitel in convariod o e sidfor-
amiale with somonia, The eyl grosp hen iy oxidized with
dichramate yisdding o-salfamoyflaenzoie seil which, when lstel,
Fortunis Lhe cyelic e

(b Nt

mforhes
N av

Doseription Wlkite ervutnis or o whito chyntnliine powdes,
b it aronsalic oders Dy ditoge seintion i is intel
ol fons e getel o D i lin e sy BIG 1o KM

Kutulitity i B0 mb ab water, A mdood alcdlel or 35l o
Lioiinge waiten slight [y nolutile in ehlveotorm ve oty selily disnolved by
b lote nolist o of dxnpsaadn, wibutiose ol alledi hvdvosodon er solutiogs of
kel eartusnten with (he evodutiom of £,

Uhmeo & swesteniag ogont ine Aranttee Caseara Sugrecn Plyeid.
myteaed ool highly nkeobolio preparalions. s an inlaiuely iwoet
salislioen, AU g poddion s eguivalent o swesleing powey to
apprexbmatedy 10 g of suerone, 100 e an onosieefendng apend in
vl ennood fonds, hoverages ool in diels fur dialolics (o ore
plaee the wwerone,  The relnlive sweelening power ul snecharin ik
e T elild don,

Saccharin Calclum

Fad e Bonziuet hiweed U2 -one, 3 Eodiogide, endetinm nalt, hydrawe G175
Chnlivma - Mol {iynide

e o ! CERR AT
o)

1o Beaginthiasoting f-one i dioxide caleivm sall hydrno G4V
[GTRE01A] OO0 NaOusud W L0 GIGTAR) aadiydrous |IEHSb
HIRECTRES

Prepuealion-Sncelurin b ronctod with g senimealoy quint ity of
el hyd e icde in aguenun i o and the reanlting solation s
coneentralad Lo eryatallinatio,

Description  White eryatals or oowhite, eryntadlione powebee uch b
o b 2 D e e oclony ol o bedenesdy miweel THELE e i dilvie
v inns; by dilte sofsiienn 38 aToond SO 1imes im swert s we o,

solubibity 8 in 0 ml, of seator or 4.5 sl of wlonbal

Ungts andd Dawe - See Sacchorin,

Saccharin Sodlum

bt Bemadnotbimeol ST g, £ Fdfaxide, sodiane silt, dilipdoie;
Saludde Swecediecin, Sububle U heside; Sodlenu-Hewsoso fimide

FRESENIUS EXHIBIT 1013
Page 231 of 408




1200 CHAPTER GG

I'l,,\N 6“

@
el
1,2-Bonsisathinadiedeone 1,1 -dioxide socdium sall dibydento
[GLESGT-3] CM g NNaOLS 20 C41.09) onhiydrows 1284410
{06, 10),
Trepurntion-—Suecharin s dissolvod inan sgquimelie qundtity of

aqueons sacdium hydroride wd the sotulion iy concentratod 16 ceyn-
{nllization,

11,0

Possription.  White cryainle or o while eeyntalline powder; odorleas
ar bawn o fnhg. aromaele edar and an intensoly sweet tante even b dilate
soldivrse i dibote salotioy 0 b abont 300 times g sweoel gy pacrone
when I powdered Fama 1L unuadly containg bl % the theoreticol
amount, of waler ol hydration dun ta efflorene

Qotubility. 1 gin LS ) of water or S0 mil et alechal,

Unon—Samu an Seeefertn but be the advnnlate of haeing o
soluble in reutee] agueots solutions,

Appionthon-—15 (0 60 mg e necorsary.

Donger Porme ~Pablets: 15, 30 and 60 my

(4

Sarsoparilla Syrup, Compound...3PE-13, page 445,
Shorry Wine ---page PS-15, page 1240,

Sarbiol

Mioniing Serbit 1Sorhitel; 1 Clacilol Sueb (At )
nomh pin
e

n(i---v;l;-—(:—(:—l.

[ U
Mmooy dRHOH N

-1

1

meCilueitol [BO-70-4] CallyyOu (1R2ATH 0 may contain smadl
amosta of pbher polyhydrele abeahols.

FProparation. - Conmnereintly by reduction (hydrogenntion) of
certuin augars, such as gluaose,

Description-—White, hygrmscapic powdor, gransdes or Snkes, having
st bamtey L sund Torm imuelis aloul 1069,

Boluhility-2 g in nbout BB m)s of water; stight]y salubla in aleohol,
metiunal er neetie acid,

Usose-An osmotde diiored fogiven inbeavesously o 50% (adv) mly -
Lion 4o dimintah edon, lowey coralivonpival prossare or eedues
{otrgoeular prossuri in glougomn, Toaleo b wied ax o lnxcative,
wweelenor, Iuneetant, ploaticicer nid, in 709 (/) selution, ns o
vihicle,

Vhome-50 1o 100 b of o B0% solution; fuxatiod, oref, 30 to 5 g

Herbitol Selutfon i a watersolutio containing, in each 100 g, 6971 1
o Lot ad moliehs comsdat ing essentially of tenaebital nnd 4 il smount of
mannitol and ather el polybiydric aleehols The eoptent of -
serhital [CgHg(OH ) i anch 100 5 o nol lesw v 64 g Bleseription:
Claar, colinlom, nyruny Bauid, having asweed Lste nnd ne ehoracteriatic
exbon neubend Lo bibmisg spoelie gewdey nol less 1nn L2HR rofraetive
Pndes nl 2O 1A 1 LABS, Flees, 14 s nod e b dojected. L hag haom
e ak o veplresnoent for propylens glyool md glyeering

Spearmint
Spewrming Leaven; Spoarmint Herly Mint

Tho drivd lenf and flowering lop of Mettha spicata Linng
(Metther ofrigis Linnéy (Common Sponrmint) or of Mentha cerdia:
e Gerard ex Bukor {Seoteh Spearmint) (Pom Labiatue).

Prosl spesrm ing s used i propaving ming snuso and sl the well -
nows mint flep. The volatile oil is the only conmtapnlof impor-
tanee in Lhis plonaly tha viold is Crom Y Lo 19,

Unan—--A flevoring gont.

Spearmint O in the velatile oil distilod with gleam from the {resh
over o purts of W sring planl of Megthe epicata orof Menthe
eerghiaree eontinm e Tess ban 55%, Dy valumn, ol Ol 1) Geukvong
1H0.008  'Phe ebiot odorilerous coustitient i the ketune earwbe,
Ansorienn efb o contning dilpydraenreeal ovetule !(_fl'l;;f}f}[}(_‘.|nH|'_r|. f-
fimanens |t al, o vall amount of pletlepden (G g and g
of exfern of vaberie wowd eeprofe apids. Colorless, yeliow o groonid
valow liguwid, Taving l.'ﬁllll‘l’l(:hll‘iﬂlil! oo sl R of Brenrning
apecitic pravity 080T Lo 0835 solulile in ) valwine sl 80% pleolol, it
wpiy Furthge dibution mny beoome bobid. Osees Primaily as o v
Pt ogeet. Lol bap Deeny osod o epeendiatioe in doses of G miba

Buarose

adnClweopyranaride, G dvuetaianosyl-, Bugoe Cum S Teet
gy

Huerosy |{}T-IKi-l] CratumOy (B49.890)1 u supar obinined from Mire-
chirunt offietnarum Linnd (Fm Gramineae), Beta vulporis Linns
(Faw Chenopodiveeae), and other sourees. B contatng no acddod
sulwtanees,

For the stractural formubi, noe pogoe S8,

Prownration - Commaraintly from e sagae eane, Doel root and
sorghum. Originnlly, sugir cand was the only soureo, but ug present
the ront of Deda adgaris s aand Tnegely in Sarope, wnd domm foerons-
ingg dogres Iy Lhis country, Loy making susiong,

Ty sangearr eane ineeandied med Vhe Juoice amouiting Lo alboul BT is
oxpressod with roller mills, The juice after "delecntion® with lime
and romoval of excess of Ko by eorhonie acid gas, s ran e
wieuum pans for coneantration and e sacehnrine jni:ru is ovapovat.
ol i Oyis undid i beggie to erystallive,  After the erystallinotlon s
comptete, the warm mixture of crystadn sl syrap s ran inlo cen e
Pagger, in which the erystals of taw augnr are dealngd and dyled, The
wyrrwgy ronalting o o by=product frem raw sugar is known as maofis-
wew, Raw beot sugor is mado by o shindlar process, bul s mop
{remablantnue to purily than that made lvom suger cane.

The refinod nugnr from either rw eane or et slgar is propared
By dissolving the rawwagar in waler, claritying, (ering md, Ganklly,
docolorizing the solution by passing it theogh bone-black Gher,
Phe wator-white solution finally is evaporated under radueed pres.
surg Lo the crynlnlliziog poimtand then foreed to erystntiae i smnal
Hranues which are cotlectod nel drainod in oo contrifugo,

Dageription.  Colorlons or white ecystals, crystnlling mmwon or
Dloncks, o o white, erystel line powder: odecleed sweel taste; stalilo in ain
aolutions soulenl Lo liomus: medts wilh doesampositien rom TG0 to 1859;
specilic pravity of abuont 1 apecitic watntion nl 2% aal Jens than
Ja, s ndibe Che ather of ficiadsugns (oxtrom, fenctoss sod Laetise), i
Aloses ot reduey Pahling's soludion even fn et aodutiome e difters o
Chose sugzeres in that it s darkened sl chaceed by sulfuric acid in the
colels Termemupdde and, in dilute pgueoun sululions, it Terments o
plevhol and oventunllv seethe agidl.

Hucrone is hycdvolyrod by dilute mineval acidy, slowly in the eobid, and
aypiehy on Boating nta me molecobe anch of destross o Tevalow, T
praceas i koown tochnieally on* invorsbon ™ and the praduet bs referred to
A e pugae™ e Lerm invgesion fofng derived froin e ehasgo,
il the iy rolysiv, ity Uhe opticol votution from doglro of the yucrme
Lo Fvs of tho Tiyelrolyzol product, 1he angyie inusrtuse also hydro.
Iysey puerose,

Salability-—1 g in 0.5 ml of wtor, 170 mL of alcohal or in slightly
e G 0.2 wl of e layg wastery indoluble in ehloroforin or other.

Linos - Principally ss o pharmacewtieal pecessity for waking syr-
upw ol Jozempren, 1 gives vineority und conristency Gy nids.

Intravenons administration of hyportonie sofulions has been pim-
ployocd chiefty w initinbe esmalie ditaedia. Such i procetdare is val
comiplotoly snfe and renal tubular damage may rosull, particularly
[ prndionts with existing renal pathology,  Safer nd imore ol Toetive:
elitiration are nvailable.

Comprassiblo Supar

Suwerose thnt may contain spma stareh, mallo-doxbrin o vt
aiggary containg 900 Lo SHO% of dueress

Droserhption - Whita, cryntnlling, adarloss powder; swael tesle; ntible
Tt it
Kobubiliey - The werone povtlon 1s very saluble iy waler.

Ul - A pharmacewtie ald oo tabtecing exeipiond snd sweeten-
tng agent. o alue Sueeros,

Conloctloner's Bupar

Sucrase ground together with corn stareh to o fine powdor; can
Lains 95,0 16 97.0% of duerosn.

Dowceiption. - Fine, whlte, adorless powvder; swoot Lo stuhle in by
wpcifie rotation nok less Lhn - G269

ol b LY 1 sirstoge poriien inonolalile i cold wiors thin i ontiva
Ty notuble I Boiling witer.

Ulso A ;_)Jmnmrffu’ruh'ﬂ atd oo dutdeting cvelpieal and sueetea-
ing agend, Sew nlao Sucroga,
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Syrup e page 1302,

Talu Balsam
Tl

A hadgam obtained from Myresydor dalsannon (Liméd Marws
o Logilemiqosdi ).

Conntilaestn- 8 p G BO% rosing nboat 79 voladile afd, 12 1o 15%,
Pree clarrn e nerdd, 3 Lo 8% benaode acid g % cantfling. e
walnbile ol in evanposed ehiedly of feezyd begzoate and benayf ciona.
inate, il benzoade, ethyl efmmtrrate, nowrpene collod todene
{poasilly identbenl with phelinmdreney and thye pguaiterpone aleo:
Dol Jaarnneesead wlio hiovae T reportad to e proset,

DraswerIptdon Brown or yedlowish b, phastic walid; temmpneent in
Ui Tnyerse sapel bt e whien old, deted o exppoaed 10 eald leanperngores;
et aronutie wdor cenambling that of vanillo and o mill, avonudie
Tielan

Sululidbiby  Deatly incalibile inownlovor baosolwind Jesned woduble in
aleshol, eidoretirun or ether, sonminns witlaiight vesidiie o larbidity,

Uil oA pedriele, flitsoeing apent sud stininling expeetorant s
woavrap, LG pleo an ingrodiont of Congproiend Beeain Tinctiere
(g TGO

Tobi Waloam Syrap [Svep of Calwy Poly Syeap| Peepacation:
AT dala Balsivn tioerues Gt all alooneed Lo ovgesive earlinnale
Crg) aned sugrone L0 o o morter, nnd ds ntimntaly, Gridunlly adid
purified water (0 m LY with feituentionr, seed Gitee Digaoive Lo o
ronivscder of noeme CHI0 ) i he elear fltrmte with ponede hentiig, o radn
whenyrup while warse soed alid poeifieed waten () thvough Dhaontraines by
ey Gl el pasmanre 0wl DX thoroughiy, Niefeo Moy e
il i 11 e Toblowi gy suanmers Diage e regandndig soceonn (16 o)
Bna niblable percodntor, the noek of wiiel nearty i Glkal witl locoanty
Pl catton, wointanved after pueiing with a few draps of water, Poar
Uhes Filtvnte, eobibadnesd os diveatuc i Use fovanisdn sbasve, ogen M g tse,
mand reggatate e onttlow toon steasdy deig ol porcalitn, Whop all of the
Vit ] T i Dieotigdy, cetann portona of the pevesdnte, §5 nusomniy, o
chissobvw albod fhe otz Thet poss esough purified water throupgh the
cottun 4o the produet measure [, Mix thorosghly,  Afes:
foiof Cowrtitnts Sl B Dlaess Chiofly Doe it sgenondsle flaoer ipooigh
wyeups, Ploses [l

Tolwe Batsion Plnetaen Tohe Tiaetsn] - Preparacion:  With taly
Lnlwain GO0 g hy peopawe o tieetare by Procesy M Opage 1 wing
pleahul e Ui sensteouns, Adeedod Coprent: 0% 10 W% g, A
Tinlwnnies progusend ion g boyed asoaon addition G espeetorant s,
b e i Chae peepaentdon of Ui Bedeao Sy Duser % mia.

Yanllln
Wanithn Boin

P euceel, Tullogrosen, woripe Groil of Vanilln plaadfotie Andrews,
often onown D cammeres e Moxiens or Bouebon Vanilla, or of Va.
nithe faltiteneds 8 W Manre, loaowit in commpren mc Tohiti Vaailln
(nn Circhudaeene); yields pot lons th 2% of anhydrons extrag-
tive scdudabe in diludad alealol),

Constibaonti- Containg o Leaee ol o volatile odl, lxed oil, 4%
rowin, wigand, r e e aned aluaat 20 e i Gaoe bulenw), "1'in
fiighent, genede of vasdlla comues from Modaganear; considernble gunn
tatbon of Uhe drngg also are produced in Moxies,

Llistspo A [invor,

Natero Do st pse i {6 has deconwe britile,

Mondifn Tinciore (Bsteet of Manilisd o Pregeoarfons Add waogy
tiom b eamminlad cuniila teat into emadt ploces, HR) n) inoa
il cviradd comtainar, sl aaceraio dadag 12 Ry preteealily inoo
wirm phieo, Add aleohol (200 b o B migtuee of vt oo water,
iz well anved vaeesty abond 3 davs T rmndon the mistuare (o pereoln:
tor containiong suenome (in copeae {:rrimliva, 200 i3, amed cheniog Uhen o
the dewsy Sierly, ind pereotalo showly, nuinge diluiod uleahol g i the
aenal euoen, 00 e pereolotar g opseliod itk anowvenly distribuged
misture of e combted vadla, sogrosn anil elesn, dey s, the
nerensor suel e amea poem s mote ed TEienl prreelation, This tindue
S pnumsind §00 Ui i Wb onaly e Tieiad o b whicl sierose innpoei ed i
W berliont. Meoteod Oondent: S A, U A Sucoriug agent.
Mo flgnors, nge PR,

Vanlliin

Panzaldehyila, 4-hydrosy b ot haxy-,
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"tk

A TEyebrosy -5 mothoxy e debyde [ E208-0] Cal 1 01 IR

PPrppacatio T, which contuiog 2 (e, Hoalse
Fesvuneed da mvenny ol e aubatanees, dneiudiog Lirmgie of gorti s,
crnde Bont sy, faparapus and cvokh menfolidn, Conunercinlly, it 3s
smade avnthetioy, While chemtenlly jdentionl with U produet
otgined Frem the “vanilin bean," “Mlavoaring propavations" mede
romn (4 e squnl in (i Uhe praparatio in whichovsanilloalone i
vl bievanaie sl constaning ot cdorous products, 10ixaythe.
iz by owidntion provesses from either coniforin o etennh by
trosting ganiacol with chloroforn in te peaenee of anlioli, and by
other method,

Deerkption - Fune, white Dooalightly weliow eryntiils, saedly neod e
1k bavingt oo and Lande supggentive of vanibing affietesd by Light;
st pomes gt aided to Heve anebtn from HE 1o 859,

soatubibas g Doaboud 1Ol ol water, mhond 20 sl ob plyoerin or
s of water dt 30% freely seduble in sleubol, chlorofore, ether o
sl ol Bhe (e alleali Divelrosidus,

Tweompd ibalEien - Combdnes with piveerin, furmiyg o vompond
which in st ipneduble o aleelol. s decomposed by edfatios o
wxbliad wlewly sy e air.

Ulgan - Only mta flavar, Solations of i somotimes nre sold o a
wenthatlesabnli i foevinil for lavoring oodu bl i i indavor in
flavor to U veal vanila extract.

Watar--.page 1300,
Waster, Purliflon.--poge 1301,
Wild Cherry Byrup-»page 1302,

Other Flavoring Mfentn

Aorbaee MIIX [Apir Seals Burpean Asiseed; St Coming o The
dfeted vigne Peuit ol Pinepinetle asrisas LWhids 18 contuminnghient 1700% of
varlatile wil, A lavor ned ennmdnitive,

Cenelon Clismmmus - Uhe dried e bovk of e sl ol coppived
Vesom vl Eareet g texlanferim Noavs (R Latrporae); contabes
ey LOU g, vtod Tt 08 L volutile il Clsess A eapminutioe and
fe,

Chove - Dhee deimd Dower: il of Kegenin caryophiylfis (Sprenged)
Pudloek on ey P 8yrlaeoaed W enilaing engh 0D g, e
leses i 03 ed ol oo il Eomews Ausariasinntie b disos od 1,20 gl
et in dooedu,

Cordnder. . The delud tipe it ol Corigndran sodimen i (Ram
Uimbetliforar): viohds not Gess Wi 08 mT, voligibe cosiaoler mt o .
Diyes: Seeledem o alone, Dot semelimes i comhised swith ot ler age s,
lvbele e feor, 1l in oned s condiment amd aver in vonldn.

Faealyptol {Canenl; Cajupataly Gl Bld (54,2500 (laiied T
ovcnlyptati it aned lrams oCber weces. Codarbes liguld, baviog a eludae
Loristie, nvonsatie, distinetly enmpdornerous odor and o puogest, eouling,
apriey e, 1 valyme dovolalile in & volumes ol G0 adeobal; sriseible
with alenhinl, chbsraburm, othe glaciab acutie seid or tigsd oe volalto nils;
Dasedable i waler, Liess Prdmaeily ve o fovaing egent Loeally i is
ampoyed Tor its andisepiic ull B i Tt iode of e nose aid
erond ol ineset bl cifseomer, Tzt v g By inhadatian in
Liepsiehuitin,

Finaid [Fronnal Soed) /1 hne drbmd vipe frodt of esltivig
Fovriewhm vifrave Mitler (Fon lsdellifevae): eontal
oxsgenatod volitihe oil padd W% of w dixed il Phes;
el i,

Ginger NI agiliee] - Phe diied shizone of Zingaes affivinede Hon
won {From @ingiberneeaed, nown b stiaiaves on Fmsien G, Ay
ey Cingr aned Cochin Giuger. s e cartienl layers often ave
Fenuated edihor parkially or compietely, Cammditaenta: A pagang aule
aitathen, gl verlatabe o) Gl aicn Ciiaggery odid, 1%, Adeivan {impor,
o %0, eomiainiad thi decpenes d-eampthene g v pdrellendenir vl
U wemeguit evpunn afngberene; oftead efgend il howsgod, Uses: A flae
wrig gt 10 Torierly was ewplogiad T dose of 8000 g s i
intentinml atimalnot wid covdnptive inoeoliv and Tn disericn,

=

1 wibodiis ul
§ L 3% ol By
A flooor and

Ciingror Olooremin - Yiokds 19 g0 % mde ol solulile ginger 1100 (5 of
H filhe

oleorasin,  Prepurading: Wit tho laoresin from ghper, in owdes-
ptely eonme powder, by parcalation, wming either acotone, olealinl o
el lier ns (e debmt i,

Gilyeyeehien Etrael {Lavarien oot Fetract e Ao kel
propased] Dm Al rhisomie anel rools o species o sl d e Tl e
Yurt ex Linnd (Fan Leguminosae). Desepyption: Beowa puasder o in
futbenied, e lianelvicnl tulls ov i mmsses; U polla o masios e adossy
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blneek colloar oxiarnally, vl a birittle, shorp, wiooot b, conchaldnl Cracturs;
(hie extraet i o choepeteristie myd sweet tste which is nat more 1o
vary whightly awrids Dlyesy A [luvarng egent,

Favondur [Lovandula) - he Dowera of Lanatidite spiva (huvandila
afffeinalis or fameadicdy ocoray contodimg i ovelalide ol with the pringipnl
corutiluont linalyl weelnto,  Hses: A perfieni,

Lamoen Peel USP XV, B2 (Preah Lomon Peol] - The outer yollow
phand of the frowh vipe feaitof (500 Gmen (Ln6) Baomann filius o
v lacaact; contiiis o volatile il and bosperidin,  Geen A flugor.

Lo ‘Tincturo G8P XVIIE [Lemon Pool ‘Tinclure] o« Proparation:
Frum lomon pesl, which is 1w ontor vellow rind of the Teesh, ripe fruid of
Giteus tmon (Linné) Burmany Glius (Fam Rutacewe), by Process M
{pange 1543), 500 g of the poal buitg visesrated iy 900 ml, aleohol aid the
prepuention being completed with aleohol to mako the produet neasuro
1000 mb.,  Une tnde aw the Cltoring medium,  "Phe white portion of {he
yind wvest not be used, a4 the proportion of oll, which ik found only in the
vollowe vind, in eotueed and the bitter prineiple, henperidin, introduced,
Aleolid Contond; 6200 7%%, Lrent A luvoy, ity fineness of Mavor bhobng
a0 e 1L eomes Trony the freah Trait, wiad being an adeohwolic solution it
i ymore minbilo an the uil

Myreian Ol [Ray Qi Ol of Bugl- The velavile oil distibled from lewvos
of Pimeatn racemose (Miller) W Moore (Fam Myetaceaed; amtains
(i phiennlie enmpownds ougonol nd chovieol,  Leese T the prepiam-
lion of hay vam in s perfuime,

Ovange Oil, Bitter - The velatile oil obisined by expression from the
frooh peel of Uhe Truil off Citras aurantium Lionb (Fam Nuloaeecoe); con-
witnn primarily - imonong,  Pale yellow Haukd with s charaetoringie;
aremabic adwr of the Seville oraope 1000 ban o Coreddythingte oter, {1
shonlt not e dinponsad; vefrctive indox 1LAT206 w LAYEE w207 W
diffors litide from Opange O (page 1290) except for the hotanical sniree.
Miscible with anhydrowm aleohol and with about 4 wolinoes sleall),
(e A flavor,

Crunge Poul, Blawer (Bitder Oranges Curnono Orange Mooty Bigarade
Ormvgro The desesd v of the wavipe hol Tully grown st ol Citeas
aernatiione Linné (Fom Bufeceac). Copastitiesnts: Phe inner part o
Wb peed Croan Che bitter orange containg nvelatile off and the glyeasido
Rewperidie o) Phis, apon hwdvolysin in tie prowenee of
Vb0, yields esperetin (Ol a0, eharpone (Cgl ), mud 1-glwe
eoke (CablyOa). Usews A flaverong apent. B i Doen aredt as o bitues.

Orange Pool, Swoot USP XV The freah, ouler rind of the aon-
arnifiolally colared, ripe feuit of Cifres sensts (Linnd) Osbeck (Fam
Rittavone); 1he white, inner purtian of the riod i 1o e excladed. Con-
tiw o valadilo oth Tt oo Desperiding sinee the jdyvenside omeues b tha
white portion of Uw rind,  Uses: A flavor.

Orels [Orrin Root; sy Plorentive Oveis] - Tho perled and dried rhi-
wome of Dy germantea Linab, incloding da variety forentine Dyhens

rrs flarenting Linnt), or of Jris pallida Loawmareh (Fam {ridacear):
containg whout 0.3 100,25 of svulut e oll (oreis Dutter), svvistie neld nnd
Uhe Rotone frone; frong prowides e Tragrant ador of o Loy A
perfiume,

Pimenta O [Pimento Oil; Allnpice O] - Phe voltile off dinitlod
Tronn the Dt of Plmenta offivinalis Lindloy (Fam Myrlaceae).  Uses:
A carminatioe and gtimidant md aluo na n eondimeat in foods.

Rosemury OiH--'The volatite ofl digtMNad whh steam from the (o
flowering Lops of Kosmarines officinalis Linag (Cnin Loblutee): yiehls
net lesk thun 1546 of eatorn calendated an bornyl acetate (a0, nad
wined Towa Ui B% of Wtal Borneal (Gl ), frve s imosters.  Crnet fa.
erta: "Phe nmount of eslers, coleulated as hornyt nectate, and of 10t
Durneol, respeetively, vorion soewhnt with its geogeaphic sowrees, -
cal in prowent w ke oxtont of alioot T9.206%. dopending on the soume.
The terpenes o and Fo-pinre, dipendene ond eamphoene, and e
ketone comphor alwo oectir in thin oil,  Deseriptien:  Coltlos or il
yellow loguirl, having Lthe chametoristic odor of rsemary, and o warm,
cwmphoneooan danke) specific gravity 0804 1o DM Sofublo in T vl
e of 90 wdcobial, By voluma, bt apos Tarthey dilundon moy beeome
turbid, {fsear A flavor and perfume, ehielly, in J'|i|=i'l'|n:i|'=ntllinhm_»nls.
ssels as Compiran and Soap Linimeat.

Snupnfraw-1he dried bark of Lhe root of Sasaefras albicdum (Nt
Neow (Fam Gagraceqed, Oieae Peincipally because of ite high content
ol vty ofl which server to dinguing the tiale ol dispgrsenbla wly.
staneen,  An inlusion (soxsafras o) formerly was wsed oximisively ax
homi romedy, particularly in Uhe soutlern states,

sananlens O TPhe volatile oil distilled with stenm From Sossnfeos,
dlaeat A facr by confoetinmen, particulieky i baed enndies, 161 e
e it o nalral is waod oo presoreative inonueilage oo ey pste,
Treringg Fap supreriar Lo methylsalicyloge far Uvin purpose. Since tha oll i
artliseplic, it somwthine s eoployed in conjunction with olher agents for
feend nppplication i disenpes of O sose aidd acoaty salrol alsa is aeod in
hin way,

Wild Chorey [Wild el Clierry Bark - The cavefully drled sion
bark of Prumes serofing Bheluat (Fam Kusaceaed, feee of borke and
prafernbily having beon collectud in natomn, Consiitaenis: A gluconide
of dunandelonireite (Calt, CHOMCN) known e praoesin {page 385),
Ui covmyibe emuedsing twnnin, o bithor prineiple, atarch, rewin, ete, 1 the
P and e Bagdish Hernture this doag bon been lormed " Yivginian
Prune”™- . litera) ol ineorroct transdntion of the older hotanicad dame,
Prunug oirgintuna. Unes; A flavoring agent, sspecially in cough propo.
rativon, 10 B onn byggredienl in Witd Cherry Syrup As with hitter
nimond, contaet with woler, 0 U presenee of emuludn, roiuits in
ppeoducUon of botsaldebyde wl HUN. AL proparations of wild ¢lwry
shondd be made withoit bt in ordor Lo meoid destruetin of the anzyme
wihtich [s responsible for the production of the {eee active principlo,

Difuting Agents

Induting agents (vehiclus or earriers) are indifferont sub-
wancod which are used ag solvents for aetive modicinely,
Thoy ave of primary inportanet for dituting snd flavoring
drugw which are istended for ornl ndministention, but a few
such agonts aro designed apeaifically for diluting parenteral
injections, The latter group is cousidered separately,

The export selection of diduting agents hns beon an impor
tunt. lactor in pepularizing the “specialties™ of manufnetur-
ing pharmacists,  Since o large seluction of diluting agents is
available in nehaice of eolors and MNavor, Uhe praseriber s
an opportunity vo mnke hig own prescriplions more aceapl-
able to (he patient.  'T'he hest diluting agent is usually the
best solven( for the drag, Water-soluble substances, for
examiple, should bo (lavored and diluted with an agueous
agent and aleshol-golubla dyugs with an aleohalic vehiele,
Thus, the diluting ngenls presented hovein are divided into
three groups on the busis of their physical propertios: ngue-
ous, hydronleaholie and aleohin) i,

Aqgueeous Diluting Agents

Aqueous diluting agents inelude aromatle waters, syrupy
and mucilages.  Arvomstic walers are used ng diluting agents
for water-solubide substanges and xalts, but cannol mash the
st of very disagrecable drugs. Somo of the more common
flavered nguoaus agents and the ofTicial forns of water are
listed below.

Orango Fliower Water
Birongor Crange Plover Wator Friplo Oronge Flowe: Water

A saturaled solutdon of the adoriferous principtes ol the Mowers of
Citruy ourantivm Linnb (Yam. Ruiavceae), prepiresd by disiilling
the fresh Mowern with water and separating the exems volatile ail
I'vesn Ll elear, water porkion of e distillme,

Pueneription—Should b nvurly colorless, cdear or only fainty apades
contli U odor should be that of Chir orange Blossams; it must be Teee from
ey resin, ulines wonl fongoid growths,

UsenA vehiele flovor and pecfuma in syrapn, elixis and solue
Livns.

Pappormint Water
A clawr, mburated solution of peppormint oil iy purified water,
prapaved by ane of the progesses deseribed undor Aromativ Waters
{ypoge 1H22),
Usok A carminative and [lavored vodticle.
Dose. 15 ml.

Tolu Balsam Syrup--page 1200,

Waltar

Wator [7738- 14-6] Hg(r (15.04),
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Davinking wister, whieh inmabject, ta FPA vegilations with rospect
L drinking wator, and whiclis deliverse] Ly the mnieipal or other
Toanl gaulabie wy i et ae dewny Brom i privado wall gr posoivioir, it b
startingt mntovinl Foe nld forms of wisbar covered by Tharmucopeinl
i,

Dvinking woler muy be vaed in the preparetion of USE drag
submsbanees (e, i (e exbenetion of eertain vegetslile e ud v
Phar manulacture of u fow propasations ded extomadly) bat net iy
Ihe e Paticn of tosmze forin, o in the prepreativn of reageats or
okt salutdons, I oo Tomges e salfect of o sepozds monogeaph
{in thie WS, inmaach ou Lhe eiled slodards vary rom one cots
ity bo another ad gonemlly are beyoand Lhe eontral ol privaie
PapLing or eorpurtions,

Puyitled Water

Witay ohtained by disdillution, jon-eschange Lrentmont, revere
awmamig or any other suitable process; contning ni added subgisncen.

Carationr=-I0 ol wse this in praporations fateaded for porenter-
al adminivtration,  For saeh puarposes, won Waler foe Difeciio,
Baceeriostutic Water for Ligucetion, or Steefle Water for Bitjeetion,
Pajge L,

Prppuration  From walue complying with B1A copulations with
respect Lo deinkdng water. A formaer olfieid procoss for widor, when
prepnrod by distillation, s giver below. “The pharmacist who is
precpaaring stevite soluGomw, s et Do Peslily dinGillod watey of
oxeeplinnatly biph pende, nalonly feee Seone all bastgrind or wiher
Pitrsseopie prow e bt adao frae from the products of motabolic
protuses resobting Fromn Che growth ot suel organisms io Lhe warer,
arberntmreanly may follow (his plan. Fhe metabolie products com:
monly are spwlios of ws pyrogois amd uoally corwisl of coniples
wpganie componnds which roie tebrile ronetions it present in the
sl for prren Leral medicinal sibstneos.,

bl tion FProvoss

1000 Vol
il Val

I3 i semter Eropn a siitale apgeaton proosicod wilkea hloelo tin o
e eontenper,  Collert the et 100 volwmes aml sejeet Uhin oo,
! meaileet TH0 volyoes ool by Cise ol i wostor i g dagsesl ogpered
huLlhu which have lieen nmsed with steans or very hot alistilled watier
senmneciately boltee by filletl, The Fiese 100 vobiaores ave Gacisded 1o
climgmte Toreign volwile st e e i relinmey waler sond only
Pt valommes art aolieeted, sioee O eesidue i e sOl oo cones:
Lraased divnobyve | wislide,

WHEEP oo iomimnm svmn e BN Vesa
ok e G e e N —

Deseription  Colorhess, clony fgusd, wit bt ador os tasl e,

Elues- - A phormacendic wid (vobiele il sobventl, 1 mugl be
annel ju senponnding dosage Samm Vor inteenal Gerad b iddminisueas
Liony an will as staeile plorrmoceutieals appliod extermally, sueh as
vollyria and dermatologion] propastions, but these tauwl be el
T hefore une.

Whanever walor s enfled for in ofTieial tosts il mssays, (his st
e usod

Syrups Used o Pitieling Ageals

Syraps are uselul s dilubing smonts for water-noluble
drags andd wet both as solveats and flavoring agents, The
Mavored syrups usually consist of simple syrap (H5% suernse
i waker) eontaining approprinte Mavoring substances. Gly.
earrhiza Syrp noan excellont vehicle Tor saline substances
hocause of ite colloidal properties, sweel Maver pnd lgering
tnste of licorice.  Acacie Syete is valuable in disguising the
tante of urea, Fraitsyraps nre especiadly efTective for mask-
i sonr bstos,  Aromatic Briodietyun Syrup is the dijuting
ngenl of cholee Tor masking the Ditter Gade of alloloids,
Cloeow Sy nnd Cherry Syrwg nre good geaoral Davoring
npents,

Acacia Syrap

Aciebin, grinular or powetored 1
Sodiwm Bensonte ..o P | i
Vunilln Tiovlure. .. i & mi,

PHARMACHEL NCAL NECESSITIES 1301

Buorsse ..., R S N R R R R R RO g
Pueificd Water, n nulll(‘ll'l’“ aLantity.
P e R R A A T RUTTATLS

Mix e aeovin, sonl i Degate and soeroue; S wld 226wl ol
purifiod wioler, and anix wedl. Shent the misture an o stesm hath ontil
nobulion i complotod. When eoal, remove Qe sewsin, inlel e vinilia
Gheture wid suffabont paeilivd warter Lo make the prodect iegsore 0
ouloned tenban. i oconingv.

Ulkose A fluvareed vefifele gl demndeend.

Chairy Syrup
Hyriptn Ceras

Choryy dubes oo At mll

Sucrase .. I e e AL
Aleohel | i 20 ml,
Purified Water,

Womake .. R e ROTTETA

Dinsttive Ui sriemont o elen? juiee Dy Seating on o meam hinth, cool
ol ceaiserve the fomae el onivgg sobidn, Aale Usi adeoliol and aifTigiond
Prifiod water to ke YOUDT L., wad s,

Aleshol Gomtent | Lo @,
e A pleasnatly flavored vpedrivfe which is partiealnly wsetul
i oo Vh Gt of saling and saur e,
Cocoa Syrup

e Sy enps Chocalinte Mvareel Syeap; Chaealuts Hyrup

SR 7T
BN 0 - vrnevpe e B g
Liquid Gluense 1% 4
Ulyeerin .. ol

Sodium Chloride, . oove e . R

Youndln,,, cieinn, . 02y
Kol Benzondy ., (]
Puriliod Wator, o sulli

b T 71 T T P | || (RSN} 1

Mix the sncrose and Phe eoeos, aml (0 this mistare gradually ndd o
wrdition of the Haguid glavose, yeering sodivm chluride, vaniliin senl
el Bevwante 00 028 w0l Tob porified waler, Bring e entig
pvia e T o buid, aned msiadaion at Dot Lemperators o dming Al w
tr gl o v deaperitove and acld sl Veiend pueilisd widee T madie
thu prsdluet mamaree 1Ol

Note - Coceoa eontaining ol more han 2% nevolatite, ether-sabible
el ractive (") yiekhs nmyviphiving o sinmiom iemleney Goseparde,
*Phronldant conon™ erpvtmine gver 2% "l

Uisos A plivsanui by fluvored pofiieds.

Aromalic Erlodictyon Syrup
Asernntie Yerbi Sante Sy mgn Seoapm Corvigems

Ve g ks
Coveiess S s
05 ml,
...... 05wl

wrdadieiyan Muldexbraet o

I’nmnnimu Hydroxide Solulion H i1| .30!
Componnd Cardamon Thwoturo
Tasmaon (il

Clove O, R A AT b VA i I
Alcotiod ..., R vaavrs 32 mhb
Biwrose

e BT R L I
Magguesium Carbangte e R T I (|
Purified Water, i osulfic

Tomake ........ NI

TR RS 1000wl

Planlve thae oiln it tha aleobwol, aded the Maides et ol e Gaetaie,
ien thie pulmsium hydroxide hll||ll1ul| wdd 325 ml, o |||!ri[w:| wter,
Alel Ul agitbini uan c‘mhullut(' shlee (e prpistuen, ofbow 00 to stand
overniilit, (@lor nnd nesl anfficient paritivd wator through (he (s o
il Ches h[;l:ld mgsure SO0 mi. Powe this Filente vpon the soaerome
contnined in n botUe, dissobee by plaing the bottde in l water nnd
agitnting the contents Feequently, Cool the salubion s add s i
pieeilied winlor t make the prodact memrs 1008 10l

Aleohol Content 0 10 8%,
Toncompotibilition  Allhabing ip pewetion due Lo (he aotasiam Ty
lroxiddie vmed im ite mifaciare, Aefls are veutradimed with maially o
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consenrrent precipitation of Ure cosing of tha syeaps, The toasin which it
containg introduces (he incompaubilitios of that sulmtance.
Usies-— A plennantly [luvored vehicle, especinlly adaptod Lo the
adeinfstration of hitter subwtaneos likae quining,
Syrup

Simplo Syrup

BRCRRHG i i s L S R e e BB
Buifled Water, o sullicient quantity,
P A s o e W S m e b ey ntid St 1000 mi

May be proparod Dy ueing boiling water ar, preforably, withoul
heat, by the follewing process:

Plnet: 1ha sucrase in w wuitable pereolntor the ek of Wwiiel i neatly
filled with loosoly packed cotlon momtened, aller paeking, with a fow
dropy ol wator, Potr careluliy abont 400 mL of parilivd water upon the
acroae, nivd rogainte the ouflow to o stpady drip of pereolate,  Retuen
e pereointe, it nagopnry, unlil all of O suerose e dimsedved, I hon
waiily tho bydele of the percolater and tho cation with sulficient. parified
waler 1o iy the velume of the pereolote to 1000 mly, and s,

Bpoeific Uravity---Not less than 1.0,

U= sweed sehicle, swoekening apont ond o the bl for
many Buvored snd madicatod symps,

Othor Syrups Usod Ax THluting Agonts

Clirla Actd Syrup USP XV [Syrap of Lemon]--Preparation
Pinsesbver edteie weid (hvdrovs, 1040 i puitiod water (10mL) and mix the
salution with sy rap (060 mL). Add lemon tinctave (10 w2, mad vaagh
wyrop b0 mnle e product memaire 1000 1), andd mix, Noter Do not
dizpenme it of it hax @ terebinthine odor or teste or shows other indica-
tinrs of deterioration,  Aleohied Content; Loss than 1%, Tucompatibal-
ftien; Wenetions chayactorigic of o neid whiel it containg haneo, it iu
nal n suitable vohdede Tor atkalime ingredionts wacly oy phenohnrhital
podium trom which it proeipitates phenoberbited, o Sidely g o
pleasant ieltiefe, the Torovde making 1| possible Lo prepare extomprord -
neotily pand dpuickly o syrap haviog the flnver of loimon,

Glyeyrehilza Syrap USE XVIL [Licorice Syeop)- -Preparation:
Addd forned odb (000 m L) unel enise off (06 b v glyeyrrhien Auides-
traet (260 m 1) nod pgitate wati) mixed. Phon medd iyeagy fou) 10 make
the product mensure 1000 mly, and mix.  Afeahal Cordest: G o (%,
Tncomputibilities: ‘The churaclevintic Mavar iy destroyed by melds due 1o
aprecipitation of the glyeyrrhizin,  Uses: A flavored nebicke, ospoclally
adaptud to the administeation of bitter or nauseaus subx ey,

Hydriodie Acid Syrup--Cootaivm, i e 100 mL 13 o 1.5 g B
(127.), Preparation: Mix diluted hyd tiodic neid (140 mL) with puri-
tiod water (50 mL, and diswolwe duxirase (450 ) in this mixture by
apitntion,  Add punificd water (qs) te oubke the produet smeosure 1000
ml. and ey, Caurion: 1 mast nof De dispeaved i it contuing [ree
fuddine, ay evidunead by o e colvvalfon,  Description: Tenanparent,
colurlong, o ot more Wan palo steaw edlored, syeupy Hauid; odorloss
and hing o swat, acidulous Toste; speeific graviy about .18 hydrlodic
ned b decomposed eosily in sinplo agquesur solution {unless proteclud
by hypoplwmphurous deid) Cree iodine Dot lilwratod, ind iCtaken inter-
nally, whon in thivcondition, it is lredlating to the plimentary teact, "The
duxtioms uned [ (hin gyeap shosld bo of Whe highest grade abisinably,
Tieomputibitittes:  )'he veactions of 1he aeids (poge 1028) an well we
thase of the wateeaolublo fodide salts,  Oxiclizing vgonts libemto fodine;
alkudoidn way Lo precipitated.  Uses:  Teaditionally as o vehicle for
expectoruni drugs. B therapautic properticn are thue of Ui lodldes.
Doser Usweal, 5wl

Ttaaphorey Byeop USE XVITL - Freeparation:  Dissolve suceone (800
i) in ensphorry fleo (495 mb) by Tweatiog ononodonm bath, cool and
romave e fonm and fNoating anticn,  Add alcobol (20 ml) oad paritied
witer {in) Lo make 1000 mls, ol mix, Alechol Conteni: 1 b 2%.
in rmuptln!'u'fr'!r'f'o.' Rapherey joiee is praparod o econlain nol Josi than
1,6% ustrie acld; the syrup, tharedoee, L roaetions chinrneteristic of thin
aciel, notnhly iy eamputbility with alkaline substabeos.  [yess A
earantly ﬂumﬂ'r’d pediele uinit Lo divguise the salty oF ko tinte of
wnllne medienmenis.

Wild Chorry Syrup USP XVII) - Prepovation: Pack wikd chorey
{iw conrme powiler, 160 ), previously moistenod with woter (10 m 1), inn
eybindvion) poreolator, and mdd wintoe tgn) o lenve i luver of it nhove (be
puweer,  Macoriutet for | he, thea provovd with rapld percolation, using
ndded water, until 400 ml, of poreoloto (s collectod, Wiltor ile poraolite,
if noewnary, add swerose (676 1) and dissolve it by ugltation, then add
Wyeerin (160 mLY, aleohol (20 ml) nnd woter (go) to make the product
measure 1000 ml.  Seradn iF nacessiry, /8 oy b madle algo in the
ferlloaing memers The sverone mny bo dissolved by placing it in n
nocond porgolater an divected Tar propuring Sy, amd allowing (he
peteclate Trom Use wild ¢herey to Gow throweh DG md into o geaduated

vussol conlainiig the glyveashy wid adeoliol untit the otk valame mon-
suren 1000 m), Aoter Henb wosvoided, lost U enzyime eniodsin bo
innelivated. 18 Ohin whoald happen, the preparation would sontain g
froe HCN, upon which ita action as s sedative for eotghs mainly depends,
For a divcussion of {he ehemintey Ivalvod, see Wil Cherry (page 1300),
Aloeiol Contnty 1 1o 285 Dwess Chiefly i w flapered vehicle Ty
ol Byrups.

Mucilages Used as Dililing Agents

Muciluges are also suitable an diluting agents for wator-
soluble substances, and are ospecinlly useful in stabilizing
paspengions and emulsions, '

The following muciluge used for this purposs is deseribed
under Emulsifying and Suspending Agents, puge 1304,

Acacia Mucllaga-.-page 1304,

Hydroaleoholic Dluting Agents

Hydsoateoholie diluting agonts aro suitibile for deags solue
ble in either water of dilutod alcohol, The mosl imporiant
ogents in this group are the elixive, These salubions contain
approximatoly 25% aleohal, Medicated olizirs which hava
thernpeutie netivity in their own right are nol included in
Lhis section.  Listed below are the commen, nonmedicnted
elixirs which aro used purely as diluting agenls or solventy
tor drugs.

Aromailc Ellxir
Bimple Blishe

Omnge O ..o covi i iiiiiiiiei s Lhwml
Bt O i s v v s E s w i 0B wmh
Curlundue 0 o e 26wl
Aniwe Ot o DGl
Byrap. .. . A76 wml.
Tale ...c.. g
Aleehol,

Purifiod Walor, each, a safficient quonbily,
T ko P RPN 1111/} %}

I Hacrlve the olls in oleohol o moke 200 L. 1o Uiis solutiv add e
Kyrup in wevornl portions, agitaling vigorousdy after onele adidition, and
nfterwards add, in the some monner, the required guanbity of purif e
wilor,  Mie the tale with the liguid, and Bler arongh o lilter wettod
with diluted aleabol, sebariiig the Tlurato and 1o elany Lgudd is obtained,

Algahel Contont--21 {0 2%,

Ve A plessantly favoend pehifele, onypicyed in the preparn
tion of many ovher adixiva, The chief objoction tails oXtonsive use is
the high aleohol vontent (ibout 22%) which al Limen niny counterag
L eiToet of sthey medicinos,

Cardamom Bpirit, Gompound——fPS5-15, page 1236,

(her Hydeonleaholle Diluting Agonty
Olyeyrehiza Elixir [Elixiv Adjuwvans; Licoviee Blisir] -Prepaeation.
Mix gtyewrrhibzn Muidextract (326 mL) and aromatic olixir (875 m1L) and
lor, Ateobal Comtent: 20 to 20, Usen: A flapored vadpple,

WMavered Aleohotie Solutions

Flavored aleoholie solutions, of high aleobolic concentra-
tion, are useful as flavors to be addod in amall quantition to
syrups or elixirs, The aloohol content of thaso solutions i
approximately 60%, There are twa Lypes of flavored aloo-
holi¢ solulions:  tinetures and spirits,  Only nonmedicatod
vinctures and spirits are used as flavoring agents,

Compountl Cartlamom Tinclure

Courdivmoim Seed, in maderatoly coaree

pawdor ..o PP I PR T SREE - | ] 4
Clumnmen, in (ine powther o oooooeiiiiiiienr e J6K
Coveswny, Lnamodorntoly conrse powdor o000 T My

PEaaA o e s Ve S cou 1000 MY

FRESENIUS EXHIBIT 1013
Page 236 of 408



Prepare o binetnee by Procons Mg TGS, auveevating (he mised
poswdlers i Pl oF o nrxtoze of Db, of gleesrin o SO0 . of
diluted wlephol msd vompletiog the preparntioe by usiog (sl L 1o
windteeder of the mixtore sl adeodiol sl plyesrin paveparid o diveeled
abve, mnd ters difuded aleshinl,

Note  Campovndl enfdnnnim tietare oy e codored with ane o
amuanes colons Qpngge 19HH),

Aleghol Cantent B lu 3%,

Uness A useud wahicle heenase of itg pleaant fluoer gud volor,

Lomon Thcture---paga 1300,

Myrain Spirlt, Compound.--RPS- 13, poge 452,
Qrange Sphrit, Compound.--page 1296,
Orange Pael, Sweat, Tinciure-poge 1296,
Papperming Bplki-—-fnge 704,

Diluting Apends for Injoctlons

Injeetions are Jiguid prepaenkions, usaakly selutions or
suspenaiony of droge, intonded o he injoctod threwdy tie
akin into the body.  Diuating nents used Tor these preparie
tions may be aquoous or nenagueous and must meel thoe
requirements for steritity and also of the pyrogen Lost,
Agueows diluting wenls include such proparations ny Neer-
e Water for hinjeetion and various storile, ngaeotn selutions
of electvolytos mad/or dextrose.  Nonagqueous diluting
agronts nre generally Mty oily of vegelable ovigin, fathy eators
nndd podvols sueh ns propylene glycol and polyothylone gy
col. “These sgents are usod 1o dissalve ov dilute oilssoluble
subataness and Lo suspend watorsaolable mubstanees when i
i desired Lo deereose the rate of absorption and, benee,
pralong the durntion of netion of the drug substamees, Preges
arations of this twpe e given intropasendarly.  See Paren-
terad Preparalions, page 1040,

Corn Oil
Nlinizan L3}

P refined Mxed oilublained Srom e einbrvo ot Zew mays T
(Fam Gremineae),

Prepavation. - Expresacd Gom the Inehaa coon smlyos i perns
nepyrn el (rom the Jpradm i sleren e,

Prongeiption  Clear, Hyghit wellowe, vily i seith o faibd el Lot
Vit rsebene i Bt wpewd e groviny O.004 1o LR,

Sotuhitit v Sy subible by aleohiol, atsebls with ether, ehloro.
foriys, bmiaene e sebuend, lesnme

UlgeeMain officind vse i ns o sodeend ol setivie for fnjeetivis,
11 usodd s an od il ol stdastitute Mor solid g in tie mdoagiemaont
of hypereholosteratomin. Ohir uses inelude manliimg sonp and fo
Duening Teisasomideyig oil ! Weretoro nmsuitable or ibrdeat.
g o myinipg paind.

Cottonsesd Ol
Ciotton Seed O Cotnen {11

Pl eetined fixed ofl obraineed Trom the seed of eullivaled plants
ul varuot Yo eties o Goss yafuin irsadan LinGor of nther specios
ol Cesaypadion (M Muadeageae).

PreparnGom - Cnttonseeds contpin nboot 1h% oil. Thefeatae of
the seody o Dral aogparated, sud the Homels are subjected 1o high
pressra s ey lie prosass, Phe ertida oil Lo bos i Grighi red ta
Dlackinh red walor, 3 reguives pudlfication hefure it s saitalide for
medietnad o Frod e,

Deneriplion - ade velow, obly liguid sitie a Bl e sdirdm or
el o prtieles of wolid fnl mey sepoeate helowe 137 2solid s ot alwat
O e B apedbie oty U5 Lo D85 L

Solubibity - Stightly salubde in aleohot; wiseibbe wilh othn, ehlce:
Japnn, solvent hexane o mchon dinalfislu,

Uik ATieinl as o sotvent woed gehicte for Gjeciions, T s
L Gt enlly mn i st duetie Dy Chee dose o530 mls or more.

PHARMACEUTICAL NECEBSITIES 30%

Tk intornlly, digedibie oils retard gntrie tion mud motilivy
mnd Paerensn e ealorie inalee 110 pbse i teed Toghe et e o'
s, whenmaegaring, invd solstitd o, glycering briconts and eos.
eilivt,

Fihyl Olgate

(40 - Oetadpernoie weid, Uil vspor

LN Y PR AT

Wl Iy iy

Jitlew b eteatae | 111GE-G] ol batdy 3G

Proparation . Among other wiyk, by rencting sthanol with
alooyl chioride i e presenee of o saitable delydrosiborinating
apent,

Prensedpthan - Mabile, proctiently golerdom Tignid, boaving an e
e Dstes wpeei e gravily U860 Lo L acid vadue aol greater than 0,
inellinee vl 90 o s alerilized by opting st 1007 Tor b g proper ies
winnidag de thoma o whwond aid arachin ofls, hud is loss vincows angd more
vit pricd)y svbsarid by Uve fisnion Yol ol 2000

Sultibility Dok vt disaolve i witer; iseible with vepetalle oils,
meinserid el alveohod or sront uogmaie seivents,

Lige A adtiefe Tor cerlain Dikknmusenlnr injectable propara-
Ui,

Poanut Ol
Arieliie O Cronncdasus Ol Sag Q% P th- Ml (4

Phe rofined fixed oif claained 1yom the seed kormais of one or
mure of e cudrdvatel vaciotion of Arasdiis ypogaca Lisné (Fan
Lagitenrinosuey,

Peseebptdan . Colorlorn ar pale vellow, uily Heuid, witivn elusictends
vies oy ok el o bbkaaed Gastes sipeed e ety 00002 1o A

Solubitity  Voryulightlysolubie naleshol; miseible with ¢
vislenn o ciarbuen disodfide.

ol el

Unon--A yolaead in proparing oil solulions for injection {page
a9, T adad b tineds Tor making Yioiwsen b, oistaen s, plasters amd
wann, e o Attt for obve il

Seaame Ol
Heed Ol Veesne Oy Qingili (i

e relimed fixed it olitained fron (e seed ol one or nore
cultivntel varintivs of Sesamim thdizien Linné 4 Pedafiomeare).

Peseriptlaon Vude vollow, whmost odurloae, oily lgtid with o hilaied
ozt wpaic e el Ly QG (o 9T

dalubitity. - Stightiy sedubie fo aladod mwcible with ether, ehlor:
fortan, neveent hexane a1 enrbon disullle,

Vnon A anlvent and pediiefe in official injoetions. 1 osed
el Ble odive ofl hoth medicinnlly and Tor Taodo TE does e
veadity luem rmneid,  Ttndso is vaed i the nanufseture of doanietics,
iodhived it niments, gintmenta nnd oleonnugarine,

Walar for Injection

Wader purificd by distiltation or by reverse osinosis, 10 contaie
e ncelued nubatance.

Cantfon I s fndended for wse as ¢ solvent for the proparation
of purenderal soltdions,  For poareatoral soletfons Hied oee pees
Jared envter aropiic eondivfons wand are nod stopilized by appaoprt-
wfer filiration or fn dhe fined container, fivst ronder (8 atevile and
thereafier proteet {0 feam maeroddet contamizatimi,

Duoserviption- - Clonr, eolorless, adarles Lignud,

Uniens o Mirarnmeecetic ald (vohichs and solvani),

Bactorlostatic Waler for Infoction

Btewibo waltor for ijoction containing o or marewiitable antin-
erabial ugenty,

Mot L if it thee egerd fur the contpad 68Ny of the dindimi-
crobiad agend or ageals i contuins with the partidar medicinol
saubsdanen et s ta be dissodeeed oF ditdol.

Ubiatie - S eride weldvle for gveentoe] proparntions,
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1304 CHAPTIR G0

Starlle Water tor Injaction
Wetor for Prostovaln

Water for injoction storilizid and wiitahly paclkaged, T eontain
no antimiceohial ngont or other addad substanee,

Peweription. - Clese, enlorlom, odovles, Jiguid,

Vsod-—Tor Lhe praparation of alf agueo porenteral soludfons,
ineluding those used in waimaf assays. Seu page 1647 For a detailod
chineyamion.

Sterlle Wator for ifyigation

Water for injoction tat has oo sterilizod s sitably pack-
ngeosd, M contaivm no matimierobiol ggent or other adoed wehslanes,

Doseription. . Cloar, colorloss, otorless Higwid

lanh o Any frrippu LEng aerdedion.

Emulsilying and Suspending Agents

An ombluion is a two-phase system in which one liguid is
dispersed in the Form of small globulen theonghout anather
liguid that ju i oiscible with the first Bauid.  mulsions ara
formed und stabilized with the holp of omulyifying agents,
which are narfactants and/or viscosity-producing agents. A
suspenston i defined as o prepaeation containing finely di-
vided inacluble materinl suspendod in o liquid medium,
‘T'ho presonce of o suspending agont is required Lo overcome
agelomeration of the dispersed particlos and L incressa the
vineosity of the medium so that the prrticles settlo more
wlowhy. Bmulaifying and susponding agents are used oxtan.
gively in the fermulation of slegant pharmaceutical prepara-
tions for oral, parenteral and oxtornnt use,  For the theoreti-
cal and practical nspects of emaulsions the interested reader
i roferred Lo poges 300 and 1605, More dotailod informa-
tion on the use of suspending agents is glven on page 1638,

Acacio

ium Arahie

o dried gumnty exudote Trom thestom aid brancios of Acacic
st (Lindd Willdenow or of other celnbed Alvienn npociod of
Arvncfa (Fon Legraninosee),

Cousbituentg—Prineipally cnleivom, sugnesivm snd potssiain
anlls of the polysacchavide arabie eeid, which un neid hydralyris
yiekin | arabinos, terhnmnose, D-galactoss nined y afdolsionie acid
contuining - ghiearonic neid and Dgaiciose,

Vosevintion - Avgein: Spleraidal toars up Lo 82 non in dinnwter o
aupudat Feagments of white tvellowinly whito color, trunslueend or some.
wiwit apaguey very hrittle; almast edoris produses @ muciinginoe
sonsntion on the fopgae. Ploke Acecta: White o yellowisk whilo, hin
Vakes.  Promdered Acocine Whita (o yolliwlsh wiwi!.u. anpular mior-
Henple Penpgments,  Granttar Acaeln. White o pala yolluwigh white,
fine greavmles, Spray-dvied Acteda: White Lo ofl-white compnetod i
ernme sk TPgosenly o whole spheres,

Solubibity  Basalulle in sdeohial, ot abmemt cumpletely wpiobla in
twree it owoight of wator at room Lemperature e resulting wodtition
oo reaekily and s aeid to litooe,

IneowmmtdhiHtios Alcoliol o aivehaiie sofuffons prosipitale neacin
J sy mmes whey Die alealiol maesots to were than nbout s of
th (olad valione,  Bolution s effectod by dilution with wider,  'T'he
prvieibiggg s deatroyed heougle precipitation of o acaein by bedady mol
ald, Boroy wheo coynon o procipstadian which inprovonted by glyeeria,
et cnleium and, wrefore, possesses e incompatilsilition of thiv
i,

1 eontans u pereviduse which nets s nn oxldiving agent and producey
ool dpvivitives of emtaopyring, antipyrine, crosl, wuaracod, pheaol,
tannin, trymad, wniifin and sther substonces, Amorge the alhaluids
et e atrapine, apemigephive, cosatne, fanatroping, hyuseyi-
mnae, marpdine, gessostitade aned seopidentine, A parldil destreie-
tion of the allcaloid ogeurn i 4o ronction.  Hepting the sobntion of nesein
Forr o o oo al 1082 dostrown Lho porokicwse wied £ha colur renelinmng
ey nvoided,

Untw-—Extonsivoly ap a auspending agend for lsolulle sub-
utancon i water (page 1638, In the preparstion of emulions (Ppagos
208 wied 31634 and for making pills and trochos {page 1664),

It dw umed for is demtcfoen s aetion iy infiumnations of the throat
v wlomaeh,

Toar solutfoos shoudd not be ured as o sulstitnte for aeram protein
in Al entment of shock and an o diuretic v hypoprotvinemic

vl ainee fe produces seeiour syndromos Bt oy rosaby in
death,

Avnidn Mur.“uﬂr. IMlllli]iﬁrii: ul Ui J'\I'Jl'!id.'l- ."’i‘f.-'r:!.‘:'mf[:r|_' P e
aenein A wanall Trwg s, 350 @) B genédiaded hatdle having nowido
ansou G o cupagity net goreatly exceading SO0 ml., wash Uhe drogwith
eolel purifiod witer, allow il 1o dealn and add moough s pugified
water, in which bongoic acid 42 1) o ey dissolved, (0 swke Uhe
product mémsare G060 b, AfLer vtopgoring Tny e 1otke on s sie,
rotibn L seeasionnlly, and when the acncin hoe dissulved steaio e
mueiimge, fadse moy be prepured os filfaes: dissolve hesiv peid (2
din pusifiod wator (00 mabbwith U oid of beat, osd adel the sodation (o
powdernth or gemnular neacis GO0 g), i1 0 morian, (rgarcing itk rhe
nenein 18 divsobved, 'Then s waltisient pacliiod water 1o make the
prodoed oenwtree OGO wr L., and steain i neeossnry, ¥ his wecond method
in prrimarily Tor extempormnwos propatation. Caes: A demieleont o
i wekpeeedivgg agiend. B e b Dovs onplayad e an excipent in
whnking e andd eochion, and as an erdsdivea aent Tor cod Jivee ol
vl ot hor wabwtnneos,  (aution 0 oyast be feve from mald or guy ofher
indivation af deeompaosition.

Apgar
Agr-Aga; Vopetablo Guduting Gedaws Clunese o dapaneso Gelatin

The dried, hydvaphilie, eolluidal sebstance extracied Mrom Gelf-
eivrn cartilagiacam (Lannd) Gaillon {(Fam Getidiaceas), Gractloria
canfersnddes (LinnG) Grevitle Ram Sphaeroriceaeean) nnd related
percl alygray (Clown Rbroadogsh yoaane),

Jonutituonts. -Chiefly of U alehiy sadt of o palectan mono.
tneid sullotv),

Dleseription - Usually in bavdlen ol thin, mem by, ggdutinated
abvipm or i ey Ve or geanulated Formmg may be weak wellowish
ovanpe, vellowish geny (o pale yellow or colorless: tgh whea dang,
Dt des whien vy aeloriesn or with o qBight odor; produces o opeilngginous
ettt o Ul tonkdine,  Adsor sabpssliod mw a sehite Lo yellowish swhite or
pute-yeliow powder,

Solublbgy- - psalindde o cold walar seduble i boiling water,

IncompitibHaLies - dboe other gume, il s dehydested md precipitet:
ol {konn walution by aleolnl, Tannde aofd causes procipitalion; edeetme
Pyetars e pierthind dhehvedeation nosed deeronme in viseori Ly of sols.

Uk A relatively ineffoctive bull producing laxative vsed inn
variety vl praprictney eathoetivs,  Toominoeral ol emalsiona ibacts o5
watnbilizor, The usual dose is 4 Lo 16 g anee or twice o day.

Tt ades i asodd B eb] Les modin for haatoviological waork il in Che
wanalineduee of lee croam, conloetimsiion, sle

Algintc Acld

Alginie acid 10005.22.9] Gwvernge equivatint weight 2001 o hysdre:
phitic collofcdal enrbodydvate oxtrautod with diluto alludi Crom varl-
s speciss of hrowe seaweods {Phacophyeene),

Propuration~recipitates when yn ggueaas solution of Sodinm
Alinate s Urended witl wiboral seid,

Deseription-—While Lo yeliowish white, fibrows powder; ool or
praetienlly oderless, aned tmtadems; 14 {3 b 100 disporsion inwale) Lo Lo
v IS (LT NG, 307 342

Boluhility - Fosnelidily i water or ovganie kelveni; solubbe in oilaline
Kiolutiems,

Usos A plarmaceutie afd (tablet binder and Um‘ll’fi{‘.‘f’i"i'v
agenl) T4 im ased menoizing agent i the paper and L ddle indus-
Lriow,
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Sodiwim Alginate
Mm’niw m‘i(l. i«:*l'lil.hl ithh-'. J\Iuin.‘ anlt‘lﬂ" an'uilh'. “vh:i‘ﬂ {F\‘l'f&"'}

Surdiviyy alpinde [9006-38:3F (verago aguivalent weighl 220 Lhe
prified earhabydreate producl exbeaetod from brgwn ienweeids by
Wi vae of dilute alkali, [0 eonisty ehietly of e sodiam snlt ol
mlpginie i, 0 o lyurenic ncid componed of Dty B-mannuesaie reid
ridhioa Hded wo Lot he carboxyd grougs o eoch unit is Foo while
Lhe aldebyde grovy fn ahiolded by o glyeosicic Bnkapo.

Ewneription Moy odostess aed Dastelim, o o e posidor,
yeelfowisdowivile iy cojor.

Solubility. - Dikaolves v water, fwmig n viseous, callaidal solution;
fryuobuble by mbonhol o i hydisdeabolic solutions B which Bie slealnl
aontent v groater inn ol 805 Dy weights inslale o ehiloratonn,
et faer o aeiedes, whiest the prd of e solidion Dreeoapes loswoe G alond 3

Uwon o A thickeniny and coafaifving apgend. "Thin property
mabies B teelul Beon vadoty of arces, Por examye, B0 wsed Lo
gt smsobb e and Hody Lo ieo cveeam and Lo prevent (ormatiom
o jee gt

Bentonite
Willinine Monp Clay, Minernd Sog

Bentonite [180L780] 4 oative, colloidal, hydrated aliminum
nilivate,

Oasurronae - Aontonile i o in e Midwesd of e U8 aoed
Cunnda. Originalle ealled Poyloriee aiter ity digcovarer in Wyn.
ming ts name wos changod to beotonice after s discovery in the
FPort Wonton fommiion af the Upper Crelocann of Wyaming,

Vo it lon o Very fing, ueorlom poweler with o slightly eorthy tasie,
Trowe Sromn gerity Lhe powder B newely while, bul mag Be o ke buife o
crenmecodornd,

The U Geological Burvoy T dedined Leslonite an o Dansperted
atralified clay Tormed by Uie altoretion of valembe ah whorlly afier
depanition® Chiemiently, it in AlCLASIOWH 0 plus olher mineels
feputitien, I conwisty of colloidal eeyatadiive plntes, of lesk Lan micro-
:uml:ic et in Chdekness, and of eobloidal dinsenstonn s eeadt
Py fuel sevounts Tor the extresse iwaeling Lhnt aceora when it s plied
i owatwr, sinee U water pemsededan batssan gn infinite owmber of
ates, A gond speeimen swills 1216 0 Lines i1 voline

Solubilivy-Tusolulde in watow ar pelds, Bat it hak e propedy of
aeduerrhijug biege yuantities of wator, sweding ta approgimately 12 e
s origind volame, meul Govandng Jdgh 1y viseois Ihixetrapic simpensiom
o predu s property waakes i Bigloy auedal i phaensaes. Fheopod
forming praparty i avogmested by e ackdivion of snadk s of
allesline subsioners, niel s mngieinn oside. B does st swell in
argnnic solvents,

Yrcomput DbtHths - Aetds anelaclad adts doeranie T waeter nlsaseling
pewor wnd Cham eanme e hrenkdovan of the oo, Suspemdona are naosd
ntabe wlon pld abova 7,

Uass- - A preotective soliied for the siabilizetion of suspensioas,
Honlsa bos been osed ag an ondaleifier Tor oil and aw o lwse for
plantors, ointen b wnd siimilar proparmtions,

Bondamito Mg - Prepacation:  Sprinkie bhentonite (0 g, in por
i, o bl purifiod swoter (400 g allowing encl portion (o becomme
thawntily woettad withowt stivving  Albow it 8o wmd with ecwsdond
pricrivg for 24 b Sely unh poanddarm v s oltaineel, wdd pavified
wirlet Lu osalie 1000 1 and vz e iwggmn may S propared aluo by
mvciedinmend moncis et as iy vae of B Iieador, s el Fliew puriliod
it nbyonat SO0 Y 10 tha Doy, aoed while Qe mnchine bs rusniagg, wld
Lentamite (gl Add purified walim o ke wp toalmi 1000 g or up o
s apso il ingg enpntity of e Ialencers Tlend G saixtuse Tor b Lo HEnikn,
kel pravificd wisler bo make |00 g, all i, Llsess A .wr.l.p:-'||(h'u.rg et
for insoluble nwedionmenty,

Carbomer
Carbirxypalymetiiylene

A gyniholie highopoteaudns weight crows-linked polyee al seryl-
feonelds containg B 1o 88% ol earbaxytic weid £ COOMY roups,
Tl vineosity of o neutealized projration G20 00 mb, water) s
A000 Ler $0,000 entipadses,

Bronw elption - White, ufly powdme with o alight chavaetaristio oo
Liygereseagbies 17 00 B OB diaparsion) about 8 syeeifie pipyity alind 141,

salubiliny (neutvadized with oliali ydeoxides or gimivesd - Disolyon
e wntog, alesbol and glyeerin,

[MHARMACEUTHGAL NECESSITIES 1308

Vhwor A thickeninn. suspending, dispersing snd ennedsifving

agent for phinemneeallents, cosmeties, wases, prints ad other in-

duatzial prodaets,

Crrrageenan

Carrgeanan [SHO00.07 1),

Preparation. “Pho bydvorolhdd eximeted with waler or sepiemi
allenli from cortain red wenweedn ol Qe clian Bhoduph e, nl
sopuraled From tho wolutivn by precipitation with weabod (metha-
el elhapnl o iwoprapaaatd nr by dreans-rolt drging or froeeing,

Coommtdeaents b s novarinhile mix s of et nsian, sodivm, ecyisiam,

g it ) ] iy gl g wilerk oyl s ol BB andyd e
tductose copalymieni, the esuses I alerately linked a3 g 5
1A D the potymer. Pl thege i Dvpes of capolymers present are

deargap - cnreny e, n‘um-1'||rrn1::rc]mn nised deirnduder. parrig i, which
diffor in the compasition and vanmun of lin ke of tonomeri uniin ool
Cle dlogrrest ol s ndonn Gl ester wal e coanl ond for careageenans viries
frome 18 1o 0% Napipe cpriageenan uud oolocurragesnnn are Ui
poollisty Teaet lonsg deaebefercarvagerna in (e nongolling Gaglion,  The
gelling frneliom ey T segaratee Seoa v manpeellng feaction Ly sdidi

Hanaf' patasmsiom eliloride (o an agoeus welution of earrgeenim, Car

vigenni poparatodt by driameral] deviog may contain inane and i

plveuricen or vpy o B8 o8 jolvsir b B0 e g malbste ppdngs ity

Deserviption  Yelow Droven oo wlito, eomrse Lo Tine powder; nelerlogs
tiandasloma, rosacings o i laggio e sonsation o the tonpe.

Woluldtity: AR carrigoemans hydroe todidly in eold wair, but only
fombwhe-eorvagesnnn aied sodivm earcmgeennns dinedve somplotedy,
Charl gy eneraggeonans wofquies et Sa nliey B0 Goe coongplita sobpd o
whnre potanstian sd eateinm fong are promad,

Unor Do Bl phavrsaeesation ] nodd Toed Dlustelos as an enmilsify.
ey snrgroneling wd golliog ngent,

Carboxymothylcallulose Sodlum
Cavbione 13 Gy methoeel 85 CME: Collabam Goin (Heredes)

Cotlulose, eorbaxymethe] othor, sadinm salt {3004 32-4]; conlaink
,1500.05% of sed e (N, eadeulntod on the dejoel Dasds. 1] in nepil.
i in vovornl viseosily typess Jow, medium, high nnd extea gl

Dowcreiption  White 1o caogovcoksed powder or peoitos; e pow-
dorr i hvproseopie; (D OL i 1O oo soluiion) aboul V.,

Holubllity o Iasity dingacesed inowoater Lo form calloidad soliigions; in
soslubley fry pndeohiod) oilaer o monst abher orginaeg solvenly

Viwen - Plhoemacenic aid (suspending mgead, tahbet excipient of
ity -t g gt b et e i wsed iwoa haileopiil-
fereaNasted Tnxative.

Yhomie-Ulsond, adidt, daxative, 1,68 3 of d tmes 1oday,

Poswge Foem: Tableta: 500 my,

Powderoed Culiulose

Cellyaloyter JOONA-HA-6F [UgHyald; by purilied, mochnpicelty dikinte-
graked eelludome proparod iy processing nlpho celludse altained win
pulp Fronn filrous plant mstorinle

D vdpton: - Wiite, otlartom substones, consisting of Db paei
elen, swlsiehy may e eomgeesgsed oo wedl Binding tiblety which disinte.
wente eagrcdly inowntor, exdoks novarious geades, oxhilating degeees of
Fivenens eaopine Eronn o oo fowing dlenme powdor 1o eopne, Moy,
et Bermeing niateriel; phl supeesntant Tiguicd of o LU A0 ml, ngticos
anipennion nfter 10hed O to '

salubilita. - Dwsolable dnoweter, dilute neids o aeaely al? oegnie sl
ety sl by solulshe n Nadd ) sobation 0 s 40y,

Unen . Phapmaeertie afd Gablet dilaont, adsorhent o suspond.
iy agpeent).

Gatyl Aleohol---page 1812,

Chologstarol
Chademd=feone el {300, Cholesteyin

Chiolont B-on-38-0l (67 -HH-0] CoyJ L0 (HB6.66).

For Lho strvetoral furauhi, soe page 359,

A steroid aleohol wislely distribuiod i the animad argnninn, In
adehition Lo ehalentorol e i entors, noveral elasely colied staronl
el ocenr e york of egg, the haing aill, fikh oils, wool fat
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(1005 20%), ote, These closely vesemble it in propevties. COne ol the
methods of conymereial production invelyves oxteagtion of ik {rom the
unsaponitinhle matter b Uhe apinat cord of cattle, dsing peirolewn
bnzin, Woaol fal aleo in used nn s suurpn,

Doseription  White or (ninvly yelluw, et odorlss pearly lonlloty
ar grunnden; aaually acquires noyeflow Lo pele codor on pridonjed
exposure do light or (o elwvatad tompeatares: melts 147 (o 1

Solubility- lsoduble i water; 1 g slowly dissoblies in 100 1, ol
aloabul o sl B0 m L of dpbyidrated ateobol; oludile i eeetone, ot
alenhil, ebdoroform, dioxim, othor, ethy] acefate, nolvent hesane o
veyetabie oils,

Upan- o enbanee incorpuration nnd enidsilication of medicing
procucts in ails or fals. 1ixa phuraraceution! wocessily Tor Hydrin
phitie Petroladum, i which iU enhances wator-ahaorbing el
Beo Choptor 19,

Dlocly! Sodium Suliesuccinate (Docusate Sodium)—pag
788,

Qelatin
White Golatin

A praduct oblpingd by the partin] hydrolysin of collngon darived
freom the alin, white connective Ussias i bonoes of nrinnls, Galne
tiry desrivod from an aeid-tronted procursor in knows s Type A and
axhibity an inoelectrie point hotwoeon pIT 7 and 9, whilo gelatin
Aevivod from sn alkabi-traatod procursor s koowa as Mypo 13 and
oxhillsltn an isoctnetrie point bebweon pH 4.7 and 2.

Golutin Tor wse in Lho s ety of capsules inowhich Lo dik
pons madicines, or for Uhe copting of tndilots, mny e caloved with a
cortifiod cuhor, may contain nol more wn 0.15% of sullur dioxide,
iy cobtain o suitnble concenirntion of satium biaryl sutfisle and
wiitahle antimicrobia) agente, and ey bave any suitablo gl
atrongth that 1 designnted by Bloom Gelomator number,

Ragarding i apecial gelatin for wio i (he proeparstion of emul-
rioms, soo B fsiony (page 1604),

Doveription: - Sheats, Mokes or shireds, or o conese to Tine powdor:
fuintly velluw or ambier In cobor, the selor varying Hdept I acearding Lo
e paeticle size; shight, chneacteristic honilion Jike odor; stable in aiy
when dry, D s subijeet o infcrulin decompogition when niint. or In
wolution,

ottty Lnwhbsde i coled water, Dot awedln and ool Tesmn whwn -
yyoraieed 41 30, prachwally ndaorbing frons D Lo 10 Gimioe e own weighit of
watar: seinble In hot water, peetie peld or hol misloess of glyeerin and
weinters Drwcbubbe D sleobol, elloraform, athae o fised and volindla oils.

Ul 10 pharmecey, 1o cond pille mnd Porm capsubes, and a8 o
vishile oy guppositorion, 10 akse io recommendod s a0 emuolailying
ngont, See wndor Bentelsiong in Chaplers 19 and 83, shia Supjrosi-
tarfes (poge 100D, andl Adworbabfe Geladin Sponge (pago 516} N
ntier e hen usodd ns v adjueant protein food in mainutrition,

Glycoryl Monostearate---puge 1312,

Hydroxyethyl Callulose

Colhabony, 2 hyedeamyathiy) erhar Collonize (U ninn Camtided; Nnlroeal
{derondog)

Collulise hydrokyathyl ethor (DM G2.0],
Progmration- Collwlong i treated with NaGl and then reaefod
with othylene oxide

Trosveiption.  Whide, oddortonn, Listoloss, oo fowing gowdor oo
At whont 137%: relenckive indes (5 solutlon) abaat 1506 pH nhout 7
sdubionm nes Reninnie,

Solabid ity Dissobves vondDy by gold ar et water Lo give clenr
sl viseeun unlationsg pactindly weboble in scetie seid; ol in
Mt RN Eolvends.

Bluo- Rosumllon eorbossmethylooltulose mediom in Chat il e n
cettlone othier, oL diffar in Doing nonionic and, henea, tsaliony
wre unakfeetad by cations, 1t veed pharmaceutically ak a thicken.
or, protective colloid, bindor, stabilizer and mupondisg agent in
caailiions, jedlion ond ohitnsents, letiony, ophihalmic solutions, sup-
pestlLorion and tablols,

Hydroxypropy! Cellulose
Clollulm, 2-hydrokypropel othor; €lueed G ferenles)

Caltulose ydrexy propyt other 04 -64-2],
Prepnratioan - Alter troating with NaOH, collulong fa veactod
with propylene oxide ot olovated Lomperabiee and jrewsare

Dowerlpthon-OF-white, oderloss, Limbeles powdos; aoflens, ol 15%
e ot emmpletely bt 499 in Ny or O rofrctive index (2%
wludion) nhont Lt pld (agueaus solution) & w80 selutiom aee
LHLIATTRTR LR

S )by -Saluble inowater below 10% Gosololtde alsowe A% ) aalubie
oy polur oeganie silvents,

Unes A brond eombination of propertios wselful e s varisty of
industyien, 14 {8 uned pharmacentivally as o binder, gramtlation
mygent and film-conter B the manufacture of tablets; an aleshol-
wolubbo thigkener and suspondiog mgent for edixies aned ToCons v u
whabilizer for gmlsions,

Hydroxygropyl Methylcaliuloso
Cellubore, 2 hydroxypropyl et byt ot

Colulose Bvdrexypropy] methnd olhor [B004-65.0], menilably in
graden comtaining 166 Lo 80.0% of methoxy and 40 to BL0% of
hydroxypropoxy graugm, and tis i viseosity and themmd goluiion
femparaturen of gelstions of specifimd concentration,

Proparation-The npprapriote grede of methyleollulose (see be-
fownd In drantod with MaCH spdd rescled with propylese oxide ot
whevatod temperabure mad premiro nond for a peackion time salTiviont
1o produee the dosived degrec of nitachmont of wethy! alt hyadvoxe-
propyl grouys by alher Jinknges 1o the sl gdaeae ringy af
celheline,

Proscviption - Ahite 1o klightdy ofowhite, fileov or granalor, Tree.
Ploneivg powede,

Foluhiiymwells b waler wod produces o clear 1o opilomamni, ws.
et collaidal misture; widerguos pevorsifile Teamformntion rons sl 1o
Jourd ot Baoeed Dl daned oo, Yeugecdively, Voowobubile dan il voti nieohiol,
elher ur eblizroform.

UogoA proteetive colloid that B voetul an o disporsing nod
thiekening ngent, and in ophthalinic solationw to provide the de-
muleont pction and vikcons properties emehtial for contuet-lens uke
andd inn Y nrtificialstear” fornaulations. Seo fydroxygerapid Methl
eefinge Ophtinelmie Sofution (pago 7600

Lanotin, Anhydrous .—page 1311,

Mathytcellulese

£l b, vt byl ther, Mothoeed ks, Cetlothyl (arner Chilare
Hytlrotose (Lpsjedon); Syneole Citee Bioa)

Collutome wothiyl eiher [004-67. 05 0 methyl ether of cellyluse
contaimg 7.5 t 31A% of methosy yrvups,

Propavation.. 15y the reaction of mothyl chlorida or of dimatbyl
sullute on colinosa dissolvod in sothom hydroxide,  The enilulose
methy! ethor se formed In congulated by adding moethanol o oty
aialle agont and centrifuged.  Since collilose han % hydrosyl
premtprgluenne ranidue, sovoral moethyteedluloses cog bo made vary-
ing, among other properties, in solubility and viscosity, Typos
unedul tor pharmacautival application contain fom 1 o % melioxy
raclieals/glucos remdue,

Proveription - White, fibrous poveder or granilog; ngusis sk -
wioims Botibrd to [k stalile to alkadics nl dilote avids,

Holubillty - Junolubl i etber, alvohot or ehioroform; soluble iy o
alalnewtie acid asd by bty of ggund paets of aleshol sl elilrgfore,
wwvnlin 0 water, preoduing i alear 10 opnbayent, viseons eolidal s
tios; Primeobu B 3n Bt seater wndd st ueated snbl sobathinsg sults of minorils
acidn and particalaely of polyiisic acid, phanolsaid i combde
frs o bt icnn, but this can e prevented Ty o adidition of deohol g of
stheenl diseatnte,

UsiekeoA gynihotic wrbstitute for natueal g that han both
phanmacentic md therapeuticapplications.  Pharmacoutionlly, il is
v 1o o dinperstng, hickening, entedsifying, sicing and coutim
agent. Wi an ingradiond of many s drops, v |n‘upurm.itma.
Durn medicntions, coametion, tooth pratos, liguic dentittices, haie
Fisatives, crenma and fotionn, 16 (anelinng as o protective eolloid For
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