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the wolutes prosent, ov as one thal maintains at leasl one
solute concentration grodient meross itsell,  Osmosls, b,
is thie diffusion of waler through o inambrane that maintaing
At lenst oo kolute concentration gradient ncross itaelf.

Assume n Solution A on one uido of the membrane, and a
Soution B ol the same solute but of o higher coneentration
on the other side: the solvenl will tend to pass into the maore
coneentratod golution unlil equilibrivm hes been wstab-
lished. “T*he pressure veguired Lo prevent this movement, is
the oumaobic prossure, 1t is delined as the exeess pressure, o
pressure greator than that sbove the pure selvenl, wiich
must be applied to Solution B to prevent possage of solven(
through o perfect semipermenble membrane from A o 13,
The concentration of a solution with respeet Lo effect on
okmiotic prossure iy relnted to the number of particles
{(unionized molecules, ions, macronoteculey, apgregates) of
soluteds) in golution and thoe is alfected by the dogreo of
ionization or agpregation of tho solute. See Chapter 16 for
review of colligative properties of solutions.

Body fluids, ineloding blood and lacvimal fluid, nonmally
lave an ostnelie pressare which often is dercribed an corro-
sponding to that of g 0.9% solution of sodium chloride. The
hady alao altempls o keep the osmotic pressure of Lha con-
temts of the gustroindestinad ract ol phout this level, but
there the normal yange is mueh wider than that.of most hody
fluids,  The 0.0% sodivm chloride aolulion 18 sald to boe
fsonsmatic with physiological fhuids, The Lerm [sotonic,
meaning equal long, s in medical neage commoenly used
interchangesbly with isocsmotic.  Mowever, terms sueh as
isotonic and Ltonicity should be used onty with velerence (o a
physiclogic fluid. lscasmotie actaally iy a physieal term
which compures Uhe osmotie pregsure (or another eolligntive
property, sueh s frecsing. point depression) of two liquids,
neither of which may be o physiological fluid, or which may
s o physiological Muid enly voder cerlain elreumstanees.
For example, o solution of borie acid that ik isoosmetic with
boath hleed and lacrimal fluid is isotonic only with the lacri-
mal Auid,  This solution eauses hemolysis of red blood cells
boopuse molecules of borie acid pass freely throuph the
weythrueybe membrane regasdloss of concentration. Thus,
suotonivity infers anonse of physiologic compatihility whore
inoosmotieity need nol,  As another exammple, a “chemically
defined clementa) diet” or enteral nutritional fluid cm be
isoosmotie with the conlents of the gastrointestinal trael,
but.waild not he considered n phyaiologionl Buid, orsuitable
for parenteral vse,

A solution iy isotonic with a hiving cell if there ig no net.
gain or lons of water by the cell, or othor ehange in e cell
when it is in contact with that solution, hysiologic solu-
tiony with an osmotic pressure Jower than that of bady Hu-
idg, or of 0.9% sodium chloride solution, are referred to
commaonly ng boing ypotonie,  Physiologicnl selutions hav-
ing A greater osmolic pressure are termed hypertonic,

Such qualitative termg are of limited value, and it bas
beeome necousary to stale osmaotic properties in guantitative
terma 1o do so, o torm must be used that will represent all
the particies which may he present in s given syatem, The
term uend is osmol, An vsmol is defined ag (he weight, in
prams, of g solute, existing in a solution as molecoles (and/or
iome, macromolecules, appregates, ete), which ix osmotically
aquivaient to o mole of an ideally hebaving nonslectrolyte.
Thus, the osnel-weight ol a nonelectrolyte, in o dilute sohu-
tion, gemernly fo equad to ils gram-moleeular-woight, A
millicamal, abbrevisted mQum, it the weight stated in milki
prams,

I one extrapolates this concept of ralating en ool and o
maole of a noneloctrolyle us heing equivalont, thon one akso
way define sn oumol in the following ways, 1L is the umount
of solute which will provide ana Avopndro™s numbor (.02
10%) of particles in solution and it i3 the smount. of solute

which, on dissolubion in 1 kg of water, will resufl in an
OSMOLIG Pronstive incrense of 924 atmospheras. This s de.
rived Trom the gos equation, PY = nl¥, assuming ideal
condilions and glandurd temaperature of 020 This is aguiva-
Jend o ncronse of 17,000 fovr or 19,300 4oer 3t 374, One
wOrmal ia one-thousandth of an ownoel. For oxample, 1
mole of anhydrous dextrose is equal 0 180z Gne Osmol of
this nonelectrolyte iz also 180 g, One mOumol would be 180
. Thud 180 my of this solute dissolved in 1 kg of waler will
product an incresse in osmotic pressure of 19.8 toer at body
temperatare.

For a solution of au eleetrolyte such as sodium chlotide,
one molecule of sodium chloride represents one sodium and
ome ohloride jon. Henee, one mole will zepresent 2 osmols of
sodium ehloride thooretically, Accordingly, 1 eamol NaCl =
5B.5 /2 or 29.26 . This quantity vepresents (e sum Lotal of
6.0% X 10% jons ws tho total number of particies, Ideal
gotutions infer very dilute solutions or infinite dilution.
However, as the concenlration g increased, other faelors
entor. With atrong electrolylos, interionic ablraction eaaes
1 deerpnse iy their effeet on colligative properiies, In addi-
tion, and in oppogition, for all solutes, including nonelectro-
lytes, solvation and possibly other faelors oporate to intensi-
fy thelr eollipative effect. Therefare, it is very difficult and
often impassible to predict aceurately the vsmeticity of o
solition. Itmay be possible to do so tor adilate solution of a
single, pure and wellucharacterized solute, but not for most
parenteral and onternd medicinal and/or nutritional fluids:
experimental detormination hikely is requived.

Osmolality and Osmolarity

It 15 mecossary to use several acdditional terms to defline
expressions of concentration in reflecting the osmoticity of
solutions, 'T'he terms include osmolality, Lhe expression of
asmolal concentration and osmolarity, the expression of ou-
molar coneentratiomn,

Osmolality-—A solution has an osmaolal concentration of
one when il contulng 3 osmal of aelube/lg of witer, A solu-
tion haw an ozmolnlity of o when it contaios re osmels/ke of
water, Oumolal solutions, like their counterpnrt molal solu-
tions, refloct & weight Lo weight relabionship hotween the
solute and the solvent,  All solutions with the same molal
concontrations, irrespactive of solate, contain the snme mole
fraction (f,,) of solute. 1n water

l(ul L

moles polute
molus solute 4 moles solvent

thus, for 1 ene molul volution

o Imolesolute 1

Fa 1 mole solute 4 55,5 molos water per kg (6.5
Since an esmol of any nonglectrolyte is equivalent 1o 1 mole
of that compound, ther g [ asmolal solution is synonymous
fo 4 1 molal solution for a typical nonolectrolyte.

With a Lypical electrolyte lile sodium chloride, 1 esmal
approximately 0.5 mole of sodium ehtoride. Tlum, it follows
that 1 1 osmolad sofulion of sodinn ehloride essentially iy
equivalent 1o 8 0.5 molud solution.  Recall that a 1 osmalal
solution of dextrose or sodigm chloride sach will contain the
samo particle concentration. In the dextroge solation Lthase
will ho 6,02 % 102 moleculss/lgr of water and in the sodinm
chloride solution one will have 6.03 X 10% total ions/ltg of
walor, one-half of which ave Na' iony and the other half G1*
sons, ‘T'he mole fraction, in lerms of Lotrl particles, will be
the same and, bence, the anmo oamotic pressure,

Ad in molal solationg, osmolal solutions vsually are em-
ployed where guantitative precision is required, as in the
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anensuremant of physien) and chemicad propuerties of solu
Ligny (e, eolligntive praperties). 'The advantage of the o/
redntionship is thid the coneentrntivn of the system s nol
mfluenced by temperatire

Ommotayiiy--The relationship aherved botween molal:
ity and osmolakiby is shuired stinilarly hetworn molaity and
vamalueity, A solotion hay an osmolar concentration of 1
when iteontring L onmad of soluledl, ol selution,  Likewise,
solution has an ssolarvidy of @ when it containg 1 psmobs/l
of solution,  Quemoelar sotutions, wnlike cmmolal solution,
reflect a weight valuing r'u]nl,ium;hil;y belween the solute
wnd il solution, A one wobyr and | osmaolar solution
would hesynonymeus for nonglectrolytes, Forsodium ehlo
ride @ 1 oamolny selution would contain 1 osmal of sodiom
chloride por Bter which approzimates a G0 maolar solution,
The advantage of employimgg osmoelar concentrations over
osmolal concentrations is the alility to relute aspecific num-
bur of astaols or milliosinols o a velumie, such as a liter or
wl. Thus, the osmolar concept is simpler and more practi-
cal, The osmaolal convept daes ot allow for this eonve-
nienee heepuse of the w/ie relationship. Also, additional data
sueh s the donsity waally ace not ovaiteble, Volumes of
sobution, rather than weights of solubion, me more practical
in tho dolivory of liguid dosage Corms.

Many health professionads donas have o cloar anderstand-
g of the difference between ossmolality and osmolareity, In
faet, the terms have boen ased interchangeably. This iy due
partly Lo Lhe eireunstance that, until reeently, most ol the
aystenis involved were body Fuids, in which the difference
Batween the numerical values of the two concentration ox-
prassiong is svald and similae io0 magnitiude, Lo the ervor
invislved in their desermination. The problem partly may
center around the nyterprolation by some bo view one kilo-
grnm of water it Hae osinolal coveepl os being egquivalont L)
T awred, merre inportantly, the interpretution Lhst to make up
L volume of [ 1, a8 iy osmolarily, (s essentilly the sare us
the weight of solute plus | Liter (1 distortion of the osmaolal
comeept), The primary difference rosidos in Lthe error intro-
duced which revolves nround the volwne of water oceupied
by the solule. AT osmolarsolution of a selute niwnys will ho
more concenimted than n | osmolal solubion,  With dilute
solutions Lhe difference may be necoptably small,  Nine
penms of sodivm ehlovide/L of ngueods solution is approxi-
ﬁmi,uly couivalent 1o 9 g in 9965 mls of water, This vepre-
sents an aryor ol undey 19, when comparing the asmoticity of
0.9% w/o volution to a solution of 9 ¢ plus | kg ol water,
1ising dextrose in a parallel comparisen, crrats Mngs rom
approginately 3.5% 0 osmolicity with 50 dextrose/L ver
sus B0 plus 1 ke of wator 1o a differonce of about 25% in
osmoticity with 250 g dextrose/l versus 260 g plas 1 kg of
water, The confusion appenrs 1o be without cause for con-
corn ab Lhis time. Howoever, one should be alertid (o the
pizenble orrors which may ecenr with concentented solutions
or fluids, auch ay those enployed o toted parenteral nutri
tion, engernl hyperalimentation and weal nutritional aids
for infunis.

Reference bas been mde Lo the terms hypertonic and
hypotonie.  Analogous Lenma s hyperosmolie wnd hypoos-
muokic. Phe significance of ypers and hypo-osmoticity for
medicinal and nutritional fluids will be discussed Inter. The
vahaos which correspond (o those teoug for soram may he
visualized approximately from the following cxample.  Ad-
staning normal sevum asmelality o be B85 mOsmal /i, o
serum asmolality inerenses due bo waber dleficie, thie follow-
iy wiglss anel symptoms waally we found (o seewanulate
progressively at approximately theso vatuess 294 o
98 Alirsl, (if the patient is alert and communienlive); 208
to 314 -dry mueous membranas; 314 fo 320 wenlooess,
doughy slin; above 330 disoriantation, postural hypoten-
wion, severe wiralmess, Tuinting, CNS ehgos, stepor and

TONICITY, QSMOTICITY, QSMOLALITY AN GEMOLARITY 1403

comnn, As serant opmolality decranses due Lo waler exerss
ihe following may cceur: 270 1o 261-—hoadache;, 262 to
ST drowsines, wenkness; 200 Lo 285--disorientation,
crampe; Below 243 -seizares, stapor and comn,

Ag indlented previously, the wechanisms of the body ac
tively combnt such nugor changos by Hmiling the variation
in osmolnlity for normal individuals 1o less than about 3%
{approximataly i the range JH2 to 2088 msmol/lkg, based an
Lhe above nssumption),

I'he value givon for normal seram osmolality above was
deseribed as an mssumption because of Uw varivty of values
found in the literature.  Secmn osmolality often is stated
loosely to be about 300 miQsnal/l.  Apart [rom that, and
mare specifically, two roferances stalo it ng 280 to 205 mQs-
mial/Lay othor relorenees glve it an 275 19 300 mOusmol /T, 200
mOsmol/L, 306 wOumal/l. aned 295 to 285 mOsmol/ky.
Plyate s astrong tondetioy to cal) 11 ossededidy bud to slake it
us mbdsmol/l (not as mCsmol ). In Uhe Bight of Lhoue
vaeying values, one muy ask about the reproducability of the
exparimental meanurements, 10 bas heen stated ot most
asteneters e necwrabe b b mOumol/l. With that type of
roprodueihility, tha above viwinLions perhaps may he expeel-
o, Phe differenee hetween aditer b kilogram probably is
noigni leant for serum and arine, D s dilfieult (o messure
Kilogrames of water in g selution, and vasy Lo express hody
{luid gquantitied in Jiters, Perhaps no huen hag been done Lo
date Ty Lhis practiee for hody luids. However, loose (er-
minclogy hore may lead (o loose levmniokepy when dealing
with the rather coneentrated luids used ail timoes in paren-
tern) and eoferal nuteition,

Reference has boen made o confugion in the vee of the
forms ovmoladity and osmolarity, a distinetion of spocial
impertance for nulritiona) fluids,  Awarenpss of lrigy cone
contrations of mfant-formuly shonld pive warming as Lo pos.
sille viviw,  Unfortunately, the asmoticity of infant Tormu-
Ins, tube feedings and total paventeral nutrition solulions
hae not been degeribed adeguately cither in texthooks or in
tha literature,* and the labels of many commercinl nutrition-
ul thuids do not, in any way, state their esmolicily, Only
recontly have enters) (Guids been charaetorised in Lerms of
noticity. Bome praduct nes now ave accenting isoosmao-
tie enteral nulritionand supplements, Often, when the term
camolurity in used, e cnnnot.digeern whether this simply is
incoreeel terminology, or i osmolarity aefunlly has been
enleulated from oamolality.

Another current practice which can eauso confusion, is the
wse of the terms normeal andfor plsiolopical for jsotonic
sodium eblovide splution (0.9%),  The selution surely is
isooamotic. Mowever, as to being physiological, the ¢coneen-
ration of iony are oach of 154 mBEg/L while serum containg
about 140 m By of sodium and about 108 mliq of chloride.

The range of mQsmol values found for seram raisos the
question aa o what renlly is meant by ihe teroy hypotooic
nud hypertonic for medicinnd and nutritional fuids. Ono
o find the statemant that Huids with an osmolality of B0
mOsmo! or more ahove pormal are hypertonic aod, it 50
mOsmol ar more below normal, are hypotoenie. One also can
find the statement that peripheral infusions should not have
an osmolarily exceeding 700 1o 800 mOsmol/L.? Examples
of vsmio) concentations of solutions used in peripheral infu-
sions gre; DEW-—262 mOsmol/Ls DIOW--606 mOanol/l,;
Tactated Ringers 5% Dexirose. 525 mOnsmol/l. When a
Thaid s hypertonic, undesirable offeots often con e de-
grenstt] [y using relatively slow reales of jnfusion, and/or
relatively short periods of infusion,  N2EW...20% Amino
Aciels iy 0 rapresontative exunple of n highly esnetic hypur-
alimentation solution, 1 has heen stated that when osmoelal
Toad ing 35 needed, o maxizn sale toteranca for o normally
hydratod subject would e an approximate inerease of 20
mOsmaol /g of widey ovor 4 he
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1404 CHAPTER 7R

Computation of Osmolarity

Several methods are used o obtain nwmerical values of
osmalarvity. ‘1'he osmolar concentration, sometimes velerred
1o as the “theorctical osrolarity”, is calenlated fram ho
wi/vol concentration using one of the following equations:

For a nonelectrolyto

B 000 = mOumol/L ()
mol wl,
For a strong wlectrolyte
----- Bl o mther OF 1008 0 yhon o Oemal/l, (@)
mol wi formad
Fror individual Lons, if desired
pofion/l, ® 1000 = mOsmol (of 10p)/1. (i)

jonic wi

Ihese are simple colealatians, boweveor, they amit consieder-
ation of faetors such as solvation and interionie forces. By
this method of ealeulation 9% sodivm chloride hay an os-
mojar concentration of 308 mQumol/lL.

Two other methods compute osmolarity (rom values of
oamolality, The determination of oamolality will be dis-
cussed later. One method has o strong theoreticnl basis of
physical-chemical principles® usitg values of the partial
molal volume(s) of the soluteta). A 0.9% sodium chloride
solution, found experimantally to have an osmolality of 286
mOsmel/lgy, was cnloulated w have an osmolarivy of 280
mOsmal/L, rather dif forent from the vaiua of 308 mOsmol/L,
enlenlated ng above, Tho method, using pertiul molal vol-
aines, is relatively rigorous, bud many systems nppost to be
ton eomiplay md/or too poorly defined (o he deslt with by
this method.

Tha other mothod is brzed on the Iollowing relatiomsahip:é?
netunl osmolarity = mensored oamolnlity X (density — g
solule/mll. ‘Phiy axprogsion can be written

w OQamaol/L solution » mQOsmol /1000 g waler
X ¢ water/ml, splution

The experimental value lor the osmolality of 0.0% sodium
chloride solulion was 2027 mOumol/kg; the value computed
Tor psmaelarity was 2004 mOsmol/L. This method does not
have as fivm a theoretical busis as the preceding moethod but
it hag the advantage that it uses easily obtained values of
density of the solution and of its soluto cantont,  Apparent.
1y, it can be used with all systems,  For example, the osmo-
lality of a nutritional product was dotermingd by Ll (oo
ing point deprossion method to be 626 mOsmol/kg? its os-
mokarity war caloulaled ns 625 X 0.839 = 524 inOumol/.

The USDE reguires that labels of pharmaeopein] solutions
which provide introvenovs replenishment of Guid, mutri-
ant(s), or sloctrolytote), ng well a4 of the csmotic diuretic
Mansitol Injection, state the asmaolar coneentration, in mil-
Hopmols/LL, excopt Lhat, where the contents ave less thau 100
wl., ur where the Johol states the article ia not for direct
injeetion bul.ig Lo he diluted hefore vae, the Iabel abtoruative.
ly may state the total ommolar coneentragion in milliosmaols/
mL. Thiais o reasonebio request from soveral stondpoints,
and intravenous Muids ave being lnbeled in accordance with
this stipulation, as shown in the noxt soction.

An example of the wse of the first methon deseribed alove s the
carpiitation of Lthe approximate wsmolse congentrudion (“Usearetionl
apmolariny™) of w Loctated Tnger's 5% Dextvme Solution (Albafl),
which i lahelod w contain, per by dextinose thdrou 50 g sodinn
ehluride G g, potamsiom chiorido 300 g, ealeivim ehloride 200 np and
sotlivwm loelnto 8.3 1 Alye stnted Bs ting the Lol osmolal concentiation
of the solution is npproxinadely B4 mumaod por Ly, U parl conbeiliuted
Dve 100 e Ty wf Nt 100 ke of C17, 4 ol ol 8Y, Sl of Co™ pod 21
rltx of lnelnta ion,

T derivalion of e osmeler coneenteaiions (rom e staled conpn.
aitiontof Waerwolution may b verifiod by saleninion using e | above for
thin nonelect ralyte dextrane, nnd By 2 far Ui edectralyles

fextrase

pt
S0y 1000 _
I = O wnemelf1
16R.17 e
Suclivm Chluride

(L0266 imOumol Na*)
CHL.G6 m UOsmal C17)

SREXTIG

RO6I mOsml/L
biad / [
Potossium Chioride

{402 mOnmel 1K')
(.02 mCOume] C1)

Dobg M 2 % 1 = W04 m(Juu:uIJl;{

Curlefeern Cleboriole

0,

XX o0 (i B msmaol Ca®')
T el e B4 0; 3 .
170,08 i {(rt.ﬁ nCmel €217

Sudiun Loctote

(27,066 mOumol Na ')
@760 mOsmal letate)

BL g xR 1000

11006 = 2 mbamal/l, [

The Lotal aumuolar concentration of (e fve ssluies in U solulion is
Gadad, in pood orecoent, with the labeled total osmolur concinteation of
wpppreeximptely H24 mOmmol/l.

The mOumet of wockivm in £ Lok the safution iv theyam of the mOrnol
of Lhves ion Trom pedivm ebloride and dodium laetate, o, JO2.06 + 9766
10,08 mCwiol. Cliborice fon coma from e sodim ehlovide, piassi-
uimr ehioriclo and eodeiwm ohtoride, the tolal osmelnr concentreation Ll
10266 1+ 400 4 5.8 e 1103 mOumol, The mCemil vilues of potassivm,
calviun and tretnte e colenloted 16 be 4,00, 1.8 and 27,66, respectively,
Thus, with the possible oxcoplion of caleiun, there is elose agreomend.
with the Inheled ity content of vach of e ioos,

The esmolarily of 0 mixture of complex compuosition, such
as on enters) hyperalimentation fluid, probably cannot be
caleulated with any acceptable degree of certainly and,
therefore, the osmolality of such preparations probably
should be determined experimentally,

The approximale osmolarity of mixtures of two solukions
ean be computed Mram the following relationsbip (e moth.
od s lnown s alligielion medial)

o, XV, oum, X V),
08Iy, = 1:' it S e
final

whuors

V, & volume of component a

Vi, = volumo of component &

Vil @ voltme of final solution

o, @ osmolnrity of component a

osmy, = pumolarity of component

OB = ostaolarity of final solution

For expmple, 16 caleniate the sanolarity of mixture of G400 mil of o
wolutinn of esmolarity 850 awd B0 ml of nvolution of rmalarily 202
G g P00 ., 28 % SO0

T 000 006

e 495 mOsnol/L -+ 1268 mOumol/L, = 561 1mOsmol/l,
This exarmple illuslmtes the ease of enleulating thy onime.
ticity, by use of osmolarity, when solutions are mixed. Such
a caleulation would be much less vakd if osmolality vahies
were used, Jrom the previous example one can see how to
calculale the approximate effect iT an additionsl aclule is
ndded.

Undesiroble EHects of Abnormal Osmoticlty

Ophthalmic Medication—-1t generally has been accopt-
edd that ophthalmic preparations intended for instillation
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into the cul-de-sac of the eyo should, o possible, be approxi-
mately irotonic to avold irdtalion (see Chapter 88). T also
has been stated thot the almormal tonicity of contast lena
wolulions can cause the lens to adbere Lo Uhe sye md/or eanse
burning or dryness and photophabia,

Parenteral Medication--Oumoticity s of great impor-
tance in parenteral injections, ils effects dopending on the
depree of devintion from tonicily, the concentration, the
Joeation of the injection, the volume injected, the apeed of
the injection, the rpidity of dilution and difTusion, ete
When formulating paranterals, solutions otherwise hypo-
tonic usually have their tonicity adjusted by the addition of
dextrose or sodinm chloride,  Hypartonic parenteral drgy
solutions cannot be adjusted. Hypotonie and hypertonie
solutions vanally are adminigiered slowly in amall volumes,
or fato o Jurge vein such us the gubclavion, where dilition
and distribution ascur rapidly,  Solutions thet differ from
the serum in tonicily generally are stated to cause tissie
irvitution, pain on injection snd electrolyte shifls, the effect,
depending on the degreo of doviation from tonicity.

Iixeessive infusion of hypotanie laids may cause swelling
of red Blood cells, hemolysis and water invasion ol the body's
cells in penoral,  When this is bevond the body's tolprance
for waler, water intoxication results, with conmvulsions and
edema, such ag pulmonary edema,

Bxcessive infugion of ivotonic fluids enn anise an inerease
inextracollular fluid volume, which can resull in cirealatory
ovorload,

Excessive infusion o hypertonic fuide Jeads Lo o wide
variety of comaplicalions, For example, the sequuenes of
ovents when the Lody is presented with o large intravenons
load of hypertenic fluid, rieh in dextrose, s ag fobows: hy-
perglycemin, glyeosurin and intracellulwe dehydeation, os.
motic divresis, loss of water and eleetrolytes, debydembion
and coma.

One canse of osmotic diuresis is the infusion of dextrose at
n rate faster than the ability of the patient. to metabolize it
(s greater than perhaps 400 Lo 500 my/lg/h for an adult on
total parenteral nulvition). A heavy load of nonmetaboliza-
ble doxtrose increaser the osmoticity of blood and acts as n
diureticy the inereasad solute losd requives wore (utd for
excretion, 10 to 20 ml, of water heing required to exérele
eoch gram of dextrose. Solutions, guch as those for total
perenteral nutrition, should be administered by means of 1
metered constanl-infusion apparatus ever a Jengthy period
{usually more than 24 hr} Lo aveid sudden hyperosimotic
dextrose loads,  Such golutions may cause ospotic divresis;
if this vecurs, waler balance is Jikely to become negative
beeause of the increased urinary volume, and electrolyle
depletion may oceur because of extretion of sodium and
polasyinm seeondary to the esmotic divresis. 1 soeh diares
sis in marked, body woipht falls abruply snd signg of dehys
dration appear.  Uring should be montiored for signs of
vamotic dinresis, such as ghycosarin and ineyeased urine vol-
R,

If the intravenous injection rate of hypertonic solution iz
too rapid, there may be calastrophic offects on the circaln-
tory and respiratory systemit. Blood pressure may fall to
dangerous levels, eapdine regulavities or arvesh may eosue,
respiration may become shallow and irregular and there may
be heart failure and pulmonary sdema. Probably tho pre-
cipitating factor is a bolus of concentrated solute suddenly
resching the myocardium and the chemoraceplors in the
aortie areh and carotid sinus,?

Abrupt changes in serum eumoticity ean lead o cerebral
homorrhage, It hog heen shown experimentally that rapid
infusions of therapewtic doses of hypertenic saline with os-
motic londs produce s sudden vise in corebvospingd fluid
(CSI) pressuro and venous pressure (VIY) followad by o
precipitoua fall in GST pressure.  This particularly may he
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conducive to inlvacranial hemorrhoge, os the rapid infusion
produces nn inercsse in planma volume and venous pressure
al the same Hime the CBI7 pressura in falling, haiog the
CBI" pressure rine, theve inn drop in bemaglobin and hemat-
oorit, reflecting o marked inercase in hlood volume,

Hyporosmaotic medications, such ag sodium bicarbonaly
(osmolarity of 1563 al § milg/mL), which are adminigtered
intravenousty, should De diluted prior e use nnd should be
injecled slowly {0 allow dilution by the cireulating blood.
Hapie “pash’ injections may cause o signifieant increase in
blood osmaoticity.h

As 1o other possibilities, there may be erengtion of rod
blood celle and general cellular dehydiation.  Hypertonie
dextrose or snline, ete, infused through a peripheral vein
with amall blood volume may traumative the vein and eause
thrombophlebitis, Infitteption can cause Lraama and necro-
wis of tirsues,  Safely, therefore, demands thal all intrave.
nous njectiong, especiadly highly osmotic solutions, be peg.
formed slowly, usually being given proferably over a poriod
not less than thal required for n complete cireulution of the
blood, g, I min. The exact danger point varies with the
atate of the patieni, the concentration of the sohution, the
nature of the solute and the rate of administration,

Hyporosmotic salutions alko should not be discontinued
suddenly, I dogr, marked ineroase in levels of intracranial
pressure ocenr when hyperglyeemia produced by dextrose
infugions is reversed suddenly by stopping the infusion and
administering saling, T alse bas bean shown that the G817
prossure in hwmans riges during treabmend o digbetic keton-
cidosis i ppsoeialion with a fall in the plagma goncentration
of dextrose and a fall in plagmg ogmolality,  These observa-
Liona may be sxplained by the difforent rates of docline in
dextrogse pontent of the brain and of plasma. The concen-
tration of dextrose in the brain may fall move slowly than in
the plasma, eavsing o shift of fluid from the extracellular
ftuid spuce to the intracellular compartment of the NS,
renulling i ineremsed intracranial pressura,

Osmometry and the Clinlcal Laboratory

Oamometry is a fairly rocent innovalion in the clinieal
laboratory; an ariiclein 1971 had the itk “Oumometry: A
Mow Bedside Tahoratary Ald for the Management of Surgi-
cal Pationts.” Serum and urine osmomotey may nssist in
the dingnosiz of certain fuid and sleciralyte problems.
However, osmometey values have litile menning unless the
clinjeal situation is kmown, Osmometry is used n ronnl
dinlysin a a choelt on the eloctralyle composition of the
fluic, In tho clinieal laboratory, as stated above, Lhe term
“ogmolality' 18 uaed generally, hul usually ix reported as
wmOsmol/L. 1t may seem unneeeswury 1o mentiol that ok-
molality depends not anly on tho number of selute particles,
Dzt abso on the quantity of waler in which they are dissolved.
Towover, it may help one to understand the stutement that
the normal range of urine osmolality is 50 o 1400 mOs-
mal/L, and for u randons apocinen is 500 to 800 mQsmol/L.

Serrem Osmoticity

Bodiwm s by far the principal aoluts involved in sernin
osmoticity, Thorefore, abnormal serum osmoticily is most
likely to ho nssociated with conditions that eauso whnormal
sodivim concontration apd/or pbnonnal water volume.

Thus, hyperesmetie serum is likely to e caused by an
Jyereast In sorum sodium ond/or loss of water, It may be
associated with disbetes insipidus, hypercalemmin, diuvesia
during severe hyperglycemin or with early recovery fram
ranal shutdown.  Aleohol ingestion is said to be the most
comunon cuuse of the hypersmotic alafe nnd of coexisting
coma and the hyperosmotic stale, An examnple of hyperos-
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mabicily 14 o comatose dinbetic with a serum gumoticity of
265 mQumal/l..

In a somewhat snalogous fashion, hypoestmotie sorum s
liltely Lo 1o due Lo decrense in serum godium swd/or excess of
wiler, 1 muy be wssociated with the postoperative state
{capecially with excoaslve water replacement therapy),
trogtment with divweetic drugs and Tow-sall diet (ay with
patients with beatt Iniluee, eirvhosis, ele), adranal disease
(eg, Addison's disease, adrenogenital syndrome) or SIADH
{ayndrome of inappropriste AR secretion}.  There are
many diseases which canse ATH to be relenssd inappropri-
alely (ie, in spite of the fuel that sexum osmotigity snd
volume may have been normal initiaily), These include cal-
cell carcinoma of the lang, bronchogenic carcinoma, conges-
tive heart tailave, inflamsnatory pulmenary lesions, por-
phyria, severe hypothyroidism or cerobral disense (sach an
tumar, Leaumn, infection, vaseubar abnormalitios, ete). I
also may be feund with some patients with excessive diuretic
wse,  Serwn and urine osmoticity are measured when
SIADIT is suspected,  In SIADM theye in hypoosmoticity of
the blood in associalion with a relative hyperosmoticity of
urine.  The wsual cavae in o malfunction of the normal os-
motle response of osmoreceplors, sn excess of eXOEEnOUs
vasopressin, or a production of a vasopressin-like hovmone
that 1a not under the vegular control of serum vamolicity.
The diagnosis js made by simullancous measurement, of
urine and serum osmolalily. 'The serum osmolality will be
lower than normal and much lower than the urine osmolaki-
ty, indicating nappropriate seerction of a concentrated
uring in the presence of g dilule serum,

Curdiae, renat and hepatic disease choracteristically re-
duce the sodinmi/osmolality ratio, this being partially atdril-
uted Lo the elfects of increased Bload augar, uren or unknown
metabolic praducts,  Patients in shock may develop dikpro-
portionately elevated mensured oxmolslity compured to cal-
cwlated osmolality, which points toward Lhe presence of civ-
culating metubolic products,

There are several approximate methods for estimating
gerum osmolality from clinical Inboratory values for sodium
ion, ete. They may be of considerable value in o cmergency
situation.

1. Serum oamolality muy be estimnted from the formula

Wlood sager | BUN |
TH 28
{Nu in mig/L, blood sugar sud HUN in myg/100 ml)

Qamod &= (1LH6 ¥ sodium) -

2. A quick approximation is
BS , BUN
mOunol = & Nu + =+ ==
20 3
4. The osmolality is usuadly, bt ot adways, very close Lo
two timos the sodium reading plus [0

Urine Osmoticily

T'he two main functions of the kidpey are glomerular fil-
tration and tubalar resbsorption.  Clinically, tubular funce.
tion i meanvred best by tests that detemnine the ability of
the tubules to concentrate and dilute the wring, 'Posts of
urinary ditution are not as sensitive in the detection of din.
ease, ad are toals of urinary concentration.  As concentration
of urine oeirs in the repal medulla Gnterstitial aidg, loops
of Henle, capillaries of the medully and eollecting tubules),
the disease processes thal disturb the function ar struciuce
of the medulln produce early impainment of the concenlyat-
ing power of the kidney, Such diseases include aoube tibu-
Jar necrosia, obstructive uropathy, pyelonephritiy, papillary
nagrosis, modullary cysts, hypolialemie and hyperenleemic
nephropmthy and sickle-cell disoase.

Measurement, of urine vamnolality is an ageurate test Lor
the diluting and concontraling ability of the kidneys, Tn the
absence of ADH, the daily urinary output is likely Lo be 6o 8
Lo, v more.  The normal uring osmolality depends on the
clinieal salfing normally, with magimuom ADM stimulation,
it com he as mueh as 1200 mOsmal/kg, and with maximum
AT suppression as little as 50 mGamol/ly.  Simultancour
datermination of serum and urine ssmolafity ofton is valu-
able Jn aecssing the distal fubolar response Lo sivculating
ADH, For uxample, if the patients serum js hyperosmolal,
ar in the upper limits of normal ranges, and the patient’s
urine camolality measinved at the snme time fs much lower, a
decreaned responsiveness of the distal tubules to eireulating
ADH is suggested,

Measurement. of weing ssmelality during water reslviction
is an occurate, sensitive test of decreased renal function,
Por example, under the conditiong of one test, normal vgmo-
Jality would be greater than 800 mOsmel/kg.  With severe
impairmont the value would be less than 400 mOnsmol/kg.
Knowledge ol urine osmolalivy may point to a problem even
though other tests are norwal (g, the WMishberg concentra-
tion test, BUN, PSP excretion, croatining clearance or TV
pyelogram).  Knowledge of its value ray biruneful ospecial-
ly in disbeles mollitus, casentiol hypertension and silent
pyelonephritie, The wrlneseram osmolality ratio should he
calenintad and should be equal o or greater than 3.

Osmoticity and Enteral Hyperalimentation

Some aspects of nutrition are discussed brielly here he-
coune of the potential major side effects due 40 abnormat
ogmotivity of nulritional fuids, aad becauso there exisls
ineressing dinlogue on nutrition among pharmaeists, dieti-
tans, nuraes and physicians.  An example is the professional
orgimization, ASPLEN (The American Society for Parenteral
and Fnteral Mutrition), with membership opun to all of the
ahove health practitioners, It is desirable, therefore, that
pharmacisty be able {o discuss these mattera with these
other health professionals in terms of nutrition ns well as
maedicine,

Osmoticity haa bean of special importance i1 the ntrave.
nous infasion of Jarge volumes of highly concentratod nutri-
tional solutions, Their hyperosmoticity has been a major
factor in the requirement that they be injected centrally into
& large volume of yapidly moving blood, instead of using
peripheral infusion. Use of sueh solutions and knowledge of
their value seems 1o have led, more recently, to the wse of
sather similar formulationd administored, not parenterally,
Tt Ty inatillation into soma part of the gastrointestinal
tracl, usually, but not necessarily, by gavage,  OF course,
gavage feoding is not new. T'his method has given excellent
Lotal nutrition, for o period of time, Lo many poiients, Tt has
Jurnished nn important part of their putrition Lo others, 1L
abviously avoida some of the problems nssoviated with injec-
tioms,  Many of the reports on this topic refer 1o the use of o
SChemically Dafined Elemental Diet.,” These are special
nutritionally complete formulations that coninin protein in
ao-culled “olementol” or “predigested™ form (protein hydro.
lysates or synthetic amino neids), and carbohydrate and fat
in simple, ensily digestible forms. These diets nre necessar
ily relatively high in osmoticity because their smaller mole.
cules vesult in moye particlag per gram than in normal foods.
An exnmple iy fhaid congisting of:  L-mning acids, daxtrose
oligosarcharides, vitaming (including fut-soluble vitaming),
fat ng a highly purified sufflower oil or soybean oil, slostro-
Iytes, troce minersls snd woter, As it contajvs fat, thay
component iy not in solution and therefore should have no
divect effect on owmoticity, Fowever, the potential for in.
teraetions can eause some significant changes in total partis
dle congentintion and indirectly affect the ssmoticity®
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Although easily digested, dextrose contributes more paiti-
cles than wmost obther carbohydiate sourees, such as starch,
and is more likely Lo couse osmotic diarrben, especially with
bohuw feading.  Osmoticity is improved (decreased) in the
above fopmuta by replacing dextyone with dexlrose oligogae.
charides {enrbobydrates that yiald on hydrolysis 2 to 10
monogaechavides), WMavoring also increnses the asmolicity
of & product, different. flavors causing varying increnses,

Commercial diets of this type ave packaged o {aids or on
powdars for reconstitution,  Reconstitution 1s usually with
wator, ‘The labels of some prepavtions state the csmoelality
or pamolarity of the fluid obtained ol standard dilution,
However, the labels of mony products do not state cither
their osmolalily or oamolarity (or their osmaticity in mny
way). Often, when the term osmolarity iy used, one cannot
discorn whether this is simply incorrect tovminology, or
whether the osmolarity actunlly hos been caleulated from
the osmolality. With concentratod infant Tormulag ov tube
feadings, the osmobrity may be only 80% of the osmolality.
The osokicity (esmolality, ela) of infant formulas, tube
feodings and totsl prrenteral nuirition salubions are nol
described adoguately cither in texthooks ar in the literafure,

There are other arens of concern, A wide variation in
osmolality was found when powderod smmples from differ-
ent containers were reconstituted in the same manner, This
difference was found both within und among differant dotr of
the same product, I addition, reconstitution of some pow-
dered onteral formulas using the scoops supplicd by the
manufacturer gave formulas that had almost twice the asmo-
Inlity of the same product when reconstituted acouralely by
weight,

Thig form of nutrition hos been colled, somewhat haccu.
rately, *Tnteral Hyperalimentation"! It ghould be distine
wuished from (a) “Contral Parenteral Nutrition™ (which also
has been eolled “Hyperalimentation,” “Total Pavenieral
Nutrition” (I'PN) and “Parenteral Hypuernlimontation™),
and from (b} the more vecently roported “Poriphoral Hyper-
alimentation.” The terminology is 10 o state of fux due to
the recont rapid progress in the forms of motabolic support.

The enteric route Tor hyperalimentation trequently is
averloolied in meny disenses or postteraama states, i the
patient. is not readily responsive (o traditional eral feedings,
Pour appetite, chronic navsen, general npathy and a degroo
ol somnolence or sedation are comton concomilanty of seri-
oug digease.  ‘Phis frequently provents adequate oral alis
mentation and results in progrossive energy and nutrient
doficits, Often, supplementary feedings of 1 highly notri-
tious formula aro taken poerly ar refuged entirely, Howev.
or, the digestive and absorptive capabilities of the gastroin.
testinal tract are freguently intact and, when challenged
with appropriate nutrient fluids, can he wsed olfectively.
By using an intact GI tract for proper alimentation, the
major probloms of sepsis and metabolic dersugement which
relate to intravenous hyperalimentation Jargoly are olwviud-
ed, and adeguate nutritional suppart is simplified greatly.
Recause of this incrensed safely and sase of ndministration,
tha ontere routs for hyperslimentation showld be uaed
whenever possiblad

When ingested in large amounts or concentrated (uids,
the osmotic characteristics of certain foods can cause an
upsel i the neromal watey balance within the body. iora
given weight, of solute the osmolulity of the solution s in
versely proportional to the size of the particles. Nutritional
components can be Bsted in an approximate ovder of de-
crensing vsmotio effoct per gram, ns!®

1, heetrolytos sueh an sadiom chloride

2. lelotively amall organie moleculos wieh ns dhentrose {elucomed wnd
amiag aichi

A Dekbrpse oligosncchinrides

4, Btavchoes

fi. Proteins
G Fnts (o Tats nre ot water-noluble they bave no osmotic offect)

Thus, In foods, high proporlions of eleclrolytes, amino
eidds and simple sugnrs have the graatont effoct on osmolali-
ty, nnid s o eesult, on telerance. 'The approximate asmolali-
Ly of 0 few common foads and bavernges iy

mOurnal/lt
Whale anglk A
Tomatao juice i
Cramge juice Dh
lee cronm 1150

When nutrition of high osmoticity is ingested, large
amounts of water will tranafer Lo the stomach and intestines
[rom the Auid surrounding those organy in an atlempt io
lower the osmaticlty. The higher the osmoticity, the Invger
the amount of water reguired; o large amount ef water in the
G tract oan cause distenbion, cramps, nasen, vomiting,
hivpermotility and shoek,  “Phe food may move through the
tract toa rapidly for the walar to be reabsorbed, and resoit in
diarrhen; severe dinerhen cun couse dehydration,  The hy-
prerosmobic enteral effects have beon ohserved ly the admin-
istration of yndiluted hypertonie ornl medication;!! Table |
from this wark Hats average camolality values of some corm-
mercially available dvug solutions and suspensions.  Thue,
thare is some analogy 1o the effact of hyperosmolic inirave-
nous infusions.

Hyperosmotic feadings may result in myeosal domage in
the GJ tract. Hate given hyperosnotic feeding showatl tran-
sient, docrease in disncebariduge netivity, and an increase in
alkaline phosphalase activity, They also showed morpho-
logie alterations in the microvilli of the small intestines,
After a periad of sevory gastroenteritis, the bowel may be
unusually susceptiile to highly osmotic formulas, aud thoir
usie may inerense the fvequency of diarrhes,  Infan! formu
las thab are hyperosmotic may affeet protorm infants ad-
versely during the early neanntal period, and they may pro-
duce or precdispose neohates o necrotising enterncoliths
when delivered to the jejunum through a nasogastrin lubis,

The hody atiomts (o keep the osmoticity of the contonts
aof the stosmach and intestines al approximately the same
leve) as that of the fluid surrounding them.  As a (nid of
Jower cumoticity roquires the transfer of less water ta dilute
it, it should be tolerated battor than one of higher oumoti-
city, Aa 1o toleranee, there is o great variation from one
individual ta another in sensilivity to the cimoticity of
fvods. The majority of potients receiving nubritional for-
mulag, cither orally or by tube, are able (o tolerte feedings
with a wide range of egmaticities if adminislered slowly and
if adequate additionat fluids ave given. Howover, certain
patients are mere likoly to develop symploms of intolerance
when receiving fiuids of high osmoticity. These include
debilitated patients, patients with (I disorders, pre- and
postoptrative patients, gastrostomy- und Jejunostoury-loed
patients and patients whose (T tracts have not been chal-
lenged for an extended period of timo. Thus, osmoticily
should atways he considered i the aploction of the formula
for each individual patient,  With all products, ndditional
{luid intake may be indicnted for individuals with certain
elinien! eonditions.  Froguent foedings of small volume or o
continual ingtillation (pumped) may be of henefit initinlly in
eptablishing tolerence to n formula.  For other than isgos-
maotie formulay, feedings of rocduced concentration (osmolal.
ity lesr than 400 mOsmol ) alse may bo helpfub initially it
lerance prolilams arise in sengitive individualy, Coneen-
tration and size of feeding then can bo increasod gradually 1o
normal an tolernnee is entahlished.

A commeon disturbanes of intuhe encountered in clderly
individunls rolates 1o excens sodid inlale rather than 1o re-
duced woler intoke.  For example, an clder]y vietim of a0
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corebval vesentar nccident who i being fod by nagogastric
tube may he given a formuln whose solute Joad requiires a
grontly incrossed water intoke, Thus, tube fesding contain-
ing 120 g of protein and 10 g of salt will result i the exeretion
of more than 1000 mOsmel of solute. This requires the
olligatory exerction of a vehume of wrine hetween 1200 and
1500 mL when the Iidneys are capable of normal concentrar
tion ability, As elderly individuals often have aignificant
impairment in renal funclion, water loss i trine may exceed
2000 80 2500 ml, per day.  Such an individual would require
3 to 4 L of water per day simply to meet the increased
demand created by this high solute intake, ailure of the
physician to provide such a patient with the incrensed witer
intake nooded will result in e progressive water deficil which
rapidly may hecome evitical. The importance of knowing
the complets composition of the uhe feeding formulas used
for ineppacitoted pationts cannot be overemphasgized,

Osmolality Determination

The need for experimentul delermingtion ol osmolality
has heen estublished, 1y regued to this there are four prope
arties of solutions thot depend only on fthe number of “parti-
cles in the solution, They are osmotic pressure olevation,
boiling puint elevation, vapor pressure depression and froez-
ing point depression.  'These are cadled colligative propertios
and 1f one of them is known, the others ¢can be crleutniod
from its value. Osmotic pressure elevation is the most, diffi-
eult, 1o measure satisfactorily, The boiling-point elevalion
may be determined hut the values are rather sensivive to
changes in barometric pressure,  Also, for an aquepus soly-
tivn the molal boiting-point elevation is considerably less
than the freezing-point doprossion.  Thus, it s less accurnte
than the freezing-poinl mothod, Detorminations of vapor-
pressure lowering have beon considered to be impractical
_because of the elaborate upparatus required. However Zenk
and Huxtable used a vapor prossuro osmometer and state
that it hag much 1o recommend it for most of the systems
undor conpideration hered A vaporpressure Osmoimneter
with o precision of <2 mOsmob/ky is reported by Dickerson,
et al? The method usually used s thatl of freezing-point
deprossion, which con be determined quite rendily with a
fair dogree of mccuracy (see Freeeing-Foinl Depression,
Chapter 16}, TLshould he noted that the date in Appendix A
cun be converled readily to vapor prossive lowering if de-
sived,

Semiastomatic, high sensitivity osmomoters which mea-
gure freesing point depression provide digital readouts or
computer printouts of the results expressed in milliosmot
unity,

Phe regulis of investigations by Lund et al'? indionte that
the frepzing point. of normal, healthy human blood iy ~0.52°
and not =056, as previously assumed (see Reliability of
Data, page 1489). Inasnuch as water s the medium in
whicl the various conatituents of blood are either suspondad
or digsolved in thia method, it is assumed that any agueous
solution freeving a1 —0.62° ia {sotonic with bivod, Now it i
rare that a misple agueous solution of the therapeutic agent
to be injected parenterally has a froozing point of «0.52°,
and to oblain this Mreezing point il s nacessary either 1o add
gome obhwer therapeutically inactive solule i the soluiion i
hypotonie {{reesing point above —0.52°) or Lo dilute the
golulion if it {8 hypertouic {Freesing point bulow ~0.52¢)
The usual praciice iv to add either sodium ehloride or dex.
troge to adjust hypotonic prrentoral solutions to isotonicity.
Certain solutes, including wmmoniwm chloride, borie seld,
uren, glycerin md propylene glycol, cause hemaolysis even
wheit they are pregent in a concontration that. iy inooumolic
rnd sueh solutions obviously are notisotonic.  Seo Appendix
A

11y & gimilar suanaer solutions intended for ophthalmic use
gy be gdjusted to have o freezing point identicnl o that of
Inerinand fuid, namely, —0.52% (sce Reliatilily of Jata, page
1484, Ophthalmic solutions with higher {reesing poiuts
wnaally are made isotonic by the addition of borie acid or
godium chloride.

In Jaboratories where the necessary equipment is avail-
able, the method usunlly followed for adjesting hypotanic
solutions is Lo determine the frecsing-point depression pro-
duced by the ingredients of & givon prescription or formula,
and then to add & quantity of a suitable inort solute caleulat.
od to lower the freexing point to —0.527, whather the solution
i for parenteral injection or gphthalmic application. A
final dotermination of the freezing-point depresaion may be
made to verify the acenracy of the caleatation, If the solu-
tion is hyparionic, it must be dituted if on jsotonic solulion iy
to be proparsd, butb it mast be remembeored that some solu-
tione camnot e diftled withoud impairing their therapesutic
activity, for example, nolutions Lo he used for Creating
varicose veing roguire a bigh coneentyation of the active
ingredient {solutel to rmake the solution effpctive.  Ihlution
Lo isolonic coneentration is not ingtiented in sneh cases

Freezing-Point Calculations

As explainad in the precoding section, freesing-point. date
often may be employed in solving problems of isolonicity
adjustment. Obwvioualy, the utility of such data is Hmited W
those solutions where the solule dees not penelrate the
membrane of the tissue, e, rod blood cells, with whichitisin
contact. In such eases, Appendis A, giving the freesing
point depression of sofutions of difforent concentrations of
various substances, provides informalion essential for solv.
ing the problem.

For most substances Hsted i the table the concentration
of an isotonic solulion, e, one that has g (reczing point of
=(,52% ia given. If this is not listed in the table, it moy be
determined with sulficient accuraey hy simplo proportion
using, ag the basis for cnlealetion, that figure which most
nearly produces an wotonie solution,  Actually the depres-
sion of the freezing point of 8 solution of an clectrolyle is nol
nbsolutety proportional to the concentration hut varies nc-
cording to dilation; for exataple, a soluiion contnining 1 g of
procaine hydrochloride in 100 ml: hes o freezing-point de-
pression of (,12°, whereaa a solution cantaining 1 g of the
uatne aalt in 100 mL has o freezing-point depression of 04373°,
rot (L36° (3 % 0.12°), Since the adjusbment Lo isolonieity
need not bo abgolutely exact, spproximations may be made,
When it i recalled that for many years an 0.85% solution of
sacdium chlorvide, rather than the presently employed 0.90%
concentration, was accepted widoly and proved to be eni-
nently satisfuctory as (he lsatonie equivalont of Dlood serum,
it.1s apparent that tmunor devistions are nob of great concer,
Also, formerly 1 1.4% solution of soditm chloride was consid-
ered to be isedonic with luerimal fluid and found to be rela.
tively iolersble when npplied to the oye.  Nevertheless, ad-
justments Lo isotonicity should b as exact as practicahle.

As o gpecific illustration of the manner in which the data
in the tahle may be used, suppose it s required to enleulate
the quantity of sodivm chlaride teeded Lo make 100 mlof a
1% solution of ealeium disodium edetate soosmatie with
blood serum. Reference to the table indicatos that the 1%
wotution provides for 0.12° of the necessary 0.02° of (reczing-
point depression requirad of an jsossmotic selution, thy
leawing 0.40° to be supplied by the sodium ehiovido.  Again,
roferring to tha table, 0.52° is found to be the {freegingpoint
depression of & 0.9% solution of sodium chloride and by
simple proportion it is ealeulated that o 0.69% solation will
hinve o freewing-point depression of 0.40° Assuming nddi-
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tivity of the freosing-point depressions, g yolution of 0.63 j of
sothivm ¢hlovide and 1 g of enleium disodium edetate in
sulficient water to male 100 mi, will be Boosmolic with
blood sevum.

Likewise, to render s 1% solution of bovie acid fsotonic
with Jaerimal fluid by the addition of sodiutn chlovide, one
would proceed with the calewlution ag Tullows

l-‘rgwim';-puinl tlepression af laertmad fuid ., ..., Oy T | T
Ereesing-point dopremion of 1% bovic peid soludion ... LD
Freeating- point deprossion to e sappliod hy sodivm
elloride ., ...
Erveesing-poind deprossaon of o 0% sohslion of wodivm
IO oot snsinsm s T P 72
"T'herefore,

(i

DA = 0,90
D52k ™ 020

x o 0A% wodium ehloricdo to be incorporated with J% Loric nokd Lo
produce i solution whicl will be isotonic with Therirmad ITuidd,

Similarly, shonld a solution conlain move than one ingre-
dient, the sum of the respective freesing poinls of ench ingre-
dient. would be determined and the ditference between this
stum and the reguired freczing point would represent. the
Treevivg point 1o be supplied by the added substance,

Tho precoding colenlation can be expressed in the forin of
an eqguation, as fotlows

b

where

x e g of adjueting solute required for ench 100 ml of

solution,
.52 = Freewing point depression of bood serum or lace

rimal fluid (in degrees).

a = Freezing point dopression of given ingredients in
100 mL of solution,

b = Froezing point depression of ¢ g of adjusting sub-
slanee per 100 mL.

¢ =g of adjusting solute per 100 mb, producing a
[roezing point depramion of .

L-Values-in dilute solutions, the axpression for Tracs.
ing-point depression may be weitton s

ﬂ’lpf =

in which 47y is the [reczing.point depression in o, Lisa
constant and ¢ is Lhe molar concentration of the drag. The
Lerim, Liw, 15 defined as the specifie value of L ata concentr.
Lion of drug which is isotonic with blood or Taerimal Huid,

For o more complete discassion of the uso of L values, the
rerder i raforred to RIPS-14, page 1560

Effect of Solvents- Hesides wator, cortain olhor golvents
fraquentiy are amployed in bose drops, enr drops and othey
prepargtions to be uaed in various parts of the body. Lig
uids such as glycerin, propylene glyeol or aleohol may com-
pose parl of the solvent.  In solving isotonicity rdjustment
problams for such solutivng i should be kopt in mind that
while these solvent companents contribuie to the freesing-
point depression they may or may not have an effect, oi the
Ytone” of the tissue 10 which ey are applied, g, un fsonsma-
tic solution may ot by isotonde. s apparent that, in such
casey, the utility of the mathods deseribed above or, for that
matter, of any other method of evalunting “tonicity™ is quoes:
tionablo.

Relinbility of Data-—While the {reazing poini of blood
fartaerly wos assumed to be «~Q86%, later investigaloys'?
reported that as n consequance of ive heing disengaged in
freozing-point determinations, as ordinayily perforined, the
olserved froveing point of blood is Loo lew and the corvect
freewing point is «0.62°, The same investigators found the

fraesing point of a 0.8% solution of sodiem chloride to be
corraspond ingly low; the corract freczing point in Uis case is
alwo 0527, Presumably, all solutions commaonly congid-
ered Lo be isotonie with blood will freess, when a correction
for disenpaged jee s appliad, at —-0.52% It is apparent,
thersfore, that thare is no need to change the isotonic con-
centyation, if the reference lomperature for both blood and
the solution under consideration is always the same, and
provided that the method of detormining the frecsing point
is the game.  Also, there appears 1o he no oljjection to uning
freczing-point data for solutions of other than jsotonic con-
centration, if the method of determining the Mreezing peint ia
the same iv all coses, sinee any differences oltained when
another mathad iy used (aueh s that of Lund ef al'?), proba.
bly will be proportional to conceniration,

In o digeussion of the significance of freesing point data it
ia to be noled that there are some discrepancics in the litera-
ture coneerning lreezing points of solutions, An cract do-
teyminution of froezing point is aciually a diffigult experi-
ment; one which calls for the control of several vaviablos
which commonly are neplected, such as the disengagement
of ice. I s not possible, ut this time, 1o select gnoguivocal
freering point data for most of Che solutions listed in Appens
dix A al the end of this chapter. The comprehensive and
valuable datn of Land, ot of,'? rolerred to above, sctually
roprasent, i maost instances, measarements of vapor pres
muve which have been cafewfaied (o corresponding freezing
point depressions, T would seem to be desitable {0 have
cemfirmatory evidence based on actual messurements of
freesing point, determined more aceurptoly than generally
has bieen the cage, bhufore revisions of existing datn are made,
In the case of hovie aeid, which enters inbo the comnposition of
many collyria, there is the further vaviable that a sterilized
solution {reeses ot a higher Lomperaiure than a freshly pre-
pared, unsterilized solution of the same strength, Specifi-
cally, a Treahly propaved solution containing 2.85% of boric
aeid wus found Lo frecze al the same Leniperature (—0.827) os
a3, 1% sobution which had heen wlerilized under pressure,

Barfier in this seetion it was stated (hal at one time laeri-
mal 1luid waz considered to bove the same omnotic pressure
w g LA% solution of sodivm ¢hloride, the (rveczing point of
which was found to be, by the ususl method of detormina-
thom, 0800, The experitments of Krogh, ¢f al' have indi-
cated that lacrimal fluid has the same osmotic pressure as
hlood and, that instead of assoming that the freezing poind
of solutions irotonic with lacrimal flaid s —0.80°, it should
b the smne ps Ut of Wood, numely, —0.52°, Acoordingly,
the procedure for sdiusting solutions (o motonicity with lag-
rimal fluld is qualitntively and quantitatively the same as
the procedure for blood.

Toniclty Testing by Observing Erythrocyte Changoes

Observation of the behnvior of human erythrocyles when
suspended in asolution ia the ullimale snd direct procedure
for datermining whether the selution i iselovie, hypotonic
or hypertonic, 11" hemolyuis or marked ¢hanga in the ap-
pearimes of the erythrooyles oecury, the solution js not iso-
tonic with the eclls, 1 the colis vetnin their normal charac-
terintics, the solution is isotonic.

Hemolysis may oceur when the aemotic pressure of the
fluid in the erythrocytes is greater Lhan that of the selution
in which the eells are suapended, but the specific chomieal
roaclivity of the solute in the solufion often is far maore
important in producing hemolysis than is the osmotie effect.
There s no certain evidence that any single inochanism of
action causes hemolysis, The process appears o involve
auich faetors ns I, dipid sotubility, moleculnr and jonic sizen
of golute particlos and possihly inbibition of cholineaterase
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it cell mombranes and denatoring action on plagma mem-
brane protein.

Some investigntors teat the tonicity of injectable solutions
by ohserving variations of red-hiood-cell velume produced
by these solutions, ‘I'his method appeara to be more sensi-
tive to small differences in tonicity thon those based on
obaervation of & hemolytic effect.  Much uselul information
concerning the effect of variouws solules on erythrocytes has
been obtaired by this procedure and a summary of many of
these data is given in RPS-14, page 1562,

Other Mathods of Adjusting Tonicity

Sevaral mathods for ndjusting tonicity, other thon those
already described, are usad,

Sodinm Chloride Fguivalent Methods-A sodium
chioride equivalent is defined as the weight of sedium chlo-
ride which will produce the same osmotic effect as 1 gof the
drug prepured as an isotonic solution.  Appendix A lists the
sodium ehloride ogquivalents for many drags. Some of the
aquivalents vary with the coneentration of the drug (in cer-
tain cages becaae of chanpes of nterionic attraction at dif-
ferent concentrations) but, in every case, the eguivalont s
for Lgof deog.  Asan example of the use of these data, if the
sadium chloride equivilent of bovie geid is 0.5 at 1% coneen-
tration, this is interpreted to mean that 1 g of boric acid in
selution will produce the sunw Mrecsing-pomi depression as
0.6 ¢ of sodivm chloride, or that n 1% horie acid solution is
aguivalent in its colligative propartivs to o 0.5% solution of
aodinm ehloride,  ¥rom Appendix A i is Tound that for o
1.9% harie acid solution (ie, at isotonicity) the sodium chle.
ride squivalent is 0,47, corresponding to x 0.8% sadium chlo-
ride sohution (1.9 X 0.47).

Faamples illuatrating vse of the sodium chloride oquiva.
lent method to adjust collyria to jsatonicity follow. The
same type of ealenlation may be used for other solutions that
are to be made isotonic.

Lisumple §
DTN TR €.
[t R

0.6 ¢ af bowteapine hydrobromide in seguised, 138 o 1% of the cdruy
in aguivalont in oumotic ol Tecl 1 037 g or Q7% of sodinm chiovide

Flonwtroping Hydeohromide ..
1o make catiyr sotonie ... N R

YRR

0,00 % 08w 0002 g feadium ehloride)

e anl, of un isetonic aodinm ehioridoe
solution sontaing

0.6 1t hematropine hydrobromide b
eqitivalent ta

84 g sodium ehloride

0.102 g sodivan chlorisde
0,498 sodivm ehloride

Phorebore, LAR8 g of soddium ehlede must bo ndded o malw 80mL of
u 1% homatropine hydrolyramice solution jwetonie with tear fluid. Fhe
wame uleutations may he made using parconinge calevlutions. 3% of
homatropine hydcolyramide corvegponds Lo 0.17% sodivm ehlovide in
colligtive proporties,

iy 0,00 = 0,1 = 0UF3% et o addiad, 0.78% of GO m), v DI3E g
of gudjumn ehloride to he added.

1f boric acid i to be usod o8 the adjusting substance the caledativng
e Lo he carried one step furtber. Thare is na “Lorie agid equivalond,™
ot the sodium chlorite equivalent of bovic acid at. 1% concontrution i
0.5, moaning that 1 g of bovie add (or %) corveuponds in colligalive
proportivs to 0.5 ¢ sodivm chlovide (or 0.5%),  Using the result obtained
wbove, whiel wi 0408 y of kod i chloride So b added, it now follows
that Uhe sodiao chlorde eguivalent of bovie acid must e divided into
the paneunt of sadivm ehloride or eximossed nean equation:

| g borie scidi 0.5 4 sodium chloride = o g Odddb g
o= DG g borde edd e b addod

Ten o preseription containing mare thas ooe active drug, th aalealy
(o Far sadium ehloride are cureiod out sepurudely, bha oblained quanli-
tios e added, and than the tetal is dedueted Mrom tho O.8% amoiit.

Fwampin 2

Fptnaphying Hydrachloide coooooinin e 0%
A Bl i e e PP (0 4
Bterilo Water am omnkn oo e 2 omlb

M Collyr imdom e BA

Sodium chlorida ecuivalest ol epinepheing HO s 0,20

Sodium ehloride squivittens. of zine sutfnte s 016
160 nag epinephving hydroehlavide  ~455 mg aodiuwm ehloride
A0 g wing wlfude e Lihd pag sl inp ehiloride
Tatal ingredients are oquivalent in ~4%  myr sodium ehloride

0.0 of 30 mLe 270 my sodiun chloride

0 e

218 my

213 myp o odium ehtoride mut beadded to mabie this solution volon:
it witlt et Iﬂilid‘ Sinee Loeic acid is the adjusting substbance of dwice
for tha satution 426 g should be vsad (0.5 dividad into 219 mgh.

Tsotenic Solution V-Volues—These are the volumes of
sterile water (o e added to a gpecified weight of deag (often
0.3 ¢ bul sometimes 1 g) to prepare an wotonic solution,
Appoendix B gives sach values for some commonly used
deags, The renson For providing data for 0.3 g drug is Tor the
convenience of preparing 30 mL (1 {1 oz) of solution, as is
preserihed often,  If values for 100 mL of final solation wre
desired, the data in Appendix H should be multiplied by
100730, ‘The bagic principle underlying the wse of these
vilues 15 o prepare an isofonie solution of the preseribed
drug in storile water and then dilute this solution ta the
required final volume with a suitable isotonic vehicle. Tor
example, i 0.0 g of a drug is specified (o he used (g8 in
preparing 30 ml of 1% solution of the drug), it is firat dis-
solved 117 the volume of sterile water stated in Appendix 13
and then diluted 1o 30 mL with a suituble isolanic vehicle,
Inolonic solution values con be used, of course, for caleulat-
ing temicity-adjusting data for concentrations of drugs other
than 1% and for valumes other than 30 ml. How this is
done is illustrated o the following examples,

Foaanyle §

A proseriphion enlla for

, WA

Atropinesulfale 00000 I
............................ 60 ml

Blocile walergs ...

M 1 Collyr isotanie ard TndToered SA
S Por Office U,

"Phie ordor is for o 0.6% sotion of atropive sullate.  According to
Appeneix 13, 0.0 of troping nulfate dissolved tn 4.8 T, of stevile water
will produce 0 B isotenic solilion when dituted 1o 30 ml with an
isotonie vohicly, For 30 ml of Q.0% welution, Tl the quantities of
atraping sulfnte and serile woter would he used, but for 60 ml. of (5%
soiution the sume quantilies os for 30 mL, of 1% solulion ave reguired,

Therelfore, (o (i1 thiv presesiption erder, 0.3 g of atropine sulfuie
shiouled bo disuglved in 4.8 10l of slorilo preserved water amd diluted with
haptonic preservod Spoonsen’s pH 6B phosphate buffer to GOl

o ov e

For mare thun ove active ingradiont in selution the quantily of water
Lo Lo used & caleulatod sepuentely for each ingrediont,  The vedues thuy
obtnined are ndded, Wie tobal smount of sterile witer then s wsod Lo
dissettver thue netive ingredients wd Fnally sutficiont, isofonic, buflerod
preserved solution (diluting solution) is used 10 mnke the regquiced vol-
wne,

Fixaunplo 2
A preseription ealls Mo

Epinaphrine hydrochlovide ..o o venn i Us0%
Zicwdfato oo eee e O PP | 81
Stocile waler qutomake oo eee T [T M

M Fi Collyr isolanic

v Lhis oxamialo Che netive ingredients are given in percentape.  The
iden) vehicl is 1.9% borie acid solution,  Refertoee (o the table for
inolanic solutivy values shows the following.

Byinephirine hydroelloride 0.3 5 (19) will make 9.7 mbe of an isotonic
wolubion when digsolved in kterile prossrved water, Zinesaifalo 0o s will
walee bl of an isotoric sulition with alerile wator.

Thevefore, Lthe guantitivs edled for in this proseriplion will e 486
wkoaud 1.6 ml, of iotonie solutions, respuctively,  Dizkolve tho soity in
sulficiont, aterite prosorved Wit 1 malw G35 mly und mdd sullicient
1. proveeved Dorie acicd sobulien to make 30 mia The resilting sol-
tion is motonie,
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Binco itk procdenlly nposyible to wensare the reguived valumes
neesteatisly, i in Penaibio, da Chis atanse, o use .35 m o sierile waler g
e tolul solvenl Foy thone e drags, Graduntetl pipets, previously
wlorilized, nre neventeey Ty Ui work,
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Appendly A--Sodhun Chioride Equlvalents, Froezing-Polnt Dapragssions and Homolytic Effects of Cortaln Medlcinala In
Aguaous Sotution

0.6% i 2% 3% 5% IGGEEMOtE CongEeRiration”
E ¥ E I E 4] |5 [P} E =3 I: # 1
Acelyizonts {RVY] A G 008 008 1Ee 00 i (8
methylgloenming
Acviyizonte wodinm 000 0.08% G0 006h 000 08 00 G 050 0.2 Dbd o408 0.5% 0t 6.4
Acetyleysteine 0220 0066 0200 (113 G20 0827 020 O] 408 020 (0D 100™ PAi]
Adrenaline FIC ¢4 (it 4.5
Alphaprodine HO 009 0.050 009 0005 038 0212 0E8 06 446 008 0452 100 i
Alum (potassium) 018 0k 045 A 004 e 34
Amantadine HC 3l 0080 04t (LIB0 031 Qa6 285 0 041 La2 W 57
Aminontetic acid A2 008 04b h2ds Al G170 wail Dl 00 o G
Aminekippuric peid (13 0088 03 00Yh
Aminophiyiine .08
Anrmmniwm enrhonnte 00 R0 B0 0406 a0 070 a2 97 5%
Ammaniwm chloride 1.8 [k} 8 nng o e A0
Adnmanium loctate A 0083 DaR DIHE 0 BETD a4 082 88 %)
Ammonium mibrate B8 0200 04y D40n a0 G 062 h i
Ammonium phosphato, B3 LGS DAL 0 L7 A1 o6 0 (&Y
dibiwie
Ammenium salfole 055 OES 085 0.316 | G I HT) BN 0 il
Amobarbital sodium 025 03dF .25 B AR UV e R LR
d«Amphetamine 11 A6 4 L%
Antjphetaming 04 020 Q.27 047 AT 046 052 0 4.
phosphale
Amplhotwnine sulfate e e 021 056 428 021 082 0 iR}
Amprolraping 1,80 ! 0 1.2
phosphinle
Awmylerine HGI 13,23 018 48 18 100 f.68
Anileriding HCH 009 0062 0% 0104 0J9 0212 GI8 0316 002 0500 BJN 018 057 12 26
Antnzaling phausphate £.0% 40 4.0
Antinony potasdim 0.8 (h13 0.1
torlrate
Antipyring 037 010 Gld Qe 044 04 (R3] 013 DER 140 .1
Anomorphbine FICH 014 (L0
Avginine glhutanatae 017 0048 017 0097 007 0095 037 D2 04T 0487 LT 097 082 0 il
Ancorbhic neid PR AO6 H U Et ¢ %4
Atvopine mothylbromide 014 0.3 0.0% Fon 003
Alropine methylnitrate (.05 0 2
Ameinu aulfale 013 DOThH {78 1 T T S (0% B N V5 B 0040 6 0 bl
Tagitracin Q05 4.8 004 DOT 004 01R
Burbitnl sodinm Guadir e (20 O L 0.2 o8 ] 0h
Bunzlkomiun chloride [INT3] 0,34 HA K]
If't’:ll'.’,Ll.‘(.\p'm{! Pt A GG 00 081 LA OG Ga%0 02 0303 o 0242
B! aleahol 61% .00 O.LG
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Appendix A—Continued
0.5% 1% 2% 0% 0% [soostriotie concoentrotion”
E n E [} 4 &) E n £ by % £ =] H pH
Hethanechol chloride 060 0040 0,20 0286 0.2 GARR 040 0612 206 080 0 By
Bistnith potagsiuim 0.09 0.08 0.05
tartrate
I3iamuth sodium tartrate 0,04 032 011 91 01 0 .1
Boric neid .50 0288 1.9 047 OE2 100 1.8
Bromphenicmmine 0,00 D026 009 0050 008 0.084 B
maleate
Bupivnedine HCY 007 0048 007 0086 017 OO 007 0g80 007 04B4 BAB 007 052 B3 6,8
Butabarbital sodium 027 0078 027 086 027 0013 027 0470 e R PP S ¥ 6.4
Rutncaine sulfate (.20 012 031 028 010 098
Caffging and sodium 026 01b 028 040 390%  0%3 0562 0 7.0
Benzsate
Caflfeine and sodium 018 w12 037 029n 016 046 DT 004 Qb6n 0 6.4
salicylate
Caleinm aminnanlicylate 41.80 0 .0
(Galcium chloride bl G208 170 0568 062 0 A6
Calcivm ehloride (h36 020 2.5 80 06 0 i
{8 Ha()
Caleium chlovide, 068 058 1 Use oh2 0 bufi
unhydraus
Caleium disodivm 0,21 0061 021 0480 21 H240 020 8057 4450 0% 062 0 6.1
edulal
Cudelum gluconate 0.16 0o 0nid 024
Cadeium lagtate 023 033 12 006 4.4 020 062 0 B
Caleium tnctobiomate G086 DO 008 0048 008 0088 007 00326 007 0197
Cudelum Jevulinmy 027 0.6 020 Ol 3.0h {{ 7.2
Tndeium pantothennte .60 @ T4
Ciavaphior 0,124
Capreamyein sulfate 0.04 0011 004 D020 004 0042 004 0063 004 Q108
Carbinetiol 0.405 288 0 %]
Carbenicillin sodivm 020 0.046% 080 008 0200 0236 020 006D A4l 020 062 0 6.3
Carhexymethyleello: 008 0007 O 0017
Aose sodivn
Cophaloridine 000 0021 007 0T 006 0074 006 006 006 0.146
Chloraming-'T' 4.1} J0+ 9.1
Chilovamphonicol © 006
Chloramphenieo (.14 Q088 04 O0TE 034 016 033 0230 013 LB GEY 003 052 pac- G.J
godiud suecinnte Linl
Ohlordinzepoxide M) 044 0068 022 0126 019 0220 0B 0816 017 0487 8OO D16 004 60 A
Chlorobuteno 084 (14
{hydrated)
Shloroprocaine HCI 0,20 0,064 Q820 008 028 0210
Chloraquine phasphate 014 0080 034 0082 034 0462 014 0242 005 0379 76 003 05 o A
Chlovoguine sullate 00 0028 000 0050 004 D080 007 0127 007 (195
Chlorphenivaming 017 0048 06 0088 004 OG5 003 Q220 0.080 0265
Irunlenle
Chlartetracyeline HCI 000 G0 040 0081 010 0181
Chlortotracyeline sulfnfe 318 0.08 01 017
Citrie acid 01RO 017 0908 006 046 &LZ 006 052 100Y LR
Clindamyein phosphate 008 0.02% GOS8 0046 008 0086 008 0344 0O8 0242 1073 Q.08 062 HB 6.8
Cocaine HCI 016 D.ODo" 005 020 614 040 633 004 052 47 44
Codoino phosphate 014 D08 0.0 081 01 ou8  vEd 018 02 0 4.4
Collwtimethatesodium 045 0.045 036 0086 035 GI70 016 0253 004 0480 673 013 0k 0 1.6
Cupric sulfuie 018 0300 16 014 GAS 013 Lence® 3.0
Cyelinine HCL 0,90 0.060
Chyelophosphamide 010 085 oo 0061 010 0425
Cylarabing 011 0084 11 0066 011 0034 011 0188 031 0417 BO2 030 052 0 8.0
Deferoxamine mesylate 0,00 0025 009 0047 008 0.0 0,00 0142 008 0,241
Domeenrium hromide ¢4 0008 012 0088 010 0108 0.08 0338 007 0193
Dioxunothasone sodium 018 0080 017 0005 018 0180 0I5 Dast 04 0410 675 wad of2 0 By
phosphate
Dexlroamphelaming 0,34 0097 03 0288 03 (02 a6d  0a4 O5R
"
Doxtrounphetamine 0,425 (14 026 (44 BEZ 025 062 0 1.
phosphate
Daoxbronmphetumine id 09 023 0034 022 0069 022 0.480 406 u2g 052 0 0.9
sulfato
Doxtrose 016 009 016 028 036 046 56D 056 0452 0 5.9
Diextrone (anhydioun) g a0 a8 03 hOE 0B OhY 0 6.0
THatrizonte sodium 0,00 0025 008 0048 OB 0085 008 0148 008 0248 1066 008 052 0 7.4
Dibucaine HCL 0,074
l)iu]nxuﬂiilin sudinm 0100 0080 00 G061 080 0023 )0 0182
{1 My
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Appendi} A-—Continued
0.5 % 1 2% 3% I % Intsinot e congontration”
I [} & n E [¥] o 12 E n b I; 4] 14 il
Diethanetaine 031 0080 081 047 04t D0 a0 03l 6 100 1A
hibydrow, roptomscin 005 (A O Bt 00s a4 104 008 ER 6.1
pulfute
Dimothpyrindons B3 Doan 02 GO 0ar 0120
il ot
Dhimaothyl sulfoxice 042 0022 042 0245 042 0480 w16 048 0% 10 76
iperodon HE 005 00dh 044 0079 QB3 0341
Diphenlyydeaming FICE 061 5.0 fiy i fi
]}il)hm\iil(!] HCY 018 b DG e 06 0,180
Doxdpram HC D09 o0ds 0 0070 a2 040 02 0Ll i
Dozxyeyeling hyclate 002 036 0% 0072 002 DaBa G110 Q86 060 (264 g
yphyltine Ol GO 000 0062 oD 004 009 006G DOH D26 :
1sehothiophate jodide 016 0046 040 0080 GG 0,170 i
Tclotute dintinm 084 GOH 023 0282 082 0348 0] (.00 ddd 020 063 0 L) i
Welotante: Wisodium 080 0070 0289 0158 028 08 0RT 04V AL 0 bh2o 0 B0 o
memohydrnte !
Emetine HCI O 019 (.20
Fphodring 1| 0.0 016 0.8 k5 LRl i 4.4
Ephedrine saifate o 0% 090 035 AHd 020 062 D 5.7
Epinephrine bitartrate 008 0104 036 028 06 D462 0 U T 1015 S BRI !
Epinephrine 099 Oa6k 0.46 d47 026
hydrachloride
Brgonaving maleato Q.08 |
Lrythromycin QOB 000 007 0040 00T 00TH 007 0015 006 087 !
Twtlolionale !
Tithyl nlgshel 1,59 140 [101] I
Ithylenaedinmine 0.5 PRI 1on* 11.4
Tithylmarplsine HC) 076 008 016 02 01h 0% 618 O0dh 052 38 4.9
Tueatropine HOL [(SSLL
Pervic ammonium 4.0 0 hZ
eitrato {groen)
Floxuridine 004 G040 013 0076 013 004Y 00 0218 0az 088 B4V 0AZ 052 3t 4.5
Tluoresgeoin sodiam 0401 038l 027 041 B | % S 4 S ] B
Frayshennzine 2100 (14 0041 4 o082 032 0dh Ond 0LhE
el -FPrueloss 400 Iy Hh
1rurteethonium iodide ad  0OY0 O 033 R G50 01 (L8O i 020 062 [\ hd "
Clalpeione .97 i HA H
Gontumicin sulfote 005 0405 006 0030 005 0060 006 6093 008 00588
w-Glucuronic acid 5.02 13t 1.6
Gilyewrin [ RANRY a6 100 N
Glyeopyrrolnie 0I5 02 006 O0BE O35 0066 004 G2 003 0SR20 0a8 bk et 4.0
Gold sodivm thiomalate 010 D032 GIG Q061 010 0111 008 01560 D.O0H 0260
Heaeillin potassivm G317 0448 1T 00UE 047 G190 047 s DY QT 660 007 Qb2 U E]
Hexalluoseniam [0 2 K 1 R LS B R PA L1
hirvmide
Hexape honium 036 DME U6 08D 06 181 g 2T 005 0466 DES 06 .62
torienle
Hexamethylene gocium 08 0040 OEE Q.08 01T G 007 207 038 486 HoAd G 0h2 o 1.0
ncotamingalivylale s
Hosobrrlbital sodiusn {1.15"
Herybeaing HC 4.0 10K} 4.4
Thistantine 2HC 0. 0I5 QA0 DB3D 040 0466 IR O ¢ T4 B 7 O I i ar
Histivming phosphate (1 i i 4,10 i 4.6
Hintieline M) b L1 HR)
Holoeninie WG| D20 012
Homuliopine 007 0487 006 028 0d6 e ST 06 062 U8 %M
hydvohromide
Homairopine iy 01t oah 086 a0 a8
mathylbromide
4.Hamasuifanilomade BHi it 4.4
HC
Hlyuluronidase 001 G004 001 0007 001 001G 001 DR 001 0.034 :
Hydramaphone HE) 639 [t bl
Hydraxywnphetaming (R L A7 a2 X0
Hir
B Hydroxyguinoline 9,1h fi* Lh
sulfute
Dydroxyethamiding G20 0080 008 0000 G 0137 030 070 00T 016
fmelhionate
Hyoneyamine 664 ] 5.4 ¢
hydvolsomite i
Imipramine HCL 00 0068 080 0008 03 (.14l _:
€
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Appendix A~Continued

0.5% 1% 2% e L% Ingpamolic gondaptiealion”
Lk o 2 I E 8] i 0 15 [» b 5 ] i ald
Indigotindiaulionate 030 0085 030 0072
sorliurm
Inteacaine FICL 487 it53 a0
Lodophthalein nodium o a.48 140 9
Tsemethepione muento 018 00 (1§ 0066 008 0806 DY D02 406 18 Qs D 3.2
Isuprolerensl sulinte 004 0009 (k4 onTd 034 0156 G4 Oud D04 DaBg 60RO 007 Lrace 4.5
Kanamyein sullate 008 00210 DO7 004 00T 0083 BOT 0a36 007 0210
Laacbic ueied 3.2307 2.30 font ad
Lanchoe 007 o0q0¢ (L (.08 $2h 008 n* 5.
Lovatiotphan thrtrate 13 0086 0J2 007 1% 0343 G120 0210 D2 09 40 00 Q68 59Y 6.9
Levorphanol tartzate 1% 0033 012 0067 12 0IRG 12 008
Tadoenine HOJ oA A% 8 4.3
Lincomyein FIC] 016 0045 006 0000 005 (IT0 wid4 o 0247 (14 0400 660 Q4 062 G b
Loholine HOI 0.0
Liyupolate sodium 030 0026 008 0051 009 0108 000 0167 (00 0263 B85 (09 052 0 .41
Mg nesivm chiloride R 4] 202 046 0 6.3
Magnesium sullaie 017 G0 s 0% 15 043 G 014 02 0 %1
Mu{;uoﬂium wifnle, 0ok 0008 042 0184 030 0345 Q28 (dbh 98 - S U1 T V1 A 1] 7.0
ahydroas
Muonmitol 098¢ 507 0* 6.2
Maphenide I 27 0000 029 DAGE 087 0408 026 Q448 L4600 028 052
Menadiol sodivm 4,116 0 2
diphouphaty
Monadioe sodivim iXeY 1] o
binulfite
Menthol [P
Muopaoridine HCI 0.1 4,80 ay n
Mapivacaine 11 041 0060 021 0116 030 D830 020 004 460 020 05 db 4.4
Maorbromin 0.08"
Mereuric eyinide 045 .14 [N
Maorgnlnt 006"
Musovidanine hosylate 000 DO 007 004D Q05 0068 004 0071 003 00BT
Metaraniinol bitarirate 080 0060 030 0012 019 0210 018 008 027 G405 5l ToowdT O0bd RS
Mothuneloline chloride 0,184 Al 0 4.5
Methacdone 11C1 0,101 H.E 1n Wl
Methamphotanine HC (0.213° 274 o 54
Methetiluzine HCE 012 0035 0.0 00686 Q08 048D 006 0083 0 012
Methenamine 0,23 0,24 16H 024 100 i
Methindal sodivm 024 0088 034 0188 024 0274 024 0410 a8 084 ok 0 40
Mothitural sodium 086 007 086 0142 024 0270 G 0407 A5 083 o5 ™ iR}
Methovarbamol Oony (ol 000 D060
Methotrimeprozine MG 012 0,084 0,00 0080 009 0077 006 008 004 O.1%
Muthoxyphenaming HCL 026 (070 026 0350 0.26 0300 0.26 0450 347 026 G4E 46 N
- Methylaminosthan- GI8 0008 007 0095 GIF 0190 006 0282 006 0455 BME A6 QuR 0 G2
olphenaol (nrieale
Mothyldopate 11GH 021 DOBE 021 0122 Q.21 0244 021 D365 495 01 047 par- 30
linl
Maothylergonavine
mulento 0.0 RS G100 0,066
N-Mathylglucuniine GO0 07 020 0111 618 0814 018 0dih 018 0m7 60L 048 052 4 153
Methylphenidate HO 027 0066 022 0427 022 0268 027 0388 4,07 0M2 05% 66 1.3
Methylpradnisolone Ne - 610 0,025 009 0061 Q09 0102 0.08 O 143 007 0,200
suecinale
Minseycline F1C1 D0 DB 010 Q06 000 Q107 008 01465
Monaelhanolaming 058 DI 063 (LI06 Ly bd 5% 100 114
Morphine G| 016 0086 .14
Morphing sulfate thid 0079 013 0lg 008 046
Natorphine B 024 OO0 021 0,121 O1B 0810 017 0288 06 4484 638 014 052 63 4,1
Naloxone HCI o0d 0047 034 0.083 074 0168 013 G280 008 06T 807 001 052 3 54
Naphuzoline HC 0.27 0,144 (.24 A00 0 0uE 100 %]
MNeonraphenwnine .32 17 T8
Neamiyoin sulfade 011 0.08% Q.08 0.6 008 02E2
Neoutigming bromide 0.2 0087 0.10 4.08 G 1.8
Nooutigmine mathyt- @20 001 0.8 0,17 nag 017
sulfnte
Nicotinamide 026 0148 041 038 448 020 052 100 7.0
Nicolinie nai 026 01447
Nikethamide 0, 400¢ 0,94 0 6.9
Movebiovin sodinm 12 0083 00 007 o 073
Olenndomygin 008 0017 008 0038 008 0084 008 0020 Q.08 Enh 1082 008 052 0 i)
phosphate
Crphonwdrine citrate 008 Q047 083 0074 A3 044 002 0204 D0 D2
Crwaphenarsine MCL Ry trage® A
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Appondix A—Continued

LIRS 1% ' 3% 6% Istmmolic concantration®
3 k] (4 4] £ {1 F ] t D il [ n I P
Oxymetnzoline HO 032 0063 082 033 080 0433 W19 DU 49% 008 062 86 6.7
Oxyeinnling sulfito a4 0N68 0l 0BT GG G804 0336 D1 031G
d-Pantotheny] aleehol 020 0050 0RO O3 1T Q103 017 DREZ (G 0468 560 006 062 W2 6.8
Trapiverine HCI (10 006
araldahyda 025 000 oo 0048 086 0288 020 0430 365 026 (62 47 0.0
Tarpgyline HO Qa0 08 U DGR 088 00887 0GR (49 08 G28 0b2 0 38
Peninillin G, potassium 008 Biow 007 A e pat R4 G006 LR D 5.9
Ponieillin 3, procaing 006"
Tanteillin G, sodium ol 0000 0as WBR BIG an B0 1] i
Pentavocing Inctale D5 0042 G D0ES 016 016D 008 0803 1D s
Pertabarhitnl pocium 345" 4.0 0 0.9
Pantalipiun tarteate 5,05 i 34
Phanaoaine 1101 .o
Phenirnioe wmalenls 0.0
Fiienabarbital sedium 04 0085 043 (40 R S VS R 1 0.2
Phenol i 080 08 (A1 A S hG
Phentolaimine memylate 008 G002 007 0086 006 0073 004 0244 003 0864 w2 011 D5 Hi A4
Phonylephvine T Lz IR 0,30 40 .30 f 4.6
Phenyloplirine tirteato X il: G
Ph(;n_\ll(.‘Lll\f] aleatnl O 0070 0Ms 04l 0.2 00280
Fhenylpropanolamine (i 0218 A 0.5 a5 il
Hel
Plhynestigmine salieylate 006 20N
Physostipming sulfate Q04¢
Pilomirpine HE 054 008 082 008 1.08 [V A ¢ N4 4] 4.0
Piloewrpine nitente O 1Az 000 (a6 484 QR0 05 BB 3.4
Piperocaine 1HC) 002 i3] (£15] a7
I'ﬁlynﬂ\ylmm Jtlyeol 002 O DR 00 0a% 0 002 6216 083 BT8GR (V8 F I R ] a8
300
Folyethylene glyceol 008 002 008 047 008 D0nE 008 0hd 000 D272 B 001 062 0 44
440
Polyethylene glyeol 006 0015 006 0036 00T 007H 007 0320 007 R 100 009 06 d a1
oo
Vrodpntdiylene phyent 0.0 pauh o o0 00 DoE o 00k 003 oy oos GO0
thd
Pulyethylone glycol 002 DO 00 OO0 007 0020 003 008 002 0667
4000
Polymyxin 13 aulfuie 008 D06 008 0 M 00
1'5.,]3;,,.,3;,“‘_-, 50 00 000h 002 a0 D02 0.0%0 008 D B 00hh
PPulyvinyl aleohol 000 0004 008 DODE  0d 0ot R 0.03% 008 TR
(994 hydrol)
1olyvinylpyrrolidons o 0003 00r pone ol 00 0L 0017 Do 003G
"otassinm noetale (678 TH 1O I T T VR 1 Lt 0459 A U 1.6
Putagsimn ehlornte 1.84 0 6.5
Potassiven chiloricle 0516 D LIS U V00 (A VS TR hy
Trotwmainn ioueliche 054 ()10 280 0l 0hd 0 0
Potassimn nilrale 0.0 D2 LEE 00t 0 i
Potassiuny nhosphate 048 027 208 040 052 0 a4
Potmsiui phosphate, (44 0.805 216 040 0520 4.4
memobiaic
Potassinm sullnie Q.4 211 0 0 6.6
Pralidoxime chloride Ok D082 02 OH3 O 086 287 0 L2 0 4.6
Priloeuine HCL 022 0008 082 026 04 0850 082 0TH 118 022 oht 4B 44
Pracainmmide 110} [ RS ) 000 00 00 OdE
Procaine HCI OU1 0 431 0le AR VO S T R | Al
Prochlorp erazing Q08 0020 Q08 0083 GBS DB 0 DORG Q0Z 000
adisylate
Promezine HOI (B 0060 B3 DAY 000 0302 007 112 Dos 13T
Propmracning HEH G0 G044 (a8 0086 008 DI8D LB 0847 D3 OBED TAE 032 B2
Propivinasine HC OB G050 06 00 DR 0331 030 066 008 QL6
Properyonine HC) G0 16 1.3
Propylone glycol 2.00 100 03
Pyrathineine HO) e 0065 0% 0096 041 020 008 040 006 0150
Pyridostigmine O 0062 022 0026 0¥2 0260 022 00 LI U (4 VR 72
bromide
Pyviekomine 1 3.00 hi B
Quinacrine (LA
mothanegullongle
Cuinine hisulfute 000 Q.06 BRI ]
Quinine 043 0L o1 0y 0 bOT 8 GE treeet 25
thihydrochlorics
Quinine bydrachlovide Dt e oI 016
Quinine and urea HE w004 45 I e ] 4.8 020 052 64 04
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Appendix A~-Continued

0,6 % 1 20, ERY 4% fatoamaotic censantration®
E [b] [ 4] 5 12 {H 12 = 8] v £ I H i
Rusureinal 0. 161 300 6 50
Rolitetracyeline 001 0082 001 0064 000 0113 009 hIhg 007 (204
Rowse Bengal GOR 0o 0% 04U 007 0083 007 0424 007 DIBS 4B 008 0.52
Rose Bengal 13 GOE 0022 008 O0ad 008 0.08Y 008 0031 Q0B DB
Seapolaming HBr 012 007 12 081 D2 35 THEL OO 052 6 4.4
Seopolaming 0l6 .14 0,13 Gl 03 o 6.0
methyinitrate
Secobarbital nadium 024 0.4 023 040 3.9 0,93 052 traeo &+
Silver nilente .33 Qe 27 033 052 0 5.0
Qilver profuin, mild o1t 010 017 028 016 Q46 GO Q16 06 O 00
Bilver prolain, strong 0,067
Sodium acetate 044 0267 30 (h4h 042
Sadiun acetarolnmide 004 Q068 0.25 0186 028 0.2%1 025 D406 JH6 Q.23 062
Hadiwmn 01708 127 {) 7.3
aminosalicylute
Bodium rmpicillin 006 b G168 0080 06 D8 00 0072 036 0481 508 Odn unt 0 ;%]
SBodium oscorbat.e 300 O 6.9
Sodium benzoate 040 DRy 26 040 0520 T.h
Sordivm bicarbouale o5 0878 IL% 006 0b2 0 8.3
Sodium hiphosphate 040 0.23 245 G0% 062 0 1.
(H20)
Sadivn biphoaphate 0.36 2T a0 [t} 4.0
(2 HyO}
Bodium bismulh 0.20 Q086 0.1 0100 018 DB0R 00E 0303 007 0403 5.0 0 B3
Lhioglyeallato
Sodiwm bisulfite 0.6 0.35 1.6 061 0h2 o 3.0
Sodivm borato Az 0241 2.6 s o2 0 ha
Sodiwm bromlde 160 0 6.1
Sodinm eacodyinte 042 .28 4. [ 1] 8.0
Sodinm carhanate, 060 (Lids Lo 058 062 100 11
monahydrabed
Sodium coplwlothin 16 QA50 007 G095 010 007D 06 OL69 Gud G0 6B 033 6B par- i 4.5
Lin
Sodiwn chloride L0 DL DI P 42 O O F " S (A 0 neEE 0 6.7
Hodimn citrate 041 0178 0.30 0 062 02 080 ] .8
Sodinm eolislimothate 06 D046 15 0087 004 D61 D14 0235 003 QA dss 000 0B 0 4.4
Sodium hypophosphite 16O 0 73
Sodium indide 085 our 297 088 0he 6.9
Sodium iodohippurate A2 0 7.3
Bodium netate 1.7 0 (3.6
Sod s Jaoryl sulfate 010 0020 0.08 0046 007 D0GE 00 0086
Sodham 530 ] Al
mercaploniorin
Baodiam welahisuliite 067 0086 1.8 065 0562 4 4.5
Sodiwm methicillin 008 0050 018 0089 0% 0092 0L6 08K 006 0445 GO0 05 082 0 6B
Sodivm nofelllin 14 0050 014 0078 004 058 OFF 0219 000 0.285
Sodium nitrate 0,68 LG 066 0 a0
Sodivm pitrie 0.84 04800 106 083 (ke A5
Sodivwm oxpeillin 008 0060 017 0086 016 G 036 0467 014 0408 664 0.4 BA2 0 6.0
Sadium 008 0084 0% 0001 017 002 017 0288 017 O4ABR 63 037 (62
phonylbutazone
Sodium phoyphate 020 0.)6GH 027 047 G 047 o0hE 0 0.2
Sadivm phosphalo, 04l 0.4 P S T L4 N A 02
dibasic (2 MHyO)
Sodivm phesphate, 0.2 (121 145 0.20 0 0.2
dibawsic (12 Hy))
Sodivm propionate 061 038 14T 061 Do 0 7.4
Sodium solicylnde UG .24 263 440 062 0 6.7
Hadium suecinate 032 0092 032 0181 081 046 a0 041 083 0 .6
Bodiwmn sulfnle, 0.0 0.4 161 A8 062 0 6.2
wnhydrous
Sachium sullite, 0436 048 15 0 4.6
exsiceatod
Sodium 007 0019 006 003 005 6080 0.0% 008 004 0183
pultobromophihalein
Sodinm tartente LR LIT, I S T ¢ N I S Ve o1 a7e 0 0o 0 7.3
Bodium thiosullate DA 0810 2a 080 Q62 0 T
Sodium warfarin 0J8 0048 047 0085 046 0JHL 015 0264 05 Q4B 610 U6 DR O 8.1
Sorbitol (4 Ha0) 48 i 59
Sparteine sulfute 000 0080 010 0086 030 0011 630 0367 000 0277 D48 0.0 05 18* an
.'-Jupuul‘im»mycin HE 016 0045 006 0002 06 018y 016 0280 006 04060 566 016 0.62 i A4
Btroeptonyein M) n17 0.0 16 (i3
Struplomyrein suifivte 007 00460 008 010 406 047
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Appandiz A--Gontinug
i A% 4 IRaasmolic concanratian”
D b kD B D % pH

Buarose (LOH 004 a0y 0a6 049 00 20 10 0562 0 Gl
Bulfacelnmide soclinm (IRt F T 0l 040 B TR A T T A (] 87
Sulfadisrane sodimn wad o Q4 0 03R 424 01 Ghe ¢ ni
Sulfamerauine sodivm [ 021 06 4.5 020 Dz ¢ i
Sulfupyeicine sodinm i ad 0 s 460 080 De2 B 14
Sulfathingole sodium 0 s 020 05 188 019 AT o 0.4
arlnric ol Q.04 A.00 V14 1.4
Tedrpeaing YHCI 18 00w 0lh 06 02 085
Tetrneveline HI 04 G081¢ 040
Tetrmhydvasalineg HCL 411 6O 6,7
Phophiyiline {.02¢
Theophylline sodinm

glyeinale FAIT] 4] BY
Thimaine HC| 0.).387 4.44 57 a0
Thisthylperazine 0.0 000 008 D080 00 oo 007 Gl 005 IS

maleale
Phioponlal sudiian VR Fiy .00 T4 10,3
Thinpropuzates dill) 0 00&Y DG 0000 002 0037 030 007 Bo8 0023
Phivridasine HCI mon DOTh B05 0 0020 004 Wi 00s 0aGs 008 OREE
Thioteps UG G045 06 0090 000 GIBE 00¢ 0XmE 06 0dB0 b6 (6 042 107 8.2
I'ridilwxolhvl chlovideo DG 0040 Da8 008G 006 008 006 080 006 G4ed R62 016 062 W i
Triothanotamine 040 0068 08 021 0220 0868 082 a8l 406 D2Y 0 Oh2 00 i
Trifluaperasing 2HOL f08 0052 % 0060 003 0144
Prifluprompzing 1O 000 04 00D oA 008 00 oM 0078 03 L.00Y
Trimeprozing bartrnle 000 0022 006 003H 004 0045 003 0062 002 (Q08]
Trimothadione 023 006D 28 DU 022 0.86Y 082 0.TE 422 081 062 10 6.0
']‘r"im(aI,]It)hlmﬂrimide 0% 003 0 0082 000 G008 000 065 008 G082

40
"Pripolenanying HCY 0.4 R 140 .4
T Emethiaming 26 D 0MG A ol Q000 046 B0 A 0 0 1] 1ind
I'ropicamicdo 000 Q030 0 0060
"Prypan hlue 0486 0% 26 06D
Pryparsuside 0,0
"Pubnenraring ehloride nAaTer
Uren (.68 0.34 LGS 065 052 100 6.0
Urotkinn 018" 2.0 100 6.
Uridine 002 0086 042 006E 0.2 00A8 0% DROE D02 08B B8 ad1 02 o 6.1
Valodhamaodo bromide 0.6 0044 0L 0.085 005 0068 04 0838 001 D824
Vraneomyein salfule 006 0.016 006 0028 004 0040 004 DO0GE 0.4 0,098
Vienhyein sulfnte 0,08 0,06 noaa2 o 0 0.20
Rylinet walineg HEL 000 005 031 0 80 (LA 020 02 4.3 019 0.52 a4 /]
Zine plinelsulfonato .40 A ER ]
Ainesubfnte 005 0086 TV TR B § %1 T4 1 1A 4 1 S 15 S 5 B0

e ik vl wiere ticken Brom Thmonsneloned ef af 27 aned Bagg of pd1*

i Aclpteedd fronn Ll ol 1
 addapiaed Teor 3L
el From severn] sonbees

240 o chlvida eruivalents, 0 Srevrboge point depression, UL T hemelei, G, m she coneentad ien wlvich ik isonmmot i it 8% NaCl b ed vn

T g groint, ctesmination oy eeuivpleont teal. pils approximnte pll of wedut i stugiiod for Bovolytin el fon,

vl o modartion BR80T delermumid altes acdilition of Blood,

Appendix B—Voluros of Water for lgotonlelty?inb

* change in appearanoe of oeylheoeytos

[Drgy (0.3 1)

Aleahol

Ammaoniam chlorite
Amobnrbital sodinm
Amphetamine phosphate
Avapho Lo suifate
Antipyring

Apomorphine hydrachloride
Aseor)ye nesd

A Lrt!pim_-. methythramide
Alropine sulfuta

Raciteacin

Barbitud wodivm

I3igmuth potassium tartonle

Watar

i 1o
\acianieity,

nl,

w1y
w3
L]
1138
a3
07
LY}
G0
.7
4.4
LY
{IT}]
R

Lrug (0.9 g0

Borie acid
Butreuino sulfinte
Tafeine and nodivm hensoate

Caleivm chlpeide

Caleiwm chloride (G Ha()
Shlorabutana) (hypdrntod)

Chloviateaeyeting sulfala

Coiue hydroehloride

Cuagrie sullute

Dextrose, anhydvous

Dibucaine hydrochloride
Dibaydramtreptamysin mallite
Lphedring hydvoehloride

Wotor Wil
needoez for Iec vk for
Iseton| iy, Isolonicity,

. Cirugg (6.3 o) ril.
16,4 lphedring rulfo .7
6.7 lpinephrine biterirate 0
87 Epinophrine hydvoehlovide 4.1
17.0 Ftbyhimorphine hydrochlovide ha
114 Fluoreseein sadivm 1.3
&0 Cyeerin o
4. Holocuine hydrachloride 8.7
i} Fomalropine hydrobromide 01
6.0 Homatroping methyBwomide [1]
G0 Hyoueyarmine sulfute 4.1
4.4 Meomyein wblale 3.7
it Onylobrueyveling hydrochlorice 1.3
1 03,0

Ponieiltin G, potmsinm
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Appandlx B—Cantinued

Wit er Wt Weto!
ngdod lor neeclon Mo nandead tor
Izotendoily, Igetonieily, iolonlcity,
Creng (0.3 ) il PIreag {0, (1) ml. Dirugy (0.5 ) il
Ponicillin €, sodium [iRM] Seopolaming methylnitrute 51 Koclinm propionate 20,3
Pentobarbital nodiom 8.4 Hocoharbitnl sodiem O Sodivm aullide, exsicenbed Pl
Phanobarbital sodinm o Bilver nitrote Sodivm thivsulfate ]
Physvitisgning galleylato 0 Silver protein, wild Steeptomyvin aullite 2.9
Pilnearpine hydrochloride B0 Hodium newtate Sulfacetanmide sading 1.7
PPilocarpine nitrate A Sodium bicarbonade Sulfadinzine wodivm B0
Piperocaiie hydyochlovide 70 sotlium biphosphats, Sullomerarine sod inm 1.1
Palymyxin I3 aulfate 3.0 anhydrous Sulfapyridine kodium 11
Potaakinm chioricde 25 Sodivm hiphosphate Sulinthingelo sodivm 7.4
Polassium nitrate 187 Sodlum hisullite Tutrsening hyslyoehlovide a0
Putassivm phonphate, 147 Sodium borate Peteanyelivne hydrochloride 4.7
manohasie Sodium indide Vicnnyein sulfalo 2
Peageninamide hydrochloride 73 Bodium matabisullite Zine ehloride 203
Proenine hydrochloride 7.0 Sodium nitrale Zing sulfnte fuft
Soidinm phosphate

Saopoiamine hydegbromide 4,0

Oad 2 A HE

dine = G, witer lir caelt 8.3

o of " Tuotunie Bulution Yoloos' showing el dn b of sulwtivn Ut an be prepnred by diswolving 300 myral iy

innlerile water, Tho
wbdition of an watenie vebiede (eommonly relevred 1o ditnting soheion} Lo wuke S0 mi, vields a Visolulion, Solitions prepared ns diveeted above e
oot with O8F% sod it ehilorice sodation b g ot L st avie with blaod Qe Appeadis A for hemolesis dotab.

* oo enloudnle Vv for deage which do oot appear in Apjssdix 13, bt are Jintad in Appancliz A, nimpdse take he appregrist o asdon ¢hlovide eguivalent
5 anel multipdy by (837 1o eenvert Cal quantity of dyig Lot euive et weipght of modinm eidozide and divice by 0.000 (the et g of waddivmn chloeide which
will render 1 mboof waler isotnie),

Fxempali-Ualoulite Uie Veovnbu Sor aniloriclin TCTCA ppendt A defimes 15 < (181

1 elrug

wodigy
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CHAPTER 82

Quality Assurance and Control

Clyde R Ershine, Jr

Yicer Prestion

Corpomtie Quollly Audits ond Sqivices
Senhhiline Dechindi Goip

G0 Franhklin Mozo, PO Dax Y929
Millodalphin, PA 42404

The Pharmaceutienl Didusley continues as o vital segment,
of the hoalth-care eyele in conducting rexeareh and manu-
fneturing products which wee lfesmuintaining and bfere-
stering. The last decade Ban seen an evolution in the eon.
copty rotating to the Quality Assurance and Control of these
products,

The changes brought abouwt iy assuring the safety nnd
thernpoutic offiency of drag products bave resulted from g
number of factors which aro either infernal or extornat o the
industry.  Internally are the selldesigned guidelinos the
industry ns imposed on tsolt, exemplified by a doewmond.
prepavad in 1967 by the Pharmacotics]l Manufactarom As-
sociation (PMA) titled "General Principles of Total Quality
Control in the Dewg Industry,” Thiv PMA dogument be.
came the baris for lader regulatory Guidelines propared by
the Food and Druy Admindstration (FIA) titled “Cuorent.
Goad Manufiseturing Practice in Manulactore, Frocessing,
Tacking o Holding of Maman and Vetderinaey Deoga™
Thase Current Good Manulocturing Practices (CGMIPs)
have hacomo the privaary exfernal guidelives used by induy
try and the FDA in the control and inspection of mamifag.
tuying facilition,

Quality Control and Assurance Organization

Although the terms Quality Control and Qualily Adsur.
aneo often are used intorchongeably, depending on the
struetrs of a spacilic company, there ix o continuing trend
(o soparate and define their fanetional rosponsibilities,

GQuiatity Control can be defined broadly ns the day-Lo-day
contral of quality within o company, a depsriment, staffod
with scientints and techniciong rospansible for tho neoep-
taneo or rejection of incoming raw materials und packaging
components, for the myrind of in-procesy tewts and inspec-
Lions, ko assere Lhat systema arg being controlled and moni-
tored snd, finally, for the approval or rajection of completed
donaye forms,

taunlity Control, therefore, includes not only tho analyti-
enl leating of the finished prodiet, but shso the assessment. of
all eperntions beginning with the receipt of vaw materials
and continuing thraughout the production md packaging
operntions, finished product losting, decumentation, sw.
yeillanee and distribation.

Quetity Assurance may bo delined as the responsibility of
an organization to deteemine thel systems, (aeilitien pnd
written procecdures both are adoqunte and followed in order
{o wssnre that praducts are controtled and will moe, in the
tinal dosage fomn, all the applicable specilientions. Quality
Agsurance naturally then bocones an ovarsight. funetion,
often auditing operations to determing Lhat procedures and
wystoms ave suitable and, if not, o rocommend the reguired
changes,  Higher management. looks townrd Lhe Quality As-
surance unit i order o devalop some Jovel af “eomfort” as to
how woll they are meeting compuny standards and applica-
Do gavernment regalationy,

Total Quality Control

The high quality of pharmaceuaticnl products resalts from
meticulown adheronce t wrtlten procedurey in esodying oul
all oporations, hegloning with roscarch,  T0 s at thin oarly
point thnt the quality beging 1o bo designed into a produet,
Ritw mntersals must be chiracterized and purelased fyrom
reputable miepliors so that uniform, steble products will
rosult when these materinks are incorporated fntg the fin.
inhed dosnpgo form,  Facilitios must e desipned, systems
instatled anel the proper ayuipmaent. sehected so thal the
potentinl for eross contamination of ong praduct by another
e eliminntod, that material Now and peraonnel movetonks
aro plonnnod Lo roduco the potentiat for product mix-ups nnd
thal the air and water, which in hoing provided Lo produg.
tion, is adequite By amount and quality for the particulay
aperations being perlonvid,

Produetion parsonngl must be Gained properly o per.
form their jobs, and tho directions they fotlow must bo writ.
tan, approved by vesponsible individuals and adhared 1o
uleietdy,

Shipping departnents are responsible for sening that the
products are protected from adverse hondling and enviren-
montal conditions while in transit Lo distrilmiion pointy and
customers,

Quanlity Cantrol is over-pregent, overseoiny each of thess
operations and giviog the finag] release approval for distribu-
tion enly afier angmesing and being satislied that each step in
(his procoess hog been completed correctly.

These principles were highlighted i thit onginal PMA
docwment from which the following excorpl s taken:

T g ity ol radued i ielopiee of posenion ol hoge chotagct e
Pabien desigpied wned mamdactured oba 30 sdach conteilale to Gy pere
Tormande of m intencdnd etion when e product is weod e divostod,
1 guality of wedicinut and relat vl prrodindy it Lo sian of all faetors
which contrilnde direetdy or inditectly to the safity, ot v and
aceeplability of the preoduet, Cronlivy inist Ty bdli ot the grodugt
during rossarch, devalympgnt and prodwetion,

Potal cortrol of quality an (U appstion to the deog indusley in the
orpanized offort within wn eptive estoablishimont 1o dendgn, prodies,
uvintaiu g nsonee he poeiftod quolily Inveach unit ol produet disteily
wied, The effort sbould not onty establbsdy apoeiflentiony for produa.
neeepanes bul showkd prowvido procadures maul wotheda for achioving
conformanes with sueh specifientlong

i Trnrgge vakoly of subistunes uned i this dodaatey, Qae complosity
ol Jiw preadiveti wnd the variow typon of eompny arpunization nale il
imparmible to denlpn i dolail o single unbeersally spplicalle system for
b totnl eontrol of guality.

e vitimnte objective of o preeann Gor Che Latal eonte) of quality in
n drigg oty i Ul aldadamnent of porfeetion in meoting wpeeiont e
for o praduet of bigh guatity, 10 i o pragram deslgaoed to nsere the
profensional user or WAL donmimer il eeery ot ol n produet eon-
o t apeeitications one that eaeh doke dinteibited will fulfild the
reprrasent otivnaanade in the Inbeliog and swill meet all Togl requirenients
andd sneh addiional andnrdr o the mnmg et ol n firm Moy ndept.

Potal contead of aanlity is o planiwide setiviey and ropresents the
ggprvgpite repgronsd 1ty of all gegmens of nocompnay. o rew ibid
ity for awditing i contyal symbenn sowd for evaluaetisg produet quotity is
thist of a apeveific feranips vaefrend (o in it abeasens o Cuandity Contenl,
Tl T oof” Griaadity Crnntrnd adyinlid b tho addUbiariby Ly videnis watis-
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Tretory botw of peoaducts, trofect aasiitalde lots and o recommmid Lhe
racall Trom dintritn o of v Yot anteasquontly Feand te be ssoiLable,
Hevwbwold b rerpenathle to a level of mansgamentwhizh onalsdes lsim in
agvrehie Indepeadent judgment,  Mis pegponuibitivy and wetiurity
bkl e elearly dofiaed by managomm,”

It readily becomen apparerit that quality must be huilt
inter o product and thal it eningd, be hwpeeted or tested inko
o produet,  Quality rosulta from tenmwork, an aesocintion
which is becoming increasingly imporlant. &g the industry
ndvanees b noew taelnologies which themselves are beeomn-
ing more complex and domanding,

Quality Gontral and Assurance Funclions

Fhe head of Quality Control, whe is ultimately responsible
for docisions relading Lo the acceptability of finished prod.
ety shoukd report bo someand ather than the peeson direelly
rasponsible for producing the product. Qten in ourront
organizational atroctares, the persons in chmge of both
quality control and praduction will report to some higher
tovol of muthority, "Phis may be the pame or ditferent indi.
viclwals, but it cova allow for the independent aporation of
Lot funetions without divaet gonflict arising when reaching
the ultimate docinion on the neceptability of product. e
Quality Control fungtion in an organiztion normally eon.
slats of ot lenst (o primary units, anelylical control and
inspaelion conirol.

Analytical Control

The Analytical Contrel Laboratory is reaponaible for Lest-
ing and approving raw materials, work in-process and fin.
ihed product. ‘The lnhoratory musl. be stalTed with porsons
whe nre trained both academically and by experience to
porform the often comples apalyses required to ovaluate the
aeeeplability of w product. Proper personnel is nol. the only
neeensity in the taboratory,  Bguipmient also i required
whiely will allow timely and aceurate nnalysis, This equip-
ment continues to become mare sophisticnted, providing
more information nhout compounds than previously nown
and has led 4 a leval of accuracy and dotectnbility heveta-
fora uinknown,

Dotailed spocifications alio mut be availuble, as well ax
the tosl niethods against which the products nre meanred.
The spoeifications include the eviteris againgt which the
produet will ho evaluated wad the limits for scceplunes or
rejection for ench eritienl parnmeter,

Tho Lesting ond weceplonce of anly high-quality raw winte.
vinls I oswentdul In the proparation of products, Part of this
aceeptanee s 1o purchuse row Maderials only from known,
raputahle suppliers.  In order o aesure this condition, It i
amentind that Quality Control be part of @ praapproval pro-
grawy of vl potential suppliers,  This approval always in-
chudo (osting tho material and in many cases necessitates ap
inspaation of the suppliers Tacility to dotorminag ity suitabil-
ity and degraa of complinnee with GMPP'a Av veriown erild-
cul {n-provews production or intevmedinle steps it iy ho
necessnry o anmple and Lesl the materiul againat criterin
proviously estabiished for that paeticular stop in the process,

Oft.on, in-process alert or action lavels will be identitied at
the oritical oparationad steps as a means of procoss cankroel
These alert or action levels are limits or spocifications which
are more rostrictive tum the 1inal acceptance limits, but
sorve g in-process eondeolo by giving early woonings of eon-
ditions whish could lead 1o an out-of-control sitontion and
allow tdnely corroctive action bo bo takan haforoe this ocewrs,
Thos, materinds seachiog the alort or sotion-level eriterin are
aecoptabl, singe thay have not uxeseded a rejection or unae.
saplable level,

In-process eritien] Lesting will vary depending on the dos

age farm being manulactored,  Storile parontoral produocts
probably recoive the most eritical in-process contral and
tesding in order to sure o finished product which is storile
and free of microliint contaninntion apd particulale matier,
Wilh aterile products the end praduct sterility Leating gnn.
not be relied upon Lo inanre thatl each and every containe in
8 ot of my injectable product is sterile and dependence ix
pinced on incprocesy controln, These in-process contyoln
must have hoon developed following o preseribed protocel
which delines operating conditions and parmmetors, Cnly
aftor o serios of suecessful production runs, wing the jre.
soribed pornmelers, can g proeess bo judged 1o have heon
valideted,  Validation of processes in o ¢ritival step in the
gunlity assuranee of both sterile and novterile produgts,
Yalidation may be defined as “assurnnee that production
processes are controtled in such a manner that they wilt
perfarm routiney in the mannar inwhich they are purported
to,"

Testing of the comgletod Tou of o dosnge form, in order o
nreastre i conformance with prodetermmine spoci eations
anstl ppproprinke seceptanes eritovi, always i deairstlo De-
fore relerwing the lot for shipment. However, the uao of o
properly validatod manulactoring pracess is more eritionl to
the quality of a product. End product Lenting suffers due 1o
the normal variations that arisg it the stetistiond s pling of
o bot i assee{ing Ehat a somple is homegenceois and represen-
tative,

Validation of processey nnd systemy gives inerersgd aesir-
anee of Miniahed product Jot quulity md s leading the way
toward reducing or eliminaling the relimmee on end product
touling.  'The parmmaetric relunde of finishaed produet s be.
pinning, basod on control of the critical elements of n vali-
dutod process,

Tenta nnd spocitlentions may be found in severn) sources.
The Untied States Phurmacopeia/National Fermdary
(UST) s publinhed on a 5-yr eyele program by the Tnited
Staren Phavmacopeial Convention, “The standards estab-
lished by nnd pallished in the USSP have been recopnized s
being officinl by the Congross of the United States nnd are
rocognized in the Federn! Foed, Drug and Cometie Act,
Thoso standards are prepared and reviewed so that throwgh
rogular revigion, entirely or in part, thoy remain ewrront,
Tha raviewing body known as the Committee of Revision
roaprosonts medical, aosdeme, industrinl aed other scientific
oaports, The primary purpose of the Committee is Lo pro-
vide wuthoritelive standards for matorinls and gubstancos
and thair preparations that aro wsed in the hoaling art”
Thay entablish Litles, definitions, deseriptions and standards
tor the identity, guality, sbrength, purity and, wheve proeti-
cab, methods For their sxaminntion,

Tyl dition ta the procedures defined in the VS, compa-
nies will propare their own tost specifica lions when the prad-
uats are not Yofficial™ leg, sot listed in Lhe USE). Those
Louts and specifications form n nocossary part of {he Control
Seotions of Now Drug Applications (INIDAz) submitled to tho
Federal Government and which, following cavetul roview by
the FDA, may be approved,  Finally, there are tost prove.
turen for unofTicinl proaduets and {or those not regquiring the
pulimipsion of an NDA, Compoanies in these cases prapoate
thaiy own in-houso test procedures for controlling Lhe prod-
ucts they produce,

Inspection Control

Many respotsibilition nssumed by Quality Control nve aine
eillury Lo tho analytient tosting, Thes includo the sampling
and inspection of incoming raw matevinly, puekaging and
Jaboling components; e physien) inspoetion of product al
various intepmedinte sbigros; prokaging line imspuetion and
tho eontrol of shippiog invautory within the distribstion
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eyele, Depending on the orgonisationn! steuctare, nddition.
ol or different responaibilition will ho assigned to this unit,

Documeantation

Puring the course of producing a pharpwmeentical produet,
mnnerous documents and vecords aep gonorated.  Mach
hatch i ansigned o specilic code or loy, number, Al doce-
mentation relating (o a spucific code is referred W ns o
“hgtel record,” which will include data on each significant
phaue of production, contrel and disteibution, ‘The balch
racord provides a historical blueprind of every stop, begin.
ning with the yeeoipt of chomienl vaw materinbs and packog-
ing compononts and continaing through each in-process
stage.  Wecording charls or compuater printowts of signifi-
cant operations such as nutoclaving, drying, alr«particulate
monitoring, lyophyliving, ete, all heeeme part. of this bateh
history, Alter the lmteh han heen completed, tmeluding final
annlytica) snd physical testing, one additionn) step shauld
D comnpletad prior to approving the lod for distribation,  All
documonis and rocords relating 1o the specilic bateh aro
iven a final review, Bieh reguired docwiment in the bateh
vecord wust be chockod For completoness and geevrney,
Any dikcrepaney must be investignted hmnedintely and an
awarad, Only aftor this review has boet completod snbiafng.
Lisrily may Che bateh e relenned For distribution,

When U batel Tias beon eolessed, nceuents ahipping re
cordus mual be mainfained showing the bateh disteibution.
With these records it is then possible o troce the hateh to
the markel place which will facilitate, I the need nrose,
recalling 1ha praduct (hateh} from Lho movked ploee,

Quality Assurance

Total control of qualily mil only requires Uhe aodignments
deseribod aliove, bat should include n monitoring or audit
funetion ng well,  The responsilility for thin function iy
normally soparate from both the production and control
operations, thus mllowing an independent. oversight of all
opergtions.  Although the function moay be separated, the
nudit, veuponsililities are often shared by a tenm represents
ing both the production snd control disciplines, it s the
duty of this individual (or team) through reviow and epoce
ton Lo nasuro Lt writton procedares and policies are nvail-
nble for ench signifieant produciion and control operation,
Noarmnlly, standnrd operating procedures (801s) aro devel
oped which, whan Followed Ly properly teained opevalors,
will holp (o aesure (he guality and intogrity of the proguct.
Thus, the QA review funclion not only determings that the
ljj‘ut:miuruu are ewirent mwd coreeat, bl thal they nee being
followed. Combinitg o yeview of 30Ps with an awlit of
Tacilities and operations following the applicable GMP regu-
lations will give a compaty an “Iaside” vepord on it level of
camplinnee and will allow noacsaory changes and/or correq.
Lions to bo made prior 1o ikhor caasing a product faiture or
Deing ohworved during o ispection by s FDA investigator,

Produation i responsible for following prasciibed proce.
dures Lo produce sreeptnble producta, The syatem of total
quality managemer bocomes the joint responsibiiity of
quality conlrol and quality assurniee.

Quality dependn, Lo a major dogroe, upon tho employoos
engaged m the production oporations, ‘They are renponsible
for following the prenaribod procedures nnd, nlong with their
training and oxperience, are nblo to produes unitormly ac
ceptablo products,  GMPs propoly ovganized and followed
afford & mochaniam for preventing humnn rear, the poton-
tind for which is eapecinlly graat in Lhis induatry,

QUALITY ASSURANGE aAnD CONTROL 1618

New Advances

Statistios nnd trend analysis ure lools alvendy vaed by the
pharmaceuticat Industry in determining tha prope somple
siwe requived for tesbing, for measuring the unifprmily of
polid dosage forms awd Tor plotting trends of gignifienyt
fnetors in order Lo eorroct oug-of-aonivol situntions before
unaceaplable product resulta,

Mew management concepts are being lesled, directod 1o-
wardd g reduction of raw material inventories snd packaging
eomponents, The term “Just-In-Time"” vefors to ordering
nnel veceiving materials when thoy are raguired for produe-
Lion rather than Lo maintaining extensive inventorioy. 'This
Plaees an additional burden on Quality Coatrol and ruppli-
ory bo sgsure the ueeaptability of materials whan received,
Jortifiention and qualifieation of sappliem s on expanding
respondibility of conlrol personnal,

Eloeirenie datn procassing has become anather usetul took
for assossing procoss und tesl purameters and for analyzing
the dnta eollected ducing prodaction. The control of many
operations by computers nnd microprocessors ls providing
the eapability for produsing products of farther improved
uniform guality. These wystems have chollengod Lhe older
ones, resulting in new approaches to in-process controls,
collaction and anadysis of data and the ondire system of
quality control,

Roboticy is linding variews applicetions in pharmaceutical
production, pockaging and laboratory operations,  Filling of
produet into containgrs, carboning, palletizim avd olher ma-
tariab handling tnals an well as laborstory testing nnd sample
praparation are either in use or heing investigated, Thoe
uniformity of proceduren, costs, nonfatigae fietors and fexi-
Pility nre all advantiges, Probably tho mest practlicsl use of
robots is in atorile processing where their nonovasivenoss
afows asaptic production and testing by romoving o primary
source of eontwmingtion, the buman worker  These all
present $he potential for inproved contrel systems while
bringlng new ehnllonges Lo the QC professional.

Environmental Gontrol

Aong with the many other ndvances in the tetal control of
aundity is the grawing recoguition that e onvivenment and
the systerms used for s sontrol enn have a significant, effoct,
on the finished product quality. It is welb-recopnined that
parentornl or sterile ophtbalmic products muet he produced
in g manoer which will insure thoir stervility; therefore, con-
Lrol of the aveas in which they are manufactured iy ensential,

Microbiolagical moniloring of air und water Lo control the
leved of particulato nnd micrabinl mattor in these production
avonty s necessry,  Several leveln of “eloan® arons aro de
sevibied o Fedoral Govornment Standsrd 200C, "Clean
Room nid Work Station Reguivements, Controlted Buavir-
onment.”  The industry commonly uses the specifications
doperibod which elaasify air clennlinoss bosad on the numbor
of purticlen (ol a given sirze) per cabic foot of air.  Generally,
conditiona liwled aa “Clays 100" are maintained in arens
where parentoral producty ave filled info sterilo containers,

Nasy 100 is dofined oy an area which can be maintained at
leas thian 300 particles per cubic foot of air 0.6 gm and larger,

Another essentind coentrol procedure is imicrebialogicasl
monloring of the envisohment in which nonsterile producty
are manufactured,  The objective of this monitoring is Lo
first determine partieniate and microbial levels within an
aren Lo assars Wil they are rensonable. I found (o he
axconsive, steps must be talten (o bring the levels (o within
neeeplable mits,  Oueo this hase i boew developad, rogu-
Lar monitoring will indicate i operations are continuing un
dor acceptable linlts, 1 not, snmodiade corrective action
should ba tehen.
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The monitoring and control of particulate and microbial
matter will further masure the final quality nnd slability of
the praduct beenuso the ervironment hag been controlled
andd the product hak not hoon challenged by an unacceptable
level of particulnte generated hy nn eutwof-control situstion,

Good Manufacturing Practice Regulations

In dune, 1963, the FI3A rat issued rogulations desoribing
tho current gond manufaeturing praciics to bo fellowed in
the manufacture, pechaging and holding of finished phar-
macenticals. The regutations underwent significant rovi-
sion and updating in W and beeame official i Mareh,
1979, Those regulations progent tho minimum require-
ments Lo be met by industry whon msnutacturing, process
ing, packaging and holding of Tuman and veterinary drags,
nder the Federal food, Drog and Cosmetic Aty n drug is
deomod Lo bo adulterated unless the methods vand in s
manufacture, procouuing, packing and holding, as well as the
Cacilities and controly usad, confarm to current good manu-
Ineturing practice so thut the drug meets o safely require-
mants of the Act and has the identity snd strength Lo meet
the quality nnd purity charneteristics Lhat it s reprasented
to have, In the proambie to the regulations, the FIDA Come
migsioner angwers the commonls received rom interastod
pursony who responded when the proposed rules wore first
ipued,  The preamble provides interesting background in.
formation m o why speeific seetions of the regulations were
bielioved Lo be necossary mind their inLarpretation,

In July, 1078, the FDA wued rogulations eatablishing
similar Good Manufacluring Practicen (GMI*s) for the Man-
ufactury, Packing, Storage and Ingiallation of Medical Do-
vicen, These wore published following an amendment to the
Faod, Drug and Coamoetic Acl of 18976, which provided the
DA with the authority to prescribe regulations pertaining
to medical devices.  In Docemnber, 1078, regulations con-
cerning Clood Laboratory Practices (GLIPP) for the control
and conducting of elivieal studies worg ismed and for the
first time came untler DA indpeetional authority.

The A proposod, in June 1978, regulntions covering the
GMIPy velating to the maufacture and control ol lnrye-
volume parenters] producty. These regulations, although

nover officially issued, have beeome the guideline used by
the industry and FDA in the manulneture, control and ine
apection of large-volume prrenteral production. Due to the
similarity of the controls reguired for the produotion of
smnllvolume parenterals, the guidelines also have hoen
uned Lo assess the adequaicy of the manulaciure and controly
used with these products.

A number of other “guidelinea” or “concepl” papers have
Deon propared by various organizations within the industry
itself, such as the Pharmaceatical Manalacturers Associon
tion and the Pareniernl Drug Association, A parbal Heting
i provided at the end of this section,

The current GMP regulations should be read and under-
stood thoroughly by those involved in or interaated in pursu-
ing quality control or qualily avsurance respousibilition.
"The scope of the presend, regulationy is given In the following
autline, glong with a brief inferprofation of vach section,
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PARYT 20 1--CURRENT (OO MANUFACTURING PRACTICE IN MANUFACTURE, PROCESSING, PACKING OR

HOLDING--HUMAN AND VETERINARY DRUGS

Subpurt A--Qegeral Propisions
P Dofinitions

Subpart Ii- '“(Jmnnlizlm-fnu awnd Perswinot
yih.22  Responaililitios of qualily control unit

21086 Pasonne qualifientions
21128 Porsownel reaponaibilition
211484 Consulants

Subpart f,‘-----b‘ui!dfnfx wid Maeilisies

21142 Denipgn and constraction loatares

21144 Lighting

248 Ventilulion, alr filiratlon, niv heating and cooling
20148 Plumbing

2FLA0 Suwage und refuse .

21162 Warhmg o toiled fresilitien

ALHG Banitation

20068 Maintonango

Interpretation

Tl weabe of the rnﬂulutiuuu are explained for lunmn proveription
and GTC drug produets ineluding blologhen) producia,

1Lofarence is made Lo Part 210.3 of the chapter which gives defini-
tonm for 1l slgnificant lovms used in Uhe regulations,

Highlightod hoyo is the ussigaiment Lo tho guality control unit total
rospemeibility for onoueing thnk ndequate systemsand prosedures
wxinl mnl are Fallowed Lo nssure product guality.

Pogaoine, efther nuparvisory or operational, mus be qualitied by
Lraining nnd exporionen 1o pororm Uieir ansdgnad taske,

Tha abligaliong of pereonnel engagod in the muputaetars of dru
producty l:::ncrtll'u!m; thefr peraonal hygiene, clothing and modiea
alntan arg defined, o

Thu :luuliﬁam.iuna uf eonrubtants st e approved Dy Guadity Gone
{rol,

Ruildings and Dneilition can Lo considered neceptable only if thoy ave
suitable for their intended purpone and enn i}n maintaimed, Con-
alruetion coneepts, pach an air handhng systena, Lighting, csting
fneilitios nnd plumbing aystoms including water, sewngo and toilet
Facilities, are outlingd.
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Subpart (»~Eauipmeni

21103
21065
2ILGY
211.68

21,73

Eynipment design, size and Jocation
Taquipmaont construction
Eiquipmont cloan lu{ sined muinlenaiee

Avtomatic, mechanienl and wleelrenic squipmont

Filtara

QUALITY AASURANGE AND CONTROL 1617

li'}quif:mons munt e doxigned, conateneted, of adoquate sivw, vuit:

ully Tocated and able to be madntaiiud in ordar (o bo considorod
suitadste for its intended ume,

Reference in mude (0 the use of nulomntic syuipimont, data process
wors and computers highlightiog the need v verlly oulpul versus
input amd for propoer ealibration of roesrdors, counters and other
eloctrienl or muchinical dovicos,

Special note v mado that sply Ml nra W be wead whinh do not
vohonnt [hera into products,

Subpurt f~Control of Comporents and Drag Product Containers and Closures

211,80
211.82

2H .64
21146
2LE
41189
RS ]

Goneral reguiroments

Heeaipt and storage of untestod componants,
drug produet contninem and elomires

‘Ponting and approval or refection of compunonts,
drug protuct containers and elosuros

Unte of spproved compenents, deag product,
contuinors and closures

Retenting of approved components, drug product
eontiinors and clonures

Rajoeted compononts, drag product eontiinom
wnel clomnras

Dy produet conlainers and elosaros

Subpart F—Production and Process Controls

211100

211,30
211,308
211,105

21010

%11.111
211113

201116

Writton praceduros: deviations

Charga-in of com ponents
Calenlntion of yiohl
Eguipment dentificntion

Sompling snel (outing of in-process materinly
and drug producta

Tl Vimitations on praduction
Contral of mierabiological contnmination

Rupracoussing

Subpart G- Packaging and Labeling Control

211122
B1T.12h
211430
2170384

2103

Muterinls oxamination and wingo eriteria
Tathuling imunnce

Pachoging nnd labeling operations

Divug product, inspeciion

Fxpirntion duting

Subpurt He-Helding and Distribution

211,180

Warchouging procoduros
Distribution procedures

Subpurt -Laboratory Controly

211,160
210,165

213,166
a11.167
2110790
211173

211196

Cionoral regulrements
Texting md roleane for dintvibution

Hability tosting

Spncind lonting roquirerments
Hogerve suanplos

Laboratory animals

Penicillin contamination

Subpare - Boeords and Reporis

211180
211182
211.184

211,100
211,144
211,192
211.154

Sonoral reguirinenty

Iquipment deaning aind ume lug
Component, drug praduct container, elosure
and l’nhulin; rocortds

Mantor ])rmiucticm and control regordu
Hateh production and control rocorda
Produdtion rocord veview

Lahoratory recorda

Writtes procedures must be available which doncribe the receipt,
tdontification, stornge, handling, snmpling, teating and approval
ur Fejoction of components (raw materials) and drug products,

Onoo approvad or refaoted, these materinly must howo sdentified nnd
wtored, IF {?)prlwncl. they must 1o inventoried in n mannor 1o
aniare that the oldeat approvod stocl is used frst (FINOY, Muto-
rinly which nve nobjuct 1o deterloration durinhnlumgulnlwum be
resonted aban approprinte time brsed on stabillty profiles.

Sontainers and elonwres (produel contael ninteriily) st be nonre-
netive with or additive tw the produoct.

Weitten standard operating procadures (SOP) (or ench production
rrocesn iivd contiol pracedure are nocessary,  Any doviation (o o
1501’ must be mvostignted, recordod and approved prior to fnal
1:|1|duu1. newnpLaree, ) .

Al procucts are 1o b formulated o provide nol lim Wiy 1008 of
the required umount of aclive ingredient.  Racordy are to by
mainininod of ench component and the quantity which inineorpo-
rated into « hateh,

Blynificant fn-procuss stops ara to be idontified and appropriate
Hmllplin\(, tonting and npprovals obtained heforo proceeding fur-
ther in the produstion evels, 11 roguired, time linitations wil] ho
phaced on in-procems sieps,

a‘\ppl‘ﬂi)rim.ﬂ provedures ure to ba prapared for Lesting components,

produiets and the envirosment in order to establisl that « produet
et micrabiologically contamingted.

Roprocensing of product is allawed providing thare uro written pro:
poclures coveritg tho mathiodn Lo by ved and o :\mwud by guality
conteo).  Adedi lfulml tenting of the reprotessud bateh may be ro-
quired to asnare conformity with specifications.

Laboling & packaging materiale ave W be roceived, identificd,
whorwed, samplod aned tested following detnitod weltten procedures.

Specinl controly munt Do exercisnd over labeting Lo nimare that only
the correct Inlyels aro issaed Lo packaging for a specific product
iml;l :}ml. the quantitios used are reconciled wihli the guantity
naued.

Following appropriuto stabifity niudios st provcribed temperatare
aiditions, products on the market shall oar mi oxpivation date
to assure that Loy new used within their expeeted sholf litn,

Deweribes the requirements for warshousing snd distribution of
products and thelr holding undor approjpwiate conditions of L,
Lomporatura nil humidity,

Concorve weitten procedures in the Torm of wpocificationy, stan-
daredw, smmpling plans and tent procecuren which are used in o
laboralisey lor cmntrn?lln{: eomponentn and Hnjubed dmj;‘ prod-
wets.  Accoptanee eriterin for spmpling and approval shall bo
adoguate For support releass of product Lo distribution,

A stabitiny teating program will be followod iy avder 1o assesn Lhe
ntebility ehiyvoetavintion of dvog products,  The wmults of this
tonting shall be vwod in assigning approprinte storago conditions
and axpiration duton,

Animnls used in oy tosting shall o sudntained and controllod i o
maimer suitabilo for use. )

1ruy produaty eannol be markeled if, when tostod by a proscribed
procoture, found Lo contain nny delectnble leveln of poniillin,

Details the various rocordu mnd dociments which should Ho gonorat-
od during the wanufacturo of drag products and which are to be
nvmilable for roview,

A nuntor produgtion record must bo propaved for encli drug !;rm‘l-
ek, dencribisng all uspocts of it imanufretiey, pralaging and oon.
trol,  Individund haleh records are derivod frony thin approved
mntor,
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1898 CHAPTER 02

210190 Dintribution rocerds

211108 Compluinl filey

Subpart £—Retwrned and Salvaged Drog Produets
211,204 Noturned drgg produocts

211208 [rug product salvaging

Dintribotion roconds include warohouse shipping logs, invoices, billy
of loding md all decunionts astoeinted with distribution, Thean
roconds should provide all the infermation necessary to Lingo fot
dinbrilastion in order to (uellitate produet retyioval I nocossnry.

Records of complaints recoivad from conawners aned profossionals
are do Be waintained along with Ui voporl of theby vestigation
and respanan,

Recorda aro Lo bo mandntninod of diwg produaets rotiened From distei-
ution channols ancd the roanon Gor thole vofurn, Phindatn e by
uked as parl, of the tatal fot accountnbility, shiowkl the nead arisv,
Lo trnee i distribution and/or for Ha recall,

Drag products that have been stored Ingproperly are not to bo
walvaped,
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CHAPTER 83

Solutions, Emulsions, Suspensions and

Exfracts

J O Malra, PhD

Profossad of Pharmacy
Facully of Pharmany
Unbvorsdiy of Toranlo
Torants, Canada MBS 1AL

The dowige fovrms dencribod i thin chapter may be pre:
pared by dissolving the active ingredient(s) In an aqueous or
nonaguonns iolvant, by suspending the drug G 8L s asolus
ble in pharmncentically or therapeutically neveptalile sol-
vents) in an uppropriste medium or by ncorporating the
modicinal agent into onp of the two phases of an oil nnd
water nystom,  Such solutions, suspensions and omulsions
ara further defined in subsocguent pammgraphes buk some, with
similar properties, ara considered elsewhore, Thens dosnge
forme are usoful for n wumber of ressons. They can be
formubated for different routes of administration: oral use,
introdaction into body cavitios or applied externaily, The
done ensily can be adiugted by dilution, and the oral liguid
form raadily can be administered to childron or people un-
able to awallow tablets or capsoles.  Extracts eliminate the
noed Lo isolate the drug in pure form, allow severa) ingredi-
ents Lo he administered from a single source (eg, punereatic
extract} and permit the proliminary study of drugs (rom
natural sources,  Qecasionally, solutions of drags snch as
potussivm chlovide are used Lo minimize adversn offects in
the gastrointesting! troet,

The proparation of those dexage forms involves several
consiclorations on the part of the pharmacist:  purpose of
the drug, internnl or oxternal use, concentration of the drug,
selection of the liguid vehicle, physical mad ehemical slabil-
ity of the drug, preservation of the preparation and wwe of
appropriate excipients sueh an buflors, solubilizers, sos-
pending agents, emulsifying ngents, viseosity controlling
aggents, eolorw and flavors,  The theory of many of these
preparations is diseussed in enlier chaptars in Paet 2, Phar-
maceudics, Bocamse of the comploxity of some manufac-
tured products, compounding may be carried oul with the
aid of lincar programming modoels in order Lo obtain the
optimal product, The appropriate chaplors (see the index)
should bo gonaulted for information on the preparation and
characteristios of those Nagwld preparations that nee intend-
ed for ophihalmic or parentoral une.

Much his boen written during the past decade about the
biopharmaceutical properties of, in particular, the solid dos-
age forms,  In nssessing the bioaveilability of dreugs in tab-
lets and eapaulon, many researchors lind have studlod the
nbsorption of drgs administored in solution. Since drugs
nre absorbed in thoir dissolved state, froquently it i found
that the absorption rate of orul dosage forms decrenses in the
followiing ordor:  agueous solution > aqueous suspension >
tablet or capuule. Fhe bioavailahility of o medicumont, for
aral ingeation and absorption, ahould he xuch that evontunl-
ly all of tho drug is abaorbod as it posges through the gatro-
inteatinal teact, regardlens of the dosoge form, There are o
numboer of reasons for formulating drugs in Torms in which
the drug is nolin the moleculnr siate, These are: improved
slability, improved tosto, low wiler solubility, palatability
und eawe of administention, 1t becomes apparent, thon, that
ench dosage form will have advantages and dinsdvantboges.

The phurmacist bandles liquid preparations in one of
theoe wayr, He may dispense the produet in ity originnl
container, buy the praduct in bulk and repackage it at (he
time o preseription is presentad hy the pationt or compoud
the solution, suspension or emulsion in thoe dispensary,
Compounding may bivolvy nothing more than wixing mar-
kotad products in the mannar indicated on the prescription
or, In gpecifie inptances, may vequire the incorporation of
active ingradionts in a logical and pharmaceulically nceept.
able manner into he ngqueons or nonagqueous kolvents which
will form Lhe bullt of {he product.

The pharmacist, in tho fimt instonce, depends an the
pharmuacoutieal manufacturer Lo produce a product thad
effoctive, olegant and stable whon stored ander yeasonrhly
nclverse conditions,  Most nmanulaoturers allempl (0 guar.
antee efficacy hy evaluating their products in o seientilically
neceptahle manner hut, in sume insianees, such officacy is
relutive,  Por example, cough mixtures marketed by fwo
differont, manufacturors may contnin the siume aotive ingres
dionts and it beomos JEicull bo mesass the relative merits of
the two products, i sueh instaneas thoe commeraind advan.
o gained by one over the other may be hased on prodact
olegance, ‘Thus, coler, odor, taste, porability and homage-
noily nro important pharmageudicul propertics,

The stability of the uctive inggrediont in the Gpa) product. s
of prime eoncern o the formulator,  Tnogenernl, drag sub.
stances are leas slablo in agueons media than in the solid
dosnge form and it is important, therefore, to properly buff-
or, stabifive ov presorve, in particalar those solutions, sus-
pensiong and emulsions that contain water, Certain simple
chemicnl ronelions can accur in theso products, These may
involve an ingrodiont-ingrediont interaction (which implies
a poor formulation), a container-product interaction (which
may ulter product pI and thus, for pH-sensitive ingredients,
o responsible far the subsequent formation of precipitatos)
or adiroet reaction with water (ie, hydrolysis), 'Thestability
of pharmaceutical products is discussed in Chaptes 81,

The more complicated reactions vaually involve oxygon
Vitaminy, essentbial oils and almost all fota and oils ¢an be
axidized, Formulators wsually use the word artoxidation
whan the ingradient(a) in the product resct with oxygen bat
withoul draatic external interference, Such reactions fived,
musl be initinted by heat, light Gncluding wliraviolat radiont.
onorgy ), peroxides or othor labile compounds or heavy met-
als such s copper or from. This Initiation step renults in the
formation of a freo radieal (R*) which then reacts with oxy-
gon,

R* 4 Oy = RO (porvoxy radiend)
RO, + RH -+ ROOT + R*

The free racical thua is reganorated und reacts with move
oxyper, This propagation step is followoed by Whe termina.
tion ronctions,

1610
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1520 CHAPTER 03

10" + ROLY r inactive praduat
RO,* + RY v inaetive product
R - 1t*  ~ inactive product

Tho elfoet of tencs metals can b minimived by vsing citeie
acid or BIYTA (ie, sequentering agents),  Auntloxidants, on
the othor hinnd, may retard or delay oxidation by reaeting
with the free radieats formed in the product, Fxamplos of
antioxidants aro tho propyl, vetyl avd dodeeyl asters of gallic
acit, butylatod bydroxyaisole (BHA) nnd tho Locophorely
or vitamin I% For a more detailed approneh 1o the preven-
tion of oxidative deterioration in phannaceutienls, the po-
pers by Ostondorl® and Chalmers,* should be cansulted. A
deseription of many antioxidunts is given in Chapler 66,

Tha problem of drug stubility hag boen well-datined by
pharmnceutieal selentizsts but during the past fow vears a
secandary and, in some respects, more sorious problem hag
confronted the manufactaror of liquid proparations,  Such
phannpaceutically diverse produets an baby lotions aud milk
of mugnesia have been reealled from tho mnrlel hoenuwe of
microhinl contamination. In a survey of relail packages of
liquid antocid preparations conlaining magnedium hydrex-
ide, it was found that 30.5% of the finighed bottles weroe
contaminated with Pseudomonas aeragingsa. The nerchic
plate count runged from less than 100 Lo 9,300,000 orga-
niamg/y Othar oxumples could be cited bud the rnge of
mieroorgnniyms whicl can contaminnle the liguid prepars-
tion includes the Salmonella sp, I coll, cortain Pseudoma-
nas sp, including )2 oeveginosa, mnd Staphylcoceus aureus,
Brach® describos the Lypes of microorganismg found in vari-
outg products and attempts Lo ovaluale the hazards nssociat-
ed with the use of nonstorily pharmaceuticnls.  Contes® in o
aerien of papers doneribos various internetions which must e
considered when proservatives ave solecled,

The UST recommends that eorlnin cligses of products he
testadd routinely for microbial contamination, o, natural
plant, andmal and sowe minersl products, for froedom from
Salmonella ap; oral solutions and suspensions, for [reedom
from £ eoliz articlor appliod Lopically, for freedom from P2
aevuginosa and 8 aurers and artielos for reetal, urethral or
viginal administration, for total microbinl count.

Products may became contaminated for a numbor of rou-
HONK,

T'he raw ninterink wind fn the manufaeture of solutions, susonsions
awnudl it Iwions ave axeollend growih inalin for hacterin, Water, v partie:
Ao, it b haescbed wigh eare bt sabetaneon noel an g, dispocsing
agenlu, mcdnetndn, s andl Movers ean ba e oneriern of bnetoria
wisiclh nlthuately contaminata the produet

Fawipimant.  Buetoria grose well in the nocks and eravieon of pharmg-
ceutien] cquipment (el in the simpla equipanent ased in the linproy-
wary). Bueh oquipment uhiould be elenwd thoraughly prior 1o we,

Favironnsenl mued poenennie] g conteibute t proguet sont o bon.
Hanels s haiv ars the most Inportant eareiors of contymipgln.  Gon-
ornd cleanliness thus i vital, Hond covorings ot be used by these
involved in e mnnalbelummng procoss aned fuce mimsleshoadd bo ussd by
thoso individunls solloring from colds, coughs, hiy fevor mnd of ber alles
wie pani festadio e,

Paekugime shonled be suloatadh wo that it will not contuminate e prad-
uet noel also will protect it from fhe suvirsmment,

Tho factors eited nbove rolate to good manulfacturing
practice,  However, the formulator eon add a presorvative to
the product and deerensie the probability of product eon-
tamination. If'the product containg water, it almost @8 man-
datory Lo include a preservative in the formulation. 11 must
be strensed that this in no way replaces good in-pinnt control
but merely provides further assurance that the product will
retain its pharmaceutically accoptablo eharpeteristics until
it is used by Lhe putiont.

The major eriteria that should bo considerod inselecting o
prasorvative:s i should be effoctive againat n wide speetrum
of wmicreorganinme, stahle for ity shelf 1ife, nontoxie, nonsen.

gitining, compabible with the ingredients in the dosnge tormn
undl relatively froe of taate and oclor.

Preservativer may be used slone or in combination to
pravent the growth of microorganisms.  Kthanol is a highly
vlfoctive preservative, 1L s used at the 16% lovel in acidic
media and at the 18% level in noutral or slightly slkaline
media, Taopropyl alechol is a falrly effeetive ngent hud it enn
be used anly in tepical prapaeations,  Propylene glyeol, n
dihydric alcohol, has germicidn! netivity similay to thai of
ethanol, It normally is used in o 10% eoncontration.

A Q.5% nolution of phonol is 8 good preservative bud it iy
toxi¢, has its own charnetoristic ador and roacts chomicnlly
with many of the drupgs and sdjuvante which are incorporat.-
od into liguid preparations

The use of hexachlorophene, n gormicidal nygent which fa
effective mainly st gram-positive organiania, in rostricts
ed to those preparations which aro intended for externnl use
only.  Several years ngo, an incorrectly formulated haby
powder (which was found o contain 6.5% hexachlorophesne)
wns vespobmible for the deaths of 30 Froneh infunts, He-
cause of thiy und other evidence it can he used a o preserva-
Live only if ity concentration in the final produet ia 0.1% oy
less,  However, certain liguid preparations (eg, Hoxnchlova-
phene Liguid Soap USTA0.25%) are available,

Organie moreury compounds are powaerful bioatatic
agents. Their activity may be reduced in the presence of
anienic emulsifving or suspending agents.  They are not
suitable for ornl consamption but are ased ol the 0.005%
conventration lovel in ophthalmio, nanal and topical jpeepn
rations.

Renzoic aeid i affectivo only at pH 4 or fess. Hauslubility
in certain agueous proparations is poor and, in those in
uinnees, sodium benzonte may be used,  Sorbie seid hag o
brond range of satimycotic activity bul its pntibactorinl
propertios uroe more imited. T s effectivo only ol o pH of
lesm than 5,

Quatornary animoeniom surlnce-active agents, vy, benzal.
feomivm chloride, exhibit i objeotionalsle twste nnd have
boon veporied 1o be incompatible with a number of anionic
subsinnees.  In eoncentrations of 1:A000 Lo 1:20,000 they are
sod in ophithalmie proparmtions,

B-Phonylpropon-T-al (hydrocinnamy] aleohol) i elaimed
o be more offective thim 2-phonylethanol and banzy! aleo.
hol fa inhibiting the growth of " aeruginosa, wnd it kag beon
suggoated that (his substanceo mey bo o suitable preservative
for pral sugpensions and mixiuras,

The mothyl imd propyl ostors of phydroryhonzoie aeld
(the parabens) are used widely in the pharmaceuticnl induy-
ty. ‘Thoy are effective over n wido pH range (from about 8
to 9) aned ave employed up to about the 0.2% concentration
leval, The two esters often are vsod in combination in the
pame proprration, “Thin achieves a hghor folal poneentra.
Lion and the mixture is netive agpingt a wide rongo of orgun-
inmy,  The hydroxybonzontes are offective aguinst mosl ore
piovisme; howaver, their activity may be veduced in the pres-
onen of nanionic surfoce-netive agponts bacnuso of binding,

It now should be obvious that when the pharmacion dig-
penses of compounds the various liquid preparations he
asgames responaibility, with the manulactarer, for the main-
tenanee of product stability, The USE includes asection on
ntability eonsidarations o dispensing, whieh shouwd be st -
iod in detnil.  Cortain points are sell-ovident, Stock should
ho rotated and replaced if expiration dates on the labol so
indicate, Products should be stored in the manner indieat.-
ed in the compendium; o, in nevol plice or a tight,, light-
redivlant container.  Further, producty should be checkod
for evideneo of instability, With respect to solutlons, ¢lixirs,
and ryrups, color change, precipiiation and evidence of mi.
evobial or echemical gas formation are major migos of instabils
ity, Irmunldions mny erenm but, il they hreak (e, there in a
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soparation of an oil phase) the produet is considevod 1o be
unetable,  Sedimentabion aod enking are primaey indien-
tioms of inslability in suspensions, Phe prosence of lnrge
pacticles may mean thal exeessive ceystal growth hos oe-
curred.

The US1? slates that repackaging i nadvisable,  Howey
or, 15 e produet muat be repackapod, cnrvo and the container
apectiiod by the compendinm must be used, Porexample, o
plistic contminer whowld never be vsed iF o lighlorasistant,
contiiner is specilied, 15 produet is difuted, or whave Lo
produets are mixed, the pharmacist whoold uao his loowl
ofdie to guard weainst incompatihility and instability, Qwal

nntibiotie proporations constituled into Heuid Torm shoutd
nevey be mixed with othor produets,  Sinee the ehemical
stability of extemporaneously prepared lguid prepreations
offen is unlsown, thoir use should he winimized and every
care talien to insure that produel eharpelesisiics witl not
chungge during the Lime it muost be used by the pationt.

Baeeaase of Lha number of oxcipionts g additives in Uhese
prepeations, it is vesommended that nl) the ingredients be
lgtod on the pontainer to reduee Lhe vinks which conlrant
Liypersensitive palionts when these products nre aduinis.
tered.

Solutions

Aqueous Solutions

A salution s a homogeneoun mixtace thal s propared by
disselving a solicl, Tquid or ok in avolher lguid god repre-
sents n graup of proparalions in which the maoleceles of The

sobute o divsolved subatoneo aro dispersod anony thown of
the solvent.  Solutions abeg muy be clagsified on e bakiy of

physienl o ahemival propertios, mothod of preparation, uss,
physical state, nonber of ingrodients ind particle sige, The
narpowey delinition hevein imits the solvent o waler and
excludes those pyoparations that are swoeet and/or viseid in
chnraetor.  Thig seetion includes, therefore, these pharmna-
cuutien] Tormes thet nve desipmatod we Waier, Arenalic Wa-
torn, Agueous Acids, Solulions, Dowvchos, Knemas, Gargles,
Mawtinoaslies, Jutees, Nasal Solutions, Qiie Suieltons and
Ireigation Salutions,

Water

The majer ingrodient i most of the dosege Torms de-
werilzedd hevein iowntor, Hois aasccd both s aovohicle and ne
solvant for the desivad favering or moedicinal igredionts.
Ttk tastelonsness, readom from ireitating gualition pd Inelt
of pharmaeological activity malio iCideal Tor such purpases,
Thore is, howaver, & Lendeney to assume thal it purity is
comutomt and that it ean be stored, handiod and used with a
minimuwm of enre, While i@ Lrwe that wonicipad supplies
vt comply with Enviconmental Protection Ageney (I0*A)
regulations (or eomparable rogalations in athor countries),
Arinking walor guest be repurifiod beforg it eal Be usod 1n
phaemacptionls,  For fupther information on wiler, see
Chapter 21,

Iive of the six solvent witers deseribed in the USP aro
used in the preparation of parenternls, irrigations or inhals-
Ghones,  Herifted woter mast be aned for all ollier pharmaoen-
ticu) operations and, ns nooded, in nl] VST Leste and assays,
Vo must et igid spocilications G chamical purity.  Such
wabr may be propaeed by dictillation, by wse of fou-ex-
el rosins or by voverse Gumois,

A wide varioly of commereinlly nvailable stills nre used Lo
producs distilled water, The end wso of the product, dictaton
vhe give of the still and extent of pretroatment of the drink-
fog water introduced Tnte the syatum. A descriplion of alills
in provided in Chaptor 84, Such woter may bo sterily pro-
vidad the condensar is stovile, ut 4o be called storile i must
he subjeetod 1o a aatisfnctory sterilization process, Howey.
o, it has heen shown that P aceeginose (rnd ather micvoor
graniss) can prow in the distilted water produeed in hospis
tala, The implivations of this are obvivuw,  Sterile waler
may be sterile a1 the Limo of procuction bul mny lose Lhig
charaeteristio il it s stored improperly, Hickiman ef el ® ly
regrouping the components of conventional dintillation

pyuiptient, have deseribod 5 mothod for the contibuous
wapply of starile, ultinporve wiler,  Qunlily-contrl prove-
duron Tor menitoring the micrebiotogicn] quality of water
should he performed (o the pharmncotical manuwlhetures’s
produetion fheilition

The major impurilios iy water are caleinm, iron, ngne-
nhum, manganese, gilica andl sodinn, Phe eolions uaually
ave eomblined with the bienrhonate, sulfnte or ehlovide wn-
jong, CFaed" waters are those that contain ealeium and
magnasiim entiong,  Jdicarbonnies are the major impuvity in
"alkaline” wilers,

Ionsexchange (deioniwntion, deminernlization) prosesses
will resove most of the mudor b puritios in water afficiently
and economically, A cotion exchanger, Hal fira, sonvirels
hicarbumtos, sulfntes and ehlorvides Lo their respoctive acids,

Cralit), Cn
M50, | 4 B My R4 HLS0,
Ny 50, Ny,
CalHECO,), Ca
MM CON 4 TR M| 1R 2,00,
ANA OOy Nity

Carhonie neid decomposey Lo corbon diogide (which i re.
raved by aeialion in the decarloaator) md witer,

T'he wnien exehanger may contiby either o weakly hasie or
n strongly bosic anion resin, Thesy pdsorh sulfurie, hydeo.
chlorie and nitrie aeids,  Chemienl reretions may involve
complete adgorption or an exchange with wome other anion.

A0, + A - A TLRO,

I the resin containg o hydeoxyl radienl, water is fovmed
chaving #he purification process.

TR + 240717 - AySO, A 21,0

Wenkly dissociated carbonia and niticie acids onn ho removad
anly by steongly busic anion resing,
LSOy 4 2AOH -+ ALSIO -+ 21,0

Unit eapneity varies with the nature of the installntion, bul i
in possibile to procesy ne mugh ag 15,000 gal of water/min,

Imionizalion processes do nol necessarvily prodoce i
Jiod Waler which will comply with EPA requiremonts for
drinking water, Resin eolumns retadn phosphates and or.
fonie debris.  Bithor alone or in combination, thise saly
stangen can nod as growth medin for mictoorganisng, Ohser.
vilions live shown that. detonized waler containing 90 o
ganisma/iml, eontained, after 2ddiour storage, 109
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oeganigma/ml.  Columuk un be eleaned partinlly of pseu-
demenads by recharging, but a 0.26% solution of lormalde-
hyde will dostroy moesi bacteria,  The column must be
wawhed thoroughly and checked for the alwsence of aldehydo
Cwith a Sehiffs Reagront) bofore ib cun be wsed Lo genornte
doeionizad water,

Ulraviolot radiant energy (240-280 nm), heat or filteation
can be vsed to dimit the jrowth, kill or remove microorga-
pigma in water, ‘I'he latter method employs mombrane {il-
ters and ean he used 10 remove bucteria from heat lnhile
materinls ag deseribed under membiane filters in Chapler
18,

The phenomenon of osmasis involves the passgo of waler
from n dilute solution across a semipermeable membrane o
amore concentrated solution. Mow of water enn be stoppod
by applying pressuro, egunl Lo the asmolie preasure, Lo the
concentrated solution. The flow of witer ean bo revoraod by
applying A pressure, prealer than the enmotic pressure, The
process of raverss osmosis ubilizes the Iatter principle; hy
applying prossure, greater than 1ha oamotic pressure, 16 tho
concentrated solulion, g, tup weter, pure water may ho
abtained {see Hepwrse Osmasis in Chaplor 77).

Collulose acotnte is vsad in the manufneture of semipe-
meahle membranes for purifying water by veverse owmosis,
"Phia poly wer By functionnd groups Lhad can hydrogen-bond
Lo water or other subsioneed dueh ae aleobol.  Thoe water
woloenlos which wter the polymer are trangported from one
honding site Lo the next under prassura. Tocause of the thin
layer of pure water strongly adsorbed at the surface of the
membratie, snlts, W o large extont, are repelled from the
surfuce, the highor-valont iony being repelled 1o n greater
extent, thus causing o soparation of iong from the water
Orpanic molecwlon nro rojected on the basis of o sieve mocha:
nimgs velnted to Weir gizge and shape.  Small organic mole:
cules, with o molecular woight smaller then npproximately
200, will pass throvgh the membrane mitevial.  Since there
aro fow vrganic moleeules with a molecular weight of losn
than 200 in the municipal water supply, reverse osmoiis
usanly 14 sulficient for the removal of erganic matborial,
Tha pore wises of the selectively permenble FOVEIR-ONIMDSIKT
memn braves are bolwoeon 5 and 100 Viruses and bactoria
Inrger than 100 A are rejectod if no imperfections exisl in Lhe
menthrane, Vhe membranes may and do dovelop upunings
which permil the passsge of microorganisms. Bocause of
the semistatic conditions, bncterin can grow both upstream
and clownrlrean of the membrane,  Improvements in mem-
ranes are heing made continually in type and manufactor
i proaess such ns the uge of polyamids moterinls. 1t in
prpectsd tiat the preparation of water with neyligihle or no
hacteria provent will be achioved by this process.

The selgotion of water-treatment eguipment. dependa
upon the guality of water to be lested, the gualily of wator
roquived and the specific pharmacoulicnl purpose ol the
walor, Irequently, two or more methodly ara wssdd Lo pra-
duae the waler desived, For example, filtention and distilln:
tion, on filtration, reverse osmasis and ion exchange.

Aromatic Wataors

Avomabic waters, tnown aleo ns medientod waters, ore
elear, satarated agqueons solutions of velatile vils or ofher
aromatic or volatile sulmtanees,  'Their odors and tagtes aro
similar to those of he degs or volatdle subatances from
which they aro preparad, nnd the preparations should he free
fron empyrewnatic (amoke-like) md othor foreign wdor.
They nre used principally as flyvored or porfumoed vohicles,
The volatile substangen from which they are 1o be made
showld he of pharmacopeind guality o, in thi cnne of nonolTi
clal proparations, of the host yuality i the tinest. flavors are
1 bo obtained,

Aromatic watew inay be prepared by one of twa officinl
Processes,
Dhhutilln thon---Til0eront suthoritien give different diretions for pre-

paring nramatie witem by distillation,  Por fresh drugn the proportions
e Fron b oport of drug 1o # of distillute, Lo 2 parts oF drag o 1 of
distillnte,  Mor deiod drogs such e cinnnmon, anise, dill, carnway and
fonnnl the proportion is 1 peetof deeg o 10 of digtillute, Vor cried lant
dragn sueh an pepnorming the proportion in 3 parte of drgg w 10 of
distillate, ‘The degg shoudd be contussl or conrsoly ground and com.
Bined with a sofficient guistity of Purifice Water,  Most of the witar
then in dintilled; ente should he Lakon to avold charedng or neorching the
snilcbaneos G provent D farmation of empyroeunatic odors, O cond-
Hotion of the [lllntiilmim\. any axcans ol In Gha dlstillate is romovod and,
iF neseniry, the ¢lear-water portion is {illerod,

Solution. - Aramatic woton wiay e prepaved by shaking ropeatediy £
o 4% b iF u geid) of the valatide subsiane with 1000 mlL of purified
watar for 16 min, ‘Thoe mintore s st avide for 12 e, filterod through
woltod) filter papur nnt made (o velume (000 mL} by adding purified
walor Lllmliglis L"m filtor,  Puppermint Water USI onn Be peapavid by
withor of the twe official mothods,

Alternately avomalic waters also may be propared by in-
corpornting thoroughly the volatile vil with 15 4 of tale, or
with a sufficient. quantity of purified siliceous earth or
pulped fillar papar. Purified water (1000 ml) is added and
tho misture is agitatod for 10min, The water then ia filtered
{and, i necossnry, refiliered) and its volumae adjusted to
1000 mi. by puseing purified waler through the Tilter,

This is the process most fregquently employed sinee the
water ean be preparved promptly, only 10 minwtes of agite-
tion being roguirad, The use of tale, purified siliceous earth
or pulped filter paper greatly inereases the surfaes of the
volatile substnsce, insuring more rapid saturation of the
water. These disporsing subatances also (o an efficlent
filter bed which produces a clear solution, Thoy alwo are
unrenctive,

Other mothods have been suggested for preparing aromat-
i walers based on the use of soluble concentrilos or on
incarporation of solubilizing agents such oy polysorbate 20
(Twoen 20, Atlas), Howover, sueh preparutions are suscep.
tible o mold growth and, in concenteations higher than 2%,
impart an objectionable oily taste,

Cloneentrated walors {eg, peppernmint, dill, cinommaon, car-
awny and anise) may be prepured ns follows:

innesbve 20 mil, of the volatile it in GO0 mbs of 90% othaned,  Add
sufficiont pueition water in soecomive wnal) portions to produce 1000
ml Bhake vigoramly slter cach adedition,  Add 60 g of steellized pui-
figel tpte, whoke seemlonadly for aevern! oy and flior,

I anise concentruie js heing propared, Uhe vohume of
ethinnol musl be incrensed (o 700 ml.,

The nromatic wator i prepared by diluting the cobeen-
1eate with 3% times its volume of waler. In genersl, these
methoda yield aromatic wotord thot ave slighily inferior in
quality Lo those prepared by distillation or solution,

‘I'he chemicnl compuoyition of many of the volatile oils teed
i preparing plarmaceuticals and cosmalics now is known.
Sisnilarly, many synthotic aromatic substancos have i char-
acteriotic odor e, goranyl phonyl ocatato hag a honay odor,
SKuch subslanees, cithor pione or in combination, can be nsed
in nonolfiial preparations and, by combining them in defi-
nite propoviions, it iv possible (o produce substitutes for the
of ficinlly recognized oil,  Initatien Otto of Rogo (which eon
tning phenylethyl aleohel, rhodinel, ¢itronellol and other
ingredients) i an example of thy typoes of subatitutes which
are now available,  Additional information regarding the
approprinke propuaralion of aromatic waters i provided in
RES-17, Chaptor 84,

Incompatibilitios - The principal difficully exporiencaed
in compounding proseriptions containing aromatic waters is
duo Lo n “salting oul” action of certain ingradients, such s
vary uoluble sollg, on the volatile prineiple of Le aromatic
water, A replacement of part of (he promstic water with
puified waler i permissible when no other function is heing
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sorvord than that of o vebicle. Othorwise, a dilution of the
product, with o suitable inerease in desage, i indicated,

Froservistion-Aramatie walers will deteriomte with
tima and should, therofore, be made in smald quantitios ond
proteted from intense light, exeomive hot aned stored in
airtight, Hght-resistnol contuiners,  Telorioration may e
due to volatilization, decomposition or motd growth and will
praduce selutiona that nre clovdy and bave toat all traces of
their agreeno odor. Distilled witer usually is contaminnt
ad with mold-producing organiams, fteeendly datilied and
Liotled waler should, therelore, be usod in bho proparation of
mediculed waters,  No proserentive should be added g
modicnted wafers. 1§ thoy become cloudy or olherwise doke
rioratt, they shoult he discarded,

Aqueous Acids

I'he officinl inorganie neids and certain organie neids, al-
though of minor algnificance an therapoeatic agents, e of
ot immportance U chiemicsl amd pharneeeatient mnnufne-
ingg, Ihin ik gspecinlly e of acetie, hydrochlorie and
nitrig nekds,

Perventiyge Strengths. Moy of the more importaont,
inorganic neids nre senilable commercially in the form of
concentrated pgueous solutions,  The percontage strength
varios from ong aeid to anothar nnd depends on tho soluiii-
Ly andk stability of Lhesolile in water and on the manulacivr-
ing provess. ‘Thus, the official Hydrochlorie Acid containg
from 36.5 (o 38% hy weight of 130, wherens Nitrie Acid
contuing Lrom 69 to T1% by weight of N,

Bechuse the stranjdhs of these concentroted seids are stat-
ac in termy of % by walpht, i i essontinl that, spoecifie gravie
ties nlao be provided i one is (o be able Lo ealeulnie conve-
niently the smount of ahiotute neid contained i a unit
voluwme of e polution as purclumod,  'The mathematical
ralationship involved is given by the equation M = VX 8 X
F, where M in the moss in g of abroluie acid eontoined in V
ml. of solution huving a specifie gravity S and a feactional
pereentage strevgll K. A an exnnple, Hydrochloric Acid
contuining 36.98% hy weight of HC has o speeilic pravity of
11878, Therofore, the amount of absaiute HCLsupplied hy
100 mb of Lhia sobttion is given by

Mo TO00 X 1L TETH X QUGHS = 480 ¢ HCL

Incompatibilition - Although ey of the reactions
characteriatic of acids offor ppportunition Mor incompatibit.
itiga, only a few are of sufficient importanoy b reguive iore
than eadual mention,  Acids and acid sults decompose ear-
bonales with liberation of carbon dioxide and, in o eloned
wonbainey, suificient promaure may be developed (o produse
i explosion.  Inoaganio acidr reacl with snlty of organic
acidy Lo produce Uhe free omganie acid and o salt of the
inomganic neld, 1 inselublo, the organic neid will ho procipi.
tated, Moy, salicylic acid nnd bonsoie aeid are prespitatod
from solutdons of salicyntes and hongsoates, Bovie oeid like.
wige is precipitnied from constntrated solulions of borates.
Hy a similor roaction, cortain saluble erganie compounds are
eenvertad into an insoluble form, Phanolwrbita! sodivm,
for example, s converted into phonoharhitn) which will pre-
clpitate in sgaeous selulion,

"The ability of aeids to comidng with slkaloids and obher
arganic compounds containing o basie nitrogen atom is used
in proparing soluble salts of these substanues,

Hoshouwld be borne in mind Usal eorbnin solutions, syrss,
aligiva and other pharmneeotica proparations, nay eontnin
leoo meid, which ciuses these proparations 1 exbihit the
ineompatibalition chavacteristio of the neid.

Acids also possess the incompatibilities af e mions
which they eontain and, in the cane of organic acids, thoee dye

(roquently of prime importonee, Fhese e discussed under
Lhe spediflic anionm.

Titutasd Acidn-The dilutod acids in the UST are dgue-
oatr woliilions of acids, of a suitable atrength (wsunily 10% il
Bt Diluted Avotic Acicd s 6% w/ie) Tor internal administen
tiomor for the manufactire of othor preparadions,

Tha strengths of the official undiluted peids are expressed
an percentaged wiw, wheronz the strongthe of the affieinl
dilited ncida nro expressed na percent o, T, therelore,
hecomes nocssiry o consider the specific gravities of Lhe
coneentrated aeids when ealeulating the voluime requirad L
make o iver guantity of diluted acid. The following equa-
Lon will give the number of mYorogquired tomake 1000 m), of
dilintod ackd:

Strongth of diluted acid >} 1000
Stronglh of undiluted acid X sp gr of undiluted oeid

Phw, if one wishes 1o make 1000 ml. of Dilutsd Hydrochbo-
rie Acid USEP uging Hydroehlovie Acid which wnys 37.5%
HCH Gap e 1.148), the amonnt reguived is

10X 100
$1h 18

Diluted Hydrachlaric Acd USE i ased in the treatiment.
of achlorhydrin, Howesar, it may irritate the niicous imein-
Irane of e wouth and nttack the enamel of the teeth, The
vsund dose in 5 ml, wolldiluted with water, i the tronk.
ment. of achiovhydrin no adempt in miade L administer more
than a voliof-producing dose,  'The normal phof Lo gastric
Juice in 0.0 Lo LS wid, in order to attain Win lovel, particular-
Iy in severe cases of gastric malfunchion, somewhat larger
doses of 1he avid would be veguived,

w205,

Solotions

A solution iy a liguid proparation Whal conlaing ong o
more soluble chemical substances dissolved in water. The
wlute waunlly in nonvaladile.  Solutions nre used for the
apecific thorapentic of foet of the solite, either inbornalty or
exlernnlly,  Adthough the emphesis hers is on the wgueous
solution, vertain proparations of Lhis Lype (eyvups, inlusions
and decoctions} hove distinetive charnctoristios and, there-
fore, are doscribed lator in the chaptor,

Solvonty, selubility and general methods for the neorpo.
ration of o uelute in a solvent are disetssed in Chapter 168,
Solutions are usually boltled automatically with eguipment
of the Lype shows in fig 831,

Peeparation--A apacific method of propuaration is given
in the compendia for most solutions, These procedures fall
ik Phres main colegoris

Simnle Solutions -Holutions of this lype are proprrod by dissolving
e modusbar fur oy ekt modvamt. e sobvent may contnin ofhor ingedi-
wits whiely stabilize ar solubitico the aetive ingeediens. Coaleiom -
dyoside Tapleal Solution (Lime Water), Sodiun Phosphates Oral Solu-
tion woel Straagy Todine Solution ave exom pled.

Cateiv Wadraxica ‘Popienl Sobotion costedng, i each 38 an b, ool
lowy than 0 pny of CalOMb The relatiog b prepard by ogitating
wigoronmly 8 ol endefun Jipd roxtele sith 1000 T of eoud, purfivd wator.
Tt cadotum Lydroxiche i nthowed Lo setle eat o e cleay, ipwemn-
fumt liegudel elimgoe ol

An mereane in molvant tompernture eally implive o beieeow g
welute: olubiliny,  This eube doon ot apply, hewever, Lo e solubility of
culeinm hiydroxido i winter, which docrenms with fneroasiag lempora
faere e official nobation in prvparod ot 26%,

Holutions contpbning hyeroxidan sl with thie enrhon diokide o the
wtinoplero,

O GOy o GOy
UI] =} "{j()n r CO:;‘I k] lt:!‘)
Co®' =+ QO 0 CaCOy
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tndetiin Mydvoslde Popdvn) Solution, theralare, should be provervod in
wiorll fillod, Light contniners, nb o tempora e not gxeceding 26°,

Steengg Jodbne Soliddon eontabin, in onch 100 ml, 46.5.0 g of fedine,
el e 100 of podarninm Llodide, 10 ik preporod by disoheing Sy of
Jockine in 100 ) oo parifiod watoe containing 100 1 of putesiam iadide
SuydTieiond purifiod wator o bwoaddee to made 1000 m1, ol solutin,

One g of todine dissalves 2950 wl, of witor, Howover, dalutions of
iolichin dinmibve Targe quimtition of dodione.  Strong Lding Selobion is,
therefarg, o sobution of polyindices by oxcow fodide.

ool o 1 g
Phowhiy charped anions may b fountd ada

A ALy e 1y
Seong Totline Solution b elassiliod weoan sotioitrgenie,. Tho uxual
Wi o 6.3 el 35 Ganos ndny,

Soverod nntibiotien Qe eloxacilbin sod o naleilin sodiom gnd vaico-
vk, hovagso By avd volatively mstoble do fgussun solution, o
prepnrm] by munutacturae o dey posedors or ool i eombinniion
with st nblo buftoen, colorn, dilowaty, dispresanta, (avors nggd /s pesner.
witkivien, hese priparadions, Clogaciblin Sodlum for Oral Solution, Naf

B Dlwhorgy Bl

e
eefop & Gvnrtiaw Turk
o ¥uod Talle

. AeuBlng Chur :
10wy Tithe Avammbly
A4-=Tube Rkl Ring Sam
twaDomlalne Hplpht

- Attt d

Ffipad hdinthieal
b iniat

el R

A rotary gravity bottie fillor (Courteay, UE Bottlars),

willin for Orab Bohition and Yoneomyein for Oral Sobation maoel e
cetuirementa ol tho USE, Upan dispensing Lo Lhe palicnd, the phave.
aigl ackels tha nppraprinte amount of waler. The products ave stable for
up Lo 14 days whon refrigeentod. Phiv goriod wadly provides sulTicint
e o the putient to ot plte the adimbnletration ol all the mudiention,

Sofution by Chondont Renation-Mhese solations pre propared by
roetingg e oF wiaro soluten With eneh ethor in o suitahio nolvent. An
vxanmple is Alumingm Subacetate Popical Solution,

Ao sulbnte €46 ) s dimolyid in 800 pale of eold water, ‘e
yolidion is Dkersd, and procipiiatod eolcbm casismmte G0 0) boddod, 1o
poversl oo, with constaad obivring,  Acelic aeld (160 mL) is wdded
wlowdy uend the mixture sod aeide for 24 hr, “Tho produet filtairoel el
the mngimn an the Bachoer fWtor washed with eold waler watil thy fotal
Filbrato swmamron 1000 nl,,

o walutlon contodme pentaguohydroxn- o Lebragguedihydragonby-
aminn (T10) acetidon and walfites disabveel in s agueans sasldiom s
vatid with enteiun solfite, The nolation containt o small amoma of
wcetic aeid, 18 By obabilined by die addition of nob more thiy D.9% horie
etied,

e veactioms invelved in e progeration of Gu selution are given
Ledow. "Uhe Dwkagueo abarednii sndions Tt wre comvorted 1o the Hivir.
ritatdng JAEN O and AT AII] Y entions,
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ALY+ GO o |AIHL O] b e,
IALCRON I o FGO, T (AT (0T
+ MO0+ 00,

An U congenteation of The hogagin sutdenn degoomos, socondary roae
Linnns smvolviing earbonato and hienrbonate seeuar,

[AILON(OH)]PF GO == TALEEL0),(OH)] ' 4 MO0,
[ANH,O)(OHN + 1100, [AVH,0),(0H),]'
+ L0,

“Phie pI skt nedaLaom tow Tavoes Lhe precpitation of dissolied caleisn
fotie di e invrlulilo slfinbe,  Aanlie aeid now s atleeds " The Dicarbon-
b whideb jn fovaned in dhe finad w1 npgow of Lhe prromnlune @ dy
anrbon cloxide,

Ahaminnim Sbacitore Taptenl Solistion inosod a1l pragoention of
Absminun Acetate Topioal Bolntion (Hurow's Solution), The Iuar
it enntaine 15 ml ol glaeinl seetle acid, S mldoof Adominum
Sathuserd 0t Popien] Solathon wid st ieiesd water taomak 100wl $1is
defined axoa solution of shuminum seetsto v approgimatoly (%, by
weight, of acetic aeitl in wador, s stalilizod By U neldition o vot.
ottt Vi 8,65 harie peid,

Solation by Bxvraetion - Drage or pharnucelival necessiling of vog-
wlalsde ar anival ovigin often wre extract] with water or with witor
contining ather mibslanest, Preparatinnsol tis sepe moy e elasifiod
it eadu Chons Jond,, ppoeey oo, are clomified an ostracts,

Dovchos

A douche is nn ngueons solution direeted againgt o psd or
into n envity of the body, 1t funclions oy a cleansing or
untiseptic ngent. An eye douche, used (o remave foreipn
particlos and discharges from the eyes, is divected gontly at
an chiigue angle and allowed Lo ran from the inner Lo the
mater corner of the vye,  Pharyigeal dowches are waed o
prepure e interior of the throal for an epoeration and
cleanse i in sappurative conditions,  Similarly, there nie
nasel douches and stginal dovches. Doaches usanlly are
diveeted to the approprists hody purt by uaing bulls syringes
(Chupler 104},

Duouchey moat Treguently are dispensed in the form of a
pawddar with direetions for dinsobving in 2 speaificd quantity
of water fusually warm),  Flowever, tablels for prepacing
solittions are available (o, Dobell™s Solotion "Poblets} or the
solition may be prepared by the phomaciat, 1 powders or
tablels are suppliod, thoy muast be free from soluble mate
rial, in arder to produes o eleny solulion. abilety are o
duged by the usunl provesses (pee Chapter B9Y St any lutri.
cnnts or diluents gsed wast be readily soluble i water,
Borie acid nry be wsed as a lubricant and sodium ehiaride
normally is tmod ok n diluent, Tabdeds deteriorate on oxpo-
sure bo st air snd abould be stored in airtight containers,

Praparaliong of hin Lype may contuin slu, vine sulfate,
Berie sedd, phenol er sodivm bovate, 'The ingredients in one
douche are alum (4 g), zine sulfuie (4 ), Hoguelied phesaol (5
ml.), glycerin (126 ) and water (g5 to make 1000 ml, of
solutiony,  Sodium borate (horax, sodiom Ltetraliorte) i
need in tha preparation of Compound Sodium Borate Solu-
tion NI XTI (Dobells Solution). s agueous solation s
sllendine Lo litmus paper, I the presence of water, sodium
metaborate, borie aeid nnd sodium hydroxide ave formod,

MiagJ3,00, 4 340 INB, + 2HB0,
NalO, + 24,0 -~ NaO 4+ 1,130,

The officinl solution contains sodium horate, sodium bicar-
bonnte, ligeefied phenol and glyeerin, The veaction be-
tween borle acid and glyeerin is given in the seclion on
Mucthitashes, See jhpo the seetion on FHoieys for o diseas-
wion on the Loxic manifostations amocinted with the topiced
application of borie aeid and horax,

Donches aro not official ms a elagd of proporstions but
geveral subatiicen in the compendia freguently ave oaw
ployved os such in woak solutions, v, henzalkonium chloride
i uned 1y varions douches and Compound Sodium Berate
Sotution i uned v a nosel or pharyngen) douche, A nodiam
bicarbonale vaginal douche hus bean used Lo improve the
posteoitnl test,

Vagina! douches are wsed For cloansing tho vaginn and
hygionde purposed,  Liguid concentrales or powders, which
may he prepared in bulk or ng single-use pickages, should bo
dituted or dissolved in the appropriate amount of warm
waler prioy o use, "The ingredients ased in vigginal dovcdus
includo antimicrobinl ngents such ns benzalkonium ehloride,
the parnliens or chlorothymal, anesthetics or autipmriiies
auch as phenol or menthol,  Astringents such wi vine sulfate
or potnssium alum, surfoeeactive agenls sueh as sodiom
Jawryl sotlute und chemienls to alter e pH such o sodinm
Bigprlionnte or eiteie neid also are used.

Enemas

Fhere propavations nre rectad injoctions employed 1o evae-
unta the bowel {(evacuntion snemoy), inflense the genern
system by abporption (tetention enemas) or to affee locally
the seat of disense, Thoy may possess anthelmltie, natei-
tive, sedative or wtimulnting properties, or thoy may contain
radivpague substances for rociilgenographic examinntion of
the Jowor owel, Some officind retention enets are Hose of
aminophylling, hydrocortirone and mothylpredmisolone neg-
tate, Since thoy are to be potained v the inteting, they
ahowld not be used in Larger quantities than 250 mL for an
adult, Usually, the volume is considerably sinallor, such ax o
fow ml. Microenema ina form ased 1o describe these simnll.
volutne preparations,  Vehielok for rolgnlion micropnemas
have heen fermulated with small guantities of ethuno! and
"rr;pylcnc hyeol, and vo sigaificant differenee in irFitntion,
ag compared with water, wins found, A nusaber of dragu such
as valproie acid, indomethacin and metranidazote have heon
forimulnted as microesomine far the purpose of absorption,
Phe abworplion of Jarge moleenlar weight dyugs, suel nas
instling, s ander curvont invoatigation,

Starch enemn iy e ined either by itself or as a velicle
for other forms of mediention. A thin paste s made by
triturating 20 ¢ of powdered stareh with 200 ml of eold
wator. Sufficiont boiling waler is ndded to make LOOO mid . of
cnom. 1 prepavstion then i reheated G obiain Lo
parent. liguid,

Saditm eblocide, sodinn Menrbonate, sedinm monoly.
drogen phosphate and socium dihydrogon phosphite s
ueedd in enomns 1o evacante the bowel, These substances
way he used along, in eombinnbion with oach ether o in
combination with frvitants saeh mn sonp, oo of Suap
BPC 1963 in proparod by dissolving 50 g of soft soap in
sufficient purified wator to mako 100D ;b of oneasa, Plect
Tonatn, o commercinlly availuble enema containing 16 g of
sodium acid phosphntoa anct 6 ¢ of sodivam phosphate in 100
ik, is marketed ws o oinjdeadose disposmble unit, Bvacua-
tion eneman weially are given ol body temperataee s gquan-
1ities of | to 2 pt injected slowly with a syringe,

Sulfasalazine rectid enema boy heen administered Tor the
wrenbiment of uleerative colitin and may be prepared by dis
porsing the Gablets {1 sbrength) in 250 ml, water. Baviom
sullate enema contuivg 120 2 of bariuon sullute, 190 mlL of
neacin mueilyge wid sufficient stoveh enema o make 500
mli.

Gargles

CGarglen nre aguenus nolutions wied for trenting the phar.
yix and nasopharyns by forcing aly from the lungs through

FRESENIUS EXHIBIT 1013
Page 334 of 408

|
1
}




1520

CHAPTER 83

the gargle which is hold in the throat, Many gargles must be
diluted with wator prior to use.  Although mouthwashes are
conpidored as g soparate class of pharmaceuticals, many are
uned ne gorgles, oither as ig, or dilated with water,

Potassium Chlorate and Phenol Gargle is official in the
1PC. 1t containg potassivm chlorate, 30 g, patent blue V
(Color Indox No 42051) commercial food grade (0.01 g),
lignified phonol (16 mL) and water {or preparations s Lo
1000 ml. Tt should be diluted with 10 volumes of warm
wator before uso. The product showld be labeied so that it
cannol e mistaken for proparations intonded for internal
adminislration,

A flavored aslution containing 7.5% povidone-iodine and
A% aleohol (fxodine) i avpilable commaercially as o mouths
wash or gargle after suitable dilution.

Mouthwashes

A paouthwnsh is e aquoons solution which is most often
usod for its dendorant, refreshing o antineptic effect or {or
control of plague, 1L may contain aleohol, glycerin, synthei-
ic awoetaners and aurface-active, flavoring and coloring
agents, Commerciel prepaentions contain such loen] anti-
infective ngenta ns hestotidine and cetylpyridinium chloride.
They may be sither ucidic or barie in reaction and, in some
instuncos, may be effective in redueing hacterinl concentra-
Lionk and odory in the mouth for short periods of time,

The products of commorce (o, Cepacol, Listering, Micrin
or Scope) vary widely in composition. Compoeund Sodium
Borate Solution NI X1 (Doboll'a Solution) s used ns an
antiseptic mouthwash snd gargle.  Antisoptic Selution and
Mauthwash are described in NIF XI1, The latter wash con-
taing woditm borate, glyeerin and potassium bicarbonate,
The reaclions which take place when these subsiances are
diganlved in water are given bolow.

JHOL CHONI HOCH,| ™
2CHOH | BOH), ~ | CH-0_ 0--CH |H' 4 310
N
It
\ o
CHOH CHy € O CHy
CHOH HOCH, |~ ; o
) ! EKBOO,
HeeQ O CH [V e i
| LY |
S
CHO 0|

& BAY o Gy

Compound Sodium Chleride Mouthwash, and Zinc Sul-
phate and Zing Chloride Mouthwaseh are deseribed in the
BIC. The formor wash contuins sodivm chloride, sodivm
bicarbonate, concentrated peppermint emulsion and dous
ble-strength chloroform water,

Mouthwashes may bo used for 2 number of purposes: for
examplo, cetylpyridinum chloride and dibucaine hydrochlo-
ric mouthwashos provide satisfactory reliof of pain in pa-
tionts with wleerative losions of the mouth, meuthwashes or
creams contnining carbonoxolone are highly effectivo dosago
forms for the treatment of orofacial herpes simplex infog:
Long, and undetected oral cancer hae beon recognized using
toluidine biue in the form of n mouth rinke,

Julges

A juiee 6 propared Trom frosh vipe fruit, {8 agueous in
character and is used i making syrups which are employed

ng vehiclen, The froshly exprussed juice is proserved with
Lenzoie acid and allowed to stund at room temperature for
yeveral days, until the pectine which naturally are present
ara destroyed by enzymatic action, as indicated by the fil-
tersd juice yislding a clear solution with aleohol,  Pactina, if
allowod to rowmain, would ¢ause precipitation in the fnnl
ayrup.

Cherry duice is doseribed in the current USP and Rusp.
berry Juice in USP XVIIL  Concentrated Huaspberry Juico
PC s propavod from the elarified juice of rauphorrion, Pac
tingge is stirrod into pulped raspberries and the mixture
allowad to stund for 12 hours. The pulp is pressed, the juica
clarified and sufficiont sucrose ndded Lo adjust tha weight at
20° to LOGO Lo 1.060 g perml, “The juice then i concentreal-
ock Lo ono-sixth of its original volume, Sufficiont. guliurous
acid or sodium metabisulfite is nddod os a preseyvative,

Artificial Mavors now have replaced many of the naturl
fruit juicos.  Although they Jack the tlavor of the naturs)
juice, they ave more atable and engior to incorporate into the
final pharmncoutical form.

Recent information on cranboerry juice indicates that il
may be effective in controlling some urinary truet infeckions
and urolithionis,

Nasal Solutlons

Nagal solutions are usually nguoons solutions designed to
e administered o the nasal passages in drops or sprays.
While muny of the drugs ave pdministered for theiv loonl
sympathomimetic offect such ns Bphedrine Sulfate or Na-
phazoline Hydrochloride Nasal Solution USP, to reduce no-
sal congontion, a few other oflicial proparations, Lypressin
Na#al Solution USE and Oxytoein Nasal Solution USIY, ave
administered in apray form for (heir systemic offect for the
treatment of dinbotes insipidus and malk letdown prior Lo
breast. feeding, respectively, "The current route of adminis-
tration of peptides and proteivs is limited w0 parenteral
injoction becuure of inactivation within the gastroin{estinal
traet.  As o result, there is considerable research on intruna-
sal delivery of thoso drugs such as analogs of enkophaling ar
Iutednizing hormone relensing hormone and insulin,

Nasal solutions are prapared wo that they are similar in
many respecls 10 nasal secretions, s that normal ciliney
uction i maintained, Thus, the agueous nawal selutions
usnally aro isotonic and slightly buffered to maintuina pH of
6.6 10 6.6, In nddition, antimierobial preservatives, similny
Lo those used in ophthalmic preparations, and appropiinto
drug etabilizers, if vequired, nre included in the formulation,

Commorcial nasal preparntions, in addition to the drugs
linted nbove also include antibiotics, antihistamines and
druge Tor osthma prophylaxia,

A formuln for Ephoedrine Nasal Drops PC ix

Ephodring hydrochloride . ... .. Shkiiaa T 05
Chiorohutamtd .., .ovivviorerrvisaionseninge . Obg
Bodium Chiovide ... 0000 iy et 1k (%]

Wutor for prapurathons ., ........cooooveo Lo 100 mL

Current. studies indigate thut Basil aprays are deposited
mainly in the atrium sod clearad slowly into the pharynx
with the patient in an upright position, Drops spread more
extangively than the spray and three Qrops cover mael of Lhe
walls of the nusal cavity, with the pationt. in a supine position
and head tilted bnck nnd turnad left and right. Tt js suggost-
ed that drop delivery, with approprinte movement by the
putiont, londs Lo extentive covernge of the walls of the nusul
cvity.

Ollc Solutions

Those solulions occasionally are veforred to an aural prep-
arations,  Other otic preparations often neludo formuln-
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Lions such a8 susponsions and sintments for topivel applics
tiun i the eny.

Phee iarin classen of drus used For topical sdministration
Lo the onr inchade analesios, v, hensoeaing autibiotics, o,
neomyein; and anti-inflammatory  agends, og, aortigone,
The DS preparations include Antipyrine and Benznocnine
Otie Solution. The Neomyein and Polymyxin B Sulfates
il Mydrocortisone Olic Solutions contain appropriake
bufforn and dispersants usually in an nqueaus solalion,
Thoue proparakions includdn e main Lypen af salvenis 11:’41!:],
nnmely glycorin or water. The viseous glycertn vebicle pers
mits the drug to romoin in the ear for o loayg fime. Anhy-
deous glyeerin, belng hygrossapie, tends Lo remove moisture
from sweroutding tisues, g reducing swelling,  Viscous
liquids like glycorin or propylene glyeol gither are usod alone
or in gemibination with a surlaetanl to aid in the renioval of
ikt {oar whx),

I oeder 10 provide sulficiend. lime Tar agueats prepnm:
Lions {o uel, 1L nocedsary for the patient to remain on his
side for o fow minutes so tha drops do nob run ot of the on.

i praparvations nre dispensod i oD e whicls per-
mita the ndministration of drops,

Irrigation Solutions

These solutions are usod 1o wash or Iibie sopgo,) ine-
sions, wounidhy ur body Uiasuer,  Bocase they (:mnu‘m SN
tael wilh exposed tssue, they must moet et ewguipg.
ments for Inpections aof the UISE auch as stevility, PO en e
mubter rodd the regpiirements of the Pyragen Teste e
priviucts wre praga s by cissolving the aetive ingrediet, i,
Waler for Injeetion, "Phey are packaged by single-dase cop.
tainers, preforally Type Lar ' Pype W ghans, or auitable plostie
containers, nnd then sleribized.  Sep Chaplor 78 For stovitive
tion procedures, A number of irvigations nre duseribed in
the ST Acetic Acid Treigation for blndder irvigation,
Aminoacetic Acid Trrigution for vretheal yusgery s Bodi-
ure Chlovide vigation for washing wounds, Other deoge
such ag amphotericin B adse may he formulated as irrign
fions,

Sweal or Other Vscld Aqueous Solutlons

solutions which nee swoeel or viseid inalude syrops, haoneys,
mucilyges nnd Jellioe. Al of these are viscous liguids or
wernisolids,  he Duosie swosl or visgid suhstinemo giving
Doty 1o Uhage preparations e supnes, polyols o polyisiechi -
viden (gunn).

Syrups

Syrups are conven trated solutions ol sugar sueh ns suerose
in water or other squeous hguid.  When Pwiified Water
alone is usod in making the solution of suerose, the prepar-
tion in known ay Syrugp, o simple syrep. Inoaddition o
suerose, certain other polyals, such ay glyeerin or sorbitol,
may be addod to retard grystallization of sucross or to in-
crease thy satubitity of added ingredienta, Aleolol olten iy
included s a preservative and o aa o salvent. for flavors:
furtdier resistance to microbinl attack can by enbanced by
incorporating antimicrobial agents, When the agtieous
praparation containg some added medicinal subktanes, the
syrup i clled a medicated syrup, A flusored syragp s one
which usually is nol medicated, but which containg various
aromaotic or pleasantly favored substaneos and iy intended
1o b used as o vohicle or fluvor for prescriphions,

Flavored syrups effer unusual opportunities as vehicles in
extempornigous compounding and are accepbod readily by
hoth ahildron and adults, Beeause thoy cobtain ho, or vory
litbles, aleohol they ave vehicles of ¢hoiee for many of (he
dvnge that sre preseribed by pedisteiciang, Their lncelo of
aleohol makes them superior solvents for water-soluble suli-
stances.  Mowever, suerope-hagtd mwodicines continnously
administered to childven apporsntly sause an inerosee in
donta) corios and gingivitis; consogquently, allernate forinu.
lations of the drug either unsweetenod or pweotoned with
nonenriogenie subgtances should be eonsiderad. A dowl-
odge of the sugar content af Hquid medicines is aselul [or
patienis who are on a restriclod calorie intuke; o list has boo
proparod by Bergen

Syrups possess remuarkublo masking properties for bitier
oy saline drogs,  Glyeyrrhiza syrup haw hoen recommanded
For diggaising Lthe sty tuste of bromides, jodides and chlo-
vides. This hay beon stiributed Lo it eofloidal ohgracser and
g double sweelpors--Lhe immodiote sweetnosk of Uie supat
and the lingoring sweetness of the glyeyrhiving This syeup
iy aluo of value in mosking bitlernesy in preparations con:
taining the 13 complex vitsming  Acocin Syrop USI%, hoe-
canse of its eollopidal chargetor, s of prrdiceular value as n

vehicte for masking the dinagreenlile taste of many medica-
ments Raspherry Syrup PO i one of the mest efficlent
favering agents and is especiaily uselv] in musleimg the Laste
of bitter drags, Many fnctors, hawever, entor into the
choice of o suitable flavering ngent,  Literadure reports aro
uften contradictory and there appears to be ne substibae Tor
the taste panel, The litersure on Whis suljest has Boen
reviewed by Meer, ¥ and this refermeae and Chapler 66 should
be consulted for further informution on the Mavering of
pharmaceuticals and the preparation of o number of officinl
pyrupr. A series of papers by Behmacher deals with im-
praving the palntahitity of bullecompoundaed roducsming
Mlavering and swoctenimg apenta,b

In manufaeluring ayrups the suerose must be seleciad
crreiudly nod a purilied water, freo From Foreign stilminnce,
and elean veusobs und contniners maust be wanl, ‘The oporn-
tiun sl be conducted with carve b avold contaminalion, if
the products aro fo bis stable,

It i% i porians Uit Uhe coneentration ol sucrose appronch
but not guite reach U sataration peint, Jo dilute solutiong
miierast provides an exeellonl nutrient for molity, yonsis and
other mivcoorgmisam, I eoncentrntions of GH% by wedght
or move, the solation will retard the jgrowth of such microor
ranisms, Mowever, o sotarned solution may losd Lo erysiale
lization of & part of the suerase inder condltions of changing
l,!,\.l'l‘lpm‘n'l.ll'.'(),

Whaon heat iy vsed in the preparation of syraps, thore is
almost certain (o be an inversion of woalight portion of the
suerost,  Sueroso sobulions nre dextrorotaey Ind, as hydroby-
it provoedy, the oplicnl rolubion deeromses mud bogomes
negnbive whon the renclion is complote,  This reaction s
wrmaed (neersion heenuse fovert supar (destrose s lovig.
lasit) i formed, The spood of inverion i incronged groatly
Iy the presencs of aeids; the hydrogen jon el s n eatidyst
i this hydrolytic renction,  Invert sopar i more eeadily
fermentable than sucrose and tends W be darker in color.
MNevertheloss, ils two reducing sagars nee of value in retarl-
i the oxidation of ofher subslanoes,

{npert Syrup s degeribod 0 athe PCOTE i prepared by
hydrolyaing suerose with hydeochloric acid and neatralizing
thie nolution wich cateimn or sodivm corbonate, The saerose
in the G6.7% w/fe goludion must be o Seast B5% inverted,
The monagraph states that invert syeap, when mixed in
suitnbly proportions with syrup, prevenis the deposition of
eryistuls of sicrose under most conditions of storage.

The Fevabose formed during inversion in sweeter Lhan sa-
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erase wud, therelors, thi rosulting syrup i sweatsr than the
original wyrup. The relative kwoolness of lovulose, sixcrose
and dextrose s in the rotio of 173:100:74. Thus, invert sugar
in 1/100 {173 4 74 = 1,23 times as swoul as sucroac. The
Lovitose fopmad during the hydrelysis alse is vesponsibic for
the darlening of syrup. Tt is sensitive Lo hoat and darkens
randily, particularly in solution. When syrup or sucrose i
overheated, it caramelises. Seo Caramel (page 1280), Oc-
ansionnlly, it i appropriate to use & sugar-froo liquid prepa-
ratsons & lint of thuse has been published !

Preparation. -Syrups nre propared in various wiys, tha
choice of the proper methad deponding on the physical and
chomien! charactarintics of the wubstanees entering into the
proparation.

Golution with Hont-Fhis is the wanl method o mnking syrps
when Uhie yadundile conpiitoond. s e bor velutile nor injured by ot ahd
whent 1t i deplrabln Lo mabe the ayius ragidiy, Phe sueroe wsunlly i
nebebued Lot paeifled waler o aguenis sodution el honted until mdution
i efTectod, thom atenined and sufTiciont puyitied wale elehed Laa i tha
domlred woight or volne, 17 the gyrup i mode from an infusivn, o
deract lan of it (e nelulion containing orjennie mnitor, ueky o
trom maply Lrovs, i nsunlly i propat to hoat the syrup Lo the hoiling
point 4o cangulido albIwIouR mAtler; subimorguently, this in wapmrated ty
sasnining, 11 Ui allnzsbis or other laporitiens were permitiod o rimaln
i Lhe syenp, Tormoentiadion prabnkiy woula he Induced in warm wonther,
Sacehnrometors are vary wselul in mudeng syrmm by the ok proceds b
cimee whove Uhe propey wpeedfie gravity of the tinighed pyeog in knewn.
“Thay may he toated i Uhe syeup while hoiling, and i tho exoet e
of convontration thetorminetd without wiiling 1o conl the avrup undd hay-
fnge G heat i again to eoneentrate it Farthor, Whon tabdng o rosding of
Ui wpocilic gravily of the hat syfup, WHowrgoen it b made for the
varintion roni the atfiviul lonperature (speeific gravition in the UST are
Laleon at 2067

Iixiendive hoating of ryrugm sl the hoiling todiperntire in wadesirable
cinee more G sy inverrinn of (e suerosn oceurs with an ineronnod
tendetiey 1o forment,  Byripn et s slarilined o an audocluye with.
sutb sgme encamodization, Thiy b indieatndd by o willuwiah or hrownish
el vamsdting from e formation of earamed by (o setion of bt upon
RULT s

P fortaln and procedure piven for Acnein Symp (piga IR RHIES
Lrators L o hod of propatation,

Agltation withont Hent. . Thin prodiss fo ynatl in thasy sasos whiry
foit winle covee Uhe Toss of viduabie, volatile comstilaonts, I ratlei g
qunntition v 1o 2000 w1, U suerose whould D added to tho nguoronn
dolitian i b boble of ahoul vl the sl roquired tor the serup, This
it active agitation wnd eapid solution, Stopperiag t baltle i
T rant o i1 prevents coptamination and losn uring Qe process,
The botthe shewdd Tie allowed 1o lio on e dide when ot beiog agitmed,
Gl dined tande with moehanienl agitatos, pgueintly adapted 10 dis-
avlviugy ol puerosn, aro waed for miking HrUpk i lorge quaniitio,

Thik methur and 1hnt provieusly doseeibec ave woed Tor the prepata-
Liomt of i wide vielety of proparationg thal are papalaply teeribed w
sy, Mond oyl nyEups, for example, conlain suerake aned one of
wiort nebive ingredionti, Howover, thy et composllion of such prai.
waly s et lven on U dabel, Purthornarg, some of these prnthacts arg
Mot in the TSI It no divietions are yiven dor their prepatation, oy
xatnple, Guadfonesin Syrup DRI Gryemyl pinieolile wyrn) 18 atficin]
bt Lie only konown iurc:-uiil(-nla ure gunifencnin (uhycoryl gamineolate}
el ebhunol (aok Tess 1 % ok mogo Lhan 4%,

This PC, o Uhe other i, given @ molbud fur the propuratlon of
Cadeing Phusphise Syrap, This contiims cedgine phenghinta (6 ), wi-
Lor for pripatations (16 mL), chluralemy spitit (2 ml) and suftleics
syrop to dutko 1000 mla 1ean b upnd for Ui relied of vough, - Anathe
ayrud for thin e in Codedn Linctas PG, Phisis vendly 1 iedientod
et which postesien domulennl, cspuetorant or weckative prtnlm:'l-i(‘-ﬂ-

Ttk thi syeup, i eelored and flavored, The formuly Tor Codaine
Lot 1C i
Codebne Mosphake . o oiiion i HE
Sonmpeund Tartresing Holutfon ... 0 10wk,
Ponpoie Aoid Solution 20wl
Chlowtarm Spielt oo #mls
Witar for Proparatlons . 20 ml.
Leman Byeup oo ee s A0 ml

BORuD e iianaes Lt 1000 .
Dibswolve Lhe eodeinng phongshate in Uoswater, add 500 mlioft ho nyrup
andd nis. Add the other dmgredionts aid soffsint syep to produey

T e

Vo pacdiutric v, 200 1l of thin lsetan s diuted withrylTicint syragp
1o mihe EOUO L. RE wugr is comrnindieated in she diet, Disholie
Cotheing Danelom enn bo ot

(‘vdcine Phosphate ... 000 Ve A

Clivie Acit moonohydrate .. 0. b

Lomom Sphrdl oo oo 1mb
Comgeoomd ' Tartrazine Solution oo 0e 16 ml.
Banrole Ackd Holation .00, i 20wl
Clilavofeem Sphdt  cor o caiiioiicnn s 20ml,
Witnr Tor Prepurntiony oo 2 oml,
Soryitol Halutden . oo Lk 1o 1ol ml,

Dinmolve the codeine phosphato ad the cilyle neid in the water, add
?rﬁlaﬁﬁ_, of tho dirhital aolution and mix,  Aded e olher grodlents and
wnlTigiont norhitol aptution {o produee G M,

Senllitol Retutlon i the mweatoning agont and gontainn 7% w/iv of Wil
sollcs, eonalating muinly of Dworhitol, It hes aliontd Dalf 1he swenloning
proser oof sy, [ the U5 the FDA has Tnned e of chlaralorm n
ynadlicinen naed cosinotion oo of reported corginogenteity in animnly.

Haghe tortaulationg con ho varind oneily Lo produce the highly mdve-
el arbivlon of cammerer, The preserip(iveanly deag {oy, eoileine
phosphats ar et lclone ) o, of eonra, Hw onitied o tho forsuln-
Loms Dk, [ corbnin countries, swch as Cannde, o decreased qantity of
codebi prhouphla i parmitted in an OTC eoyeh spea, Tronddition to
the ingrodion s cited or T in Wi of richnd compendin (o tobu, muill o
Ipeeneunanha), muny conigth Byrugm contain nn antihistarniie,

Many vihor ngtive inggrndicots (o, ephedring anlfnte, dicyelumine
wydroehlovide, ehlural ydrale o chlmpromuzine hydrochlorido} are
marhoted nenyragms. Likie cough syraps, these proparations ure fhnear e,
crtonod and rreomnmerdod 0 Whosg instunees where the rtivat eannel
wwnllinw 1hie welicd dosnge foem,

Addition of a Medicnting Liguld 1o Sy This mothod Is resirts
ad Lo i Dhone vane i wehich Taddestracts, Huctarm ar other ligulds are
dldord o wyrugy Lo medientu it Syrsps nack i (hin wiy witiully dovolop
procipitutes sines nleulol b olten ot ingredient of the lguids thus vaed,
il lIhu vesinnins s oily sk ween 1issalved by the alealiol preeipitage
whoh imixed with U gysup, procueing waightly preparations, A madi-
Fiaation of (s procoss, Moguently adopted, conmisg of nixbng the Muid-
extracl oF tnetoee with U water, allowigg the wintare L stend Lo
potmdt Lhe separation of insolulle constiuents, Niltering and then dis
wobving e maepono i he itteate: 11 s ohyioun that Uhis provedsrs s nol
permlanille when e precipitnd a] inggrelloanty oo the walauble mudith
il nggeniln X

Tha fermudn il procodure given for Aromutic Briodictyon Sysup
USD {prge 1361} Mwytrate thin mathod of \eparatbon.

Propaafution-. I thin procedure, puritiod witor, or mi aqgueous wielih-
tion, is permitiod fo sk slovly through Bich ol ervatnd| 0o auerese, Ui
chssslving it and forming naysup, A cotlon phediet i plaeed i Lo nock
af the pareclntor and Uie waler ov gy selation added. Py waany of
wonitadlo eyl the Dow i regulitad ko Uhat drops appost b tapidl
suemion. 16 necessary, a portion of the lgaldl fs i‘t(-rclct‘ Ironigh Hhn
prrcolntar to dissolve off e suerase, Finadly, sutflelont puvifiod wader
i el 1oty the cottan 1o ke Lhe reguired Yol

To e mnceeaaiul i nalng thin procos, earo in woveral particulnrs e,
hoexorcigeds (1) the peraolaton wwod vl youled b aybindrival o sovnicylin
Arien] and eone-rhnped an il nears the lowor orifies (23 1 coarne granular
g et e uked, otberwin it will eonloace ito o connpact mans, which
Uhie Tegwied vt ermaato; G3) Lho puarif el ot Lo tauss. D ingroduced
with firin

§8 preiad in o Lghthy, Wie cotlon will stop Ehe hrocess of footunllyy it
fnertosl Lo lumwty, e Hguld will pres Uhrongh the cotion rupidly aned
the filteate wilh be woenk aid torbid (o imperfeet fltration); B ahould
Y e becd eompleLely within the noel of Uha proeesilntee, sinee o proteud-
iy ondl, inwiclo L porcelator, up through thewueroie, will poemit tho lust
porkisn af witar o pom vad it the lower orvifice witheut digmnlving nil the
puerono, Wt peitie divectici son Syrup (pnge 101 The process nf
perealntivn i aplicd on commiorcind seale for G mandtlng of oflicinl
s o ol ] s Lhoso for aonfaethonary use. }

Poresltion in Lhe proforad mothod for tho proparation of Hyrap Usr
(oicn 19000 Tho sueiuso, i Uis instanee, is phiteod in o porcalitor
l-lls;;wwur. ndightly madifiod mppreanch muwst be usad i drug of vaguta:
Il ol b 1o be ineurporated into thisyrup, ot examglo, wild cherry
Birk i fimml porealated with wator, tho collaetim veRn) LIy s
(HO0 ) and dyeerol (60 L), Wihen the Lotl velume in 1000 mls, the
mwusﬂutu in aytintod 1o produce Wild Charey Syrup PC,

Woconstitntion -1 ordor to inprove stalility and mininisg wietobl:
al sondauminntion, dry syrap formulations can be prapared nod Purifind
Walar USE added just prior Lo dinpmiig o Uk, Prowecdor mixTuares,
whally grintdutad products and purtially granwlated prodiets ave bues
St Tor this porpase by Rydor 10

The powder mixture propavation reqaies leas ortnp g, ol energy
L propare,  Chemiond stnbility prableme arg minimal, singe no liont o
solvents nre used i the proosen andl a bew molalure eurend e boe
il 30 Ui Ll products unfortunately, prwdor mixtuees nre prone
Lo henmosonedty probloma,  Tn U cann of bty whally grinndntod produch
it the ingracion s sew neladod B the granudition stage.“The drig nny
Do Incorparated inwe the dry produet bofore geanuludiog ar dissolved oe
tpesseded in the genulisting fbd.  After Tormation, the granulos pre
clrlod and thom roreuned 1o i dowo oversice particios, M odvane
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tages of grooulted over powder aixboes inclade hoder nppearance,
hotter flew, Fower wageantion probheon aied fess cust daring peoessing.
Pareintly gramlaned mixtores are anod b piin son of U nebyantoges off
ranudation withoul the disndvantages Ulssgtly the deigg, mid ot hire fine
purtieles, o bneluchedd at (he gensadation st ol with smne dilo-
eondn Lo lpreove Bow and redicc segregntion and dust,  Materiob gebeel
od for mixing with the driod grooules would inelude Biermolplile exeipi-
earba, el ik Clvvors, mivd free Dowing omteriaks, such os sigam.

Predcrvation. -Syrups should he wmnde in guantitios
which cun be consumed within a few months, except in thowe
cages whoeve special Tneilitios o he employed for their par-
servalion; o low temperatire i the best method, 'I'he USP
indientes that syrups should not he exposed Lo excessive
heat.  Concentration without supor-gataration W also a con-
dition favorable to preservation, ‘e DS states Lhat syr-
ups may contuin preservatives o prevent baetorisLond mold
growll stch an glyeering methylparaben, Benkoic acid md
sodium benzonte, particwarly when the coneentention of
aucraso in the syrup is low,  Combinations of alkyl eators of
pehydroxyhenzoie acid are effective inhibitors of yoants
which bave been impliented in the contaminglion of cam.
moereitl syrups.  Any aliempl to reslore syrups spoled
through fermentation by heating tiem and “working them
over is raprehensibile,

The ofticint wyraps should be presorved In well-driot] beot-
Uox, preforably those which have boen sterilized,  'Theso
buttles should not hold more than iu likely Lo e vequired
during 4 1o 6 weels and showld be Dilled completely, slop-
pered carefully and stored in v eool, durk plaee.

Syrups Prepared from Jiices

Blackberry, pincapple and strawberry syraps may b pros
pared by Tollowing the directions in Raspharry Sy .
One volume of the concentrated raspherry juice in diluted
with 11 volumes of wyrop.  Black Carrent Syrap 1PC s pre-
pared in g aimilar mannor bot also can be prepaved from
hlack curviants, with cerfain modifieations, '1'he peetin in
e juice is destroyed with pectimwe. The syrup is prepared
from 700 ¢ of suerose and 560 ml, of elarified juice and is
preserved with sulfurous seid or sodivim metabisulfite. The
addition of a dye is permitted, provided it complienwith the
pertinent povornment regaintionn,  Cherry Byrup USP i
prepavact fram cherry juice by the addition of aleobal, sa-
eroue and waler (page 1501),

Honays

Honeys are \hiek Hguid preparstiont somewhnt allisd to
the syrups, differing in that honey, instead of gyrug, in unesd
ne i base,  They are upimpoertant ag o class of preparalions
today bt al one time, hefore sugae was available and honey
wns Lhe most common aweetening apent, they were used
widoly. G ligts two preparations sontuining honey, ‘The
first, Osymel, or “aeid honoy,” is o mivture of neetie acid
{150 mL), purifiod water (850 ml) aud honey (sulTicient. Lo
produce 1000 ml, of product).  Squill Oxymel containe
sguill, wuler, neotic acid and honey and is prepared by a
maeeration procoy,

One nonotficial preparntion containg borx (105 g, plye-
orin (5.20 @) and sufficient honey o make 1000 ¢, 11 has
Lews indicated that 1his type of produet ean entine serions
Dore acid intoxication i babies. 1 should not he used in
pharmaceutical praetice. Thick nnd thin sugar pastes con-
tnining Caster sugar (very line granular sugar), icing sugnr
{niddtitive-Tron), potyethylong glyeol 400 and hyd rogen perox-
ide (o n finel concentration of 0.16%) have heen propared
and shown to be henelicial in the process of wound heating.

Mucllages

The officind mueilagos are thiek, viseid, adhosive lguids,
produced by dispersing gum in water, or by extracting the

mucibydanous principles feons vigretable subginces with wa-
for, The musilages all are pronoe Lo decomposition, showiny
appreciahlo docreise in viscosily on storage; they should
never be mado i quantition Targer than e be used mmudi-
ately, unlesy o presorvative is added. Acacin Mueilage NI
X comtaing henzoie actd and “Progacanth Mueilnge BPC
(1973 contuing sleohot and chloroform water,  Chloroform
in manufetwiod products lor internal une is bished in some
counlyies,

Acacin Muciliye may be prepared by placing 300 g of
acncia in o graduated hottle, washing the drag with eold
purified water, allowing it to drmin and ndding onowrh warm
purified wator, in which 2 ¢ of henzoiv acid has been dis.
solved, o make the product mensure 1000 mlL. The hotide
thon iy stoppered, placed on ity wide, rotuted vecsionnlly
el the produet strained when the acacin has dissolved.

Trogacrnth Muciiage BPC (1873) is propared by mixing
12.5 g of tragnennth with 26 m1 aleohal (004) in ndey Boltle
and then guickly adding sufficient. ehlovaform witer o 1000
mb aned shalking vigorously. “1I'he aleobol ia used o disporae
the gum Lo prevent agelomoeration on addition of the water.

Mucilnges nre used primnrily Lo oid in suspending innola-
ble sublonees in liguids; their colloidal charaeter wod viseos: -
ty help provent immediate sodimentation,  Bxamples in-
clude subfur in lotions, resin inowixtures ond ofls in ginu)-
siong, Both tragacanth and acocia cither are partially or
completety sotuble in pleohol, Tragmeanth is procipitated
from selution by aleohol, but acacin, on the other hand, iy
soluble in diluted aleoholic solutions, A 60% solution of
acoeian may e praparod with 20% adeohol wad s 4% solution
of acacin may he prepared oven with 50% nleohol,

' vineonity of teagneanth mneifage iy redneed by aeid,
alkali or sodium chloride, particularly i the mueilage s
heated,  Jt shows maximum viseosily at pH 5. Acacio is
hydrolyzed by dilute minera) acids to arabinose, gadactosy,
aldobdonie and golactironde acids, Tt viseonity 8 Jow bt s
maindained over n wide pH rnpo,

Recent research on mucilnges includos the proparation of
mucilage from plantain and the identifiention of its augars,
the preparation md sustponding propertios of coeos i, the
propuradion of glyeorin aintments using Naxsesd muciloge
and e eonsideration of various guoms and mucilggoer ol
tained from sovoral Indian plants for phivmaceutical pura
POsES.

Severl synthotic mueilnge-fike substabees wuch ag polywi
nyl aleahol, methyleellulose, carboxymethyleelulose wnd
volutod substances, as dodevibed in Chapter G6, aro uned oy
mueilage substitubes, emulsilfying and suspending agontu.
Methylealluloge (page 1306) is vaed widely s s bulk Jaxative
since il absorbs watar and swelly tern hydrogel in the intes-
tine, in much the same manner ns gsyllivm or karaya jJun.
Mathyleelbulose Oral Solution iv o Lavored solution of the
agont. Tomoy bo prepaved by adding slowly the methyleo! .
lnlose to about onethird the smount of boiling water, with
stivring, wntil it s thorowghly wetted,  Cold water then
should be added und the wetted material nllowod Lo dissolve
while stireing.  The vikeosity of the solution will dopend
upon the concentiation nod the specifientions of the moethyl.
aellulone, T'he synthelic giins are nonglyoogenetic and may
e uged in the proparation of diabotic syraps. Several for-
miulas for sueh syrugs, based on sodiam carboxymethyleellu-
losie, have been proposed.

Uniformly smooth mueiliages semotimes are diffieult w
propare doe Lo the tneven wotting of the gums.  In gepeal,
it is hest Lo v fine gum particles and disperse Uwon willy
good agitotion in n littls 95% aleohol o1 in cold water {except.
Tor methyleellnloss),  The appropriste amount of wator
then ean be added with constant, siirving. A poview of the
ehomlstry and propeics of ncicin and other guma hew been
prepared.!!
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Jeltes

Jelties ove n elasy of gols in which the structural coheront
watrix containg 8 high portion of liguid, usually wataer,
They nro similar to muctlages, in What they may be prepared
from aimilir gums, hut thay diffor from the latter in having o
jelly=tike conmistency. A whole gum of the best guality,
rather thun a powdered jpum, is desirable in order to oblainn
clear preparstion of uniform consistency. ‘Pragacanth is the
e ugod in the preparation of Fphedrine Sulfute Jolly NI?
KII. While the speeific thickening agent in the USI? jellies
is not indicated, roforonce usually is made in the monagraph
o n water-sgluble viscous buse. ‘These preparations also
may be formulated with waler from nenein, chondrus, joln-
tin, carboxymethyleollulose and similar kubatancos,

dellies are usnd nn lubricants for surgical gloves, entholors

and rectal thermometers,  Lidacaing Mydrochloride Jolly
USP in used ak n topieal anesthetic, Therapoulic vaginal
Jollies are available and cortain jelly-like proporations are
used for contracoptive purposes, which often contain sur-
fuee-activo agents to enhnnes the spermatocidal propertios
of the jolly,  Aromuatics, such as methyl salicylnte and euea-
lyplol, often nro added to give the proparation n desicable
odor.

Jellies are prone to microbinl contamination and therafore
contain proservatives, eg, methyl p-hydroxybenzoalo is vsed
o A preservative in n base for medicated jullics, This base
containg sodium alginate, glyeerin, calciwm gluconate and
water, ‘The caleium ions couse o cross-linking with sodium
alginate o fomm o gel of finmoer consistency. A discossion of
gels in provided later in the chaplor,

Nonnguoous Solutions

It. i difficult to ovaluate {airly the importance of noneque-
vus solvents in pharmaceutical processes. That they are
important in the muywfacture of pharmaceuticals is an -
derstatment.  Howover, pharmaceatical proparalions, and,
in particular, those intended for inlernal use, rarely contain
more than minor quantities of the vrganic solvents thil are
common to the manulacturing or analytical operation, Por
examplo, industry usos Invge quantities of chlorolorm in
sonie oporations but the solvent s of only minoy mportance
with respoct 1o the {inal product,  One mb of ehloreform
dissolven in about 200 mL of water and the golution so
fogymed finds saome vse os a vehicle (see the section on Aro-
matle Waters),  Chloreform hos boon an ingredient in o
nussbor of cough syrups is the past but it has boen bavned in
the US by the FDA in manufactured products intended for
internal use. Solvents such as acetone, benaene and petro-
feam ethor mnst net he ingredients in prepartions intended
for internal use.

Products of conymerce may contain solvents such an
ethanaol, glycerin, propylene glycol, eertain oils and liquid
poraflfin,  Dreparations intended for external vse may con-
tain ethanol, mothanol, isopropyl aleohal, polyethylone gly-
cols, various athers and certnin esters. A good example of
preparations of thiv type are the rulefucient rubbing aleo-
hols.  Rubbing Alcohol must be manufactured in aecor
dance with the requirements of the Burean of Aleahol, To-
hoeeo ind Pivenrmn, US Preasury Dept, uaing Fomula 93-H
denatured alcohol, 'This mixtuve containg 8 paris by volume
of acetone, 1.6 parts by volume of methyl jsobutyl ketone
and 100 parts by volume of ethanol, Besidea the aleohol i
the Rubibing Aleohol, the finnl praduct piusl contain water,
sucrone oclancotate or denalonium benzonte and muy con-
tain color additives, perfumo oils and a suwitable stabilizer.
"Ihe aleohol content, hy volume, is not less than G8.6% and
noi more than 71.05%,.  The wopropyl aleohol contont in
Ynoprapyl Rubbing Alcobol can vary from 68,0% to 72.0% and
the finiwhed product may contain color additives, perfume
oila and suitable stabilizers,

Although the Jinen botween ngueous snd noenaguoons
prepuvations tend Lo hlur iy those coses where the selvent is
water-soluble, it is posgiblo Lo eatogorizo a nwmber of prod-
vels an sonagueous,  This section is, therofore, devoted to
groups of nonagueous solutions; the alcobolie or hydroaleo-
holic solutions (ew, elixirs ond spirits), ctherenl kolutions (o,
callodions), glycerin solutions (o, glycering), oleaginous so-
Jutions (eg, Jiniments, oleovitaning and toothache drops),
inhalations and inhalants,

Although this list is self-limiting, n wide variety of solvents
are used in various pharmaceutical preparations,  Solvents
such as glyceral formal, dimethylacetamide nnd pglycorol di-

methylhetn! have heen recommended for many products
produced by the industry.  However, the texicity of many of
Lhese solvents is not well-eslablishod and, for this reason,
eareful ¢linieal studion should be earvicd out on the formu-
lated product before it is released (6o the marketplace.

11 1w essontinl that the toxicity of solvents ho Lested uppro-
priately and approved in order Lo avoid problema:  for ex.
mnple, the teagic loss of life which oceurred during 1937
when diethylone glycol was nsed in nn olixiv of sulfanilamide.
Tho rosult of this tragedy was the 1988 Foderal Food, Drug
and Casmaotic Act, witich required that products he tested
For both safoty and effoctivoness,

Collodions

Collodions are liguid preparations containing pyroxylin (a
nitrocelluloae) in n mixture of ethyl ether and ethanol.
They ure applied Lo tha sldn by meang of aaofl bhrash or other
suitable applicator and, when the othor and sihanel have
evaporited, leave a film of pyroxylin on tha surface. The
of licial medicatod collodion, Satieylie Acid Collodion USD,
containg 10% w/v of splicylic acid in Flexible Collodion USP
and v used ng a keratolytio agont in the tragtment of corms
and warts,  Collodion US> and Flexible Collodion USP are
walur-repellont protectivea for minor cuts and scratches.
Collodion is made flexible by the nddition of castor oil and
camphor,  Collodion has beep twod Lo reduce ov oliminate
the side effocts of (uorowracil treatment of solar keratones.
Vehicles other than {lexible collodion, such nx a pulyaerylic
hase, have heen used to incorporate nehieylic acid for the
trantmont of warts with less irritation,

Elixire

Klixirs are cloar, pleasantly flavored, swestened hydronl-
coholic liquids intendaed for oral uwse, Thay are used au
flavors and vohicles such s Aromatic Iisir (page 1302) for
drug substances and, when such substances are incorporated
into the specified salvents, they are classified an modicated
alixivs, eg, Dexamethasono 1Hixir USP and Phenobarbital
lixir USP, 'The main ingrodients in elixits ave ethanol pnd
water bul glycerin, sorbitol, propylene glycol, flavoring
agonis, proservatives and syrups often nre used in the prepa-
ration of the final product,

The distinction betwosn some of the mediealod sy
atd elixies is not always clenr,  Por example, Iphedrine
Sulfate Syrup USP containa botween 20 and 40 mL of alco-
hol in 1000 mlL of product.  Bphoedrine Blixiv PC containg
gyrup and 100 mb of ethanol in the sume final volume.
Definitions are, therelore, inconsistant and, in some in-
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aianees, not oo important with respect to the nrming of the
articles of comnurce, The exnct composition mast, howes
or, be known if the predence or abaonee ol an ingredient. (o,
sarise) in of theyapeutic significonce or whan nn ndditionnl
ingrodiont. must be meorpornted in the product.

Wlinive contain ethyl aleohol,. However, the aleoholic con-
Lot will vary grontly, from elixivs containing only o small
quantity o thone that contmn n oonsidorable portion ag o
noegssrry wid W solubility. For axample, Aromatic Elixiy
ISP aomtaing 81 Lo 20% of nleohol; Compound Bonealde.
hyde Wixir, on the othor hmxd, containg 3 to 5%,

Ialixirn alwo may contain glyeorin and syrup.  'Thase nay
he ndded Lo increnne e solubility of the medicinal agent o
for sweeltnning purposet,  Some elixirs contain propylene
wlyeol. Claimes have been made o Uhia solvent ag n satislne.
tory substitute for both glyeorin and aleohol. Sumper,'* in
hig paper on terpin hydeato proparetions, aummnrized the
ndvaninges and disadvontisges of Chig aolvent and ::upmuﬁl.e(l
sewornl formulntions with thorapoutic charaelarintics superi-
or bo thowo of Lhe elivir deseribed in NIPXIE.

Onae usugl dose of tho elixie (b ml) contoing 8BS wg of
torpin hydrate.  This substance i aead in bronchitia in
oo of 125 ta 300 mg o ay expectornnt, Therafore, tha
alixir in inofTeetive For the treabment of hronehitis, Howov-
b, il inused a8 n vehicle for 1he deugs in many commarcinily
available congh syreups,  'These may contain dextromethor
phan bydrobromide eodoing phosphate, chlorpheniraming
waleate, pyrilamine paleate, smmoniym chlovde, ereosote
aned 0 owide varisly of other drogs with axpectornant nned
nnlitunsive properties,

Ono of e Towr Tormulations deseribod in Sumnes’s papoer
is givon Delow,

Torpin Mydente o000 oini i e g
Orange OIF - ... 1 mL

Remzakdohyde ... e e, G006 ML
Borbitol Solulion UBI* ... ... 000 AR A
Treopylene Glyenl ..o A0l

Aleohe) ... A ml,
Purilicd Walor, a mafficient guan.

Lt Ao B s sa v e

1000 ml,

Prsserdve the terpin hydrale iy e propylme glyeel and sorlbitol
wobution whict hove boen Iided o 50° Addd the oil and the baaaal-
dehydo to the alechal and mix with the terpin hydrate solution nt
26, Add sudlicint porifiod water Lo make the producl measure
1960 b,

The eliziv contains 200 mg of terpin hydrate/f ml., o
minimal guantity of wheohot and Hlavoring ayents which ade-
quately mask the taste of propylene glyeol.

Although sleohal i a1 eaeellont solvent for some drags, it
does soceniunte the saline tosto of bromides and similar
anit, M often in desiralfe, therefore, to substitute some
other solvent thal s more offective in masking such tastos
for purt of the aleohol In the formula, Tn genoml, il taste s o
congidoration, the fermulator is mors prone 10 use o syrup
rathor than a hydroaleoholic vehicle,

An alixir may contain water- and aleohol-soluble ingrodi-
onin, If such is (he eane, the following procedure is indicat-
wd:

Vimsolve tho walor-noluble igeedients in port of the waler, Add
and solubilive the soerone i the aguecus aplulien,  Prepore an
aloaholic walution contpining Wi othar impredionts,  Add tha agquo-
oua phndn 10 the sloohulie solution, fior nod make W volume with
wataor,

Sucroas incroases viscosity and doeronsos tho golubilizing
propertien of waler and wo must e added after primary
solution hos heen effected. A high aleoholie content. iy
maintsived during preparation by adding the agueous phase
Lo the alesholic sobution.  18lixirs always should o brilliant-
Iy elear, 'They moy bo strained or fillered pnd, if nocessary,

subjeeted to the clarifving action of purified tale or silicoous
enrth.

One of the former official elixirs, Ivo-Aleoholie Blixir NI
XV (page 1328), actunally is o combination of two solulions,
ong containing A Lo 10% ethanol and the other containing 73
1 78%. Mo ured as o vohicle for various medicamants that
reguire solvents of different alcoholic strongths, For exam-
ple, the alcoholic sirength of the elixiv o o used with a
singde liquid galenicnl is approximately the snme ay Lhat of
iho gnlenicnl,  Whaen differont aleoholic strenpths are cm-
ployed in the sine prasevipbion, the elizir to bo sod is the
one that produces the bost solution. This v ususlly the
average of the alcoholic styengtha of the sevoral ingredients,
Jror nonexiractive substanees, the lowest aicoholie sirenglh
of elixir that will produce n ¢lear solution should be selected,

T'ha farmula for Migh-Alcohotic Blixiy v

Compound Orange St 00000000 dml,
Snoolrin oo e iy
Glycorin oo Cicieeens 200mil.

Adeodiod, o suffieient guentity, Lo ke 1000 w1,

This elixir, and many other liquid preparations indended
for internal use (o, the diabetic syraps thickened with sodi-
um carboxymethyleellulose or similar subsinnees) contain
sacchari, During the past fuw years, soientista hinve stud-
fed the Loxie effects of this sweetening agent and of the
cyelamates, The eyclamate studies showed that the sweot-
oner could produee cancer in animalbs and, ow o resull, this
sibstance wis removerd from o wide varoely of products,
Sitmilar studies have beon corried out on saccharin,

Cyelamatos and sacchavin bave heen banped iy some
countries ay impredients in manufactured products,  Much
vesereh has beon dene Lo find a snfe synthetic substitute for
sucrose, As a resull, mapartame Onethyl N a-nspartyl)-
1e-phenylalaninaio), which s ahout 200 times sweeter than
aucroun, is boing used now in many commercinl projatationy
a8 tho aweetoning ngent, 4 ingparingly soluble in water and
is most stablo ata pH of 443, This compound lilely will be
used i A monber of pharmoceuticn] formulations in the
future,!?

Tacompatibilities- Since elixivs contuin aleohol, incom.
patibilities of this solvent are an important consideration
during formulation,  Aloohol precipitates Wagacanth, sencin
and agar from sguoous solutions,  Similarty, iLwill precipis
tate many inorganic salts from similar solutionn, The impli.
cation here s that sueh nulstances shonld bo abvent from
the nquoous phase or presont i sueh concentrations that
there is no damgor of precipitation on ptanding,

1T an agoous solution is added Lo anetixin, a partin progipi-
tation of ingredients may ocour, "L'his s due fo tho roduced
alecholic content of the lfinad proparalion, Usually, howey-
or, tho aleoholic contant of the mixtare i not sufficiently
decrensed 10 eanse soparation.  As vohickes for tnetures and
fluidextracts, the ofixics generally eoune o roparafion of ex.
tractive nustter from these products dae to o reduction of the
aleoholic content,

Muny of the incompntibilities between elixivs, and the
substances combined with thom, wee due to the chemical
charncteristicn of the elixir per ge, or of Wie ingredients i the
tinal preparation,  Thuk, cerinin elixiv are auid in resetion
while others may bo nllaline und will, therefore, behave
necordingly.

Glycerins

(Hyvering or glycorites ure solutions or mixtures of medici:
nud gubalances in potd Jows thon 60% by weight of glycerin,
Maout of Lhe glycering are oxtromoly vikeous and somo are of a
jullylike conuisteney.  Fow of tham aro usod extonsively,
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Cilyeorin is o valuable phaemacouticn) solvent forming
pormanent and concentrated solutions nat otherwise oblain.
able. Homo of theso solutione are used D Lhoir original form
as medicinal ngonts while othars are used Lo prepare aguoous
and aleohwlie dilutions of submtanged which are not readily
soluldle in waler or aleohol, Andipyrine and Benzoeaine Otic
Solution USSP was discussod proviouddy andor Offe Solu.
ifong, One of the glycoring, Pheno! Glyeorin PC s diluted
with plyeerin to form the pharmaceutieal preparation, Phe.
nol Jhar-Drops PC,

PPhownol Glycorin PC

Phenol oo iiiiiiinieinn DR
Glyeerin coooconnnorcicion v MIE
Digsolve the phonol in Ll glycerin,
Monol Bur«1Drops PC
Phonol Glyeerin .o i, dimb
Clyewrin, a soflleiond quantity,
tamnke oo o0 e Ml

Waier must not be added (o this preparation, 10 redcts
with the phenol to produce a preparation which is coustic
and, consequently, damaging Lo the area of application,
Thiz produet no longer is recommendeod because of the possi-
hility of neocrosis and perforation of the tympanic mem-
brane. Asnoled under Otie Solutions, glycorin alone is uaed
to aid in the removal of corumun,

Sodium Bicarbonate Bar-Drops PC may be used il wax is
1o he romoved from the ear. This prepoaration contning
socliven bicorbonate (8 @), glycerin (30 mL) and purified
water (g sufficiont guantity to make 100 ml), A glycerin
basa was chosen as the oplimum solvend lor an otic prepara-
tion in g study invelving the stabitily and antimierokinl
netivity of kanamycin aullate olic drops.

Starch Glyoering an emoblient, contnins starch {100 g),
bﬂln'-r.t_:ic peld (2 g), purified water (200 m1) and glycerin (700
wlj,

Glyeoring gro hygroagepic and should be stored in tightly
almadd conipingrs.

Inhalations and Inhalants
Inhalations

Theye prepacations nre so nsed or degigned that the drag
it eurried inlo the resprizatory tree of tho pationt. The vapor
or nidl rpaches Lhe alfegtod aren and gives promptl relied
fram the sympioms of bronehial ind nesal congestion. The
USE dafinegs Jahnlations in the following way:

Trhwabnbio ave drogs o soluliotn of deaggn adsainistaved hy the nneal
ar ol respAdTRLoey Fautg for tocak or syatemic effoet,  Bxamdon dn thie
PMhrenucopetn ave Epinephring Inhalation and Inoprotoronel Hydee-
ehiloride fnlindadon, Nobulizers are suitablo for the sdminisCration of
fhalntion solutions only IF they give droplets sufficiontly fine and uni-
Larris i 6150 00 that Uhe mint renchos the beonehlolos.

Atiothor }u'uun of produsts, algo known as inlinlations, and somelimes
aulbed fwatflations, conminly of taoky powdered or iguid drogs Lt are
aqreloed il Wi respientory pasaagon by the use of spacial dolivory wyi
teuns, tsuaeh ax pharmacoulical aerosels, thad hobd asobation or susponsion
of the drog in o Bgwefiod gan prapollant (seo Aeconoln),  Whon relonned
throgeh o nesitahilo widsva aod oral ndaptor, 1 mateved dasn of the inhalkn-
tion i propalled Bito the ronpHvatary Leanct of he petiond. Powdors olso
nuy b m‘mhlinlurud by aeshanien] devieos Lhod roguire o mnisanlly
produced pronsure or o decp inspiration by the patient, e, Cromelyn
Nodinm,

Kolutiong way ho nehubized by ue of inert gasor,  Neobulisoet solutiony
iy b Lrenthid direotly from the nvbalisee, or the nebulizer oy b
attnehed Lo o plostie Dee manic Len or infereifont pomilivo-pressare
breathivg (P11 maching,

As siated 1n the UST, particle sine 18 of majer importance
in the ad ministration of this lype of preparation. The vari-
ous mechanical devices that are waed in conjunction with
inhnlutions are deseribod in somo detail in Chapler 104, 1t

Iing hoon roporied that the optimum particle sizo for pene-
tenlion into the pulmonaty eavily is of the order of 0.6 Lo 7
any, Fine mists are produced by pressurized serosols and
honeo possoss busic advantages over the older nebulizors; in
addition, metered aerosols deliver more uniform doses, See
Chapter 92,

The term Inhalation ig used commonly by the Inymnn (o
reprevent proparvations intended to boe vaparized with tho aid
of hont, usually steam, and inhalod. Renzoin inhalation PG
containg bonzoin, storax and aleohel,  The vapora from a
praparation eontaining 1 tenspoontul of the tineture and 1 gt
of hoiling water may ho inhaled. The doviea knawn as 8
waporizer in usod with a number of commercially ovailalile
propurations of thiy lype,

Epinephrine Inhaintion and Isaproterencl Hydrochloride
Inhaiation ave descyibod in the LUSP,

Inhadariin
Tho USE defines inhulants as {ollows:

A mseeind elusy of inlinlobionn termd “nlalants" conmieta of devgn or
comivinativns of dreaga that, by viclos of Geir Bigh vager prossur, ean be
carvied by an alr eneeent 1o the pasnd possinge wheve oy oxert thoir
offoet, “T'ho container from which the inlidnnt iy adntinislazad in aowns
ai iy o bimber,

Propylhexedrine Inhalont and ‘Puamineheptane Inhalunt
consist of cylindrieal rolls of suitably fibrous matorial im-
pregoated with propylhexedring or tunminohoptane (as cars
bonale), usually aromatized, and contained in a suitable
inhaler. Propylhexedring ia the active ingredient in the
widaly vsed Benzedrex Inhalor, Both of those drugs are
viwnrongirictors Gaad Lo reliove nasnl gongostion.  Inhnlers
which como in eontact with the mouth or nasnl passagon
become contaminated by bacteria, thug, they should be ro-
sixicted Lo personal ukn,

Another inhalant is Amyl Nitefte USP which is vory {lam.
mable and shonld not be used where it may be ignited, It s
packaged in wenlod glass vials in a proteciive gaure. Upon
brogking the vial, the gauze abaorbs tha drag which is then
inhaled for the treatinent of anginal puin,  Soo poge 843,

Liniments

Liniments are achotions or mixtores of various subataneos
in oil, aleobolic solutions of soap or emalsions. They are
intended for external application and showld be so labolod,
Thay ave rubbed onto the affected area and, because of tiis,
were oice called embrocations,  Dental iniments, which are
wo longer official, are solutions of active substances and are
vubbaod into the gums,  Most dentisls question their usolul-
ness and, consequently, thin typo of prepacation is relatively
unimportant as o pharmaceutien] Lo,

Liniments usnally aro appliac with friction and rubbing of
Lhe skin, the ofl or yonp bose providing for vase of application
and massage.  Aleoholic Hninonts gre used genarally for
their rubefacient, counteriveitont, mildly astringent and
penetrating effocts,  Such linjments pedetrmbe the skin mone
readily than do those with an ofl base.  *he oily liniments,
therefore, are milder in their aclion but are more useful
when massage is required, Depending on their ingredients,
such linimonts may function dolely as protectivo contings.
Linimants should not be applied o skin that 1s hraised or
broken.

Maony of the morketed "white" Jiniments are based on the
formulation helow or variations (hereof,

Whito Linfimond, 1*C

Ammnonium Chloxide ... e, 125 g
Dilute Ammonka Selution .., .. .00 46 ml
L] U T NP (S 1] 1
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Turpntina Ol e ee 20 ml
Winter Sor Peegmyationg oo, G860 mh

Mix the olee aeibwith e urpentine i), Add Uhe dilote s
nia goluting mixed with U ol of poovioosly waremed waler md
whirke,  Diswodva the snmeninm ehloride in Uhe renaindor of the
wiitor, adld 10 the gmulsion and mix.

Other liniments contwin antipruritics, astringents, omol
Fonts or amalgesics and are elussified on the bagis of their
netive ingreedient, Anexample is

Compound Calyming Agplicntion PO
{Compeund Calmnine Linimont)

U IIIe e e e e e s 100 ¢
A OKEAO e iy
LTI oo e v s s R 2N
i Blonraly .o o ABE
Yellow Solt Pavadlin oo 000 00io e A50 ¢
Ldgqubdd P Fim oo o i Wt ¢

The powders are trilurpled to g wsooth poote with o of the
ligpuaged paradfin (Edgaid Poteolatmn), Phe wool el zise stearate
aned yollow soft parattin (Potvebintam) nre modiod, mixed with some
of U Tiegualed pavend i, the svinture incorpormted with tho bitarated
powdmrs aved U resd, of the dguiet preatfin sddaed with ixing,

]'}ul’lnui:ulw:iz]lu proseriho praducts of this tepe hat onty
thase containing tie rubofucionts are adverlised exlonsively
and wsed by consumers for enthnyg minor museulir achis
aed pain,

Becware of the confusion of camphorated oif (enmphor
liniment) with eastor oil, which has resufted in ingustion
ond, perhaps, W poironing, comphorated oil bay beon
Dannad (rom the market, oy essential Lhat these applica-
tions be mapked elearly for extermad ose only.  (Camphorat-
ed Ol presently i classifiod o new drag by the F1AL)

Oleovitaming

Oleovitaming aee fish-Hver ails diluted with edible vegria-
e o] or solutions of the indicated vitaming or vitamin
conamitratos (usually vitatin A and I} in Ash-liveroil. The
dafinition is broad mough te nclude o wide variety of mar.
leetad produety

(Maovitamin A and 1) is official; vitwmin 12ty be present
ns ergoealeiforol or cholecaleiforol obiained by the activation
af orgostarol or Tehydrocholosterel or may be obtainod
from matubnl wouress,  Syothotie vitmnin A, or p coneen-
trate, may be used ta propare aleovitamin A, The staveing
malerial for the concontrate is o fish-liver oil, the aclive
ingradient being molatod by moloeulnr distillation or by a
waponification and extracifon procedure. 'The latter proce-
dure is deseribod in dotail in the moncgraph for Concentrat-
pd Vitnmin A Solution I'C.

Thoso vitwning are anstabie i the presonce of rancid oils
andl, therefore, thesy preparations mn, in partieular, Qloovi-
tamin A, should he stored i simall, tight containers, prefera-
Dly under vacuum or under an atmosphore of an inort gas,
protected from light,

Splrits

Spirits, popitluly known ag essences, sre alcoholic or hy-
dronteobolie solutions of volatile substuoces, Liko the aro-
matic wators, the aetive ingredient in (o spiril may bo o
solid, liguid or gas, The genealogienl tree for thiy elaps of
preparations bogine with e distinguished paiv of products,
Brandy (Spiritus Vini Vieis) snd Whisky (Spivitis Fra-
mpentiy, and ends with a wide variety of products that comply
with the definition given ahove,  Physicians hive debited

the therapeutic value of the Tormer products and Phese are
no longer officinl in the compendia.

Some of these spivity wre used futernatly for their modici-
nal valug, o few medicinally by inholation and 4 lacge num-
harit nin Flavoring ngends, Phe batler group provides o oonve-
wient, and ready means of oblaining the valatile il in (he
proper quantity,  For exmmple, wapiril or spivil-lle peepa:
pikion maoy be used in the formadation of srematic waters or
ather pharmasendiends that reguire a distinetive Maver,

Bpivits should be stoved in Lght, light-resistand containers
and in 4 oool place, This prevents evaporation and valutil-
wastion of either (he aleohol or the sclive principle.

Preparation - Thore are fowr elawmic mothoids of preparm.
Lo

Siangi e Soluthon - Thinis Uhe et Bod iy which the magovicy of sl

MTid |’:'1rpm‘ftl:! Tl toemmnalicand proceduwre givon Tor Ayamatie Antnonia
Sparit USE etrate thin melid of peepacation,

Arosuitic Amania ¥phrit U1

Arnvanan ooy Corhonnta, in transh-

L 1 S W% KR

Strong Amikm i ml,
oman OM ... 1 ml,
Fanvondar 06l Il
Nuimayg OfF ... DY tml,
Aleolol ... ... . e 700 ml,
Parifiod Wit i sl e

L LT TG R A R G U ml,

Dinsalvn the it im cathonuts in the pirong anmaniy sobul fon
anned §8 s of e Eivd water Dy genide agitation nod allow e sodislion
Loy mlandd Forr 1 hawrn,  Diswolve (e oils in the aleahol, centained in o
penduated bottde or exlindor, and gendually sdd ¢he munonium carhim.
wdo saliation and enough pugifisd water 1o ke thi praduet. morsore
00 mb. Sel Une mixtoee aobde in o el ploee focda bours, necasinnally
agitaling i, Uhen Gliee, uning o coverad Lomel,

Thiesgplelt i 0 vonpiratory whiomlond amd i sdministered by thalndion
of the vapor as voguived. Tt mnrkotod icsnilabibo Tt dight-cesinam
contadnora bty adne availallo iy o winglo-dose ghsos viel wenppod inos
alt cotton envelape,  TPhe viol @ beaken cusilys Hhe colton aets a0
spime for the wpirit,

Ammonium enchonnte i o mixtere of wmonivm hicarbonpage eyl
it v eavbaiate (NHCOONTLY The cavlinmipto soacls with wae
ter 4 form the carbonate,  Ae aorordnm carhomate sofutlon is, i
fore, 0 soluation of ammemninn Bicarbamlo and A carhle
water, Nowever, | docotiponos i1 wadar, the dacompesition products
Yelings ammnnin, enrbon dhoxide nod wator. Ve stabibivy of Vhe spicid s
tmpruverd By the neddition of steong ammeonin salation. This reprosso
Uiy bydrobysis of nomoenbem earbenele and, i i way, decronien the
L of (hhiirbv ol poees,

Solution with Maoersgben Dy Uhig procedore, G Teave of i g
are onacerated Ih puedliod waloe to vibract wotor soalehle mtter. Py
e exprronsodd and (o mnoint, wincorated lonwes aro adelesd toa proserlim
anantity of aleoliml, Pl volntile wil o pdced W the fliaed ligoid,
Pappiermin. Spieit DS b made by this procese. Pagpermid $pici P
ahifTers Ty o icinl prondueL i thnd i1 5w solwbion of Lhe ol [0 66 in
alesbol oy, The coneetrntion of volatile sif it the final product i
about the sano Db e official prepoarstdon posaesser greon color. “The
|'u"(]l\1 nvailhidity of sodnhhe (‘.’a]um[:h)‘ll wndl ather i'-iilltirinu ggitiln Taned
leid r the Lroguent gn!“m..lim\ that n more unifocm rodaet conld
abtainod through thuir yae,  However, thang apgontu cunpol e sl in
prepiiring the ofticial articlo, ‘ )

Thi formuln and proeoture for Peppormint Bpirit USP (e Y98)
ilhusdrate {hin nethod of propreslion,

Chemien] Roaclion - No officiol spieitsonee propared by this prociss,
[Sthv] nlteite is nade by thee netion of sodiv pdtrite o g mixdae of
wleabl wid sulfurie seid io the eobd, This sabstanen then du osm to
preparn Mihyl Nitrite Spiel, o prodiwt ne langer officiat,

Distitnsion.Bramdy wnd Whishy aeo mado by divtillation, Tha
{nttor Ga dorived M e Fermonted mash of whelly of jurGelly germi
sntadd madlod ereead grnbim osd i Jormae from the Fermantmd juice of
rijie g

Incomprtibilitios. -Spirits ave, for the maost paed, pregn-
rations of high weohalie strongth and do ot Jend themnebves
woll o dilution with ugueous solutions or liguids of Tow
alevhaolic content.  'Ihe addition of such o solution invart-
ably causes separation of some of the maleria) dissolved in
tho apirit, evidoneed by a turbidity which, in time, moey
disoppent as distinet layoring occurs, Snlts may be predip.
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tated from their aquoeous sebutiots by the addition of spirits
due 1o their lesser solubility In slenholic liquids,

Some spirits show incomputihilitios charaeterisiic of the
ingredients they contain,  For exarple, Arcmadic Ammonia
Spirit connot be mixed with agueous preparilions contain-
ing alkaloids ey, codeine phosphateh,  An acid-base renc-
tion (wnmonia-phosphate) ocewis and, if the aleohol content
of the fina minture is too Jow, codeine with precipitate.

Toothache Drops

Toothache drops are preparations used for tamporary re-
lief of Loothuche by application of a amall pledgut of volton
palurnted with the product into the tooth cavity, Anenthol-

ie aompavnds include clove oil, ougenol or hunszoesing; other
ingrodiants ineludo enmphor, creosote, monthol and atcobol.,

Thoso preparations no longer are recognivzed officinlly.
Furthormore, dentists du not recomment the ure of tooth-
ache drops if the paliant hos roady acesns L adeguate dental
servicos. Tho preparations may damage the gums and pro-
duce camplicntions nsore severe than the original toothache,
However, many areas do not have adequate dental sexvicos
andl the pharmacial witl, of necessity, handle these prepars-
tiong, and he shouldl warn the patient. of possible hazards
ansociated with tholr uge,

Toothache Drops NI XI eontaing 26  of ehlarobulano) in
sufficiont clave ofl 1o muko the product measare 100 ml.
Another formulation contring dressolo, clove oil, benwocaine
and aleohaol in a Dexible collodion base.

Emuisions

An amulsion iz a two-phase system proparod by combining
twe fmmiscible guide, one of which is dispersed uniformly
throughout the other and consisls of globules Lthat have
dinmelers oqual to or gronter than those of the largest enfloi.
dal particlos, The globulasizg in cviticnl, of course, and must
e such that the system achioves maximum stability, How-
aver, oven under Lhe best conditions, separation of the two
phases will oceur unlens s third substanee, an emulaifying
agent, s incorporated. The hasic emulsion mugd, thevelore,
conlein three componmits, bul the products of commareo
may condist of o number of thernpoutic ngents disdolved in
elther of the two phases,

Mosl emulsions incorporale an nqueous phase inte a nen:
pqueous phane (or vice versa). Howaver, it s possible (o
prepare omulsions that are hasieally nenagueout, Tor ox-
ample, investigations of the muulsifying effects of anionic
and eationic surfactants on the nonaguesns immlseible sya.-
tom, hyeerin and olive ofl, have shown Uhal corlain amines
and three cationic agents produced stable emulaions, This
hroadening of the hasie definition for the tern emudsion 14
recognizoad in the USSP,

A anisulishon i U Db syaten in whicl o Uouid i disporsod i
the Toem of snabl teoplets Chraughoul snethar ligaid, ‘o prerned
Hegudel In Yeown oo e Interanl or diseantistous phad, whorm the
digporsion modivn i kaowo e the externnl or continuows (phasn,
Wihiere ol 15 Uhe dinpeesad fhase and nn nguesus solulion io U canting.-
i shaso, the syntom i devigmated o an oildnswator (/W) omulnion
and ey e diutad anly snd wnifurn by with waler, Conversely, whore
WLOT, 0F R feguooni spfatien s tho dinemed phio, ad oil, o oleagi:
novn mpteriad, i the continuous phase, tha system s designated i
walar-tn-o0i) (W/0) endsion,

Many emulsifving sgonts (or emulsifiers) are available,
among them the fallowing:

Natwrnl Pinaliifying Agonts-—Theno substaneos may b doeivad
feom oither animal or vegetablu wouecen, Bxamnlen of these obtained
from Ll Tormer nouren are gelating o wolk, canein, wanl fav o chiilonlor-
ol Acaein, trogeeant]y, ghontheus or poclin ave tepresentatlve of those
obtained from vegetable sourcon. Vaviows sollulose devivatives, o,
wethyleollylone el ewrboxymethyleotlulose, iro vsod 1o wranes the
vikeosity of the poguooun phane and thieroly enhance emulsion stnhilily,

Pluety Divided Solida--Joxamplon nro bantonite, tagnesiom Ty
i icho, aluminine hydvoxide oy magnesium trinilicate

Hynthotie Kmulwitying Agens-~This group may le aabydivided M-
ther inte Lhe piionie, eationie or neidonic sgents.  Hxoiphico nrg, i
oo of prosestation, sodium lanry] sulfate, bonzalkonium ehloride or
polyethyleno glysol 400 moninloaite.

Many of these omulsifying aponts are deperibod in grenton
deinil in Ghapter 66,

I NI XY it was suggested that ondy O/W emuleions are
suitable for oral use hacause these are woatey-miseible and
thus their oiliness is wasked.  Thin compoendiom guve spe-
vifle divections for {he proparation of omulsione using gelatin
e an omulsifying agont. Thene preparations are hawed on
aithor fypo A or fype B golalin

Typo A gelatin is prepared by weid-treated procursors and
it ugod at o pH of aboud 3.2, Tt is incompatibla with anionic
amulnifying ngents sueh aa the vegetablo pums, The follow-
ing formuln wan recormmondad:

Gelntin (Typo A) oo vvviiiiiiiiniinnn Ko
Tavearde Ackd oo 0.6 ¢
Flaver asdosdrad oo ooiiiiiin o aes

Alolsl .o Ak 60 mbks

- L P R0 mis
Purilicd Water, Wmaka .. ovvierooo,, o 1000 ml,

Add e golatin and the tartarle neid to about 300 m), of purified
witer, ol (o stand for i few minotes, heal watdl tho gelntin i
dissolved., they raiee the tepsporature to about 987 and maintnin Lhi
tomperature for about 20 min, Coal W 60°, add the flavor, the
weshol und sufliciont parified wister (o meka G0 mE, Add the ofl,
pgitate B mixtave thuroughly and pass it through o homogenizr o
i cofoid milk untit the o) in disporeod completely and unifornly,

Thin emulaion cannel be prepared by Wituration or by the uye of
e unund stleving devieo,

T'ype B polatin is prepared from alkali-trontad procursors
and is used at o pH of aboul 8.0, 1 may he uned with other
anfopie emulsitying agents but is ingompatibla with eationic
types,  If the emulsion containg 50% oil, § g of Type B
gelatin, 2.5 g of wodium biearbonate and sufliciont Urag-
acanth or agar should bo incorporntwd into the aguegus
phose to yield 1000 wmL of product of the tequired viscosiy.

The emulsion type (O/W or W/O) in of lesser nignificuncs
if the Snal preparation iv ke e upplicd to the skin. If thare
are na brenks 1 bhe slin, o W/O emulsion can ba applied
more evenly since the gkin is covored with a thin tilm of
sobum. The latier substanee fuvars tho vily phase and con-
tributes Lo the ease of application. The ahaice of omulsion
typo will, hawever, depend on many othor factors. This
particularly fs true for Lhose proparations which have basic
commatic charnctoristies. 10 may be advantageous to formu.
Jato an O/W emulaion if easo of removal iy an important
aomaiderntion to the patient.

An emulsion that may be prepuved by the mortar and
posthe mothod s (he following Mineral Oil Tomulsion LISY,

Minaral O . ooiiven. o " B0 mJ.

Aencin, in vary Boepowde ool hg

T e R R R 100 mi,
Vanillin ... 44 my
Aleohol o oo e 00 sl

Purifiod Water, & sufliclonl guastily ... 1000 m].

T'hn mineral ofl and aeneia ara mixod i o dry Wodgwood mortur,
Witor (260 m1.) funeletedd and the mixdare trituroind vigorously witt
an omulnion i Lormed, A wixbure of the syrap, 50 mLoof purifiod
witer and the vanilln dinsolved in aleobol s ndded in dividmd
partions with tritarion; suffiviont purifiod water iy then added to
o proger volume, the mixture mixed woll and homogonizod,
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Vory fow einulsions are ineladed now i bhe ofTicial com.
pendin, The PC suggests that the term "emulyion” be ro
ntriclod o praparations, usually /W, intanded for internnl
uss and containg the follawing:  Lignid Pacalfin Emulsion,
Liguid Pacaffin and Magnesium Hydroxtda Bwadvion, Lig.
uid Puraftin and Phenolphthaloin Wmulsion and Concen.
trated Pappermint Bmulsion.

‘Thin, however, sheuld not load the reader to the conclu-
sion thal omulsions are a relatively unimportant closy of
pharmacouticnls.  While it s (rug Lhat fow proparations
earry the term emulsion in (heir titdes, Lhey are of pgroal
significance as bagos For athor Ly pes of preparations, particus
Farly in the deemuatelogion] and cosmetic areas,  Aendemicnl-
Ly, they Slusteate the importnnee of the relationship hotwoen
the theory and practice of emulsion technology aid, practi-
cally, they possoss o number of important advantiges over
other liquid forms, These may be summarised in the fo)low-
M Wy

Lo Inam emaulsion, s Wierapoude prognrlios avel the apreading ahili:
1y bf tha conslibments are incroased, *

% Tho vaplamn ! tasso e ador of an eil s b ek pokindly or
wholly, by ewnlnifignting, Roreondnrey maniting Leeintigues are pvailnble
to Lha formitdor but Lhaxe noant be (sed witly eaudion, T Mavors und
ewaetening nenta ave added (o the annlsion, only minimal paeuni
whuidd e weed 1o ovder Lo provent e savson or gosteie distress that
venulty on ingention of lukger gandities of those,

A The ahworption snd penotration of medicaments sre condvallvd
ro pasily i Uhey ave inearorated it nn oilslon,

A, Tmaduieos pilion i oprolonged o the amollient elfeen i gronter
Ve Unt ohserved with eomnpavable propurations

B Wator is an inexprnnive dilieas aied oo alvent for the many
wlrnps and Aavors ot arg incorporated o an emolsion,

The effecty of viscosty, surface Wnsion, solubilicy, parti-
ely nive, complexation and excipients on the bioavaiinbility
of oral susponsions and wuulkions have been diseussed in
detail by Rettig.'

"The nquecus phase of the emulyion favery the growth of
migroorganisma and, because of this, & prerorvative usually
is added 1o the product, Some of the preservalives Lhat
have bean used inchude chiliwocresol, dhilezobutanad, movew:
vial prepavations, salicylic aeid, the extors off p-hydroxyben-
wode acid, honzoio acid, sodivm bonzonto or korbie acid. The
prosorvative should be selectod with regard far the ultimate
wse of the preparation and possible Pcompatibilition he-
fawaon the propervalive and the ingredients in tha emalkion,
o, binding betwoon she surface-nelive agent wnd the praser:
vative, Low pH valuoes of b 1o 6 und low concentrations of
waler are charncteristics aleo likely to inhilit microbiologi-
wn] growlh in omulsions,

Musst emnlsions connist of 0 nonagueous {or ofl o Jipid)
phase and an aguesus (or wator) phase, thae some of the
preseryative may pass into the oil phase and be removed
from the agueous phaso, It is in the aguesus phese Lhat
microorgpanigma tend Lo grow.  Ap a rasult, waler-solule
pregervotives are more elfective sinee tho concendenlion of
the unbound presorvative in the aguoous phase assunes o
groat deal of importance in inhibiting the microbinl growth,
Htors of p-hydroxyhenzoi¢ acid appear Lo be the mosl sati-
Toctory prescrvatives for emulsions, Many mathematical
models have Baen uaod Lo delerming Lhe nvailability of pre-
servatives in omulnifiod gystems,  Howevor, boonuse of the
number of faetors whieh veduce the effectivences of the pre-
worvabive, a final microhiologionl avatuation of the emulsion
showdd e performed,

While anphaais concerning presersation of omulsions
denls with the aqueous phase, nicroorganings can reside
alwo 3y the lipid phase.  Consegquently, it haa haen recom-
mended that paies of prasorvelives be uaed Lo ensure ade-
quate eoncentration in hoih phases. Faters of pohydroxy.
bonrnie acid ean ba used to ensure appropriste concentra-
tions in both phases because of thoir difforonce in oil wd
water solubilities,

An smulgion ean he diluted with the tigaid dhal consli
tutes, or i miscilile with, the extomal phase, Uhe diluting
ligguid, however, will decrease the viscosity of Lhe prepara-
tion and, in eertaby ingtances, inverlt tho amaldon.  The
latter phonomenn may oceur i the emulsifier-navator
method (ee helow) is used Lo propare the emiluion,

Rreparation

The theory of enualkion praparation in discossed in Chap-
tar 19, e following procedures aroe those suggested by
Cirffin e b ™

The Formuintor must first determing the physical and
chemieal charactorivtios of the active imradient. Tle must
know the Tollowing:

Lo Stouctarad (eemnln

B Meliing paint

A Haluhiliny

4. Stability

b Dom

6. Spevifie ehemical sneam palibilitios

I nlgo i necosnniy, ol this slage, Lo decide on the Lype of
amulsion vegquived. Washable emulsions are of the O/W
type; nonwashable, the W/O Lype.  In general, Q/W anul-
AIONG eontain over 70% wador, WO smulsions usunlly will
eontain highar concentrations of oils and waxes, 'The prepa.
ration of erenm et ointinent, cmulsiong oy Lopical ase iy
given in Chapter B7,

xperimentnl formulntions may be prepared hy the fol-
lewing procedure:

e Group the aogrethimta an the bnis of Ui woulubilitlen i #he
arpueonn i nonsguians phasos.

2 Datornaivae the type al e lsion reguired nad ealeabate ns nppaes:
imante BT (hybecp hibo-Tipophile Dnlmee) value,

e IHoend a low HLE emuldifior and o Bigh 1103 snuleitior (o the
enlevliber] vadie,  Boe exporivoeatod focoolatimig, vse o Bigher caneen
Lration of eoalsidior Cogr 100 308 of The od) pivese) ST Dhad rogaciced Lo
protloee nosatisfnctory produet. B lafions shaosbe, inguenerad, e siatile
chmnically, vontoxic wnd ptably fow in ealor, alr wad tante. The
erulsifier i astected on Ui bisds o those charietoristive e pepe of
[ CHITL LA IminL: sl 1o Blened tho ingreoddiongs woed et abilil v elarme
toristion of the Tinnd produet, Booksions shoald sel eonleser al doom
vempruiitee, whan feomme gl Dhawed vepentodly ar st elovaterd (om
preseatieren oF gy Lo SO7, Muechaniend onmepy gl vagion with the Sype of
vt vl G prgaee Vo enalsion, e meere cdhe energsy inpul,
e Tews e alewmmned ony (e epnusdsfiier. Bodl process sid Fmaalation
wierithlos e sl Toel the labilitg of an emnslnion.

4, Drimrdve tha edb-solabibe ingoeeslionta aned the cmulstion i the ail,
Toent, 36 neewesney, o oapproadimstole 5% (o TO% v tae el g pulpt ol
:3;(‘: bghvest medting ingredlin? or G s maxionan femaperduee of 109 50
L

B Dinselvee Ui wyador -t alvdes T ol Qesesegl saeicls aoed snlts) ina
snfficiont guantity of wiier, )

G Rhent U e avpaeonin e toon Boepsert e which s Lo B highor
Eha Lhit of S all plaoe,

o Aded the nguaons phae to e ally pbinse sith waidadide agital i,

B A0 alddn wr wala e esnplaved, dhwobve thom T witor and wdd i
sulution (o the cold emulsion,

0 Funmine themuulsion and make s joninienta in t formuatation if
Uhee praclored i vamnbbe,  TL sy $ noctmsnry (o aeed nor omulilor, 16
chumnge 4o m emualsifior with o ulightly highor o lowor HUI valag or ta
e v oo with gifferent ehwmicnl sharaetoristes,

Tho lochnigue of emulsifiontion of pharmaceutical prepo-
rations has been doseribed by White,'S ‘I'he prepuration of
an amylsion regqueives work to reduce the intarnal phase into
amall droplets and disperse them through the externul
phana, 1his can be neeomplihod by o mortar and pastic orn
high-spoed emulsifior. The addition of emulsilying agenis
not, only reduces this work but aluo slabilizes Ui Linal emu)-
sion,  Bmubions may be proparved by foue prineipte meth-
ela,

Addition of Duerngd Phase (o Bxtaenad Phaso - Thin s asually (e
st wakislnelovy melhod Por preparing eonulsions winee there is always
it encesn of the exteraal phne prenont whivh promolen e iyvpe of
omuliion desired, 1 the extomal phase is water gl the inlem? pliane is
il e sl nbibe submdsteed ano civsebaad in the water and the oil-
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neobuab e kbt neon mixad Uaorotgehly in the vibe T'he oil sais i iadded
i paartioms do Bhe e proparation with gt ation, *-iummimm_a,- in
warebin don pive n bt ler sheateiig net lon dueing Ow Pmm.miinn, al uf the
wrdier i oot o seil] with the emodsi By ing agond until the peinary snulrion
with b o) fas Searsbeals suibmeegse sty e copaindor of L wat ey inoaddod,
Any exanple s pelatin Pypoe A s givon adiove,

Addition of the Tsterond P tg the Enternad Phode - Usdig o
W emmlion e un oxam e, 1he addition af the wator {ex el phiu)
Lo Ehe oid Cindernnd phaned will promote i Brnistion of o WO epteion
e to the projioderance of Uho ol plinga.  Alter Tarthey adetithm ol the
winter, phase lveesion to an /W ametnion ahould telie plage. This
i bt apseetdnlby b vndol and puccesaful witen feydrophille agents sueh
aracaciu, tengaenath o motlivleothidose aro feat mixod sitly the ol
effecting slispersion witheut wettimi Water is ndduocd and, oventiatdy,
an /W wnulsion in dermed, Uiy “dey pwn®™ toelmigue i o rapicd
pethed for peeparing mnall quantitios ofenealaion, The vatio 4 part of
il 2 purts of water soad Tpavl of gum provides magingan shwating netion
eoh bha oi] gdobulen to Ut moctac, Mo espitbilon Won eon be dDated and
Leitwealed with watar {o the apgongrinte cotegstentieny. Mo peegpe,
tinn of Mineral Ol Bmulwion denerihed aivva i pn exomple,

Mizxings Doth Phases aftor Warming Tael - Phis mothod S8 asod
whien waso or other soliktaneen which roquire melthng ore weed, e
oil-soliihile epaibdfying mguits, oild nind venson o owiled and mixed
thoramghly,  The water wlublo igeedionts disolvet in Lo wilse ar
wartntd to n tempernture slighdy bigher than tha ail ghase, 'ho twn
yhbvsasmen R ave il i Kurred uodil eold, Por oomveniones, I el
neconaity, tho agueau solation i added te the oil misure, Clinnethal
frongnibly fa vaied don (e prepaedion of oinbieats and crin,

Alternate Addition of tha Twy Phasen (o tho Bmulsifying
Agemt-—A portion of the il i an OSW wgabdon s being proparped; s
addeogd o aft of e ofl-sobabie canulsilving meents with mising, i wg
ogual quaiatity of water comdaining oll the water -solule soanlsilying
aprnka fs nedded with ativeiug ul:t.i{ the amulsion is formed.  arther
portioma of B o} and water pre ndeled altor nnlely wath e fnal produe,
i Tormed, The bhdy eoneontration of (he enislalfying mene n the
arigiinl enpaieion makes the idal wvaisiBeat o sove Jikely and Uh
Tigh vine gty providos offeetive shearhng setion foacding Lo skl dregslvn
it Uhe orvaksion, Thio wet hett olten is ared suecerstully with swipa.

Multiple Emulsiont A& recont innovalion in enmilksion
technology s the development of mulliple emulsions, The
digperged phoge of these emubidons contuins even sinallor
droplels whish gre miseible with the continuous phase,
TPlaw, the multiple emulsion may bo O/W/0 whard the nque-
ot phase is betwoen two o] phases, or W/Q/W whert the
internal and axternl agueous phases are keparatod by an oil
phase, I these systoms both hydrophobic and hydrophilic
amitlsifiors nre used nnd both have ni effect on the yiekd and
stability, s noted by Florence and Whitahill.!

Tt appears that O/W/Q emulsions ara formied betler by
lipophilic, nonionie surfitetants using guwn nescin-emulsitied
simple systoms, while W/O/W multiple emulsions were
formed Better by narionie surfactants in o bwosstage amuin-
fientien procedure, A specific formulation for o W/O/W
amulion may hu prepared by forming o primary (W/Q)
emasion from isopropy] myristate (47.56%), sorbitan mono-
oleate (2.0%) and distilod walee (J00%),  This primary
omulsion (B0%) in added Lo a poelyoxyethylene sorbitan
momookente (2% /o) solution inwater, While the technique
of proparing thuse emulsions i more complicated, vanearch
indicados polential uae of these emulsions for proloaged ne-
tion, tusta-masking, more effeebive dosayto fornis, parenteral
proparstions, protaction against the wxtornal environmont
und ensyme entrapmoent,

Microenulgions.The cosse pharmaceutionl macro.
emulsions appear white and tend Lo sopirate on standing.
Micronmulsions are translucent or trangpatent, do not sepa-
rade and have o droplet diamoter in the nanometor sive
rangge, Tha microsmulsions are not always distinguishable
{ram meellar solutiong.,

Botly O/W and WO types nre poskible and may he cone
yverled, one Lo the other, by adding more of the indernal
phnse or by altering tho type of emulsilior, Ay Lhe itdernnl
prhase i addod, the emuision will pres throngh 4 viscoelastic
gel stage; with furiher addition, an emulsion of the opponito
type will oecur,

The niost ohvious Benelit of microsmulsions is Heir sta-
hility, thus providing dovo unifoimity, Usaally, the emulai-

fior ahould ho 20 10 30% of the woight. of the oil wewd, The
W/0 aystoms nre propared hy blending the niland emuluifior
with n litdle hoat, if reguired, and then ndding the wator,
The arder of mixing for /W gystems is mare flexible, One
of the simplast methods is Lo blend the oil and the emulsifier
snd pour his inlo walor with alittle stirring,  In no cose can
& microanutsion e formod unlesy Lhere s o mateh between
the oil and emulsifier. )

11 the smulwifier has boen nelected properly, microesutsi-
figation will veeur aliiost spontineonaly, leading o n watis.
factory and stublo prepuration, The details of various prop-
arptionn and the relationship hetwoeen mieroemulsions and
micollar solutions bave heen reviewed by Prince ef alt¥
Microvmulsiony containing hydrosorkisone have baen pro-
prred.

Equipment

When emulaiong are propared, energy must be expended
1o form an interfaee botween the oily and ngueous phases,
Smulsification eguipmuont ieludes, therelore, o wido variety
of agitators, homoponizars, colloid milks, jot mixers and ul-
tromonic devieos,  Oritfin et ol Hecher™ ond Pock ef ol
hovo evaluated the emubsification equipment used by phar-
muacials wond drug manufnceiurers, Theae publications, along
with journals such ts Pharmaoveutioal Tochaology, should
be consultad for further details on Bhe e of such apparatas,
The proparation of onutdsions on a lavge seale usanlly
roguires the expendituee of considernbie amounts of energy
for haating ond mixing,  Careful considerntion of these pro-
vonues hay Jod 1o the development of low-onergy emualaifien.
tion by using an appropriate emuleification lemperature and
selective hoating of the ingredients, This process, deseribed
by Lin™ iyvolves the prepuealing of an emntdsion coneen-
Lrate subsoguently ditutod with the external phose at room
tormpernture,

Agltatora-Ordinary agitation ar shiking may be used (o
propare the emision. This method frequently is employad
Dy the pharmacist, payiicularly in the simulsifiention of conis
Iy disporsed, fow-viscosity ofly,  Under certain conditions,
intermittent ghaking s consldernbly moro eiTective than ar
dinary continuous shaling,  Continuous shaking tends Lo
brenk up not only Lhe phase to he disparsed but alse the
diwporsion medivn and, o this way, impnirs the ense of
emulsification, Laboratory shaking deviconmay e uaed for
pinitbaenle production,

The mortar and pesthe nre usod widely by the prescription
pharmocigl i the extemporeseous preparation of amul-
piong. "This equipment ha vory definite limitations bocouse
it urefulnens depends brgely on the viscidity of the eamulsi-
Tying ngent. A morkar and peatla oamol bo used Lo yropirg
sn emulgion if the emulsilying agent Juclks viseidity (e
golatin solutions),  These emulyifying sgents will produee
wlnble amulsions only if other types of oguipnent arg vaed 10
mix (he ingradionts nud the agent logother,

Small uloebeic mixers iay e usad Lo propare cimulsions ab
the presereiption counter,  Thoy will suve time and onoergy
and produes wolisfaclory emulsions when the omudsifying
agent s neacia or mar,  Mowover, the mixers cannol. e used
il the emulsifying ngent i gelntin,

his commercially uvailable Waring Blendor disperses cf
ficiently by means ol the shenving setion of rapidly rolating
blades, 1t teansfers Jarge amounts of gnerpgy and incorpo-
rates aiv into the etndaion. 11 an omulkion it ia produged
by wsing a Blendor of this type, the formulator must remem-
ber that the emulsion characteristics obtained in the Inbora-
tory will mot bo duplicated nuctssrily by the production-
gz agitators,

Produclion-pize agitators inelude high - powerad propaller-
whaft glirrors inmmeraed in g bk or self-conlained units with
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st

Flg 03-2. Staadord alurry-ypo disperaall misar with vanod-reter
Tdsing'T slament and sletted deafi-tube clrewlaling alemont
[courtany, Ay Engh

propeller and paddle systems Tho lntter usually are can-
stracted go (that the contents of e tank cither may be
heatold or cooled daring the presluction process.  Baffies
alton are bl inbe a tank and thise lnerease the officionoy of
apitation, ‘Pwo mixers manulaetured Ty e samme company
are shown in Figs 832 and 83-3,

Coltoid Mittg..he principle of operation of the collaid
il is the pasasge of the mixed e of an onidsion formy-
In between o stodor and o Bipghopeed watar vevolving ol
speadn of 2000 to 18,000 vy, The clearancs between the
rolor and 1he stator iy adjostable, usually from 0,001 in
upwarc,  The pmulsion mixture, i posaing Totwees thae
pober aued slator, iy abjected 1o 0 omendous shearing aee

Fig 83.4, A collold mili shown n eres saction (courtosy, Tri-Hamo).

Fig 638, Typos of rotors used In coliold mills,  Those may B
amenth (for most amulslans}, senatod (Iar clatmsrits sl vary wiscous
preduets) or of viteHlod slens (tor o galnts and pigreen digporsions)
(courtasy, Tri-Homo),

tion which effects a fina dispersion. A colloid mill and
varioun rotars wre sfiown in Figs 83-4 and 83-5, “The oporat:
ing principle is the same Tor all, but eaeh mamifueturer
incorporates spocific Teatures which resull in ehatyges in
opernting officiency. 'The whonring furess applivd in the
collaid mill may result in o temperntove inorense within te
amlsion. It may be neceasary, there{ore, Lo cool the ayuip.
ment. when the emulsion is being priducod,

Homogenizors and Viseolizers - n those two types of
ouipment the mixed phoses aro passid hetwesn n linely
pround valve and tent under high pressure, This, in effoct,
produees an atomizatien which is enhanced by the tmpnet
recaived by the alomized mixtire as itateikes the valve hoad,
hoy operate at prossures of 1000 1o 5000 i and produce
wome of the fineat dispersions obtainable in an eraulsion,

Homogenizors may be used inonoe of two ways:

1o The mgredients dn the cmulsion are mixed s han pied
] the lwmnu!fl:im.‘r 1o praseduc thg Ningl praduct.

2 An cmuion i prepavicd st other way and then paesed
throughn hotmogenier G Pho purpe of decrsasing the rticle st ad
ubstainvinig o et dogroe of aniioeity and statibly,

Twi-atape homogenizers are conatructod so that the emul
pion, alter treatment i the fival valve system, is conducted
divectly to another where it receivar o seeond Lreativet. A
singie homogeniuntion may produce an omulsion which, al-
though its particle size is wmall, has o tendeney 10 elurnp or
form clusters,  JSmulsions o' tig (ype exhibit ereased
creaming tendonedos, Fhis is corvoctad by passing the omul-
ginh through the first stage of homogenization at a high
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pregaure (e, 3000 to G000 psi) and then through the second
stage at a greatly roduced pressure (eg, 1000 pei},  This
brealts down nny elusters formad in tho fivat stop,

For small-scale axtemporaneous preparation of emuls
siong, the inexpensive hand homaogenizer (available from
Med Times) is particularly waeful, 11 is probably tho most
efficient emulsifying apparatag available to the prescription
pharmacist. ‘The two phases, previously mixed in a hottle,
are hand pomped through the apperatus, Roecirculation of
the emutkion through the apparatus will improve its quality,

A homogenizor does nol incorporate abr inlo the {inal
product, Afr may ruin an emutsion because the emulsifying
agont is adsorbed preforentially at the alv/waler interface,
followod by an irreversible precipitetion termed denaturiza-
tion. This in particularly prone to oecur with protain smule
sifying agents.

Homogenization may apoil an emulgion if the concentin-
tion of the emulsifying agent in the formulation is tess than
that reguired o tahe carve of the inerense in surface aren
produced by Lthe process.

The tomperature rise during homogenization is not very
Javge. Howover, imnperaturs doow play an important role in
tho ommulaifieation process, An ineresss in Lomporatare will
reduee the viseoaity and, in certain instances, the interfacial
1emuion Detwaen Lho ofl and the waler. There are, however,
many instunces, particularly in the manufacturing of cos-
mebic erentns and vintments, whore the ingredients will fadl
£ emulsify properly if they are procodsed al too high a
teruporature,  Bmulgions of this Lype are proceased first at
nn olevated tomporature and then homogonized at a tom.
perature nol exceeding 40°.

Figure 83-6 sbows the flow through the homogeniving
valve, the heart of the high-progsare APV Gaulin homoyge-
nizer. The product enters Lhe valvo seat nt high prossure,
flows through e region betwaen the valve and the seal at
high velocity with a rapid pressore drop nnd thon s dis
chozged ns a homagonized prodiet. It s postulated that
gireulalion and turhulence are responsible mainly for the
homogonizution that takes place. Difforent valve assem-
blies, Iwo nlnge valve sssemblies and oguipmoent with o wide
range of capacilios are available,

The Macro Plow-Magter Fom-bi-nates employa n numbor
of different actioms, cach of which tikes the ingredients a
lithle further along in the pracess of pubdividing droplets,
until complete homogenization rosulls,  The machine is
equipped with a pump which earvies the liguid through the
various stages of the process. 1o the Frsl stage, thae igrodi-
ondy nre foreed between two apecially designed rotors (penrn)
which shoot the liquid in opposite directions in a small
chamboer and, in this way, ave mixad thorowghly, These
rotors aluo wol up a swirling action in the next chamber into

._L._.\nm_w.‘::'lk"im",{;gm.‘.'ﬁli i
+ PROCH

Fig 83-6, Oporation af the hamoponixor valuo nasambly {Courlasy
ARY Gaulln).

which tho liquid is lorced and swirlod baek and forth in
eddies and crosseuyrents. The second slage iv 1 pulsing or
vibrating action at rapid froguency. The proguet then
leaves this chamber, goos through a small valve opening and
i dpabed agpinet the wall of tho homogenizing chamber.
Preaware ia appliod, but it is nol as groat s Lhnt used in other
types of homogenizors, Pressure is controlled aceurately by
ndjusting devices ot the front of the machine, and tomporn-
ture in controllod hy passing coolunts through the stators.

Ulteanonic Devieos—-The proparalion of emulaions by
the use of nlirnsonic vibradions also js possible.  An oscilln-
tor of high freguoney (100 1o 500 kHz) s connected Lo two
electrodes between which i placed a picvoploctrie quartz
plate. The quarts plate and wloctrodes ara immersod in an
oil bath and, whan the oscillator is spevating, high-freguoncy
waves flow throvgh the fhud, Bmuhilication is accom.
plished by simply immersing o tube containing the emulsion
ingredients into this oil bath, Conviderabls resonreh haa
heen done on ultrapenic amulsification, particulurly with
regard to the mechanivm of amuluion formalion by this
method. Limited data indicate that these devices will pro-
duco stable oxulsions only with liguide of low viecosity,
‘T'ha mothod is not practical, however, for large et produe.
tion of emulsions,

Spoeinl technigues and equipmaent In certain instancos,
will produce superior emulsions, ncluding rapid cooling,
reduction in particle size or ullrarenic devicea. A wide so-
lection of cquipment for processing both emylisions and sus.
pensions has beon doseribed by Bisberg.®™ A number of
improvements have beon mnde Lo make the various procsuus
au maore elfective and enorgy-officiont,

GGeneral methods are availnble for tosting the ingtability of
emulaions including bulk changes, eontrifugal and ultracen-
trifugal studies, diclectric messurement, surfaco-area mea-
suramont md accelernted-motion studies. Low-ghoear rheo.
lagicnl studies measuring vincoalnaticity are auggested od the
aptimal method of stability teating.

Suspensions

The physical chemial, dofines the word “suspension' a4 a
two-phasa system conaisbing of o finely divided solid dis-
persed in & solid, liquid or pog. The pharmacint asceply this
definition and can show that 4 variety of dosage forms fall
within the seope of the proceding ptatement. ‘Fhere is, how-
aver, o reluotanee to be all-ingluive, ond it is for this reasen
that the main emphasis 38 placed on solids dispersed in
liguida, Ty addition, and beenuse there is o need for more
spucific torminology, the pharmacontical scientist differen-
tinten between such propurations as suspensions, mixtures,
mugmuy, gols and lotions,  [n a genern! sense, anch of theso
proparations represonta p suspension, bat the slate of subdi-
vigion of the inseluble solid varies from parlicles which settio
gradually on atanding to particles which ara colloidal
nnture. ‘The lower limit of partiele sige is approxinmately 0.1

pn, and it s Lhe preparations condaining dispersed solids of
thiv magnitude o groater thal ate delined pharmacouticnlly
i L0 OIS,

Certain authors alee include liniments, and the newer
sustained-release suspensions, in any discussion of Lhia par-
tiewlar subject.  'The former praparations now waually are
comsitlerod as solutions although a mumber of older lini-
ments were, B fack, suapensions.  The pustained-releaso
sugpensions reprosent o very specialized clus of proparvation
and, as such, are discusnod in more detail in Chapter 91,
Bamo insoluble drugn also avo ndministered in acranol foem;
one oxample is dexemethasone phosphato susponded in a
propeltant, mixture of fluorochiorocarbong,  More detnil on
nerasobs is available in Chapter 02,

Suspension formulation and control is based on the prin-
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ciplos outlined in Chapters 19 and 20, Formulalion iyvoives
maore than sugperding o solid inon liguid. A Jmowledge of
tha hehavior of particlos in liguics, of suspending agonds ind
of Havors and eoloys iy reguired (o produce a satislnetory
HUYPENKION,

Rriefly, the preppiation of a stable sospension depends
upan the appropriake digpersion of the drog in the suspend-
ing moditm, To ensure that (he prvticlon weo wabted by the
dispersion wodiom, 0 surfsee-getive agent should bo vsed,
eapecially if the disporsed phase is hydrophobic, The sus.
pending mgent in Lhe aqueous medium then can bo ndded,
Altarantively, the dry suspending agent. can be mixed thor-
oughly with the drug particles and Chan tritaeated with the
diluent.  Other pppronches to sunpengion proparation ine
clude the formation of a Goceulided suspension and also a
Mlocoulsted proparation in a susponding vehicle.  Details of
these procedures ary givon in Chapler 19,

The most efficient muothod of producing (ine particlos is by
dry milling prioy Lo suiponsion,  Susponsion aquipaent
such s colloid mills or homegenizors normally are tsed i)
wol-milling finished suspensions Lo reduce particle aygelom-
arnten. ‘Thoso machines (Vg 83-1) nsaally Bavo a stator and
arotor which effects Lhe disperaion action, Soveral mothoda
of producing small uniferny dry particles wee micropulveriza.
ton flaid-energy prinding, speay-diying und controlied pre-
eipitation with ulteagound an deseribed by Nagh

The choice of an appropriote sugpending agent depevds
apon the use of the products (external oy intornal), Meilities
far preparntion and the duration of ylorage.

Preparations mace extemporanaously for internal use
may inelude, as suspending agents, neacin, methyleellulose
ar other eollulose derivatives, sodivem alginato ov tragneanth,

Extemporanenm prepartions of sugpensions for intermpl
usn showing good (low and suspending propertics ave provid.
od by nodivn carboxymethyleellulose 26%, (ragncanth
1200 and guar gum O0%.  Avieet RC-B91L, a coprocpitate of
mierocrystalling cellufose and sodinm anrbaxymaoethyleellu-
lose stabilized with hydroxypropy!l methyleellulose, bos
been uged as a suspending vebiele for propranclel and or-
phenadring hydrochloride dispersions prepared rom tah-
I, 10 also may sorve as o penoral-prepose suspending
mrenl,  Cuobopol B84, 003% or grenter, was a satisfactory
sugpending agent for aulfmmethazing 10%, mainiaining a
prermnnent suspension for more than 6 months,

Agonts suitsble for external wse include bontonite,
methylee]Julose or othor cellulose derivatives, sodinm nlyi-
nato or tregiaenanth,  Apents which may require high-speed
aquipment mnd which ave soitable for internal or external
wse include alaminum magoesiom silicates and carbomer

Preparations such as those mentioned abovo possess cor
tain advantages over other dosage foans, Some drags are
insoluble in all accoptable modin and, tharofore, must he
ndmindstored s o sodid, nonsolution dosago form (tahlet,
capaule, ele), or nk asuspension,  Because of its Jiguid char-
acter, the last preparation insures some umiformity of dosage
but does present aome probimms in maintaining a consistent
doungo regimen,  Disngrotable tanten enn be covored by us-
ing n suspension of the drug or n dorivetive of the drug, tn
oxample of the latley being ehloramphunicol palmitate.
Suspensions prepaced rom jon-exchange resins containing
an ienic drug enn he used not only to mininsize the taste of
the drag but slso 1o produee o prolonged-netion product,
pines the drug is exchanged slowly for other lons within the
gantrointestinal weact,

Suspensions alvo are chemienlly more stable than wolu-
tons, Thin particularly i important with certnin antibiol-
ics, and tho pharmaeist ofton is catled ou (o prepare sueh o
sunpension just peior 1 dispensing the medication, In addi-
tion, u suaponsion is np idend dosage form for patienis wha
havo difticulty swallowing tablots or capiles, which is par-

ticularly important in adminimtering drogs (o childven. An
altornate methot to enhanee complinnee ineludes fvorod
uystatin “popsicles™ which gan e prepared by eexing a
sugpension of the diag ao thit the tante in nproved doving
Lhe teentiment of ol candidingis,

Suspensions should possess cortain hasic propertion, e
dispersed phase should wettde slowly und be redispersed
rendily on shaling.  They should vot enke on soltling mnd
the vikeasity uhould be such Bt the prepartion o eawi-
ly. Aw with nll dosnpe forms, there shouid e no guestion as
o the chemical stability of the suspension.  Appropricte
proservatives should be incorporated in order to minimize
microbiologion] contamination.  The suspension must e
necoptable to the patient on the hasis of e taste, color and
cosmetic gualitios (olegmnee), the lattor (wo foctors boing of
particulnr importance in preparations intended for externnl
e,

Gols

Pharmaceuticn] terminology ix, ol best, confusing nud ne
two suthors will elussify pels, jollies, magmas, milks and
mixtures i the sanme way, The NI¥ descyibad Gols ng n
specinl cluss of phaymaceutionl preparations hul considered
Jellion undor the same heading,  The labior prepayations
usunlly eontain water-soluble netive ingredients and, theres
fore, are considered i another part of this chapter, The
LIS definition for Gels is

b e sominolin) systonmm ol either suipenrions made v of ol
inorpanie purlicks o farge anonie moleeudo Inbovreasitratod by g lig:
witl, Where the grob o consisteof o etworloof manl ] diseeato panielo,
the ol i clusifisd as o vogdume ayastem (o Adwsninam Fed roxicdo
Cotd, Ion tweosphane system, i 1o pacticle see of the dispersed phaso is
reliutively Liege, Uue ol s nosaotiines be reloered 1o as o mogim (o
Bentonite Magina),  DBoth pads ond meggnias may be thixoiropie, ueming
womyinelidan on staending ane heeoming Dawid on agitation. They shouwld
Fyes Whbermy Bodore tise to wpniree [omogoneity sod shomld bo Tuboled 10
Lhnt affoet.

Bingtla-gbinsn goly conanl, of aeganic maeromalboealen diveriledad wois
fovmly thegethout & liguid in such a wannor thal oo apgarent hond:
arivs axist bebweon (he dinpreesed mperomaoleeuten aind the tignid, Sin-
jilo-prhewe oty b ide from synthetic maeromolociilon Cagr, Carbaier j
e mtural gom (e Tragneantd. Thie lnttee propaentions nlso pre
cullodd manesbaggon Aliheg b e pobie nei vamman)y seueaus, aleohol
aevel vils vy i umedd an Ve continioua phaae, For oxeegle, niiornl oil
e he eombined with n polyetbdeie cesin o form an olewgineis ain
1ot D,

The USE slates that each 100 g of Alvminum Hydeoxide
Clel containg the eguivalont of not less than 3.6 and not more
Wy 4.4 g of aluminum oxide (Al,Qg), in e form of alumi.
num hydroxide and hyeealed oxide, and it may contain
virying gquantities of basie aluminum erbonabe and bicar-
bonnde. "The yel itself wsually is propared hy the interaction
of o solule aluminwm salt, sueh as g ehlovide oy alfnte, with
wgania golution, sedivm enrbonate or biearbonate, The
reactions which occur during the preparation are

3007 4 31,0 -+ 530047 4 300
[ANHEE) )"k BOHT e JANTLO),(OR), | + 31,0
AHOO, o+ GO 4 1,0 4+ 0O,

The physical and chemicul propertivs of the gel will be al-
feated by the order of addition of reactants, pl3 of precipita-
Lion, temporature of precipitation, concentration of the rane-
tants, the renctants arad nid the conditions of sging of the
precipitaied gol.

Aluminum Hydroxide Glel s soluble in acidic (or very
utrongly basie) media,  The mechmminn in acidic media is

Abwinom Hydoxida Gol 4 3H0 - JAH O3 (OH), "
(AT, 4 1,00 o JAELO) QM) 4 39,0
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[AIHL0) O] + 10" = JAITH 00, (OH* + H,0
[AIH,OL O ¢ HOY - [AIH0)" + H,0

Tt in unlikely that the last reaction given proceods Lo compla-
ton, Since the activity of the gol is conlroiled by it inaolu-
hility {schubility will decrease witl nn inertnae in the pH of
the gustrie media), thera is no acid rebourl.  Further, sinee
n cerfain gunntity of innoluble gel always 1 available, the
reutralizing copability of the gel extends over a considerable
periad of thne.

Almainom hydroxide gels also may contain pupputmint
oil, glycerin, norhitel, sucrose, saceharin and VDI PIOACT-
vatives, Sorbitel improves the acid-consaming capacity,
apparently by inhibiting a secondary polymerization that
takes place on aging. I addition, polyols such as mannital,
sarbito] nnd inositol have beon showe 1o improve tho stalil-
ity of aluminam hydroxide and aluminam hydroxyearhon-
ate gels,

Adussinum Hydreoxide and Belladonnn Mixture PC

Boeladonna 'Plnetwre ... .. ... R 100 mY,
Chlovoform Splelt ..o i oo 0 mL
Aluminum Hydraxide Gel o .oo000000000000 1000 mE

It ahould be nated, however, that the addition of other drugs
(e, anlibiotics) 1o the ol may rvesult in g loss of the oelivity
anticipated for that aetive jngrediont.

Generally, if Ioft. undinturbed for sewmo time, pgels may
beeome serisolid o gelatinons,  With somo gels, amall
amyouhta of water may scparato on slanding,

The singlo-phase gels are being used moro rogquently in

Bodhum Alginate Gel Baso

Sodiwm Alginute o000 Bl
Glyeerin .., ... i Al0R
Muothyt “ydloxvhnnrmlc. e , (N3]

w soluble oulciuin sall

(onlelum or glueonate) . o0 (X3
Purified Wator, tomnle ..o 100 mlL

The Hudnum ulichinete b wottod (o mortar with clyeering whivhdds the
itinpurnbon, "$'he proasrvativa i cimolvad i abont 80 ml of water with
i ald of hoat, allowed 1o conl aud Lhe enleinm wll aeldd, which will
inerease the vikcasity of L proporation,  Uhis solution in stivrod inoa
n igh wpoed atirvor and the sodiom alghute dyeorin migiwe addod vlow.
{ whiilo utireing, antil the prepacation is homoganacus,  The propar.

ton shioudd be stered doon tghtly sealod contuiner in g wide nand jur or
fatlm,

Carbomoerx Jully

Corbepad B ..oy i TS

Triothawedwsmino oo voen oot 104 mi
TR L T R e e T S S T U A 0.2 g
Purified Water, tomake oo 106l

Phe parabena aro disobved fn 95w of walor with theaid of loat anel
adbowed Lo egl. The Carbopol 834, » commorednd gemde ol carbomor, i
welrled in umal) wwounts to the solution saing n high speod stimor and,
after o gyooth dispersion it obtained, the preparation is allowed toeatamd
pormitting ontrapped odr o popaeata, Thon the gelbing agens, trietha-
nelaraine, fa ndded, d]mpwiuo, wtirving with o plantic apotuls to avaid
entrapping oir wd the remndaing wator incorporated, O concenten.
Lisna of eurlaner ean IN. llﬂl'!d 1+ PrGPATD | ‘i‘]l\. HEUTTFITR TS hllM!}L‘llﬁli)l\H.

The USE lists & mamber of gels  Bodium Plueride and
Phenphoric Actd Gel for application Lo the teeth to reduce
crvitics, Helnmethasone Benzoato Gel and IPluocinenide
Gel, anti-infMlammalory corticasteroids, Tolualftate Gel, an

i
o
} pharmacy and commetics beerusa of soveral properties;  antifungal agent and Trotinein Gel for the Groatment of
oH semisohid stato, high dogree of clarity, ease of npplication  sene. Refer to the specific monographa in this text for more
o andd ease of removal nnd uso. The gels often provide a faster  infommation,
. release of deug substanca, indepondent of the water solubili-

. ty of the drug, an compared o evenmn und sintments. Some Lotions

drugs used in medieation gels incluce urea, hydrogon perox-
:de, ephedrine sulphate, orythromyein nnd povidene-iodine.

(hedy may be used as lubricants lor cathetors, hases lor
patel tentig, sodinm chlotide gols for clectrocardiography,

Lotions uaually are liguid suspensionys or dispersions in-
tended for extornal application to the body, Thay may ba
prepared by trituvating the ingrodients to a smoath paste

T

e

fik
!

flueride gods for topieal dental wse and for intravaginal ad-
ministration (prostaglandin-18; gol),

Gels can he preparad from a number of pharmacoeutionl
ngents such ss tragnensth 2 1 5%, sodivum alginate 2 to 10%,
petadin 2 (o 15%, methyleellulose 2 Lo 4%, sodium carboxy-
methyt-cefhulose 2 10 G%, carbemer 03 Lo 5% o polyviny!
aleoholn 10 Lo 20% an noled hy Carters®  Other peliing
agents include mothylhydroxyethyl calluloso, polyoryeib-
ylene-polyoxypropylese, hydrosyethyl eellulose and gclnliﬂ
Gols prepared from nonpalar materials such as mn;,m‘ﬂlum
noap-hydroearhon und hydroearbons are buing investigated.

The poreentoges above indicale the concentration ranges
of the gelling ngent.  The lower-perceniage proporstions
may he used ag mbrieants and the higher-percentage prapa-
ritions ss dermatological asen,  Somo of Lhe gelling agents
are availablo in different grndod indieating the viscosity at.a
definite concontration, I genersl, high-viscosity grades re-
sull in gels at lowor eoncentrations,

Gala vocentdy have heon prepared in adhbesive form in
order Lo inereass the contaetl timo of U aetive ingredients,
nuch as insulin with the oral and nesal mucosa, leading fo n
decroone in plasma glucose.  Thin syutem olko hog beon in-
vastigntod an i vaginal dossge form for eorvigal cancer and n
topicnl dosage form for aphihous atomalitia,

Preservativos should he incorporated indo the gels, ospo-
cially those propaced from uniural gourcos,  Appropriste
praservabives, deponding upon usg and e golling agent,
inelude the pavabons at about. 0.2%, beneoie acid 0.9% (il the
produet is agidie) ind chlorocresol 0.1%.

The proparation of o Tew gel bases is givon bolow,

and then adding the romaining liquid phose cautiously,
High-spaed mixers or homogenizers produce better disper-
wiong and, therglore, are the tools of choles in the prepara-
tion of latgor quantitios of lotion. Calamine Lotion USSP [k
ihe clusmic exnmplo of this typo of preparation and consisis
oi' linely powdercd, insoluble solids held in more or less
permanent suspension by the presence of suspending agents
and/or surince-active apends.  Many investigntors have
stadiad Calamine Lotion and this has led to the publication
of many formulations, each possessing cortain advantages
over Uhe uthers but pone satisfying the eollective needs of al)
denuatologisly,

Phonolated Cotamine Lotion USE containg 10 mL of kg
uofied phanol in suflicient calaming lotion Lo make the prod-
ucth mensure 1000 ml.  Formulations containing Avicel R
(hydrated microaryetalline celluloso, FMCY and corboxy-
methylcellalose settle loss than the official preparations,

lnlnming Lotion

Calwmino . o.ovvirivinivniinris A .o By
e Oxide oociiirin i, BE
GIyeerin . oo cvove i iavasceoe el
Aveal RGelicoiiivvniiinaidivei dinia s e 2K
Carboxymothylecllslose, .. .. : e 2y

Caleium Hydroxido Holutien, a Hllffz-
clant quantitv. bomake oo coei oo IR

Wix 46 g of Avicol 12 with 15 g of wator with a suitalile eloctile mixer
This ol in vsed in the progoration of the colimine lolicn,  Mix the
enlaming and the gine oxigdo with the plyesin, the gel nad e corboxy-
methyleekulowe,  Ade sufficiom caleivm hydroxide nolution Lo make Lhe
produel monme 0wl
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To prepare Phenolated Calamine Laotion ndd 1 ml of
Ligueied Phenol during the mixing stage.

Susponsions alko may be formed by chemienl intaraction
in the liguid, White Lotion is an example,

Wihite Lotion

40
Al i

ZineSufabo oo e e
Sulfurated Potash .
ParilPied Wator, ngulfic Bl t|unni1lv

fomale i

1400 L

Diselve Ll sime sulfobe sl Do mdfurated potashe sepurateiy, sach in
W md, of poeified water and Tilor vaed golution,  Adel slowly the
sutfurated potosls wbutings la e vine sulfvio solution with censnn
atiteing, Thon addd the raquived mtmoning of poeilied watee, and i,

Sulturnted polash is o solid of variahle eompuosition bt
wanally bs deseribod o KoSe 15450, Tho chemien] ranetion
whieh deenrs when sulfmted potnsh selution i ndded (o the
aing sullnio id

IS0, - THLO + Kyl 10,8,0, » Znd + 5,

18,80, -+ K0+ 71,0

1his Jotion numt e prepored {resh and doey pot. eontim n
suspending ngent. Bentonite Magma has buen usoed insome
formulations,  Coffman and Muyad inelude o detailed dis-
sussion of the chomistry and the problemns invalved in the
prepaeation of a suitable product.

Phe VST pocogtiines o socond type of lotion,  Thewe aee
emulsions of the O/W Lypo wabilized by a surface-netive
agent.  Henwy) Benzorte Lotion is an example. Home lo-
Liong are eleay solutions and, in Mo, the netiva ingredient of
ot officinl lotion, Dimethiseguin Hydroehlaride Lotion
ISP XX i walor-solublesubstanee. Howevor, onounofTi-
cinl formulation for Wiy lotiom lists dimethinogquin hydro.
ehloride, menthol and zine oxide an netive ingredients and
the preparalion thus hecotnes nsaupension.  Several lotions
are lisked I the UST and contain, for examply, antibioties,
sterolds, kerntolytes and seabicides.

A Tormuln For hiydrocortisone lotion fa given in thae IPCL

Hydrouuriignne Lotion

TEydazor o, i ullralong |)Ilwl|l!|‘. e AN
Chlorsoral . 2 iy
*h\If-.umuluiﬁ'llw |nm|uu|uur1u e ML g
Glyoorul, ooy . Gablh g

Purifjod wiloey, ﬁ't-uhl\' qu'lml nml umlwl Iu mn'lw S HHILERTH

Vi ot Ui B, G clloraerosnd i dissolwol o ssioml, of
waler wn h the wid n-f entde Tl the sell-esoubily g monos.
Yo hin b il il he mistune hontid 1o 609 with ntirring untib
complutely dinpuread. "Vl hivdrocortisany i trituented with the
plyceral wand the tritiention i thon tnaerporatid. with shiveing,
in'lu e sepeim D, ablowed 1o cont whilo aliveing, then added the
vernnindor of 1o woler movd psiged,

Lations usundly aee appliod without frletion.  19ven so, the
inspluble matter sheuld bo divided vory finely,  Particlos
approaching colloidnl dimensiony wre morg soothing 1o in-
Murned nreas and offective in contact with infecled surfnees,
A wide vavioty of ingredients may e ndded to the preparn.
tions Lo produce belter disimrﬁimiﬁ of to gaconiuate ks cool
i, soothing, drying es protective properties. Beatonite isa
wood example of o suspending agent uged in the preparstion
al lotions,  Mothyleellalose or sodium cachoxy methyleellu-
tome will Tocalize and hold Lhe aetive ingrodiont in eontaet
with the affected site, A Tovmulation contaming glycerin
will keap the skin molst Lor o considerable poriod of tine,
Tha drving and cooting elleel oy be accontuated by adding
nloghol to the formula,

Dermatelogingg froguoently prewc'nlw Jotiona containing
anesthetics, nnhpmntu.u, nntawpi S, nalringents, ﬂ('iml
cidos, protect ves or seeaening apentd, Lo e vaed iy lrealing
or provanting vavious typos of slin discases nod dermagiiis,
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Antilistamings, henzocaine, celaming, vosorein, sboroidys,
sulfur, sine oxide, hotamuthosone devivadives, snlieylic aoid,
salMowor oll, minoxidil and wirennium oside gre ingredionis
commion in unefficind lotians, T nany instances the cos-

mutic nspects of the lotion are of groat iinportsacy, Moy
totians comprre badly with cosmelic preparatioms of o sini-

ar noture, The mantfagture of fine lotions o moet the
gpecialized necdiof 1he devmatologist provides the pharma.

cist with an exeellent oppovtanity 1o domansbeate his profes-

soual compoetence,  Recend oxlonsive studies on lobions, i
demeribeet by Flarh,” swill assist the pharmaciat bo abboin this
pond,

Lotions tond Lo gepueate or steatdly on long standing, and
they reguive a lnbel directing thad Loy ho shaken well before
each wit Al Totions should be labeled “For Wedermal Une
Only.”

Microorganinma rmw preoav o certain fothons iF no preser-
vitlive is included,  Core should be taken Lo avoid conlami-
nading the lotion during prepacation, even 3f w preservative is
st

Magmas and Milks

Mm;nmﬂ e mitks are jgueoud :.nupt‘n-uﬂn's of insehible,
inorganie doags and differ from pels mainly in that the aus-
pended particlon are lager, When prepsved, they nre thick
e viseous wud, boeanse of this, there iz no nead Lo nedd 1t
sunpending agenk,

Bentomite Miggion USE i prepored by sioplo hydration,
Twer procodures ave given in the compondium far the prapa-
elion of this product.

Magmas nleo may be prepured by chemical reaetion,
Magnoerivm hydeoxide ik propared hy the hydeation of mag-
nesium oxide.

M) 4 H,0 » Mpg{OH),

Mille of Mugnoaia USE is a suspension of magnesium hy.
drexite containing 7.0-85% MOy 1L has an unplens-
ant, atkaline tarie which can be mashed with 0.1% citvie weidd
(to reduce nlkndinity) and Q.06% ol a volatile ol or a blend of
volalite oils.

Milk of Bigmnth contning bismuth hydroxide and bismulh
suherhonate iy saspension nowaler. The Magna s pre.
pareed by veacting bismuth subnitrate wilh nitric acid nnd
nmmmuum carhonate with minmaonin solution nnd then mix
ing the resulting two solutions.

The tollowing renctinps acear during the preparation of
L g,

(NH L0, v 2N 0

NH, b HO = NE ¢ 017

ABIO 4+ GO o (Bi),C0,
BiO' 4 QM7 o BIOO)

H the insohuble subistonen is procipitated troeh by mining
bat, dilute solulions, tiere i only slight sedimentation on
planding. Thin charactarisiie of magnmas somobimes iy en-
haneed by passing the product threouph a colleid mill.

For the most purt, magmas and milks are intended for
intornal use, although Bentonite Magmu is used privaayily as
a msponding agent For insol uble substanees o, Milk ol Mag-
tonin USE and Dilydvoxy Aluminurm Aminoneetate Magma
Wik, wither for logal application or for inteenal vee, Al
mngaa reguire o “Shoke Well” label, Freezing nmust be
avoided.

Several apbiyiorshial preservalives have boen tesled in
Biguid antaeid preparations for their stability md effective
nosy, sueh ag bonzole acid, ehlovhexiding, methylparaben,
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propylparaben, sorbic acid, propylene glyeol or ethanol. It
was Tound that a combination of methylparabon and sorhic
peid wan superior to the parahens nlone,

Mixtures

The officin] mixtures are aqueous, liquid preparations
which contain suspended, innoluble, solid substances and
are intended for interngd vse.  The insoluble substanee does
fof make the mizture vory viseous, and thy parlicles may bo
held in suspenaion by wsing suitable suspeoding or thicken-
ing agonts, This clasm waes introduced originally to secure
uniformity in the formulas of cortain woll-known and largely
wsed proparations. Frequently, the teym misture iy applied
loosely 10 nqueous preparations of avery deseripiion. The
term shake miziure b used often Lor liquid preparations
which contain insoluble ingredients and, therefore, must he
ahaken before use, The USP dos not racognize the torm.
The lorm sespenston now is used 1o doacribe n number of
aimilay preparations. The PC uges the term mixiures and
ineludos suspessions in this category, for example:

Anmoentom Chloride Mixturs PC

Ammonium Chlovide ... 100k

Arematic Ammoenla Sedatfon ... ..o 50 ml,
Liguovice Vdgquid Bxtennt, oo, 100 ml,
Witor, for preparaliomilo .o coiveiiaire s 1000 mL

Lt should Do prepavad roeendly.

The Lo mixtare oceurs in the expression dry mixlure,
which may be ured to deneribe many USP products, in par.
ticulay, antibiotic powdery for oral aolutions which are de-
serihod on page 1627,

The pectin and the tragacanth in Kaolin Mixtury wilh
Pectin (page 796) act as suspending agents.  An alternals
formulg, based on Veogum ( Vanderbiit) nnd sodivm earhox-
ymethylcetlulose, has beon proposed by Kalish,*

Knolin Mixture with Peotin

L e S LR o 088 g
Sodinm Carboxymethyleotiubode .. 000000, 022 g
Purified Water. oo rn i ar e 1M.)%g
b (@Y | T A TR 11508
POtlin g v usvaveecrianeraenes ot TiE vl A ALMAR CAd
HACOBIRID v i s e 400 g
GINIOPIN covvavvmnvsisni i inrraens L6 R

Ad the Vatyguin and (he sodium eachoxymethyloellulase te the wiler
with eontinuan iveing, Ackd, with mixingg, the kaolin. - Mix tho peetin,
necharin and glyveerio anel add to tho saepenkion. A prancevative il
flavoriug sganl may ho ndded o the product,

The inseluble material in mixtures must be ina very finely
divided stato nnd uniformly distributed throughout the
preparation. "T'his in necomplishid with coltoid mills, spe-
cinl methods of precipitation and suspending agents, There
Wi Lheen main reasans for having the inacluble substances in
ag fine o state of subdivision as possible,

1, ‘Pha move nearly tha colloidal state (s approachiod by protectivon,
sttty A ok, sognsiun teikilicite oF magnowiwn phosphate, the wore
netive they Daeoms os adnorbostic and proteetives whon in contael with
Inflamod sarinces,

A Winely divided purticlos are wunpended oz rondily piad satllo out
gl ok slowly th large particles, thug enabling the pationl to
altain vailoie dones afsusponded substancos.  Fomogoneous iviniares
ara donivahlo eapoeinlly whon athiInistoring mecionGon b fort g even
ly diulyibutad, proteetive contiing on the gastrointostinal Lracl,

B The padatability of iy prepatntions is anhanced Iy Whae v ol
collaldul suspending agents,

Mixturos containing suspenced malerinl should have o
“Shake Well” label affixed to the containor in which they are
dispensad.

Mixtures, ineluding suspensions, are subjeel Lo conlimi-
nation by microorganisms that remain viablo and nre o po-
tential health haznrd during the period of use of the prod-
ucts,  Suevival tirmas of organisms depend on e preacrvas
tive ueed. A kaolin pediatric mixture that containg henzole
acid kills ovganinms rapidly, wheroos ovganisme survived lor
mere than n week in 0 magnesium ristlicate noxture that
contained no mote than o trace of peppermint oil, a8 notord
hy Westwood.®

Qccagionally, il i nocessary (o prepare sanpenaiona from
cruﬂwd tablets. A peneral formuln for Lhis purposs in piv-
en,

Maothyhoetndone 20 .00 oo e 0,76
PUrtbtsha cov v vanr e iar i iiaiain [{N}
Puriliod Wader .00 vevaveres W
Eropylone Glyeol ..o 2.0
Bimpio Svrap tomale ..o HODG

AR oxtemporineous suspension of cimulidine tnhlots
which retnined Ha potency al40® over 14 days i

Chmotidino 300-mg tablets oo 207240
LT o L A R 10 ml.
Bimple Syroap, tomuke oo 120 mls

Tha taflots are tritirated to a fine powder using n martar,
the mixture ji lovignted with the glycerin, simple syrup add.
ad, mixed wall, placed in a blonder unti} mmooth and then
rofrigerated, M

Satisfuctory suspensions have heen compounded from di-
azepam tablels and propravolol hydrochlorido tablots, and
thay possess chemicn] stalility for 60 days and 4 months,
respoctively, at room temporature or under refrigeration.
Wraquently, since the drug may bo soluble, it is Lhe excipi-
ents wiioh aro being suapended.

A comprohonsive choekbist of auspongion fermulations has
heen roporlod in the literatare by Scheer,®!

Ofticial Suspensions

The VISP places porticulay emphagis o the Wrm suspen-
sion by providing kpecific delinitons fer a variety of oral,
paventoral and ophthabnic proparations formulated in such
away that an ipseluble substanee is suspended i a Lguid at
some stage of the manulaciuring or dispunaing proces, The
ISP definition begins as follows:

Sunpansions are proparntions of Siely divided, wtlinnodvad (raga
disporsed in liaquid vebiclos, Powders for Buspanson aee propirptions of
finaty powdered drugs intandad for mapomkon in liguid vehivles, An
axinnple of the randy-to-vne Wpe i Prisalfopyromidines Oral Suspen-
slorr, in which tho Dweee salfupyrimldines wro airondy suspendad in o0
ilgubd fuvored vehiclein a form avidnble ot pral udministeation,  Tetras
ayefinre for Oral Suspenrion iu finely dividiel {eneyeling mixed with
suspending and disporsing egents, I ivtended to be congtititeord with
the preseribod volume of parlfiod water und mixad bofora it i d lspenind
by th phintewacisl, for aral administration o tha pationt,

Naithor this definition ner the monographs give spocific
diraetions for the proprration of Lhe suspension, although
pharmacopeing usially permit the addition of suitable fla«
voring sgenls, sospoxling agents, prevovuatives und cortis
flod color additives, One procodure for the prepayation of
the commonly wnod Urisul{npyrimidines Qral Susponsion i
given below,

Trisulfupycimidines Orol Suspongion

BT L S R S R R 1,00 8
Byrupn UBE o D060 ¢
Bodinm Giteate .o iiaees R O 1t (.1
Bl . coiiirana- A e o NV, B R

B REITID . v v vrr e bbb .54
Bulfamothomdne, oo Lhd g
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Add the Vomgum, u]ul\:l‘\' and with contipponm ulisving, toy e syvup.
Digorporate (e nod o eitento it o Use Yoepassyrap mistare, Prenix
Char shifin dengn, aclet b e wernpy i el homugenize,  Aede slTiclon
St eitede aold b neljusn the pl of She pradyet (o GG A preasevit ive o
i Mlvaaringg mgend sy Lo oddied to tho produet,

Methods of pragaration lor thoso farmutations which con-
v sevaral active ingredionts and are produced in Jarge
aquantities tend 1o bo move complex than that, given above,

Many formulationa for suspensions are given i the PC
wunder Mixtuivs,

A properly prepared suspension has oo wimber of dosiabie
propertics:

Lo The witsprendod matorint should nat wa e eapidly.

<o Partiches it do settle shonilel oot Focme o bard eoke msd onesly
shoule be resumpondod unirarmly on shnking.
W Pl swpension should pong feeely ram the condiinet.

Tnwolulile powdors that do not disperse evenly throughout
the suspending medium, whon shaken, should be powderod
finoly and levigatod with a small nmount of un agent such ng
glyeerin, aleobol or n portion of the disporsion of the sus-
pending apeat, I'ho other ingredients ave eorporated and
the remainder of the dispersion of the sasponding agont i
incorporaled gradunlly by trituration w produce the appro-
printo volume,

Suapensions intendod for parenteral or ophthalmic uke
ulso are described in the USE. For a discussion of (hese
sunpensions, see Chupler B4 and BE,

Extracts

Extraction

Bxtraction, us the Lerm iy usod pharmaceutically, involves
Lhe sapargbion of medicinally setive portions of plant or
mimal Gissues from the innetiva or inert components by
wking selective salvents in atandard extraction proceduros.

Tha produets vo obtained from plantg are relatively im-
pure liguids, semiaslids or powders intended only lor oral or
extornnl use, These inchide claasos of preparalions known
me ducoctions, infokions, (lwdextracts, tinelaves, pilular
(somivolid) exbeacts and powderad extracts, Such prepara-
tions papularly have been called galenieals, affor Galen, the
2nd century Greek physician,  Jor additionnl inforsintion
concerning extraction nnd extietives, see RPS 15, Chaploer
BG.

Fatrawtdon continmem to e of consdderabla intoresl in ardio toohtnin
Fiatprvedd vielde oF droge desfved o plant wod sninul soureos,  For
oxample, impraved extrmetion of digtalis glyeomides Boas boen caried out
using # pulsating, perforated, botton ealnmn. Other techaigues inelisde
wlirmsanien, rotary- film evaporatore, liguid wd suparcritical earbon alie
wxide, hydrodiniillntion, Hguld cheomatugrophy, rmlliplesolvent ex-
Teaetion, conntaoroarrend extyacton wted gravitition dynamic,

i Uhin olbetumion we wey copeeomsd primneily sach bagie extroelion
pracedures for anadu deagn fo abtuin the eeapientisnlly desdeable por-
Uen ad olimdnnte the iert nanerial by dreatment with o selogtive
poldveist, konown as the monstraum.  Exdraction diTees Deam saluiion in
it the presence of waolblo nudler o bnglivd in O Tormor process.
'he peinetpad motbods of exhrackion are maveratio, pereolalion, digens
L, indunion nid decoetion, Theguality of the finguled product con be
enbunrseedd by ntnnchard g uimaey extracts aod carrying oul analyticat
atnyir duriny produetion on thi raw materinls, islermodinlo grotiets
andd ey Metarhiyg proceduros.

The processes of particulor importance, ingofar na the
USP is conearned, are Lhose of mncorntion and percolation,
Mot pharmacopoios refor (o sueh procumaos for oxtraetion of
active principles from erude drugs,

Mugaratbon - In thin proces the selid ingeedients aro placod in o
sloppered eontainer with the whalv of the solvent ind sllowad (o stand
for o poriod of «f least 3 dnyy, with Proguent agitation, until souile
nuldor i divsobved,  The mixtare thin i strainad, the mare (the domp
wolicd materdal) prossod wnd te combinod Yguicds elaeitiod by fLion or
Dy elewantotbon, after standing,

Percolution Thiv is the procudise med monl (requently 1o extract
the aetive ingrodionts in the properation of tincturas amd Daidestroets,
Cartiin apoeific procedurnd detalle e provided in the 1BY, which
whould he colimlted for maeh informmtion,  Tn the PC general procedure,
a pnreslator (o narrow, sing wlupod cossol opin st Botb wdn) iy ansd,
Tho weolied fogeeed Lon s} ave b ernd with n appeagriste smonnt ol the
spacilivd monatoum and allowed (o stand for approsimntely 4 he fn a
witll-cloned comtainer, aller whivll e drag mas is packed inlo tha
percolator.  Sulfieient nenstrmm in added 1o satumto tre mwss s e
tap af the porcolator ncloned. When the laquid is abot v dip from U
ek (hottom) of the perealidor, the outlel s eloned,  Addittonal men-
ahenig im ke o give o shollowe Toyee ahiove the nyms, oo Qs mistorg
it pllonvad to macerato i the oloked poscalator for 24 e The outlet of
the faereodador th e o atd tae Hguid contoined tisroin wiowod to
drip Wewly, additional moepntromm hedng added s veguaired, nmil the

poreelide mennuren gl U posguonetors af the soguied solume of thi
finjahed produet, Phwomore i peoaood and o expressad Bguid inadded
1o the prrealate,  BulTicienl menslsitin s addmd o produee e
aquired volmme, and e mixed liguid clhurified By Bieation or by nllowing
iAo st and then decinting,

Phgoution- Mhin in o for of maeeration in which geatle heat b ol
dhvringg the procsn of exeraction, T i auwed whon pederntaly elevated
temperataee in pot objostionalile and the seivent efficianay of the men-
e i ineronned Lhoreby.

Fnfunton - An botusion ds n dilute nodution of the yemdlily wsalulile con
atitienta of crude deogs. Froah infusions are prepaced by macernting
U g Cor nshort period o time with eithor eold or boiding water, LIS
afficinl compendin hivvo not scluded infosions for some Umo,  An s
ple i Coneantrded Compotnd Continy bnlusion B 107

Povoction'1hin anew-popiloe provess extanots witor-golublo aml
Dot staskale et {disensts Croay erwdlo diviga iy boiling fn wodee For 35 min,
conlinge, dtraining and prsding satficient eold water throwgth Yhe drag to
prodivee Y regalied volume,

Extractive Preparations

AMier 1 solution of the activo constituents of a erude dingg
is obtuinod by maceration ar percolation, it may be ready for
uge ns nmedicingl agent, as with certain tinebires or fluidex-
truets, o imny bo processed further to produce a solid or
wemisalid extrnel,

W w diseussion of resing and oleoresins obtained by sol
vent oxbraction of plant exudmes see Chapter 23, undor
Plani Exedates.

Tinctures- 'Finctures ave defined in the UST as hoing
sleobolic oy hydronleohaolic solutions prepared from vegetn-
ble matoridwor from shemical substances, an exampli of the
lattor being Jodine Tincture.  Traditionally, tinctures of
potent vegotable drugs csaentinlly represent the activity of
10 i of thaes dyug in oneh 100 mLof tincture, Uhe poteney being
ucdjusted following assay. Mot other tinebures of vegotable
drugn represent tho extracative fom 20 ¢ of the drug in 100
ml. of incture,

Fhe UST specifically describos two goneval processes for
proparing tinetures, one by pereolation dosiguated ng Pro-
coas Py and tho obher by maceration, as Process M. These
utilize the mothods deneribod under Extraction.

Process 1* inclodes a modification so that tnatures that,
require assay for adjustmaent to specified paloney thos may
he tested before dilution to final velumo, A tineture pro-
pared by Process 13 as modified for sssnyoed tinctures is
Bellndonns Tincturo,

Exomples ol nclures propaved by Process M are Come
pound Henzoly Tincture and Bweet Orange Peel Tingture
(the latlor containg Lhe extrnctive from B0 g ol sweel orango
peel in 100 ml ol tinclure),

Fluidextrncts - The USE defines fluidoxtinets ag heing
liguid prapurakions of vegalabe drogs, contuining abeohol s
wRolvent ar ay o provervative, or both, so mada that enely ml,
conlaing the therapeuiic conatitvonts of 1 g of the standard
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drug Ut it raprosents, While the USP states thnt pharma-
copoinl fuidextracts we made by percolavion, the officiul
compendiu praviously have described gonernl procedures for
threo pereofation mathoda used iy maling thaidextracts,

Prosese A in ok percobation mothod that ean ho modilled for fuidex-
rracia that must be assuyod,

Proceis 1 in an alievaative Tor Process A in which poreolation iy
sanducted on o cotums of deug much grenter in length than in dismou,

Pragess 1 s wieel for propaging fuidextricty wi:l[r beiling wator o the
wenptranm, aleabol being addoed 1 n preservitive the eoncontyuted
prrcolnte; this in the provedure used for proparing Cracarn Snpreanddn
Fhuddextract.

The BP and PC use the designation Liguid Extracts for
fluidoxtracty,

ExtructsKxtvacts ave defined in the USP as concen-
tratod preparations of vegetable or animal drugy obloinod by
remaval of the active constituonts of the respoctive dirugs
with sultable menstrug, evaporation of all or nearly all of the
wolvent nud adjustment of the rosidunl masses or powders Lo
the preseribed standards.

Three forms of extracts are recopnized:  semiliquids oy
liguids of syrapy consistency, plastie manases (known as pilie
Lar or solid extracts) and dry powdera (known as powdered
oxtracts). [Bxtracts, me concontrated forms of the drags
from which they are prepared, are uaed in o varioty of solid oy
semisolid donoge forms, The USE statos that pilular ox
tracts and powdered oxtracts of any ona deug aro inter
¢hangeable medicinally, but anch hus its own phartacouwtis
eol pdvantages. Pilular extracts, so-called beciuse they are
of o consisteney to he used in pill magses and made o pills,
are puited eapocially for use I aintmonts wad suppositorios.
Powdered oxtracts arc suitad hottor for incorporation intw a
dry formulation, as in capsules, powders o tablets,  Semi.
Hquid exiracts, or oxtracts of a syrupy consistency, may be
used 0 the manufacture of some pharmacsutical prepaa-
tions.

Most oxtracts arc propared by extracting the drug by
percolation,  The percolate iv concentrated, generally by
distillation under reducod prossure, The use of heat ix
avoided where possible becausa of petentinl injurious effect
on ackive constituents, Pewdered cxtancts which are wade
from drugs that sontain inactive oily or fubty matter may
have to be delattod or prepared (rom defotled drag,  For
dituents that may be used o acjust an extract to prescribed
stamdards, see the LS,

Pure Glyeynrhizg Hxtract USE is an examplo of a pilular
axtiect; Bellndonna Extract USE wnd Hyoseyamun Extract.
PC are examples of powdered extracts (Lhe formenr is pro-
pared also ns n pilular oxtract and the latter ax o liguid
axbinel),
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CHAPTER 84

Parenteral Preparations

Kenneth E Avis, Dic

Emenius Miotossor, Phormoceutics
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Wniversiry of Tennossoe, Memphis
The Health Selence Coarer  «
Memphis, TH 38143

Dosage forms of drugs are designed (o make it possible to
introduce a drug into the hody of a human or animal patienL.
Binco the well-being, or even the Hife, of the patient, may bo
affoctad, the dosnge Torm muat, bo designed and prepared in
o manner intended to promete the safety of Uha patient.
Conearrontly, it is essential that the dogage form compli-
ment. or enhance the therapeutic effectiveness of the drug.

Parenteral (Gk, para enteran = hogide the intesline) is the
route of administration of drugs by injection under or
through one or more layers of the skin or mucous meme.
hranes. Since this route eircumvents these highly efficient
protective barriers of the human body, exceptional purity of
the dosage form must be achieved. The procosses used in
preparing it must embody good manufacturing practicos
that will produce and maintain the required guality of the
product. New developments v process technology andd
guality control should be adopted as soon as their value and
relinhility have boon cstablished as a mesns for further im-
Jaroving the quality of the product.

History®

One of the most significant eventy in the beginnings of
parenteral therapy wag the first rocorded injection of drugs
inio the veing of living animals, in about 1657, by the archi-
teet Bir Christopher Wren. From such a very crude begin-
ning, the technigue for intravenous injection and knowledge
of the implications thereof developed slowly during the next
century and a halt.  In 1855 Dr Alexander Wood of Kdin-
burgh described what was probably the first subeutanacus
injection of drugs for therapeutic purposes using a true hy-
podermic syringe,

The latter half of the 19th century brought inereasing
concern for safety in the administration of parenteral solu.
tions, largely because of the work of Robert Koch and Louls
Pasteur. While Charles Chamberland was developing both
hot-air and steam sterilization technigues and the fizst bae-
terin-rotaining filter (made of unglazed porcelain), Btania-
laus Limnousin was developing w suitable container, the ull-
glass ampul.  In the middle 1920s Dr Florence Seibert pro-
vided proof thot the disturbing chills and fever which often
followed the intravenous injection of deugs was eaused hy
potent products of micrebial growth, pyrogens, which could
Lo oliminated from water by digtillation and from glassware
by heating at elevated tesnporatures,

Of the recent developmaents that have contributed o the
high quulity standards currently sehiovable in the prepara-
tion of parenteral dosage forms, the two that have probably
coniributed most are the development of HEPA-fillored
laminar airflow and the development of membrane microfil-
tration for solutions. The former made it powsible Lo
achicve ultraclean environmental conditions for processing
sterile products, and the latter made it pogsible to remaove
from solutions by filtration both viebie and nonviahle parti-

cles of microbial size and amaller. However, many other

developments in recent, years have produced an Jmpressive

advance in the technology associated with the safe end reli-
alila preparation of parenteral dosege forme,  The following

list identifies o few of the events which have confributed o

that developroani.

1928---Purenternly wore aceepted for inclusion in the filth
odition of the National Formulary.

1933 The practical epplication of freeze.drying Lo ¢linical
materials was accomplished by a team of scientisty at
the University of Pennavivania,

1988—The Food, Drug and Cosmetic Act was passed by
Congress, establishing the Food and Drug Admins-
tration (FDA}L

1944—"T'he sterilant ethylene oxide wae discovered.

1940-—The Parenteral Drug Associntion wos organized.

1961---The concepl of laminar airflow was developod hy WJ
Whitfield.

1662--The DA was suthovized by Congress to establish
current good manufacturing practices (CGMP) regu-
lations,

Sd Dudrich,
197%...The Limulus Ameboeyle Lysate tost for pyrogens in
parenteral products was developed by J1F Cooper.

Administration
Injections may be classified in five general cotegories:

1. Holutions ready for injeetion,

2, Dy, wolable products ready Lo be combined with o solvent just
priar to uke,

3 Suspensiony ready tor injection,

4 Dy, insoluble produeds roady to be combined with u vehicle just
prior by e,

5 BEmulsions,

These injections may be administered by wuch routes as
intravenous, subeutaneous, intradermal, intramusenlar, in-
traarticular god inteathecal. The nature of the product will
deternine the particular route of adrministration that may
be employed. Conversely, the desired route ol administra-
tion will place requirements on the formulation. Fov exam-
ple, suspensions would not be admivistered direetly into the
hlaod stream hecause of the danger of insoluble particles
blocking capillaries. Solutions to be administered subeutn-
neously roquire atrict attention to tonicity adjustment, oth.
erwise irritation of the plentiful supply of norve endings in
this anatomical srea would give rige to proneunced pain.
Injections intended for intraceular, intraspinal, intracister-
nal and intratheen]l ndministration reguire the higheal pori-
ty standards becavee of the sensitivity of nerve tissue to
irritant and toxic substances,

When compared with other dosnge forms, injoetions pos.
uogs delect advantages. 1F immediate physiological action is
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peeded from o drug, it usually can be proavided by the intra.
venous injoction of an agueous solulion,
the formulation or another route of injeetion ean bo used to
slow the onget and proleng the action ol the drog. The
therapoeutic responge of a drug in controlled mora readily by
parentoral administration since the irregularities of intesti-
nal abgorption are circumvented, Also, sinee the drog nor-
mally is administered by a professionally trained permson, it
confidently may be expected that the dose was sctuslly and
acourntely administered, Drugs can be adminiatered paren-
terally when they cannot be given orally because of khe
uncongeious or uneooperative state of the patient, or hecnuse
of insetivation or lack of abworption in the intestingl tract,
Among the dispdvantoges of this dusage form are the re
quirgment of maepais al administealion, Che risk of lissue
woxicity from loeal irritation, the real or paychological pain
factor and the difficulty in correcting an error, should one be
made. In the latter situation, unless a direct pharmacologi-
cal antagonist is immediately available, correction of an er-
ror may be impossible. Ono other disndvaninge is that daily
or frequent administration posey diffieulties, cither for the
patient to visit a professionally trained person or Lo learn to
inject oneself,

Parentoral Combinations

Singe there is a degree of discomfort for the pationt with
each injection, a physicion frequently will seek Lo redues this
by combining more than one drug in one injection, Thia s
epcounterad most commonly when therapeutic agents are
added to large-volume solutions of slecirolytes or putvients,
commonly called 1V additives,” during intravenous admin-
istration. Since these are ayueous solutions, there is & high
potential for chemicnl and physieal interactions. See Chap-
ter 86, The pharmacist is the professional best qualified to
cope with these incompatibilities. However, in the past,
these have been handled largely al the patient’s bedside by
the nurse and physician, Only recently has it baon recog-
nized that this professional area is the proper function of a
pharmacist and has been so slated by the Joint Commission
on Acereditation of Hospitals, b

As pharmacists have agsunied increaging responsibility in
this area, awareness hag developed gradually of the wide-
spread ocourrence of visible, as well as invisible, physical,
chemicnl and therapeutie incompatibilities when certain
druge are combived or added to intravenous fluids,

Phe dovelopment of 4 precipitate or a color change when
proparations are combined s an immedinte warning that an
alteration hag oconrrad.  Such o combination should not. be
administered to the putient beenuse the solid particles moy
oucludae the blood vessels, the therapeutic agent may not he
available for absorption or the drgg imay have boon degraded
into toxic aubstances, Moreover, in other instances,
changes not visually apparenl may have occurred which
could be egually ar more dangerons Lo the welfare of the
patient.

The almost innumerable potential combinations present &
complex sitantion even for the pharmacist, To aid him in
making rapid decisions concerning potential problems, a
number of charts have been compiled haged on the visible
changes that may ba obesrvad when two o1 more preparas
tiong ave combined.  However, the advent of data storage
and relrieval systems using computers has provided a means
to organize aud gain rapid necess readily to such informa-
tion. The value of such information is Mmited by such
factors as Praquent changes 1y commercial products, varia-
tiong in order of mixing or the proportions in the mixture,
dilferonees in concontration of ¢ach ingredient or viriptions
m the peried of time that the combination is held before use.

Modifieation of

As studies have heen andertaken and more information
has been gained, it has been shown that knowladge of vari-
ablo factors sueh as pH and the jonic character of the active
ennatitueniy aids substantially in understandiog and pre-
dicting potential incompatibilities. Kinetic studies of reac-
tion ratea may be used to deseribe or predict the extent of
dugradation, Ultimately, a thorough study should be un-
dertaken of ench therapeutic ogent in combination with oth-
er drags and TV fluidy, not only of generic hut of commercial
praparations, from the physical, chemical and therapeutic
aspedcts,

Ideally, no parenteral combination should be adminis.
tered unlogs it has baen studied thoroughly Lo determine its
effect on the therapeutic value and the safoty of the combi-
nation, However, such ap idenl situation does not and mny
never exist. Therefore, it in the reaponwibility of the phar-
muadciat to be as familiar as possible with the phyaical, chemi-
el and therapeutic aspects of parenteral combinations and
Lo exercise the beat possible judgment as to whether or not
the specific combination extemporancously preseribed is
suitable for use in & patient. A service to pharmacists has
been provided through reviews of this subject.*

General Requirements

An inherent requirement for perenteral preparalions iy
that they be of the vary bost quality and provide the maxi-
mum safely for the patient. Therefore, the pharmacist,
heing responsible for their preparation, must vse his skille
wnd resowrceluliess ol the highest level of efficiency to
nchieve this end, Among the areas regoiring dedicated ate
tention are the following

1. Pogseasion and appliention of high moral wnd professiousl ethices.
Bty the thought of using inferior techmiques or ingredients in o manu-
facturing procesy musl 8ot by comunipend. The proper atlitude of the
pedsan responsible for the preparation of the product is ite mosl vite)
ingredient.

2. "he pharmaseaticnl training received must be usod Lo Uie fulltest
muumjuc:. The chullenges 1o thin knowladge hank will be maoy snd
varied.

1 Specialbwed ehnigues will be vequicsd Tor the manalselure of
wterilo proparations, omploying U with wlortnges ol sound judy-
pitial. Thiose wisd Be subjected Lo continaons eritical roview for faally,
i ek improv 03

4. Ingredients of the bighest qualily oblainable must be vsed, At
Limes, ingroctients may reguire speeisl purifioation beyond thet of the
commercial supply. This normally will require that eost foetors e given
sevond [)]uu‘u i imperion ce,

B The riabilivy and effectivenors of the product must be establisbod
with sulmtnntialing data, either fvem eriginal or published suseos
Ihis musl tahe into aecuund prodess vuriations smd differsnecs i lgre-
dignt kpocifications rom ane production site 1o another

G A well defined @l eonteolled program mast bo eetaiblished 1o
agauve the quality of the praduct and the repetition of valid producetion
procedures,  This tnvolves the evalunlion of all ingredients, vigilant
eontroln of all ateps in tha production pracedures and eareful ovaluudion
of the iniched produet,

Injections or other sterile products rarely are prepared in
the community pharmacy beeause of the lack of adequate
facilities and trained personnel neeessary Lo prepare a rali-
able and safe product.

In some hospital pharmacics injections are prepared from
raw materials for rescarch purpeses or in the early phases of
clinical studies. In most houpital pharmncies aseptic pro-
cossing often is used for adding commercially available par-
enteral drug products o IV solutions for an individual pa-
tlent, Increasingly, hospital phisrmacies or independent
units are dispensing parenterals for the home care of pu-
tients. Since the products dispensed most frequently are Lo
provido the total paranteral sutrition (TT'N) reguirements
of n patient, and thess are excellent nutritional preparations
for microorganisms as well, stricl requiteinents for storility
must be met in preparation and packaging,
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The preparation of the vast majority of injectably prod-
ucts usied elinieally occurs in the highly technolagically ad-
vaneed planty of the pharmacoutical industry. The opera-
tions aro subjoct to the overaite of the Food and Drog Ad-
ministration (FDA) through the application of the Curront
Good Manufacturing Practices {(CGMPs) Regulations.®
These repgulations are discussed more fully in Chaptor 167,
While the oversite by the FIDDA has encournged strongly the
achieving of the essential high quality of parenteruls Loday,
the parenteral industry has taken the leadership and initin-
tive in the wxtengive technological development and im-
provement in tho quality, safety, offectiveness and adminis-
trative proficiency of parenteral desnge forma in recent
YeAry,

Gonerai Process
The preparation of n purenteral product may be consid-
ered to encompanss four general areas as follows:

PARENTERAL PREFARATIONS 1547

1. Procuroment and seloction of U componente mvd contmnets.
2 Production facilitios and proceduron,

4. Control of quulity.

A, Packaging and laboling,

The components of the product to be procured include
vaehicles, solutes, containers and closures. 'Phe stops consti-
tuting production include maintaining facilities and equip-
ment, preparing and controlling the environment, cleaning
the containers and equipment, preparing the produet, filter-
ing the solution, filling containers with the product, sealing
the containers and sterilizing the product. The contral of
quality includes the evaluation of the components, valida-
tion of equipment and processes, determination that the
production has beon executed within prescribed require-
ments, and performance of necessny evaluative tests on the
finished preduct. ‘The final area of packaging and labeling
includes all steps necessury to identify the finished produet
and enclose it in such manner that it is gafely and properly
preparad for sale and delivery to the user,

Components and Containers

Eatablishing specitientions to insure the quality of each of
the componants of an injoction is an cssential first siep,
‘These specifications will he coordinated with the require-
ments of the apecific formulation and necessarily will not be
idontical for a particular component if used in several differ-
ent, formulations,

‘T'he most alringent requiremonts normelly will be encoun-
tered with aqueoud aclutions, particularly if the product is to
be sterilized at an elevatod tamperature whoere reaction rates
will be accelerated greatly. Modification of nquoous vehi.
cles to include a glycol, or replacement with a nonagueouws
vehicle, usnally will radace ronction rates.  Drey proparations
pose relatively few reaction problems but may require defin-
ilive physical specifications for ingredients that musi have
cortnin solution or dispersion charscteristics when g vuhicle
is added.

Containers and closures are in prolonged, intimate eontact
with the product and may relense substances oy remove
ingredients from the product. While not usually considered
a part of a container, administration devices are a part of ¢
container systern and their effect upon the prodact must be
awseaged even though the contaet period i usually brief,

Vehicles

Since most liquid injections are yuite dilute, the compo-
nent present in the highest proportion iy the vehicle, A
vehicle normally has na therapeutic activity and is nontoxic.
However, it is of great importance in the formulation since it
prosents 1o body tissues the form of the active coustituent
for absorption. Absorption normally oecurs most rapidly
and completely when & drug is presented os an sgueous
solution, Modification of the vehicle with water-miscible
liguids or substitution with water-inimiseible lquids nor-
mally decrenses the rate of absorption. Absorption from a
suspension may be affected by such factors as the viscosity
of the vehicle, ity capacity for wetting tho solid particles, the
solubility equilibrium produced by the vehicle and the dis-
tribution eoofficient hetween the vehicle and agqueous hody
syslems.

The vehicle of greatest importance for parenteral prod-
ucls is water, Water of suitable quality for parenteral ad-
ministeation must be prepared either by distillation or by
ravirae oamosis. Only by these means in it possible Lo aspa-
rate adequately various liguid, gos and solid contaminating
subetances {rom water.

Preparation of Waler

In general, a conventional still consists of o boiler (evapo-,

rator) containing raw water (distilland}, a source of heal to
vaporize the water in the evaporator, a headapace above the
lovel of distilland with condensing aurfaces for refluxing the
vapor and thereby returning nonvolatile impurities 1o 1he
distilland, a means lor eliminating volatile impurities bhefore
the hot water vapor is condensed and a condenser for remov-
ing the heat of vaporization, thereby converting the water
vapor Lo o liquid distillate.

The specific construction features of a still and the process
specifications markedly will affect the guality of distillate
obtained from a still. ‘These required for producing high-
purity water, such ap Water for Injection USP (WFI), must
be considerably more stringont thow those required for Puri.
figd Water USP, Among the (actors that must be consid.
erod are:

1. The guality of the ruw water will affect the guality of the distillate,
It may be necessary that the raw water be firet softend, deionined vr
Lrented by reverse osmiasis to obitain n finnl distillate of adoguate quality.

2. ‘The size of the evaparator will affect the efflelency, L should b
lurge enough to provido o low vapoer vetodity, this roducing the enteain.
ment of tho distilland either as & film on vopor bubbles or ws separite
droplots.

3, The baffles (condensing sarfaces) determine the effoctivencss of
refluxing. They should be designed to romove officiently the enteain-
mant al. optimal vapor velocity, collecting and returning the heavier
droplets contaminated with the distiltand,

4, Redigrolving volatile impurition o the distillate redueus its purity,
Therefore, they uhould be separated officiontly from the hat water vapor
and oliminated by sepirating them (o the drain or venting (hen to the
atmosphere.

5. Contamination of the vapor and distillate from the metal parts of
the atill cun o¢eur. Presont standards for bigh-purity stills are that all
purly contacted by the vapor ov distillate should bo construeted of mutal
coulod wilh pure tin, 304 or 316 stadbloss sterl or chiemically renisant.
i,

‘I'he design features of a still also influence ite efficiency of
operation, relative freedom from maintenance problems or
oxtont of automatic operation. Stills may be constructed of
varying size, rated according to the volume of distillate that
enn be produced per hour of operation under optimum con-
ditions, Only stills designed to produce high-purity water
may be considered for use in the production of WIL

Conventionnl commaercial stills designed for the produe-
tion of high-purity water, such as shown in Fig §4-1, are
available from severnl suppliors (AMSCO, Harnstead, Cors
ning, Finn- Aqua, Vaponies).
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Fig 04-1. High-purlty st and sealed woter-storage system, A
avaporator; A:  high-purity baflle wnity € condensar, D stornge
tank whh ultravigiet tamp; £ cantrol panel (courtesy, Clba-Gaigy).

Comprossion Distillation--The vapor-compression
atil], primarily designed fur the production of Lurge volumes
of high-purity distillate with low consumption of encergy and
water, i# illugtrated diagrammatically in Fig 84-2, To start,
the feed waler is heated in the evaporator o boiling. The
vapor produced in the tubes is separsted from the entrained
digtilland in the separator and conveved to o compressor
which compresses the vapor und raises its temperature to
approximately 224°T. Tt then flows to the steam chest
where it condensos on the outer surfaces of the tubes con-
taining the digtilland; theveby the vapor is condenscd and
drnwn off as o distillate while giving up its heat to bring the
distilland in the tuhes to the boiling point.

Vapor-compression stills are available in eapacities from
50 Lo 2800 gal/hir (Agua Chem, Barnstead, Meco).

Multiple-Effect Stilly-—The multiple-effect atill also is
denigned to congerve enorgy and water uaage.  In principle,

A A LT L]
TN DGR E TG LIt
LEAIRVAT X 2T hiE

Fig 84-2,  Vapor-compression stlll,

il s simply & series of single~eftect stills running at diflering
pressures, A series of up to seven effectd may be used, with
the firat ei'fect operated at the highest pressure and the Jast
effect al abmospheric pressure, Stesm from an externsl
gource v used in the first effect to gonerate stewmn under
pressure from raw water; ik is used au the power source to
drive the second effect. The steam used Lo drive the second
offect condenses ns il gives up ils heat of vaporization and
forms a distillate. This process continues until the last
cffect when the steam is al atmospheric prossure end must
bo condensed in 4 heat exchanger.

The capaeity of a multipleseffect siill can bo incrensed by
adding offects.  The quality of the distillate also will be
affectad by the ivlet stepm pressure; thus, a 800-gat/hr unit
designod 1o operate at 116 paig stoam pressure could be run
atappoximately 5% psig and would deliver about 400 gal/he.,
These stills have no moving parts ond operate quietly. Thay
are available in eapacities from ahoul 50 to 7000 gul/hr
(AMSCO, Barastead, FinneAgua, Yaponics).

Reverse Opmaosis—everse osmosis has been added by
the USE ag a method suitalle for prepaving WEL - As the
name suggests, the natural process of selective pormeation of
moleculos through n semipermeable membrane soporating
two agueans solutions of differont concentrations is re.
versed, Proggure, usually hetween 200 and 400 psig, s ap-
phied to overcome osmotic pressure and force pure water io
permeate through the membrane. Membranes, usually
composed of cellulose esters or polyamides, are selected Lo
provide an efficient rejection of contaminant molpeules in
raw water, ‘The molecuies most diffieult to remove are small
inorganic ones such ag sodium chloride. Passage throtgh
{we membranes in geries is sometimes usod to increase the
eflicioncy of removal of these small molecules and Lo de-
cranso the risk of structural failure of 1 mombrane Lo rémove
other contaminants, such as bacterin and pyrogens. For
additional information, see Reverse Osmosis in Chapter 77
(including Fig 77-14) and Water in Chaplers 86 and 83,

Currently, extensive validation is contiming to determine
whether, in fact, this melhod is capable of conuistontly pro-
ducing high-purity water of o quality equal of anperior to
that producible by distitlation. Reverse osmosis aystems
are availoble in o range of production sines, (AMSCO, Agua-
Chem, Finn-Aque, Meco, Millipara, ete).

Watar for Injection [I8P°

"1'his i4 a highpurity water intendod Lo bo used as & vehicle
forinjectable preparations. Sterile Water for Injection L5
{SWFI) is dencribod in a separate monograph and differs in
Uhat it is intended as a packaged and sterilized produoct.

Btorage—-If WII canmot be used immediately after it is
produced, the USP permits storage ot room tempernture for
a period not exceeding 24 hy or for Jonger periods at o tem-
perature too high or too low for micrebial growth to occur.
Therefore, WIT usually is collected directly from the re-
verse-oamosiz unit or a atill in a closed system designed to
prevent recontamination of the water and to hold it at a
congtant temperature of 60 to 80°C. The system may range
from o relatively small single storage tank with a drawoff
spout, (Mg 84.1) to o very large system holding several thou-
sandd gatlons of water. The siainless-steel tank in auch a
syslemn waunlly is connected Lo o welded stainless-steal dis-
tribnition laop supplying the various use gites with & conlinu.
ously cireulating water supply. ‘The tank is provided with a
hydrophahic meinbrane vent filler capable of excluding bac-
terin and nonvinble particulate matter. Such o venl (ilter i
pécemanty Lo permit changen in pressure during filling and
emptying. The construction material for the tank snd con
nocting lines is usually olectropolished 3181, atainloss wieel
with heliare welded pipa. The tanks also may be lined with

FRESENIUS EXHIBIT 1013
Page 357 of 408



tlass or A coating of pure tin, Such systems are very careful.
Iy designed and constructed and often constitute the most
costly instollation within the plant.

When the water cunnol be veed at 80°, heat exchangers
must be installed to reduce the lemperature al the point of
use, Bacterial retentive filters should not be installed in
guch systems becauwe of the risk of bacterial buildup on the
filters and the consequential relenas of pyrogenic sub-
stances,

Purity—The USP monographs provide standards of pu-
rity for Wil and SWEFL A few of theae standards requiro
comment,

SWFI mmust meel the requirements of the USE Sterility
Test, but W noed not sinee it s (o be ured in g product
which will e sterilized. Boll must moeot the reguirenients
of the USP Pyrogen Tast (page 4192),

The limits for total solid varigs in the two manography,
The larger the surface aren of the glass container per anit
volume of water, the greater the amount of glnss constituents
that may be Jeached into the water, particularly during the
olevated temperature of steam sterilization.

The WFL monograph stipulates o maximum of 10 pym of
total solids, 'Thiv is generally considered to be much too
high to assure a quality of water that permite the siable
formulation of many drugs. A relatively few metallic ions
present often ¢an rescler o formulation unstable, There-

Jore, it s common practice 1o set & limit of 0.1 ppm or less of

ionic contaminants expressed as sodium chloride.

lonie contaminant level is not the same as total solids; the
former s a mensuro of only the ionic content, while the lutter
is & measure of the undissnciated constituents as well. The
ionic content of water can Lo mensured vory easily by moans
of & conductivity metar which {requontly is uaed ag an indi-
cator of the purity. The resolts are exprassed in one of three
torme: as sodium chioride ious, as resiatance in ohms or
megolimns or as conductance ip migrombos.  Ohms and mhos
have a reciprocal relationship Lo each othor, but they are
related Lo ppm sodium chloride by up experimentally deter-
mingd curve. To give one point of corspariaot, 0.1 ppm
sndiura chloride s equal to approximately 1.01 megohms
and (.49 micromhos, Tt showld be mentionad that condue-
tivily monsurements give no direct indication of pyrogon
conlent, since pyvogens are undissaciated organie com-
pounds.

WI' may not contain an added substance, SWFL may
contain a bacteriostatic ngent when in containers of 30-ml.
capacity or lesa.  This vestriction is designed to prevent the
administration of a large quantity of a bacteriostatic agent
that probably would be toxic in the accumulated amount of a
large volume of sclution, even though the concentration was
low,

‘Types of Vehicles

Aqueous Vehicles—Cerlain agueous vehicles are recog-
nized officially becawse of their valid use in parenterals.
Often they are used o jsotonic veliclas to which a drug may
he added ot the time of adminiatration, 1he additienal
osmotic effect of the drug may not be enough to produce any
discomfort when administered. Thess vehicles inchudo So.
divm Chloride Injection, Ringer's Injaction, Dextrose Injec-
tion, Dextrose and Sodium Chioride Injection and Lactated
Ringer's Injection.

Water-Miscilsle Vehiclen—A number of golventis that
ure miscibin with wator have been vwed ag 8 portion of the
vehicle in the formulstion of parentarals. Theas solvents
are used primarily o offoet the solubility of certain drugs
and to reduee hydrolysis. The most important solvents in
thin group are ethyl aleohol, polyethylene glyeol of the liguid
series and propylene glycol, ISthyl aleohol is used particu-
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lazly in the preperation of solutions of cardiae glycosides and
the glycols in solutions of barbiturates, certain alkaloids and
certain antibioticn. Such preparations usually are given in-
tramuscularly,

These solvents, as well sy nonegueous vehicles, have hoen
reviewed by Spisgel and Nosuworthy.d

Nonagueous Vihiclos.-The most important group of
nonagqueocus vehicles ape the fixed oils, The USP provides
specilications fur such vehicles, indicating that the fixed oila
mugt be of vegetalle origin go thut they will be metubolized,
will be liquid at soom temperaturs and will not become
runeid voadily. The USP also specifios limits for the degree
of unsaturation and free fatty acid content. The oils most
cormmaonly used are ¢orn oil, coltonseed oil, peanut oil and
sosame oil, It should be noted that the official menographs
for some of these oils provide for gronter Jatitude than the
specifications required for the use of the il as a vehicle for &
parenleral,

Fixed oilv are osed particulnrly ng vehicles for certain
hormosne prepurations.  These and other nonagueous vehi-
cles, such as ethyl vleate, isopropyl myristale, and benzyl
henzoate, may he usad provided they arve safe in the volume
administered and do not interfere with the therapeutic offi-
eacy of the prepavation or with ite response Lo preseribod
sapays and tests. The label also must state the name of the
vehicke go Lthat the user may beware in ciase of known songi-
Livity o sther reactions Lo it.

Solutes

The requirements for purity of the medicinal compound
used in an injection ofton make it necessary to undertuke
special purification of the usual chemical grade available.
In a fow instances, 8 special paventeral grade of a compound
is avedlable, for example, ascorbie acid freed from afl tracos
of copper contamination. As a general rule, the best chemi-
cal grade obtainable should be used. It should be obvious
that if a few ppm of jonic comtaminanis in WFL may cause
stabilily problemns, a similar level of contanination in the
solute itaelf may, likewise, cavse stability problems, Metal-
lic eotalysis of chemical reactions is eme which is encoun-
frered froquently,

OLher factors to be considered with respect to the qualily
of solutes include the lovel of microbind nud pyrogenic con-
tamination, solubility characteristios as determined by the
chemieat or physieal form of the compound and (roedom
{rom gross dirt.

Addod Bubstances—The USP includes in this categery
all substances added to a preporation Lo improve or safe-
guard ts quality. An added substance may

Tffeet solulility, o8 dows sodimm bongoste in Caffeine and Swdivm
Benzonte Injoction,

Trovide patient comfort, as tho subslanees uchled to madic asolution
igwtonie . ;

Janbunee the chemical atability of o solution, ve do anlinxidants, inert
grineun, choliting syents and bulloes ; i

Proserve a proparuation mgainst the growlls of micreorganisms, l.he
Lerm " prosorvadive” sometimes ik applied only fo U rubstances wlich
srevent tha growth of microorganizime i) o preparution.  However, such
imitod wey s dapproprlade, boing bovter aeed for all subslagees Bl gl
1o vetavd or prevont the chemical, physical ce Iiologhad degradation of &
preparalion,

While ndded substances may prevent a cerlain reaction
from Laking place, they may induce others.  Not ouly may
vigible incompalibilities occur, hul hydrolysia, complex-
ation, madation and other invisible reactions may decom-
pose or obherwise inactivate the therapeutic agent. There-
fore, ndded substances must be selected with due consider-
aidon and investigation of ther offect on (he total formula-
tion.
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Antimicrobial Agents.-The US1 states that antimicro-
bial agonta in bacteriostatic or fungistatic concentrations
maet he added to preparations contained in multiple-dose
coptainers, They must be present in adequate concontras
tion at the time of use Lo prevent. the multiplication of
microorpganisms inadvertently introduced into the propara.
tion while withdrawing a portion of the contents with o
hypodermic neodle and syringe. Among the compounds
most (raguently employed, with the concentration hi it pres
geribod by the USE, are:

Phasyhmercurie nitrate nned thimerosal 0.01%.
Benzethoniom chiloride and henwaliconivm chloeide 0.01%.
Thenol or cresol O.0%.

Chlorobulannl 0.06%.

The above limil is rarely used for phonylmercuric nitrate,
most frequently boing cmployed in s concontration of
0.002%. Moathyl p-hydroxybenzoate 0.18% and propyl p-
hydroxyhenzoate 0.02% in combination, and beneyl aleohol
9% wiso sre used frequently,  Inoleaginous preparations, no
antibacierial agent commonly employed appeirs to be affec.
tive. MHowever, it hag heen roported that hesylresorcinol
0.5% snd phenylmercuric benzoate 0.1% are moderately bac-
tericidal.

Antimicrobial agenis must be studied with respect to com-
patibility with all other components of the formula, Tn
addition, their activity must be evaluated in the total formu-
la. It is not wneommon Lo find that a parlicular sgent will be
effective in one formulation but ineffective in another, This
may be due to the elfeet of vazious components of Lhe formu-
la on the biological activity or availability of the compound;
fer example, the binding and inactivation of esters of p-
hyd roxybenzoic acid by macramolocules such as Pelysorbale
80 or the reduction of phenyimercuric nitrate by sulfide
residues in rubber closures, A physical reaction engoun-
tered is that bacteriostatic pgents sometimes are rermoved
from solution by rabber elosures.

Buffors are used primarily to stubitize o solution aguinat
the chemical dorradation thas might vecar if the pF changes
oppreciably.  Buffer systems employed should normally
have gg low 5 buffer capacity sa lessible in order not to
disturb significantly the body buffar systems when injected.
Tn addition, the buffer range and offect on the activity of the
produet muat. be evaloated cavefully. The acid slts mosl
frequently employed ag huffers are citrates, acetates and
phosphates,

Antioxidants are required frequently to preserve prod-
vets because of the tase with which marty drugs ave oxidized,
Sodium bisulfite 0.1% iz used most frequently. The use of
sulfites has been roviewad by Schroeter’. Acetone sodiwm
bisulfite, sodium formaldehyde gulfoxylate and thiourea
also are wsed sometimes. The sodium salt of ethylenedi-
aminetetrancetic acid has been found to enhanee the aetivity
of antioxidants in some cases, appavently by chelating me-
tallic ions that would otherwise eatalyze the oxidation roac.
Lo,

Pyrogens

Pyrogens may be mnlicipated contaminants in crude
drugs, such an nniibiotics produced by fermentation, or they
may he present as umexpeeted and unwanted contaminants
in o finished product as n result of inadvertent contamina.
tion during processing, The former must bo eliminated
during the purifieation steps of the drog. "The latter can be
oliminated best by preventing their introduction or develop.
tent during the process. In general, the prosence of pyro-
geng in a finished produet is indientive of prepaeation under
{nadequately controlled clean conditions,

Pyrogens cause g febrile ronction in human beings, Other

symptoms {include chills, pains in the back and legs and
malaigs, While pyrogens are rarely (atal, thoy produce sig-
nificant. discomfort for the patient. On the other hand,
pyrogens have been shown to induee o general nonspecific
rosistance to microorganisms and, on this basis, have been
uded therapeutically. Recent findings indicate that bacteri-
al pyrogens, when introduced into the body, stimulate the
production of an endogenous (leukocytic) pyrogen that
enusen the Mmiliar physiological reaponsoes,

Pyrogona ave products of the growth of mieroorgonisms,
The most potent pyrogenic substances are produced by
Gram-nagative hacterin (endotoxing), but. Gram-positive
laetaria and fungi also produce pyrogenic substanceos of loss-
er potency. Chemiently ondotoxing have been shown to be a
phospholipid attached to a polysaceharide carrier.

Pyrogens can be destroyed by heating at high tempera-
tures, The recommendad procedure for depyrogenation of
glassware and equipment. is haating at a inmperature of 250°
for 45 min. 1t has been reported that 630° for 1 min or TBO¢
for 4 hr liliewise will deatroy pyrogens, The usaal autocloe.
ing cyele will not dovso,  Henting with strong allali or oxidia.
ing soluticns will destroy pyrogens. It hos boen claimad that
thorough washing with detergent will render glasswure pyro.
gen-free if protected during manufacture and storage from
hesvy pyrogenic contamination. Likewise, plastic contain-
ey and devicos must be protected (rom pyrogenic contami-
pation during manufacture and storage since known ways Lo
destruy pyrogoens will affect the plastic adversely. 1t haw
heen reported that anion-exchange resing will adeorb pyro-
gens from water and reverse osmosls will eliminate them,
However, the most reliable method for their elimination
from water i distillation.

A moethod that has been used for the removal of pyrogens
from solutions is adeorption on adsorptive agents.  Howev.
ar, since Lhe adsorption phenomenon alde may eause selue.
tive removal of ¢chemical substances from (he solulion and
the filrute may be contaminalod with the agent, this meth.
o has limited application.  Qther in-process wethads for
their destruction or elimination include aelective extraction
srocedures and careful heating with dilute alkali, dilute neid
or mild oxidizing agents. In ench instance, the method must,
be studied thoroughly to be syre it will not have an adveras
offcet on the constituents of the product. New develop-
ments in ultrafiliration now make possible pyrogen separi-
tion on o melecular weight hagis and the process of tangen-
tinl flow increasingly is inaking Jurgo-scale processing o reali-

¥+

Sources of Pyrogens—Pyrogens may onter a prepara-
tion by any means that will introduce living or dead microor-
ganisma. Perhaps the greatest potential souree of such con-
tamination is the water used in processing, Although prop-
er distillation will provide pyrogen-free water, storage
conditions must be such that microorganisms are not intro-
duced and subseqgiient growth is prevented,

Another potential souree of contamination is equipment,
Pyrogenic materinls adhore alrongly to glass and other sur-
faces. Residues of solutions in used equipment ofley ho-
come bacterial cultures with subsequent pyrogenie contami-
nation, Even washed equipment. loft wet and exposed to Uhe
atmoephore may contain sufficient nutrients for microor-
ganiam yrowth, Since drying dows notl destroy pycogens,
thay may temain in equipment for lang periods.  Adequata
washing greatly will redoce and subaequent dry-heat treat-
moent will render contmminated equipment suitable for wse,

The solute may be a source of pyrogens. Solutes may be
erystallized or precipitated from aqueous liquida containing
pyrogenic contamination. Ly the process, pyrogens may ho
trapped within the particlo layers, In such cases the seluto
must be purified by recryatallization, precipitate washing or
other menns of eliminating pyrogens.
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The manufacturing process must be carriod oul with groat
care and as rapidly s possible to minimize the risk of micro-
bial contamination, Prefsrably, nonore produet should he
prepared than can he processed completely within one work-
ing day, including stevilization.

Containers

Containers are an integral part of the formulation of an
injection and may be considered a component, for thers isno
container that is totally inscluble or does not in some way
affect the liquid it contains, particularly if the liguid is
nqguoous, Therefore, the selection of a container for 4 par-
tlenlar injection must be based on p conalderation of the
composition of the container, ag wull us of the solution, and
the treatrent to which it will be subjectad.

Table 1 provides a generalized comparinon of the three
compatibility propestios-- leaching, permontion and adaorp-
tion~-of container materials most likely o be involvad in the
formulation of aqueous parenterals, Parther, the integrity
of the container/closure syatom depends upan a serics of
charaetovisties which determine the effectivengss with
which it achieves ita role. These considerations have hoen
reviewad by Morlon.®

Mustie

Thermoplastic polymers have heen establivhed ag packay-
ing matoriala (or sterile preparations such as large-volume
porenterals, ophthalmic selutions ond, meressingly, for
sthall-velume parenterals,  For such use to be acveptable n
thorough anderstanding of the characteristics, potential
problems aud advantages for use must be developed. One
thorough review of these factors relotive to pharmaceuticnls
b been prepared by Autinn” He stated that three princi-
pal problem aregs exist in using these materialy namely,
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1, Pormostion of vapors and other moleculon in oither direction
thvough the watl of the plastic condajner.

2. Laonehing of conetituents fram the plastic inle the produet.,

A Sorplion (obsorption sad/or adsoeption} of drog molecaien or jong
0 the plastic yatatial,

Fermeation, the maost extensive problom, may be trouble-
somo by permitting volatile constituents or selected drug
molocules to migente through the wall of the container to the
outside and tharehy be lost. The reverse of this alse may
aceur by which oxygen or other molecules may permente Lo
the inside of the oomtginer and cause oxidative or other
degradation of suscepible constituents, Leaching may bea
problem when certain constituents of the plastic material
migrate into the praduct. 'Thia potential problem often may
e controlled hy careful formelation of the polymer mixture
with & minimum of additives. Sorplion scems bo be o limit-
ed probliem in the packaging of parenterals and is found
mort commonly in assoviation with polyamides such as ny-
lon,

Ona of the principal advantagea of using plastic packaging
matorials v that they nve not breakeble os is glass; also, there
iy substantial weight reduetion. ‘Ihe flexibility of the low-
dunsity polyethylene polymer, for ophthalmic preparations,
mukeys it possible to squoeezn the side wall of the container
and discharge one or more dropy without introducing con-
tamination into the remainder of the product. The {lexible
bags of polyviny! chloride or selact polyolefing, eurrently in
use for large-volume intravenous fhuids, have the added ad-
vantage that no air interchange is required; the flexible wall
simply collapses s the solution flows out of tho bag.

Most plastic materinls have the disadvantage that they are
not na clear as glass and, therefore, ingpection of the contents
inimpeded. Innddition, many of these materials will soften
or melt under the conditions of thormal sterilization, How-
aver, carelul selection of the plastic used and control of the
autoclave cyele g made thermal stevilivation of some prod-
uets possible, large-volume parenterals in particudar,  Buh-

Table I—Comparative Compatibility Proportios of Container Matarlals

Lonehing Parmodton
Adeorlon
Potanitgl Patential {einstive)
Extant” l.anchablen Byt Agarnity Exiom?
(Gilany
Borosilicate 1 Alktaline aarth and 0 N/A 2
Twavy motal wxicen
Soda-linme L} Alkahine earth and 0 N/A 2
henvy wetal axidas
Plaatic Polymers
Polyethylene
Laow density 2 Plagticizers, i} CGapen, water vapor, P
antioxidants nther moleculos
High donsity 1 Antioxidants 4 Gurgs, waler vapor, 4
ather molacules
Pye 4 HC, espaciolly plas- i (inney, eapocially 2
ticizera, antioxi- water wapor and
dunts, ol stilie athor molerulos
lizors
Pulyslefing 2 Antioxidanty 2 Crauen, witer vupor, 4
other molecuies
Polypropylene ) Antioxidnnts, 4 Tk, water vapor 1
Jubricants
Rubhoer ¥olymers
Natural and b Haavy motal sulls, 3 Cravos, waler vapor ]
relnted synthetic Tuligicanls, Fodue :
ing agenls )
Butyl 3 Heavy moetal salls, H Cinsey, witler vapor 2
lubricunts, yodue:
ing ngenty
Silicone < Minimal 5 Chinsoy, watar vapor 1

* Appprogimate gealo of 1o fowith 1" an Lhe lowest.

FRESENIUS EXHIBIT 1013
Page 360 of 408






