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t.lrn i1oh1l~!H pr~»,t•:nt., nr u11 one th:\~ m11hitt1illH nt. lenllt, on1i 
$Olutc C'.OtH:c,ntm1:ion 1:rndim1t 1tcm1:11:1 i1;;olf. Oinno~is, (.hem, 
iii tlu! ciiff'liHioo ill' wol.cr l.11rm11(h v mt1mhr1111ct t.hnt, mnintnins 
11t lc!Ol!t, ono 1ml11\.o c<mccnl,r11Li1111 !{1'11dient. 11crnKs it.11clf. 

AHK111110 o 8nlutfon A on 0111: nid,1 of 1.h<: memhrmw, nmJ 11 
Solut.ion B of tho l,lllmr. Kolu!A: b11t. or ,1 higlwr cm1~'.,!J11.1'11lfo11 
on thc ot.her ~icfo, t,hr. ~olvc!lll, \Viii tom] Lo p11s11 into l,hll 111(,r<, 
<">JlC(>)l(,t(tl.C1d nolutfon unLil c>.quilihrium hull bcM 111:1li1h
lh1hecL 'l'hci prc:,i:uu·e l'cquired l.o 1m:vont. U1i!i movu1ncnL h; 
t,hc os11'1(1l:ic 1n·o11sm·o. lt is d<ll'ill()d 1.\ll the cxc•~~s prel:ll:l11t(1, rn· 
pr<>s:mr\! ,;rMto1· than Lhnt uhovo the purn ~olvc?nl,, whh:h 
must be n1>J)lh\d tel Solution B Lo pn)v(1llt Plll!l!Ogc o{ t.l<.•lv<mt 
through n perfect 1:ll!mipc:rmenble memhnmo from A to J3, 
'l'h0 conceutrntion ,,f 11 "olution wit.l1 n•~1>cict io effect. on 
,,11motk 1>1·ossur<1 ii; r(!lnt.cd Lo the 11wnbol' of pnrticle!:1 
(unionilr.od mok~r.Ul(!I:\, i()n11, m11cromoleculc11, n11t11·cgntcs) ,lf 
1;1vh1(.(1(,;) in solut:ion mid thu11 is nffcctcd by th4' d1,l(l'CO of 
io11i:,,;11lion 01· nggregl\l:ion of tho 11olutc;. Sec ChapLcir l.(l fol' 
revi(!W of <:<,lliw1tive pro1>m'ti1i~ of .:1)lutiorn1. 

B()dy Ovid11, including blo<>d imd lticl'imnl fluid, 1wr1MIIY 
huvc m1 rn,mof.ie 1mi8surc which vft,tm iii clm;<:l'ibed 111;1 (;c.1J·t0· 
i.pmHli1111 t.,, U111t. elf ,t (>.~% 11oh.1 ~ioo ,.,f !\Odium chloride. 'l'hC! 
body ul1;10 t,1t.l,1;mpl.ll to lrn<~JJ t.111! ,,1:1rn0Li,1 prnsm1rn of thc, \'.Oil· 

t:entn of l:h,.,, g,,1H(.rnint~i:it.in11I (J•uct. 11(. 1.1br'n1I. f.hiR level, lmt·. 
there l,h<~ norn111I rnngo is mud, wi1kn: ~han Lh11tofmo:it body 
fluidll. Tlw O.H% :IO<lium d1J11rid1• H1,,l11ti,111 is !111 i<l t~> bu 
isoasmoti.,: wit.h phygiolo1iicnl fluidt1. 'l'hc L111·m isot1Jn£c;, 
meaning eq111tl l,(rn(l, is in nw.dic11I 1.u:1i1tt(1 <;<irnmonly used 
intorchnn[{eably with il'loo~motic. However, i<:rm11 1mcb nt1 
isotonic nnd t.onidty 1:1hollld be used only with rnl'cmmcc t~, n 
phy&iologic fh1Jd , hookmotic nct:mllly it1 !l phy1<ico.l term 
which com pure~ ~h,i o~moiic pres:mn1 (or ttnOl,her colligntiv{\ 
property, such 111:1 fr(i<Jv.ing-point dcpre~l:lic\U) of two liquids, 
noit.hor of which n,uy boo. physiological fluld, or which mny 
b11 o phy11iologi<:1~l llohl only under ccrt.nin circu111»t1rn<:I).'\, 
T•'c1l' exnmplc, u solulfol\ oi' hol'ic acid thnt is ii;oo~motic wit.h 
l)()l,h bl(lod nnd lncrimal nuid 11< i11ot.onic only with 1.ho loeri• 
m11l r111id. T his Holut.i.ou cnu><os homoly;;b of tt\d blood coll,.; 
b1ic1ws1: molcculc!i; of hori<: acid pnss freely 1.hro1J1,:h t.ho 
(iryt.hrncyl:11 mcmbnurn rtiglilrdlc.w; of concenl,rat.i(>Jl, 'l"h1u1, 
i11ot.onidty h1fe1·11 u 1,eui;e of phy11iologic comp11tibilit,y whorci 
i.H(u)i,mot.icity nmid ,wt.. A1;11\JW\,hc,r c,xmnplii, n "ch1:111iMll:y 
<fofinHd oltimcntnl diet." 0 1' e111.,m1I nut.riU01111l fluid cn11 be 
ii;oo~motic with the conl,<.\nts of the 1rn:;t1·oink:1U11ul 1.mc.:t., 
but, would nol he wm1id<in~d ,, phy11iolnr{ic11l fluid, or ij\li\.11bk 
for Plll'<mternl mu,. 

A l:ll)h.11.ion is isotm1ic with a Jiving <mil if llumi iii no <11!,t 
gilin (11' 101:1~ of woter by the er.II, or <)thot· chnngc in thti cell 
whv.11 it i11 in C()ntuc~ with thi,t, ,;oluti()n. Physiolo1iic 1:1olu· 
tio111;1 with 1111 01nnotic prcssul't! lowtit• 1,h,m tl111t of b(1dy J'l\l · 
idr;, cu· of 0.9% aoclium chloride 1;oh1tio11, oro 1·cforn1cl \.(l 
commo11ly 1111 boing ltypol:cmi(;. Phyiiiolo,:iicnl nolutiorn, h11v
inl{ 11 gro,nti1· osmot.ic prcs:mrc ure t.(!Ylll(id h)1perlo11ic. 

Such qu11Ht11iivi1 Lorms urc of limiLud voluc, Mel it, hm1 
beC(\lllC ne<:1li1$MY t(> >';t,nte 011moti<: prop~1.rti<ill in qu,mtlto.tive 
tet11111. 'l'o do 110, ,t t.orn1 mu~t be uHecl t.l1«t will ro1,>rcllcnt. 111l 
the p1irticlc11 whid1 mny he tHesent ln a giv(m 1:<y~!R.m. The 
tcl'JJI \laod is c1s1nol. An omnol ill defined H8 the wc:ight, i11 
Kl'llms, of 11 tiolut.c, cxh,Ung in o 11oluLio111\ll 1:0uleculc.1J1 (nnd/or 
ions, macromolccukis, o.gr,reigntos, etc), whic:h i$ 111,motic111ly 
oquiv11kini to 11 mole of an i<loolly bchuvlnti 1ionoll!ctroly tc:. 
'J'huK, U1ti omnol-wcight of ti nouelc:ct:rolyt.r., i11 ,1 dilute 11olt1•• 
t:ion, gcmirnll:, il'i <iquul \,IJ ik• 11r111n·nwle(;\1h1r-woit{ht. /\ 
millim•mol, nbhf<ivinted 111O~m. ill Um wciy.ht: 1:1tutci1I in milli• 
1:1·tum1. 

If one e;,;,t.rnpol,1l(:ll l,hiK co111)cpt of r~1lu~i11i; 11n ()ijmol oncl n 
mole of u nm1(!l(1drolyt.c1 1111 h11inl{ ct111iv11lonl1 Ll11111 one nlso 
may defi11e nn o~mol in thu followi 111~ way~. rt i,:; the.\ 11mount. 
of l!olut.ci which will providu 1m<i Avog11<11·0'1:< numbc,1· ((1.02 X 
102:1) ()f 1>t1rl:idou in solution 1111d it iii t.Jw 11mo\111\, of 1:<ol.\1(,t! 

which, on di~~()h1lion in I. kg of wt•ter, will 1·1i1111ll in 1111 
osmoli(; prc,~l{\lr!I incromie of 22.-1 a(,mo1:1p hcir(,11, 'l'hir; i11 <fc .. 
l'ivud from Lhr. l;'M cqu1.1Lion, PV = nH.'l', 11,:;,;uming id(:o.l 
cCJ)1di~io1111 ,md iit1rnd1ll'<i l.c:m1>11r11tur<i of o•. 'l'his is oquivR
lun\, l,11 ,111 im:rn,tse of l'l ,000 IJ»T m· l !l,:l()O tori· 11t. :!7°. On<i 
m01.1)t1ol ill ono-thom11rndth of 1111 01:111101. l~ol' mrnmplc, l 
mole of ,mhyclr<lUI.I d<ixL1·o~e is cq\111) l:o l.!:IO g. Ono Omnol of 
tJ)iK non(!l(lc:trolytc is 111!m J.80 K, One mOamol W<mld be 180 
m11, Th\11J l80mg-oftJ1iM1Jolut.edisHolvodin I kgofwotenvill 
produ('.(i 011 in<:1·011sc in o:unotic 1m.1~1:1urc of 19.3 torr at body 
tmnper11t\n·e. 

f<>r a e<•l\11,i(m of nil electrolyte such us sodium chl()ridc, 
one 1110l.eculll of ~odium chloride repteaent~ one 1;(11lium nnd 
one chlor.ide i(m. Honco, one mole will reprellellt,?. <,umol11 of 
sodium (:hlorido l.hool'ctically. Accordingly, l m,mol N11Cl "' 
58.51t/?. 01· 29.25 g. 'J'hill qu1mtity reprcij\!lltl.l the, 1;1\11n tolill of 
6.02 X 10n i()n~ M t.h<, totul number of 1mrtide~. ld<-ml 
i!OlutiomJ iufor vlll'Y di111Lc ~olutions OJ' infinit.e dih,ti1m. 
Hownver, nil th(: c1)11conf.rntio11 is incrca~cd, ol:luir fuc:l,cir;; 
enlor. With t4tron1: d1!1'.t1·olyto:,, intl\rionic 11U,1·iwtfon C}Hll:l(!11 
11 clocrr.osc in t.l1<iir <iffccit. <,m eolligntivo p ropcrt.iut<. In ncldi
tfon, mu\ in 01>p11~itfon, for 11ll ilofnt(!:., incluclinr, nonelc,c\.t0• 
lyt<!fl, 1;11lv11tion und J)o~sibly of.t\l}r footors opC\1·111'.c to in te1111i· 
fy thdr <:olligotivc effect:. Therl/.for.o, it i$ vo1·y diffic11lt and 
oft:cn imJ)O$lliblc to 1>1:edict. 11cc:\ll'8l,(!ly the oMmotidty of a 
>.1ol\1t.ioi1. It mny be posKible. t:11 do so for II dilntc 1;oluti()n of a 
11iuKle, pw·c iHHI wcll-chnrnctcri7,cd tl())\11,ci, but not for moist 
p11nmt(m)l ,rnd ontorol medicinnl :iml/or 111,1,ritionol fluids; 
cxpcl'itn<mtul dct(lrminflf.ion likely•~ t'e(l\1ir1id. 

Osmolallty and Osmolarlty 

II. i8 11"1:eJ!l!Ury to use severnl addi~ioMl l.<mns to dcfiJll:! 
cxpre31.1foll$ c,f conccmtrntion in refloctii\fl lht oi;moticit.y of 
solutiom!. T ho t(!l'tnB h1cl11dc m;molulit.y, tho c:xprcsMion of 
11Hm11l1\l C(>11<:011trntion 1111d osmolority, 1.h(! (1Xpl'ci1nio11 of tlll• 
molnr wn~\!ll~<•i1linn. 

Otm10JI\Jil,:Y-···A i!Olutiml lul8 un 081nc,J11I ccmcQnl..rntion of 
01w whcm it ~:cmt11i tlA l o~mol of 1:1nl\1Udkt( of wntc,r. A 110l u
tion lrn1:1 1111 uHmolnlity of n when it; co11t.11i111, ii <'>~mols/kr: of 
wnt(•r. O1;1uH►lnl l'loh1tionA, like t.heir t:O\lll~1l'pMt mol11I :iolu· 
~ionii, renec:l a W<>.i/:ht: to w<:ight. 1·c•lut:ion~hip lrntween Um 
solute 1111d tht! ij(l)v,mt. All ~olutiom:1 with the 1111mo molol 
concent,rntfom,, irrcHp1:ic:tivc 01'2olutc, ccml,11in 1.h11 i\1)111<: mole 
fraction (!,.,) of ijolute, 111 w11tc1· 

mole11111,l\Jl,11 I .,, .... _,,,,,,, .. ,. ........ , ........... , .. _. __ , .. __ ......... _ .. _, 
111 Jl1()1\u; 1:11>1\1!.I! + moloH flolvent 

thus, for II one molul 1:1olution 

f .. . .... . .... I_ 1nClle. .s.<.>l.~!~.e .. .......................... ., .... ,L 
'" l mole solute+ 55,[1 Jl\l)loa wl'.ltm· per l1g 66.f> 

Since nu osmol of tmy nolloler.trolylo is cquiv1c1Jc,nt. t<> l mole, 
t\f that com1>otmd, tbell 1\ I oim1olol ~olution ii; ~ynonymoue 
t:o ~l l molal 1mlution for 11 typical nonolcctrolyu,. 

Wit:h II typical clect:rolyl,(• lil10 r,odium chlor.id11, l. oti!IIOI ia 
nppl'Oximotoly 0.5 mole o( l!Odi11m chlnridc. 'l'hu11, ii, rollow6 
t.hul n I osmolul tmlut,ion of >i<'i<lium chloride CHl:l\lnl,iolly i~ 
e(111ivolont 1:o 11 0.5 mol11l i;oluti()n. H.c,cr1l1 th111. 11 l 01:11no!t1I 
1m)11tion of dci>c.t,rone or 11odi1J111 c:hloricle 1:11ch will c11nl,1)it1 th(! 
1:1nm<1 pnl'ticle concont-rutic)U. In the dext,ro11r. soh1!.ion Ui.11·0 
will b(1 (l.M, X JO?.~ molecol\1~/lc1~ nfw11tcr nnd in l:lw ~odium 
chlorido 11olution onc will hnv(, 6.02 X l()?.:i t.ot,11' fo11s/ltg of 
w1~t<•lr, 011e0 half' of which at·a N,1+ ion!l 1111d t.lie ot.h<ir ht\lfCI" 
i ()ll!I. 'l'he molo fructioo, i11 tc-:nns of' totnl ptwticlel!, will bC1 
the 1Jnme 1111d, h<mcci, ~he Mmo oR.motic prel!llure. 

/\c1 in molnl ~ol~1Liot1lf, o~molol 11olutim\s u1:1utdly rno. Olll• 

ployed whe,:t! qo1rntitotivo prc,cision i11 rC!qu itod, ow ln t.110 
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,m<1raHuri•11uiu1. of l)hy!.1k11l 1111,l chcmic11I p1:0J11!rl,irn, of' 8<>ll1 •· 
~ion:◄ (i,?, eolliwi tivc p1:opu1·1.iui,), "l'hc 1.1dvn111.111(<: of 1.h1, 11,/w 
l'()lflti011~hi1> fa t.hnt l:lw 1?011c,int1·11ti,:,n of Lhe sy~t(\lll h, uol: 
i111'Jum1c<·id hy L1-:11111ernt.111·c. 

O,imohwiLy ..... 'J'ht• n+Juti<mllhiJ> ,,1b,:1Jrv,,d h<itw<,cn molnl, 
ity und rn1mol11l.il;y iH sh11n1d Himil1\T')y bct,w,)t:11 mol,u•it,y ,rnd 
osm1.1J1.1rH.y. /1. l'!olutfon hnH 1m <1>>111olm· conccmt.ratiou of 1 
wlwu it co11l~1in,1 I. o,1mol of ,11.1Jut;c/L of' uolution. Ukcwiij(i, u 
,;1)!11!.ioll hm, ,m <>.~rnolurity of II whon ii. contaiutj II vHmohs/L 
of Minlfon. Ot:mnl111· 1mh1tio1111, unlike <111mol1il Aolution, 
l'Oflc,cf; ,1 wcir,ht, ill v(1l11111t• ml111.ivnuhit) lu!twi,on I.he ~ol11t<: 
uud final 1iol\1ti,>1I, A <Intl m()l1.1r imd J. Ol'lmolur llolut.inn 
w<.11.ild he ~ynonymous for 1101wl11d.rolyt.<1:;. 1<'01· :.odium thin, 
dd,: (1 I f1Hmo)n)' 1-1,ih)tion would conwin I omnol of sodium 
c:hlnridt: pc!' lit,t,r whid1 upprox.iniat.c~ 11 o,:; molnr uolnt.ioJ1, 
The ttdvant,111~<! of' 1-1rnployi111.( oi;1nolm· ,:ou<:c11l,1·u!.ion!-I <>Ve•· 
Ofinwlnl c:onccintrn1'.ion11 it1 t lw Hhlli1.y t:o rnl11to 11 spedfk mun .. 
h1:r 1>f OKmols (ii' mi1Ji,,1:1mol~ to a vohuno, :mch rn; a Iii.er OJ' 

mL. Thu~. U.w o~mnlo1• con<!I/J)(, i1;1 i;i1111)lc,r: ond mo1·r. prncti 
cal. '.l.'be cn111H)h1l ,:011ci1p1. do(iK 1)of. 1dlow for thi,; l!t>I\VII· 
niclllC(l hr{c:/11llit! o.l' I.ht} w /11: t ii Iii 1.i on:,h i I), AJi,o, t11.l<1 if.ion,, I 1111 !.11 
!Jll<;h 111; 1.h<, dm1Hi1.y 11r11111lly nre not uvui!11hlt1. V1>hm1m; of 
ijoh11.io11, m tJwr Lhon w<d1tht,,1 of K•.ll\11-ioa, ,.,,.,i morn l)l'fl<.'l.i<:nl 
in l.hc-1 clolivory of liquid dm1111:ci 1'01· rnH. 

Mony hc:1111.h pr<}fot1gion:-1 ll1 dn 11 01. h11vo II d<1m· uud1m!l:1md· 
i111: oft.Ii~: diff<:l'l\llt:e bet.W(!!!ll oslllol11li1;y 11nd 0Hn10l111·fty. 111 
lit<t, Ul\1 t.crm~ h11v1, h~1,,11 u~c,d int111·ch111111e11bl?, Thi~ i8 (hie 
purtlv 1.0 UH! 1~i1•c11mi.Lirncc thr.11,, until l'l<l':cnt.ly, llli)!,t ol' t.ho 
,;yl!li!11l!l involvt►.cl W!:l'(I h1>dy fl uidll, in whid1 tho diffm,;nco 
botw~ml thl\ numeric.1.11 val1.1(~i.1 of 1.h(l t.wo c:onc1mf,l'lltion n:x .. 
p1·1,~i.ion:i is l!mull 1111d >1imil111• i11 11m1;nit.1.1dc, 1~, Utt• ~ 1·1\11· 

involved in t.l.11.!ir del:(.!l'Jllhilltion. T ho prnhlom p11rtl.y muy 
cont.N ar111,m1I Ow i11 t.11 ,p1·1iluf.ion by some 1.1) vi<!.W om1 kilo
grnm of w11l:(1r hi 1.lw omnolol cooccpf, w, bciu1~ ~,11uivnh1111. to I 
l,, 1111d, n1111·,: imr>o1·l.,111t,)y, tht1 i11tr,?1-pr<,tuf.ivn 1.11111. Lo n111lrn up 
(;,1 v(l)Omt, of I L, o~ in osmoh1ri ty, i!:l eQ~1i111,iully t,hc ,mnw 1m 
t,iw w<ii1.:h1. of snluu, phu; ·J lil,,t<' (11 d i11fm•1.io11 of llw o~molnl 
1)11)1<:<rpl), Tiw pi·imnr~• di1T,1r<mr.<1 ••~ii:idm, in t.he <:rror in\·,1·0• 
duct!d whkh 1·cvulwii; 111·m111<l thn volume of w1:1t:er oc<:upi(?1.I 
by tlrn imluk. A I 11Mllltll111' 1:olution of r, Bol1.1t" t1lw11y,; will ho 
more 1:onr:11111.rntc:d thnn a J. <.mnvlal ,,oh1tion. Wil.h dilute 
:,oh1tio11~ I.he diffcnmcH may bi: ,a:MJ)l.,ihl,Y imrn ll . Niue 
,itnms of :,odium chl<1ri<h1/L of 1uJtl<:ou~ :iol11tlon ht ,11>proxi 
i111ll.cly tiq\1iv11l,:nl, l.o 9 J; ln 9HH.I> mL o!' wntur. 'l'hi!! r<!pru
mmts 111111trv1' 111'11nd1)l' J %, when co11>p111·i111r Uw o,;11101,i<;i1.y (JI' 

0,9f;'., m/11 MOl111:i1m t.o :.1 ~,,l11{:ion o f \) I( plu,; l kg o/' vmt:m·. 
\J1;1i 111< d,ixf.ro:;i.; in a j)m'alinl comp,11·i1<on, ,-:rrorn 1·11 nfJ(> from 
apprnximntely ;1,;\% i,, o,;111,.,ti~:il,y with fill I{ d~x,.rn~c/L v1ir .. 
1;1•" f>O 1: ph.18 I. kJ~ o/' w,11.c,1· t.o n tliffol'once of obnut W% in 
0111110Uc:it.y wif.11 21i0 ~ chixlro:.r./L VCH'l\US 2/iU g phi,; J. kg of 
w11lcr. The ,:0111'1t1,i<,>1 111.iptuu·u t.o he, wif'.hout cm.nm for coJl• 
cem ut l,hia 1.i11w, Hownvi.r, illl\\ ij)wuld b11 ul~•·t<.1d t o Llm 
1)i¼N)bl~ m·rnrs which muy o,:c\m' wil,h w1we11Lr11t.1ld oolut.ion~ 
or floi<l ~. auch ••~• l,ho,;<: t►. mployc:cl il1 tot.111 f.11-11·011f.n1·11I nul.l'i• 
1.in11, 1mteml hypemliment.ot,ion und ornl n111.ritionol n uid11 
ft>1· infonliJ. 

Hcfc1·cm:1J ha8 hem> nwdt:l IA> (,h<i 1-01·1rn1 hypt:rtoni<: mid 
hypoto11i,:. A1111lo1t<111:; l.1m11a 111·1; hy1.111ro11mo(,ic 1tnd hypo0ij· 
m1.1t.ic. ' l'hc 11i1:nifie11nce of hypca•,, ,rncl lly1J1H>~ll\ol.ii:i1.y f'1l' 
1m,did11ol ,m<I n11t1·i tioual fluids will be, dis(!(ll;st!d lo t{)r, 'l'h,; 
vuh111:1 which Ct>l'l'l.!:ipond l.n tho, e tcnn:1 for ~m·um rnny lm 
vi1mnlill:l.!d a1>p1·oximul~1ly from Um followi1111, ex111npl<:, A~
i:;1,1,mi11t{ norn)1.tl :111r11m o,1mol11lit.y to lm :?Hf> m.Oh·11w//J111, 1111 
11c,rurn omnololtt.y int,1·1,a1<es d111-i f:o wat1:1· d,•fic:il, 1.hii follo\v 
il\l( Hi g1rn uml l!ympt.oms utt11ully m:e fo1.111,l 1.11 11c1:\1rnu\11tt, 
1.1 roi:rc:!r.\iV!Jiy 111, ll!)p1·oxiin,1lHly UHs:.<o va l11c-,:1: ?.!M to 
:J!J!! ....... t,hir11I. (if t.lw p11!fo11L is 11 lcrt 01id comm1mimt,i v11); ?,fli) 
t,o a1.a, ,,dry IIIUMIII, mmnbl'IIJl(·II!; :114. l.o :Wf) .. .. W(·!l•llUWHK, 

<10111:hy Hld11: i1bove :?;JO .. -di!l,,rionl.,ltion, po:.t.1tl':II hypoU>ll· 
i;ion, M.wcre w,mlnwi;s, foi11ti11g, CNS (:h1u11!('\\, ,)l,tlJ)OI' ,rnd 

c,1mo, AH s,in.,m 01Jmol1.il it.y rlucrm,lni111 d1w t.o Wtlt.<:I' c.ri:r.,;s 
the followi1111 m11y •>c,:ur: :?'Iii l.o 2G J ...... Jrnnduchc; :m2 to 
~rn ..... t1rowr1i1101;,1, wMknclll-li 2fJO 1.0 2:l:l----dit<ori1mt1.1l,io11, 
1:rnmp»; I.IBlow :1.:~a .. ,111"1i1.m·(:i1, i;t:upor 1md comn. 

Ai1 i11di1:111,1,d v•·<•vi()w1ly, t.lw m,1ch:111 i1;1111, of t,htJ body nc
tivt\ly ,~ombr.11. 1111ch mnjor d1al\w1~ hy limif.in1{ t.hci v111'i11tion 
Ju rnnnvlnlit .. y J'<ir 1·11irnli1I indivicluob l.o le:!¼~ thon about l % 
(app1·0:xim11l,t1ly ir1 1.hc: 1·,mrc11 2112 t.> 2HH m01m1ol/k1;, hn~ccl 011 
Uw <1h<'lV<I 1lsn11mpt.ion). 

'l'hc: v,ilu<) f~ivo11 fol' no,·rm,l iwr1m1 o8mololi ty nllv~'I! w1tij 
de:11:rihcd us 1111 ,1ssuinJ)t.io11 b<~cuui,c or Lh<i v111·iu<,~ ()I' v11luw1 
found in t.lw lit1m1i:1m>. S1!1·um o~molulit.y ofHm i~ slAlt1,id 
loo:;dy t.,, be 1.1b,111f; ~lOO 1110 m11111/L. Ap111'1. f'rnm t:hnt, nnd 
mol'(i ~p<icil'icnlly, (,wn refonm,:m; stulo it 111; WO t.o :wn mO,.t .. 
mol/1.,; 1,1t,h1,r t<ifon: rn;1J~ tiivc it: m; i?(i to :i{)() mOi1111())/[,, WO 
m(hunvl/L, :ioc; rnOm1wJ/J, nncl ?.'lrt to !W5 m01;11111,i/kg. 
'!'horn i~ 11 Hl.rnng tund,mc:y 1·,11 cri ll ii, ,,i;owlalily hu1, t,o ~l,111,(! it 
111; m.O.,m•>IIL (not 11s mOsnwl/hg). l11 Ult'> liKhl, (ll' lhf>fiP. 
v111•yi11n w1h11!ll, one mt~V Mk abo111. I.he, 1·,:tH'oducibil ity of the 
,:x1>~:ri11rnnt11I mcmim·emtm tH. It h,11; b11c11 HU~tod thnl most 
01m10111cl.cr:i nrc 11cc11mC{; t,o !; m0:111101/L. Wit.h t hat. t,yJ>C of 
)'HJll'(,d uci hil il,y, th 1, i1 hovc-1 v,.n·i,_1 l,iom.1 pm·h11pi1 nuw he ex1>od-
1:d. Thu diff~,1·1?1l(!<i ht>l.\vec:11 1i li Lr,>t 1111d l1ih>({rnm prob11hly i,; 
inoigDiric111)l, fol' ~(·ll'lllll ,mcl Ill-in(,, r,. i,; dil'f'i<:11lt t.o lllll/1>;\lt(! 
kilownnin pf w,1t.cii· in t1 11oh1t.ion, 1.111d <lllf!Y t~> 1~xpr(;H11 llody 
fluirl 11 1111111.it.ie:1 in lit.ct-s. Perhnp~ no hurm hns bt•.011 dotlll l.o 
dul.t! hy l.hi:1 pmcti.ct, for bod,v f'luid11. H.owcviH\ h1(1Kei ter
minology here m11y lend l,o looi;c? l,,(~1·111i11oio1:Y wlwn dealing 
with tho 1·at.he1· coc1co111.1·111.()(I !'lui<I~ llfii•Jtl 111. \.imo,; in p1.11·1,n-

1:ernl and c11t.1<nll nu1.1•i1.io11. 
Rcft•r<:n(!<l h1lH hc-Hm 11111<11, to confusion in 1:hu nsc of I.hi! 

1:r.rm~ v~moh1H1.y ,m<I oiimolnri t,y, n distinction of apociiil 
i11'1Jlilrt,rn1:o J'or 1H1tritio1wl tluidn. Awu1·1•11r:,;,; ol' bir;h con
contmtion,; of. info11{; .. f1.1f11H1l111:1hi)11lcl 1(ivo w111·11i11g a:<; t.o J>Ol'i" 
~iihln l'i~lu,. Unfort.11naldy, 1.h,i Oi;tru>t.id{.y of infonl fornw
lm11 tul.w fo11di111?i; and t.11u1 I f11H'1,:ntornl 1111t.l'itio11 ~oht~io111; 
hn~ not be<m •fo6c1·ihcd 1.1d,,q11atcly nilher in t:exl;book,; m· i,1 
!;hi: liU-1rnl.u1·0,:11111d th<i lnh<lls of 1111111y r.om n1-m:i11I 111t~ril.ion-
11I f'luidi; <In 1.iot, in ,rn.v wtiy, ~t.at:c (.)l(!ir rnauof.idt.y. Only 
r1:1:1,11t.ly haw cnt.cnd lluidn bcl¾n clu,1·11,:t(!J'iv.<:d in tt!YJ11ij of 
o:i111otidt.y. 8011·,e prndoc:L liM11 n<>w 1m: ncccntin1: it-011~mo-
1.ic 1•11!.111·0I 1111[,ritionul ,mppli:nwnlli. Often, wlwn l1111 (,1H'll1 

o:m1ol11ril,y ill 11n11d, ono c:,n11wtdiscc:1·11 wlrnt.Jwr I.hi~ i;imply i~ 
incvrr11,;t ,~,rmillt)log,V, or ii' 0~1111.1lnl'ily 111;f,1111lly ho11 bec.n 
<.:11k11l,it..cd from omnolulit.y. 

A11n1.hc:r c1nTen1, prnctic11 which <a,11 c,11111c, ,:ont'w:Jon, is t.ll(' 
Ull<I of 1:lw \.(!fill~ nornwl 11nd/or phy.~i'.o/01:ica/ for l1:1ot,oni1: 
i,odium diloridc t1oh1tion (0.9%). 'l'hcr solutkm 8uruly jij 
foomnnol,ic. Howl;lvCr, O!i t.o h(Jing phy:1iolor,ical, U1<\ (!IJ)l()(!ll• 

irat,iml (>f io111; tll'<l <·>flC.h <)fl/ill ml~q/J., whilt, !itlrum 1:,mti1in~ 
11hot1t HO ml!:,, of 1:odium (llt<l 11b,rnt 1.03 111Rri of c:h\ol'ido. 

'l 'hc rnnr,c of mOsmol vt1hwij fmwd fo,· i;cl'um l'Uit:os t:bc 
qllc~tfo11 tin l,o wlmt trmlly ii, mcm\L b;v the. tcrnrn hypot:ooi1: 
1u1d hyt)Cl'toni(! for 11w1Hdnul 1\11d nuLrit.ionnl l.1uid~. One, 
Cl\l.1 find 1.1111 l,1:rH,Ct11/Jtl1, t.hot. J1uitlri wit.h 01\ (ll:llllOlalit.y or r;o 
1110im1ol 111· iruirc 11bovr: 11ormol al'c hypl.!rl,011i1! und, if r,O 
mO,,.,n,,1 or morn below 1101·m11l, m·c hypoto11i1:. 0110 Llfoo Ctlll 
fin d tho statc:me.:nL tfo11: 1>c,·iphernl inn,~iom; >1hould 110\, lmvc 
flll ,,nmolnl'it,y cxc<11idinK ?00 t,o /lOO mOsnnol/L:1 gxo111plo~ 
of 011mol c{mcm11.rnt.io111:1 ol' ill)lutionk uHc,cl in periphi;ml infu. 
siotrn m·e: DbW·-·W2 1110~m,)I/I.,; DJ()W .. ,, ... t,rlf\ mOsmol/L; 
LaclHt•Jd 1-tillH<il''l'I Ii% Dexll•ogc .... ,.(i:!ti mO!Jnlol/L. When n 
ihiid i:; hypnrtonic, undm,irnble off'w:1,k c,ftt\ll (!1111 b~ dti• 
i::rnr-18c:d by u:;in1, ru lnf,ivel;v ~low r·;.i t,H:; of i11f'11,iic)1) , m,d/or 
rdutivoly ohor(, pui·iodll or inf11Hion, n21;w ..... -~.?..!i% Aminv 
Ackb i6 tt roprcN:e{ml.111,ivci m:,1mple of 11 highly 0~11101.ic hypm·
oli11111nl.11t.io1, 1,11(111.ion. 11. hlljl hcon i;U1t.e.d 1,11111. whun o~mofol 
hw.l inK ili nr,r,rlc:d, a rnoxim11111 xlil'c: t olc\ral\ t!tl for fl 11m·n1111ly 
hydmtod :mbjcct. woold b~: un 11pproxim~~1.c hm·<,01.u,.' of 9,(i 
mO!:llllOl/ktt of wul.1-11· ovo.- ,J h r.:' 
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Computation of Osmolarlly 

Sevornl 1m1thod6 Mt'l U!!~d oo ohtnin 1l\n1HiJ'ic1\I v11lu,;11 of 
onmolndty. ' l'ho 011molnr conccntmt.ion, ~nnwt.inw~ rnforrcd 
to ns U1e " l:he(1r<)L1(,11l 08rnol11rit.y", iB cnlculatcd ft<.Htl th,1 
wt:/vol C(l))('.l:1H,tu\.ion ui;lng orni of the followin11 oq1;nLio11s: 

l~or a mm(de(:\.rolyt,11 

... X/!~ .. ... x JOOO 00 1110umol/L 
mol wl, 

I1'01: a st,rong 11l(11:t.rol;v~1l 

({/L X lllllll her of ion:1 X 1 O()(l ..• 0 I/I ·;~~;j~-;~ form11d ··• m :<;mo ' 

l•'oi: individonl ion.;, if dol4ired 

,r ,,r i<>n/L . 
1':-····:··-· ··· X 1()()() r~ mOsmol (of rnn)/l, 

10111C wt 

(0 

(2) 

'l'hcsc ore simple ('.11l.cult1U1m~, hnwc:vor, they omit consider· 
11tfon or f1.1ct<.►ri, such llfl nolvnt.ion and inlm·ioni(: 1.'orc<:!ii. By 
th ill met:hod ()f cnl1:ul,1 tion O.H% sodium chlmidc, hue ,u, 01;
molM <;<>)W(rntrill.ion (If :!08 mOMmol/J.,. 

Two ol,h1ll' 1Mthod1> ()(Impute osmolarity from vi1h1es (1f 

osmolality. Tht! d.t!tcrminntion of rnunolrility will be dis
cussed lalur. One nwt.hod h11fi 11 $f.r<m11 t.h,~01·cti<:11l bnsis of 
physicnl .. r.hemical pri11(:i1>le~'· u~in1; vi1luoi. of t.hc pmti,d 
molnl volume(~) of t.lw i,vh1 t.\l(~). A ().\1% 1iodiurn chloride 
solut ion, fotmd t~:i1.pc,riin<mh1ll:v IAJ huvt{ ,:111 oAmolulit:y of 28(\ 
mO1m10l/kg, wat1 mkul11t.ed 1,() ht1v1) an or;rnol,uity of 280 
mOsmoln .• , t'llt.lrnr dilfor-0111, from t,lHi vah10 of !:JOH mO~rnol/L 
1.:olcul11l.nd 1,s llbcwe. The m~t.hod, u~ ing pur1.i11l molnl vol
t11n,,11, i;i ml11Livtdy l'igorm•B, hut muny ~y11t.11fn11 I.IJ)fli1l.ll' f.o he 
1.c,11 cc1mplox 1111d/or U►o poorlv defined to li11 c.lvt1ll. wit.h hy 
tbi1;1 nt<l th1)tl. 

Tho oi.hor m(.11.hod i:-. bn:ci(~d (lJI t:he followin1i rel11(.ionKhip:u:1 

11cto1\I Oijnwfol'ity ''" lll<',ll!llll't: d oumolnlity x (dtm,.ily - 1-( 

solulc/ml ,). 'l'hhi ,ixprn~~ion can be wl'itt.!m 

m()~m(1l/L 90Jution ,,, mOsmol/lOOO 11 wn\.er 
>< g w11te1'/ml .• ~olt1Lio11 

The cxperiment.ul v11l1)({ for thl) osmoh11it.y of 0.9% sodium 
ehloridcl!olution w11i, ?.99..7 m(hmol/ lq_i; U\o vuluc comp\1ted 
for osmolal'ity ww; 2fll A m()1;mol/L. Thb method doe!! not: 
lrnvc as firm II t:lwore\:icul ba1;i1;11~(< Uw pre(:orl in:.: mothncl bu(: 
it hnll the ndv11nta1w that it. u~m; (ru:::ily obtohicd v11luc11 or 
dcnfiity of the :solut.ion and of il.1;1 soh1t.() 1:onu>nl.. J\ppnrcnt
ly, ii: cnn be u8ud with 1111 syiit:(•m~. For llX1rn1ph), thr.: (Ji,mo
lnlity of a 1111tritionnl m·odud, wni; dl;l l,on11i11c1d by Lh1: l'rn1.,:t,• 
ing point deproKsion method to be 626 1n01,111ol/l11~;'' il$ 1),;. 
moli1rity wua calc11lillcd o:. (l25 X 0.839 = !5:H mO,mwl/L. 

' f'h<'l USP 1·,"111irn11 t.hr.1t. l11hcls of phormui:op1!iul !:loh11.ion~ 
whi1ih nrovi,h! i11t.r,1v1mou:; rcpleni~lumm(·, nf Ouid, Jl\Jtri -
1m1.(11), Ol' 11hwt.rolyto(R)1 Ill! well 11s of the o~mo\:i(; di111·citit: 
Murmit.l',I Jnjc111.io11, tttatu thr: 1):m10l11r <:011cm1tr11t.ion, in mil
lio~rnol11/L1 c,xcopt. th1il. whe1·c the contont11 ni·t\ Jess tlmu .100 
ml,, (II' whcrn tlw l11b1•!l ~L11tu~ the urticlCl ii:1 not for direct; 
inject.ion but. in to ho dih1kHI br.foro nAc, t:ho loh1il llltornnt:ivc•• 
ly mny !ltn\.~ t.ht'! t1lt.11 l oi:i1t1(1lm' 1'.(lll~'.Ctltl'(1ticrn in milliosmol!!/ 
mL. Thio ii, 1.1 rcn:mnnblo ra,il"Jllt l'rnm jjr.voml ~{:1mclpoint.'l, 
1rncl iutt·av(!llO\lll fluid,i nrn bcin1~ li)h<•:liid in accordnnco with 
this slipulat.ion, 11/l shuwn in t.h<: ll<,xt. 11c,ction. 

J\11 ~x11111plo of U11\ 1.1s<1 of l,lw firs1- m«lhutl (lni:,:l'ihc:il 11linv11 i~ 1.hc 
~tllll\)llll\U(>li or I.ht• ll))J)rtlXilll/1111 1)<lllc)h1r c:l))K'Clllm\.itlll ("thCQ)'<.:lfo11I 
1ll<moloriL.V") ,,t ll l..11,'.1(111,d rUu1;1w\ :i-t. DC'xlvo~1, &,lulion (/11,/u,lt), 
whir:11 iH lnh~lod 111 wnlnin, 1wr I.,, 1fox1.1·,,~,, (l1y,lro11~) (,o tt, ~1.11lil111, 
chh1ri~I<; 1; K, r,,11111,.ium ~hlorid11 :,()0 m1i , mlch1111 chlorido :.lOO mti nntl 
Rmli11m luclnlo :j,I I\, Alo;o ntuh\l.l i• 1hn~ th~ (.(>\111 <.>1m1olor ,'.mw,,111.r,11.im1 
<ifU1,i 1mh1tio11 iM llf.)prnximo\dy ~2•1 mOKnwl lll•r I,, in p111•t, 1:11111,ril,111,1<1 
li:,- 1:JOml•~t uf Nn' . JO!) ml•:C1 orc1 ·· ,1 ,11R,1 (11' K', !l ml•:(1 uf'Cu' '' llllll :l,J.l 
ml.~t vf' lnvlnl-<• i1.,,1. 

'J'hr, 1lc)th11,Uon t,f fJu~ 1)t1m1)l11'r 1:m,r.Nlfl'nt.ionH from Uut ~C"lud <:\Hill>"· 
• ii.ion of 1-lw .,,lu1foll m•1.1' hi, vi:ril'i~d l,y (>ll<iuloli,,u~ n~in~ l•:q I nbovo f<1r 
1,hr. 11(,11r.l1ir.1.r11lyf., ded.mHu, nncl 1,:,1 2 for ihc d <)dtoly l,\!1. 

S11dium C:/1/orid1: 

$(11, X I()J.)O . ... · {iiii:-i'i ··· ~ 21i2.3 mO~moVI., 

····"··- ··········· ··'····· ··· "' 20fi,.M 1110Rt1tul/L 
(I ,, X2X lll\JO , . • {0U2.H<lm0•nllll Nil'} 

lill.44 00?..CiCimOsmol Cr') 

1'11/,ossitw1 C/1/ul'i<h: 

~,:,.~.>.<?)( .l!~~) ~ !l,CH 1110.1110)/l, {{4,02 111(),1111,,1 !(I) 
'/4,!.i!; {•1.0,. ,11()11mol Cl") 

Cah·ium U/1/(,t/(/11 

().,2.r, l< :l.f ~.91~.> ~ :i.4 mOi;m1.1I/J.. {(l ,ll mOamol C,1"
1

) 

UO.\J!) (:).G m()~nwl Cr-) 

.'i(lfiitllll /,(1t:U1W 

~:J .1/ ... ~t.l<J(_ll'.~I .., r,r,,;i~ mO~m,,l/1, {(27 .M mO:mwl No 
1
) 

112.(){i (?.7.li(l mt}s111(>I h1,:l 11!(;) 

'l'ht C,1(111 o,Jm11!Ar c1111cl•11Ltnt.im1 1.,f t.ll(t fi~e $l)lul.1!a in th,, Holulfon is 
li2!i,1 , in J(Cllxl 111trt•c1n,:u1. with 1h11 l,1lw,l1,d lilt nl o~lllolnt t1>,11•{:11(.mlir,n 1,f 
111>1w1,xim11tt,ly /i7A mOamtMI,. 

The mOanllll<if 111)cli11m in I I., of the aoh1(.ion i~ U,,,,111rn llf Lhl: mO~m,iJ 
,l( J.h,, i1m fr6m •odium d,loridc 1111d ~l)dium lndntc, ic, 102.<Sf, + W/,6Ci -
J.:IO.:l:! ,nOmnnl. Chlorid~ ion~ 1:onw frmn th1, •1vtli1m1 chk,ridc,, pot,tssi
um ch!orid111111d ct1ll'i11111 c;h111rid1\. 1.h,1 l11lfil osmolnr co11c1111t.rutio11 hr.ill/! 
Hl:.!.6fi •I· 4.0i + :rn ~ I Io.a 1110•1m>l, Thi: ,1,O1:nh·,1 w,lu~~ of poh1aaiu111, 
,~1lch1111 nml luchtk or(, c:,1l1~11lu1ecl u, be 4.02, \ ,IJ 1111d 'l.'l.ll<>, tc~11cd i,•~ly, 
'l'h11,:, with 1.lu, poRsibl~ 01u:01,tio11 ul' r.1,lr.hlln, tho1·c is clo~c 111:n•~mct\l. 
with 11111 lnbclcd mr•;q ,;~mll!111 or ,1:1ch or th1ts~ iou~. 

The osr11olutity of 11 mixture of complex compoflitkm, such 
au nn ent.eml hyp<!l'olimcrntation fluid, probubly ('.Q.nno1. be 
l:1.1kulat,ecl wit.h Qny 1wcoptublo dc,:ree of c-Ottllilll,y smd, 
therefore, th11 oxmofolit_y of such pr~pnml,ionij prob11bly 
nhould Im dHtern1iMd 1)XJ)Mimonl.11\ly. 

']'he opproximnte OijJ11oh11·i\.y of mixt111·cx of two ~Q)utfona 
cnn he computed from 1.l1(l tollowing rnlnlionship (I.Jw 11H1t.h
od i,1 lrnown mi 11./lig(lli11n medi11/.) · 

C)ljl)\" X v" mnnb X Vi, 
osmnn•i = ····· ............ ··········· + -·--·······-··-· 

V,;,.,.1 Vu,1111 

V., "' volume of componeii(. a 
V,, •• vo lu me of compornmt b 
Vn,. .. 1 ,., voltmrn of fillnl 1mlulfon 
0lllYI., ,., IIKmlllllrif.y of compoJU)IIL a 
oHm1, "- o~molaril.y of co1111>011e11t b 
oamri»nl r.:t o~molnrity of finnl 1;o)ut,i1.111 

J.•'ot c~1>111plt,, to ,:11k11IBI,~ Lhe o,m1ol11rit.y ,,f u 111ixt.ur1, (of liO0 mL of 11 
!!OIUl,ion of o~molurit.y lli.i\J 1111,.I !jlll) 111I. ,1f ,1 ,<o1l11t,ion nf' oMmolor((.y 2f,2: 

81i0 X liOO 252 x 50(1 
o~m.,.,.i "' •-' ··1oiio . + - ··i.ooo··· 

"' 425 mOijll)OI/L + 12(\ mOKm1)!/L "' fl(>I mOHmol/L 

T hi~ t1x11mpll• il1U1,t\;1•1~lc11 the e@c of c11k1llt)tin1( t.h1i 011mo• 
ti.city, by u~e 1)r (1amolarity, whon uolulioni, m·H mixed. Such 
11 cnlculution would be much lc»u vnlid if nsmoh1lity v11h10~ 
were \tsccl. }i'rom the 1>r<wiom1 oxnmplo one cm, IJ()C how to 
colculnte t.he npp1'(lxirni1to effect if an 1)ddit.io111il 11olu to is 
oddcd. 

Undosiroble Effects of Abnormal Osmotlclty 

011hth11lmic Mcdicutio.o-·-lt gcncrallv h11ij been MC0pt
(:d thot ophthalmic prepm:atio1111 iutemfod for im;tilliltiim 
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into the cul-de•·~m: 1Jf tlw <IYO i:houkl, if pn1~1ible, b<i upproxi., 
mutely i1mtonic (,o ow,id irl'italion {~ee Cl111ptcr 813)- JI, nh10 
hn~ IHH"1 l!f,nt.t!U lhot the nlmomrnl tonicif,y of c1111t1wt 1!!1\H 
l10luf,iom, cun cn,rnc the len~ to ndh1we t.o t.hc l!y<\ ,llld/or <:11111\<: 
bur11i11g or <l~yncns mul photophc1hi11. 

P11ronto1·al Mcdit:aUOJ\·-•-01;1motici(,y iij of grn11t, impor
tance in pnrcnteral i11je1:tioni::, ilsi <iffecw dD1>cnding on t.he 
clegrt:c of clcviation t·ro,11 lmiicit.y, t:he 11,mccut,rntion, (,he 
locution of t,he inje1:t,io11, tho volume inji,cted, t he ijl)l!!!d of 
th<: inject.ion, 1.he ropidi1.y of dilut.1011 ,rnd diffu11io11, (\I.e. 
When forn1ull\tit11t po1·1mf:or11l1,, 1<1>ILtUc)1ll! otherwi110 hy))O· 
tonic u~unlly hove ~hoir tonicity 1Hliu11t.11d by Uw i1dditfon of 
dextrose <1r eodium c;hloriclo. l·lyp1;1rtonic pnrenl,eMI drut-i 
Bolul.ion1:1 tnmwt, be 11djuntecl. Hypot.onic m\d hyp<o·tirnic: 
solutioi11; utiually ,u•1., ndmini11t1:r~d ,;lowly in Hm!lll v\>himcff, 
or int.o u httg,i v(iin i;uch llff Uw 8\lbcl(lviun, wh,~l'l! dift1ti()n 
11nd d il1trihution oc:<:ur mi>i<lly. Solutions thllt dil'fo1· from 
tho 6ti.rum in tonid1.y i.:1nw1·tdly nni 11l.1itcd t.o cl1~1~a t.i~ijllli 
irritation, p1iii1 ()ll inj<,c:Lfrm 1) 11(1 ol<'lc:1,l'Olytc shift:!, tho (!ffoct 
d<'p<'ndiol{ (Ill iho de~•'lil<i or (fovi11l,1()1l from toukity. 

l~)C(:eijt;ivo infoeion (lf hypo(.C)1)i(: 11uirls mny cause swelling 
nf rnd blo11d <:dli;, h,im11lyi;i11 Mui ,v111.,~1· invtmion of tJw b!Jd,v\; 
C(illH i1, Jfl:lll llrt1l. Wlum thh, ia l)(!,YOncl I.he body'.~ t.oloranc,i 
for wute1·, W/l.t.cr intollir,111.ion rc1iults, with co1wul1,i()n~ ,1,,d 
<1domo, euch 1111 pulmon11ry edema. 

llxcc11i1ivo infunion of i.~o1:onk fluid~ <:till couMc nu incrcnMe 
in cxlrncollulm tluid voluml.l, whid1 1)un l'C!llll ~ in ci>·c1.1latory 
1>v()rlo,~d. 

Excc.'l!livl• iufrn,ivn vf /i.yp,1r1.ouic. lluidll le1-1d1, lo a wide~ 
variety of cot))J)licutionl'I. l~ol' example, the ije\jul!IJ<!<i 1,f' 
events whmi tho body ;,. pre~<mkd wit-h a lnrtic intr,).vc1nou11 
load of hypcrt.oni<: lluid, rich in dcxt rmw, i1:1 m1 follow11: hy
pcrglyctimin, !{ly1!oeurin nnd inl,mculluJro· dchydrt.,tion, <)~ 

motic diutmiis, 101:1~ of wntnr nnd \ll1,<:trol~•t,e1:1, dehydrnt.ion 
and <:0111t1. 

One Clll.l!!<i i>f orm1otic diurc~is is t.bc illfuaiun of dcxt.rn~ci at. 
11 1·111.e rll/11,er t.hnn tho nhilit.y of the Jl1ltfo111. t.o motllholizc it 
(llfl ((l'Mt~,r t.h1111 pcrht11>s 400 l-<> 600 m,;/k!C/hr for on ndult on 
1.01.111 l)t\l'<.ml<lrol nutrition). A h1mvy load of nonm1!t11boli:m• 
ble dextrose increnBci; t,h<'. o~m111.idt,y M blo1)d and nft,s 111:1 n 
diuretic; t.l,c i11crct1ijt1d ,;oh.11.~, loud rnquiro~ more lluid for 
oxcroti1.,11, 10 to 20 mL of Wl,ltllr being required t.o cxtt(!l,e 
co.ch Jil'O.m of de~t.rllij(;), Solulion:1, such 11~ those for tol,t\l 
pnrcnternl nutrition, .,h,,uld be 11dminiHl.t•r<•d by 11),11u11:1 <>f 11 
mctcl'cd coo,;t.11nt.-i11fw1ion ar,1>t1mtus VVl!r a hmgt.hy JHll'iocl 
(u11u111ly more thon 24 hr) to nvoid ~udden hypln'1.11.1iuof.i<: 
d<~xtrose 1011<1 11. Such il<1lutiom1 m11y <:nusc o~mot,i<: diurni.is; 
if thit1 occu1'8, w11ter balt111ce l:i likely to bo(:ome norrotivc 
bc<;tl\lllC •>f tho incn,nsecl urinary volu1m1, and eltllH,i·olyl.H 
duplet~Oll may occur bec11uae of exc1·et,io11 of' 1wdium 11nd 
p<Jl-t11.1i;iu ,11 i1Mondt11·y I-<> th.\! t>1:1motil: diurelji,; . If sueh cliurc .. 
iii~ itt l'J'Hltk<,d, body wt1i1Ihl• fall,; 11bn1pt.ly mid !litJll!l of doby .. 
dr1.1t,ion 11ppflllr. Urio(:l i,ho1,ld be m11111~m•(1d for lli i(nr, of 
oftmoti1i dim·c.:sis, stu:h 1\/:1gly(;08llri11111ut i111:rn1ij\cd m'ino vol• 
lllll(l, 

It' tho intravr.noua injection 1·11to of hypm'Lonic solution i!-1 
too ropid, thorc mny be c,1t.1111t,rnr,hk: offcclol! on l,he drculr1-
(4l'Y and rospirntoty ,;yi;tomu. Blood prossure may full lo 
dnngerou~ levels, c11rdiuc ilTer,ulariti.cs 01· ancst; mny e11!;\te, 

respiration muy b(lcom<, J1h111low nnd irrcri11lur !llld thel'(, muy 
be henrt foihmi nrid pulmonury odcmn. Probnbly tho pm
cipitnth1l{ foot<>•· i1;1 11 bolus of c1lllccmtrnted l!olut(; ~ud<lenly 
re!lchil1g the myocnrdium Md tlui che111oroce1>tm·oi in the 
1~()1'1.ie 1m:h tind <ini·ot.kl jlim11c<.:1 

Abrupt ch1111171cs in llcrnm l)ijt\loticity 1:11n fo11d t(/ ecrcbml 
homorrhnuc. It ho~ been !!howu oxpc,:imcutnlly that rnpid 
infuc.io1111 of Uwrnpevt.i(; do!J~J; of hypcrt.onic !\Aline wH,h os
motic londtt producf. l.>I >'.111ddcn rise in cer<ibrospinuJ fh1id 
(CSI~) pnii;ijllrC, ,rntl vonou~ prC6ilUrt> (VP) follow1Jd hy 11 

procipiwu11 f111l in CSP r>ressure. Thil'l J>m·timlnrly may ho 

conducive to i11lrncr11ninl hemorrhnr,<:, 11~ the rnpid infui;ion 
p roduct•s 11n tll(!rnnar. in plmimu voll1me and vc~,wua pr<lkAuro 
nt t:he sl\ll1(1 f.itnCl the CS1" p1·tts~urii ii; fnllinff. Dming the 
C!e:W prc~surc rill<:, t.he1•(, iij u drori in hc,moglobin ,111d hcmnl,
o<:rit., tt\flec;t.itlg II mnrk(!d i11cre11Ao in blocid w,ftmi<i. 

Hyp111•01011otic nwdi<:,1(,io1u,, ~ur.h 11s wdium hicorhonat,\1 
(o~mol11rity of rnn:1 at. I mli~q/mL), which urc odmini11tc1'(!d 
inirnvcno11sly, j\hotild b\~ dilutoc! prior io mm 1mcl 11hould b1:1 
i11j1~ctcd slowly to ollow di lution by t,he drcullllfo~ blood. 
H1Jpicl "pu~h" injccliml~ moy r.n m!t\ u i,ignilkunl, in \'. t1J11~c ir1 
bl(lOd oi;me)ii<:itv.'• 

Ai1 1.o ot.hnr ,~ossibil.itieij, f.horc mny b11 (:r1m11t,icm i)f r(id 
blood Mllu esnd ((eneml r.1!llul11r dchydn11:i<11\. Hyportoni<l 
dextrouo or ~nlino, ot,1:, iufoijccl through II perit)hornl vein 
with smoll blood voh11t\1J may trn1111rnti·1,\\ the vein oncl cousc 
th1·ombo1>hlebitig, lnfilt1·adon ,,nn c,m:..c lrnumu 1111d ncao•· 
lli,; <)f tir.ilue~. 811foiy, 1;h,mifor1l, dc:mmHli; tlrnt. 1111 intrnvc .. 
nou11 inj(l(tion~. l~'>p1•.ciol!y hiuhly osmotic i,olt,tion!l, he per .. 
formed .11lowly, tm1111ly bcin~ i(ivon proforl\bly over fl poriocl 
not lc~s thnn thnt. wquirccl for ti compltitll <:itcul11t.ion of the 
blood, eg, I min. The cxu<:t dnngor point variofi with the 
~Ll, tc of the put.icnt,, ~he concentration of (;he 1111h1Lion, the 
IMlm·e of the aolute niid tlw rulA) of odmi11i111:r111·,ic111. 

Hypo1·0Hnwt:ic !!<•hit.ion~ 1111:to i;hould not be di1,()ontinuod 
~tHldcmly. h1 dogs, 1n11rkcd incrMij(! in )(!WIB ofi11lmc-J·n11inl 
)lr<l~~urn occur wh1rn hyp<~rgly(:omi11 r,1•oduc:<ld hy clcxtro!!':! 
i111i1~ion11 is reversed suddenly by 1:1t11ppin11 th (:l i11fu1:1io11 nnd 
11dminiflt,Cld11g suline. )(. 1111:10 IH1i; heon i;hown tlrnl, t.Jw CSF 
proi;~ul'e in ht1m(m~ •ill<•,; d11rinl{ 1.r(mtme111. vfdi1tb1itic kot.on .. 
cido:1h:1 in /lHijociul,i(n1 with o ft\ll in 01<1 pli)~mt1 conc:tii11.rnt:io11 
of dcxtro~c und 11 1'1111 ill 1>la,;mt.1 <>$tne)llllity. 'J'lwsl! llh><Cl'Vtt" 
tion:; m11y b\! (ixi,l11i1wd by lh1, diffornnt. rnto>: of dodine iu 
d<:XtJ'()se f;t>Jll,<mL of tho hrnin 11nd of plnmnn. 'rhc.: conccn• 
tmt:ion of d(!)( l:l'<Jll<1 in I.ho hrnin mny foll moro slowly than in 
t1111 pb1ij1l\l\, llAt1si11g 11 ,:;hift of fluid from the exl,rncelluliu· 
fh1id 1:11>11<:C! to l.1111 in trneollul111· compnrt.mcnt of 1:lw CNS, 
r111:111ltillf( in i1wro11Mcl intmcrnni1.1l prc~~m·c. 

Osmomeby and the Cllnlc:tl Laboratory 

O,nnmnctry h; !I foirl.v rnccnl. imwvul,iorl in the clinic;;il 
luhornf.ory; 1111 artklt< ii\ 1971 hncl the tH.l(i: "Omnomet.ry: A 
Ni,w Bedside Luhorut,or,v Aid fo,· t-he Ma1l1igcmont, of iforgi
c)l)I P11 tfonl,s." Scr\lm on<l urino (lij)ll()nrnt:ry mny 118l!t$l in 
1.h1: clillf~Jl•>~ii,< (11' n~rtllin fluid m)d ~•l<!<itrnlyte pwbl~11H1. 
How(lV\!J:, ol:<Hll>JIH)try vnlue~ h1we liLOo mc11ni11g unle,;i; the 
dinlcnl ,;i1.ui11.ion iii ]mown. O,;nmnwt.ry is used ln rcmnl 
di11lyllil1 aH a drncl( on t.h<:; t)l(l(:\,rolyie com))ositio11 of the 
l1l1id. In tho clinicul lnborntory, :'!f1 111.iHod 1.1bow, th() t.cl'm 
''rn;1111.il1\\i1,y" is ,med ucner·ally, hut Ufluully i~ 1'(1J)01'ted 11ii 
mOr:;mol/L. 1t mny »eem uimeccmmry to nl(mt.i1,n that (1~
m<>l11lity cfopcnd11 not. only on tho munbcr of ~oluUr pllrticle,;, 
b\l~ ,1lllo on the qunnt,i\,y ofw11tcr in which thciy l)rn diHsolvad. 
Howov(,r, it mny h1:Jp c,111; to u11dtiri;i1unl I.ho ti f. (t temant, thtif. 
t,ho normnl rangt~ of ul'iM o~rnolnlil,y i11 i\O to 1'100 mO~
mol/L, nml for u rnnd,)m 111>ocim(m is t,00 l,(l 800 mOsm<,1/L. 

Se.l'lun OsnwticiLy 

SodiolT> ii; by for the pl'incipttl ~c,luto involved in ije,·1Jm 
oi;mot,i(:ity. 'l'hornforc, nbnm•rnol st>.rnm m•nw(.il)it.y is most 
likely to bo l\6se)ci0,tcicl wit,h COl\t!ition~ t.hnt <:m1KC cthnorn,J\I 
notlhJm c:onconf:r11tion 1u1u/or u.bnornrnl w11l,er vol11m1.1. 

'l'hu1:, hypcn·omnotfo ,;tll'Ui\\ iH likcly to bo cuusod hy 1m 
hwrc.:,1:1e in Hc1·um ll(>dium ond/1>1· lot1a nf wnl.er. ft n111y bo 
11,;t\ociut:cd wit,h dit1bc1Li1H insi1>idu8, hypcrctllcellliH, d i111·11!lik 
dul'in11 1:1cvcr<! hypor1~lyccmin or wi~h enrly recovery from 
ronnl ~hut.dow11. Alcohol intl(!jltfon if! 1:111icl to ho I.he most. 
r.01111n01l 1!1111so of Urn hypt!roxmo1.ic: ~l11t11 1rnd of coexisthiii 
('.<,1m11 1111<1 the hypm·otinwti,1 !lUlic. An oxamplc of hyJ)<!T()Q· 
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moticiLy i~ ,1 comatoi;o diub11tic with n scrum o~motfoiiy of 
:i(>f> mOum.ol/J,. 

In 11 :iom(!wh11\. nnnlo~ous fashion, hypoo;,.11totic 110mm is 
lilrnlv to he duet,, docrM8C in scrum KO(li\1m irnd/lll' cxcea11 of 
wnt,;1·. J1, 11111y h~ 11AAodntcd with the po1;1t,Ofi01'ill:iv<i !!trite 
(c:.ipccially wiU1 0xmrnriivc: wntol' rcplm:~\ment: t.hot'£1py), 
treutmm1\. wit.h dil1rnti<i drn1:~ ond k1w-,111h. diot (mi with 
pat;icnt:i. with hoi)rl foihll'il, <:i1·rhrn1i:;, otd, i1dr(mnl d isco1iu 
(cg, Addii;(11t'1;1 diH(/11s1i, 11dr\,J)o!fllllit»l 8yodrnnrn) or SIADH 
(:1ynd1·01)w of in,1pp1·l1p1·i11 (.u ADH 1mcrntion). ' l'hm·e 1J.1·e 
mnny discmseis which cm18u ADH 1'~1 he l'Hlm~1;1cd i1iopprnpri-
11ldy (ic, in spit.u of t.he f1wl th11t nc.nun 01:1mo~jci t.y ond 
volume mo.y bnvo l>ocn normnl init;iully). Th(l8(! 111(:locfo Mf, .. 
cell carcinoma of the. lung, l,rondwgm1ic cm·cinomn, c<1111,oa
tivo htl1ut foilm·G, in!liunmolA)l'Y 1111lmonnry Jcij1(1J1ij, por• 
phyrii\, f!evortt. hypot,h.,vroidi11m or c!\robrnl clii.mnHc (!:<m:h m; 
t1.1mor, truun11l, infection, vo.11,~\dOl' nln1onnnli ti0s, ct<:). It.. 
ulf!o nuiy be found wlth smile pitti(ml.s with oxco11!!ivc diurct.ic 
use. Scrum 011d ul'ine o:irnotid~y !lN mc>1iiurccl when 
SIADH ill i;ui;Jl(idod. [n SIADH thel'\~ i~ hypomnnoticity of 
the blood in ,11c111(ldntion with n reli:1tivc hypcroamoticity of 
urine;. 'l'lw U$\111l <:11u»c: jg a mulf\mcthm of t,h() normal os, 
motic rCt1I),)llf!ll of ogmoroccptorll, un excw,; of ex.o~cnous 
vni.oprnsijiu, o~ i\ production of n vnsopre,;,;in•lik() hormone 
thut iti not ~md,~,· th(; l'QHt1l11r control of serum o8ntot.i<:ity. 
'l'ho cl;anuonii; i11 mad<i by :;imult,meoui; me:-1$ntemcm 1, or 
urine nnd tlerum oi:smol111ily. '!'ho x<:1·um osmolnlity will I)(! 
h'lWllJ' t.111111 normal irnd nnwh lower than the uri.1w oi;m<>lllli• 
t,y , i11dic111t,ing irn1p1>ropria~H 110,irclion of a c:ol1('.~11t.r1ltod 
1.11·in(1 in tho pruscmcl'. of a di lutri ;;(:rum. 

C,1rdi0<:, 1·<m11l t111d hcJ)lll.i<: 1Jiooanc-: chomctr,ri11tically rc
duc<i U,e 1;odium/0!11nol111ity rut,i1.i, 1.hiH buin(( p11rl,i11lly nt.t,1•ib
u tcd to thc! <iffoetll of incrcu►;i1tl hlond 1mgor, um11 m· unknown 
metabolic products. P11tienl,l'.I ii, Hhock m,1y d1:vt1Jo1> di1:1pr•>
portio1,iit:lllY elcvlll.cd mcmim:ed 0~1v11.,lt11H.y com1111rcd t.o c(d
culntcid w1rn()l11lity1 which poin\,ij towtmJ the J>l'CL<ence of cil'
cufati11i; mettihnlic prnducl!l. 

There nrci 1,(1vcirnl npi>roximate mtit,hods fo1· c:;t:imnt,int1 
sc:rum 08ml)l11lliy {hm1 clinical fobonltci1·y volucs for !lodium 
ion, etc. Tb(!y nu1y he of con11idcrnbhi v11.lue in 1111 cmcrgc1)cy 
11itu(1tion, 

1. S<,l'Um oRmololity mn.v he e6timi1tl'!d from the fonmtlil 

(.) I (· "(l I' ) , blo()(i lllll{<1r I BUN , ,, m l!ll\O ,., Lo X !IO< mm , . ··········- ·······~······ · · "";-• ....... ,· ,J 
TII 2.8 

(NR in mRci/L, blood 1:\tigur und HIJN in tnl{/l.00 ml.,) 

2. A quick opproxim11t,iot1 iii 

() I O N + HS I HUN m ~mo ,.. ,.. u ··ii'·· _.3 .. 

:i. 'l'h(.) o:mrnlnlit.y lt:t wnmlly, /mt 110/. <1lways1 very do!:\e t.o 
two li1m~~ the sodium r<mding plu11 'JO. 

Uri'.ne Osmolicity 

'l'ho l;wo muin function:,; of the ldd1)ey 11re 1tlomoml1n fil .. 
trution nnd t.ubultu renb,mrption. Clinic11lly, t:i1bulur fu11c
tio11 i8 me1lfmrcd bt\st by l',<:,:1W! that determiJle 1.he 11bilit.y or 
the tttbuh,~ to C<>lwtiutmtc 11nd dilute the m·l.lw, 'l\1~1:$ of 
tiril\llry dilution am llot 11a 1ic~1sitive ill t,he det,tic t.ion of clik• 
c11se, !Ill are f.011t:1 ofuri11ar,v <:onC(!ntrntion. A'.!. co1H:tm(:l'ot,ion 
of urine OC(:Ur~ in the 1•e111\l 1v11Jd\1l111 (int:twstitfal fh.1id1:1, l(10J)k 
of H<.ml(1, cnpilli)ricll of 1,h(J n1cdull111\11d collcc~t.ini: tubule!!), 
the dititlUti(! 1>t<>Cli~Ac:; that dilll.lll'h ih~ function or i,tr\ldlH'(i 
of the mcdulln produce cnrly impai1·mf111t: of t:h<i conc1ll'Jt1·ut
i11g power of the kidney. Such rfowmmH indu(lll ij/;~11,tJ l.11h11-
Ja1' m1(a'06i11, oh111:ni<:tivo uro1mihy, pycloutph1·itiit, 1H1pill1u·y 
Jl<l()1'0Hi11, modullnry cy9l:i, hypolrnlcmic tmd hypcrnnlccmic 
n<,1>hrnp,1thy und 11icklc·ccll dii;MiUl. 

M(1(\ll\tr,!1)\1._11ll. of ut'i no 1)l'lmnlnlil,y is 1m 1i<:c:11ru t1~ tCllt for 
tlm dil\1ti11111Ul<l c<111ccnl,rtll.in1? llhility of Ul(l kiclMy11. In the 
11\Jijt..111<:r. of ADH, the daily urinary outpu~ ia likely to be 6 to 8 
J.,, or 1m11·0. 'l'lw normal mine 11:unolttliLy dopond!1 on th~ 
dini<:al ,,u:11.t.inl{; norm1illy, with moximt1111 ADH i;timulution, 
ii, <:mi ht~ oH 11111<\li ,,~ J. 200 mOsmol/k1r, 1.111cl with moximum 
ADH H\tppr!lA~ion ns little flt\ !>I) mO111nol/k1(, Simulttmcou~ 
cl<1J-,(11·mioul,ion of :icnnn 11nd urine o/lrnolnlit.y ofton i8 ,11ilu
uble it1 lill8!1fl1li11g Uw. dh1t11I 1.11bul111· rosp<ll.ltte Lo drc:ulnUng 
ADH. Ji\1r 1~M1nplc, if (,he putimll:'1:1 l!t!nm1 i~ hypcrosmol11l, 
or ln ~lw ~1pp1~r limit.11 of normnl rnngcR, ond th<1 p,11:icnt.'s 
urine osmolfllity m(11lR\Hed Ill'. the s11mc time is 1.nudi lowc:r, 11 
clecrcMcd re1:1p(,n'!ivc,noss of the distol t,ulmlos to ,ii1·1mlnting 
ADH is sum;c::it:tid. 

Measurement of ol'inc! o8molnlity during wntcr rc~t.1·ictio11 
is nn accurate, Hcm!litivc ti:'fl l of decrcuat?d renal fu1H:i.io11. 
l?or example, undt?J' t.Jw (:onclitio11s of one test, normal osrno
lulit.y would be greater tlum 800 mORmol/k(l'. With ueverc 
illl))ttfrm~mi the value wnuld ho l1w1 th,111 400 m01unol/kr,. 
l(Jiciwlt:!dgc (If urine osmolllli1:y O'J!IY p1)i11L to £1 problem ,wen 
though otb(ir tciits iu·c normal (<ii;{, the li'iRhhorg conccmlrn· 
tiou l,(!ijt, HUN, PSP cxcrct.ion, cn111tinin(! dennmcc or IV 
py(ilol(rttm). Knowledge of its vnlue J\ll\Y bo UHof11l m1poci11l• 
ly in diabtiUia nH1llit11s, e911entinl hypcrU!lllli(ln ,md silent 
pycloncphritii;. 'l'hti 111'in<i/,1crum osmolalit.y 1·11t:ic.16hould ho 
(:olculntr.d and 1:1hoold hil 11q11,1I to or p,rcnt.cr Um11 8. 

Osmoticlty and l:nteral Hyperalimentatlon 

Somtt a~p,ict;i of nutrition nrc~ discus~lid hriefly ht?re b<J
t:11u1.10 of t.hn potonti11I major i,ido effect!; due Lo abnormlll 
~1~moti(:ity of nutl'it,ionnl fluid,;, 111H.I hlH:1111,.., l.lrnre r:xiK\,~ 
i1\('.r<i,.111in11 dilllogue on nutrition nn1011K phin·11111r:i:1t.s, diel;i • 
t;imul, 111.nati,; ond phyr;icion!:I. An m,umplci i~ I.he, prnl'c.~ilionul 
or11t111iiati<lll , ASPl,:N (The Americun Sodt.!l,y for P11rcntr.rnl 
nnd li:ntt!rlll Nutrition), witl1 1mimber~hip np1➔ 11 l~l 1111 of the\ 
ob()ve hMlth l)1'f.lCtiti,mc1·11. It i!! dt!Hirnbl(l, th<1reforn, t:hut. 
phnrmnci~l, bc, nhle to dincus~ tl1c:1c matt~,~ wil.'h the9c 
othcl' hculth p1·of<1a1;1ion11ls in terms of nutril:ion 11$ well 11s 
medicine. 

O:imoticity hafl h<i0n of ~pccinl import1mce in 1.lw tntravc .. 
uou~ infusiol\ of lt1rg(, volumes of highly cc>1lc(?lltJ•11ted n11t.1·i .. 
tionnl solution:,, 'l'hoil' hyporoRmoticit.y hua bcc!11 11 miijor 
factor in the roquircincml thM. they be injc(ted (\{mtn1lly into 
u Iorgo volume of rnpidly moving blood, in~teud <JI' \1ijing 
pt:11·iphol'ol infusion. lJ,w ,)f ~1.1d1 ~olutions 1111d knowfodg<i or 
their voluc seems to hnvc lod, morn recently, J:o t:lm \ml of 
ro1.hor Kimil11r formulnt,it>1)~ ndmini~t,mid, noi punmt<1n1lly, 
hut. hy in~t.illnt;iou inf;o 1iOln(1 piu't of tlJCt 1inntroint,e1:1t,i111)I 
l.rt1<ii, ummlly, \mt. no\: IW(!(!~r;s.i.rily, by r,11vngll. Of co111·1)~l, 
!{JlV11go feorling is not new, 'l'hiij tMl,hod hn~ given t.!X{'.t!ll{ol\L 

tof.111 n11f.rll.ion, for II p(lri.od of t:iuw, l,o ,nnn,v p11tient~. lt ht18 
fumi11hod 1111 import.mt parl of Uwir JJt>lril.ion l.o other.Ii. It 
obvioullly 1woid811omo of t.1111 probhnn~ u,;11,(H:i,1tud wit.11 inj<w
titin8. Mt1ny of Llie rr.porln on thiij topic; 1'(1('111' to Ul<! UH<J of 11 
"Chemitnlly Defined Elemcmti1l Di<lt .. " 'l'hc:;c am ~;J)c:cial 
11ut.ritio1111lly complotc fomllllationa t:hl.11·. ()ontnin protein ht 
so•ct1lled "eh.>.m(mt rll" <>I' "predigested" form (protein hydro .. 
lyKnlcs or ijyntheti<: llmilio odds), 11nd c11Tbohy<lrnl.11 imd fnt 
in 11imple, eut1ily dig~i;\:iblc fol'Jll!<, T lll'li(' diet~ OJ'(, noce~~nr, 
ily rclntivcly high in ()1,m1otid ty bec11\U:l(l 1:h(!ir f!m1.1ll<1r mo}o .. 
e\ilc~ l'esult ii\ mol'e ))1\l'(,ic lcia per gram th1111 in tHil'Ullll food!!. 
Au cxnmple i~ 11 tluid 1~on11if,ting of: l.•omi110 1wida, doxtrn~o 
olig1mar.churidc1:1, vi1:omi1111 (illcludin!{ l'o t·$Oh1bl!l vii111nina), 
tnt 11~ 11 highly purified ,mfflowel' oil or 1;oybc\a11 oil, eler:tm• 
lyte~, tJ:ucc mincrAI~ 1lll<l wntor, As it. cont11.im1 f,1l, thot, 
componunt ill not. in "olution nud f:he1:efore ~ht111ld h,w,, no 
dil'cct cffc(:t 011 01:1moti<:ity. However, the potcnUnl for in .. 
ternction~ (,1m ,i11uM1 i;ome signific1111t ch11111/0!! in Wl.t1I piu-ti .. 
de coJ1<:(!lltl'>11.ion imd indirectly offoct. th(I oi;motidty,.!I 
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Although llnsily digc11ted, dcxt,rosc r,ontributos more pnrt.i•· 
des thnn mo:.\: oth<ll' r.11rbohyd1°(1!:1i t.1ourcefl, such nH st.arch, 
1111<1 is ITiorc likoly t.o cn1111c oi;nml,it: d inrrh u11, <1Hp11dt1lly with 
hoh1H fo<!dini;. Osmotieil.y ill imp1·ov1Jd (dccrem1t,d) ir-, t he 
t\l>(.>VI) foi:m\lhl hy rnpl1lriog dcxtl'OM(! with dext1·0111~ oligOUflC00 

churideH k1u·hohydn1tM t.hnt yiol<l on hydr1)lylliA 2 to 10 
ll'IOIIOMt:c~h,widcH). Jrll\Vc)riug alHo inc:rc,ni1ei; tho oKmoticit.y 
of o r,i·odud, diff<n·tml flnvm-s Cllllllinl( vnryinl{ incrM~Cfl, 

Commel'ciul diti\,i; 1)( I.hi& type tll't'.: 1>11cka1/l!d nr; fluids or ui; 
powdo1·1; for 1·cc:onatitutio11. Rccontititution 1~ usunlly wit.fl 
\V1)tc,1•. 'fhc lnb1,fo 11f ,mmc prc1>nr,1tion~ slut.<! the, OHmolnlit.y 
l)I' 091lHllnrit:y of tho fluid oblAinod oL ~,.und111·d dilt1t.ion. 
However, the )!\bell! (;f mony f>N>ducts do not 11t11tc either 
t:h<:i r ottmohtliiy or osmolority (ol' their t>~motidt;y in ,my 
wny). Oftt!ll, whim the term rn;mol11rity i11 U8cd, one cnnnot 
di8cm·n whet,hor thi11 i!\ 11imply incorrel:t. torminology, or 
whether tlrn o~mol1HiLy 11ctu1,lly hn11 bt\<~•1 (iolculn\:e<l from 
Lhc osmolality. Wilh concentrnt.c,cl infant fm•mulo~ 01· t.obe 
fcodin1;s, UHi oamohnit:y nrny be only 80% ol' the omnolulity. 
'l'hc o~moLildty (<>umololity, otc:) of illfttn\: frmm1lns, tubt! 
foc,din1111 1\lld i•li11I poi·cnl.orol nut riUon 1ioh1lions nrn not. 
dc~cr ib(id ndoq1111td y ei1.lrnr in \:ex t.bo<JIIH or in i,hu lit(:rn1:urn, 

T lrnrc 1m1 otht:\t' rll'M!l of concm·n. A widt vm'intion in 
omnolulity w11A fo1md whon powdert,d H11mplcs from diff<.ff· 
ent (:oot,Hin,wij woro rcconBtil.ut,t:\d io tho Mnrn mnmwr. Thii; 
cliffe1'(\1lct• W1)11 found both wit,hi1i und nmong diff<i•·<•ll!: k,t~ ol' 
tlw ijHlllt!. 1)r t1dUllt. 111 ud(lit.io11, 1·eeonHlit.ut:ion of 8onw pow
dt!Hld ontcrnl fonmd11ij Ufiing tl1u scoop!l ij\ll)))li~id by th,1 
m11nufacturel' g11ve f'onm,hi~ th11t h11d ohm•~t (.wi1,ti lJic o~mo• 
lolit.y o( the smmi 1,rodu1~t when l'cconBt.it,t1Lod 1Hi1:11r11toly by 
Wt:\ight. 

'l'his form of nut.rition hos been cnllc<l, >!omcwh11.t inoccu•· 
rntcly, "l~nt-t1rnl l-Iype1:1tlimen~)tion."1 It 11hould bci distin .. 
Jl'llii;hcd rr,,m (1i) "Contrnl P1mm1:ernl NutriUon" (which nl~o 
h11s he\lll 1a\\lt~d "Hyp11rnlimm1tntion," '".l.'01.111 P1Hcnt.crnl 
Nut1·itim1" (TPN) 1111d " P11ront:cir11I Hy11omlimcmtnUon''); 
miu from (h) the morn 1·1,11:c,ntly roportcd "PQriphornl Hype!"· 
alimer\l.11tion.'' Tho t,11rminology i~ in 111:11~11.a ,,f l111x dmi t:1> 
the r\lcvnt l'111>id pro(in1a11 in t.hc~ formtt of n1e1ti1holic ~uJ>por1,, 

't'h(l entcric rout.c fol' hypcrnlinumt~tion fre11ucnlly i!i 
ov(!rlo,'>kcd in 1llmlY di11on!lo~ or· po~l,tnmmn stnte~. if tho 
p1it:ient is no~ n111dily rci1porniivl:! (,o Ln,dition1tl <>rul foedin1;u. 
P(ior o.ppetitc, d wonic nuuuc,n, 1~1HH~rnl ,ipo1-hy nnd a d(!J(roo 
or fiomnolem:t\ m Acdllt.ion me ('.1,m1mon concomit11ntl! of lleri
Ol.lil di!!Cllij\l, 'J.'hifi frcqucnl,ly r,i·ovctnl'.~ 1tdcqunl,1! ,mil 1ili
mcntation 11nd rcault~ in pro1~ro11:.ivc energy 1111d nul,rienl, 
dofidtH. Oflc,n, ~11pp.lc1mint~ll')' fooding11 of 11 hi1thly n11t1·i• 
tious form1ll1l nro tukM 1)1.H>l'ly or rufused cntirdy, Howcv .. 
or, the di!:(t~tivc und nbH<>rptivo cap11hilitictt of (.ho g,u1tmin00 

t(\st.inttl t,rntit ore ftc,quontly intnc.l cmd, wlu.!n d111llcnged 
with ar,propl'inte 11111.ricnt 11uids, c11n bc 111;,,tl offoctively. 
By tu1ii1t{ ~n int11c\: GI t:mct for proper tilimentotion, th.e 
major problems of 11(1psi11 mid m<:tnbolic d<irim«omcnt which 
relato 1,() intraven<,uH hypurnliment.ution lurgoly nre olivi111,· 
tid, und ado<1u11tc1 ,111tritio1)t1I support. i" 1:1implifi<>.d 11rcal,ly. 
Hr.11:uuAe of i,h i11 incroused imf1,ty 011d (lM11<• t)I' ndmini11trntfon, 
t.hu outcric routo fot· h_yp,m1limonto\:io11 ~hould bo U~\ld 
whenever poo~iblt,,~ 

When ing<!1;1t1id in largo 11.mountf! m· concuntrat<id nuid,,, 
the o,imotic churocteri111.i,iR of certui11 food" cml cau110 ,rn 
up!let 111 th11 11otm11l wuWr b11l1mce wit.11in the body. 11' 01· u 
given woight. of 14o)ut.e t.lic, o~rnolt1l i\:y of ~he 1:101\1t,ioi1 iR in• 
venmly 1mmo1-titm!ll to t . .h(t 11iw of tht,; particle1;1. NuLritimrnl 
componont-ll ,,,1n bt1 lii;tNI in all 1)pp1·01,;imM.1:i m·rl()r of de• 
c1·1~t1ijJllg o:imotic effocl ))i-:r grnm, ""w 

l. lsil,cl-rulyloH auch ,,,1 . , ,<lium <'hl<1ritl~ 
2. Hol" tivoly Rmnll oritnni<i m11tocull111 ,-ud, n. d,1xtrosn !1.1lucn•<e) 111111 

nmi11•1 ,,e;,i.. 
:). l)u~trnit• <•lir,1111111:i'.h11ri1l11H 
4, StJLYCh~N 

r,, l1rowi11~ 
(i, l•011lll (nH foti un, 1101. W1\hlf- ijttll1bl<, they lrnv<, no osmotic uJ),;d) 

'l'hus, in food11, high proporliomc of (,lodrolyt.cs, nmino 
11dd1, 11nd simple !luuur,i hnvc the r{rM1:Mt offoct on osmolali
t.y, 1,nd Uij ti l'e~ult, 011 lolnrauro. 'l'h<: npproxim111-ti (1~111oh1li
ty of n fow <~ommon l'ood11 t\nd howm11r,,s iH 

\Vli1)l1e mil~ 
'Jl1un,\t,,iuir.u 
Ornn1.1c fui<:e 
l,:~crMm 

1110t1r11ul/krt 
;/.!)!, ' 
f)!)() 
ll~lfi 

)1f,C) 

When nutrit.-ion of high o~m,,ticity il! ing111;l.od, lnl'go 
mnoulltS ofw11t.<1r will t.rnnsfcr to t.hCl stomud1 iltl(f intostinc:1 
from Lil\\ Ot1id ~mrr.11111dinr, t-h<1~t' org111111 in «11 ,,t.tmnpt to 
lower the osmot:icity, 'l'he hixhet tlw rn1mol,ici1.y, th0 l11rger 
the umomlt ofwiltAlr roquirod ; CJ. l11r1;<1 r'llllOlmt ()f wntor int.he 
GI trncl <:1111 c11t1i\ll difit.vnl.ion, (:nunp:i, n111u;l.'.11, vomiting, 
hypermotilit.y and shnclt. '!'ho food mrcy moV(i l.lm,nr,h the 
tract too rupidly fol' I.ho wnlm to l.>H rMh!l<1rbt11I, uml 1·c,i;ull. in 
dinrrhen; >Jt\vl!rii di,ll'rhc,1 c:.-ui (:ll llll~: dohyd,·irl:im1. ''J'hc, hy• 
pcro,;mt,1t,ic 0111.ornl cffoctii lrnv£t hmm ob9cirved by (,h<i 11<hnin· 
istrnt.ion of utidilut.cd hypc.wtoni<'- <ll'lll mc:clicalio11;11 'l'nbll\ I 
from thi,; worl1 liRt.~ nvc,ro1ie o~molulity v1.llue~ (1f !!<)Ill<: com· 
morci111ly 11v11ilohlc drug flOl\1tion!I ,md :111H1>cn1;1ion11. ' l'lmB, 
tlrnrc i1;1 ijClllle nnnloi:y lo I.he effect. of hypt!ro:,:mnt.i<: i11 t.mv11-
11ou1;1 i11 f11>:i io11,;. 

Hyt)(\f(l//moli,: fcodingi; mny r<?>:1\lll, in 111ucvHul domn~e in 
the Gl tr1\CL Huts 1:iven hyp(il'O>'llllOl,i<: foc,rli 11g >1howctl tmu· 
1;1ie11t.. dl'lt:ronsc in di1mcdrnri1lu$11111:Livity, ,md nu incre11sr:. in 
1:1Jk11li1)0 phoaph11t:1.11J(! t1<:(;iv ity. 'l'hoy nllw showed morpho
logic nltcrntiorn! in thl! micrnvilli of the !\mull inte11tJ1H¼I:\, 
Al'tcr a period (){' l.l(iV(irO g11strncmtcrit,h1, tht\ bow<il m11y bo 
unuKunlly ~uscept.ibhi to hi~hly osmotic fornrnla~. mid LlHiir 
u:ic mny hll:r<.\11~11 tho frequency of dinrrhon. l.nfmll, fomlll-
1011 thnt. nro hyperm1111otic; mny nffcet: prl)t.orm infsmt.~ 11d
v1.m1oly during the 11,1rly lHl<>nnt:1I p<1riod, iuul thoy may pro
duM or 1iredi1:1ptMl nc::onul11g to ne<:ro ti~ing cn1.r.ro<:olit,i~ 
wh<:11 delivered (,o t.he jejunum tlm,11(\h ll ll1\1,og1.1~1:J'k (,o l.u,, 

The body at.t.om1it11 t-0 ke<ip UHi ,,.,motidty of the conumt:; 
of the 1:1w,·ni1eh nncl intcsf.irrna 111. 11pprollimntcl;v th<l 111mH, 
level m, tho~ of the fluid tJ11rr<1111Hlini.: I.hem. Ai,. 11 flui<l of 
lower ni:unotidt.y rnquircij t.he l:r,mBfct; of l<,1.1~ wnt.1!r Ui <lilu\:c 
it., H, 1<lmuld h<! hile.rat<id h<itt.or t.lum onn of higlwr t'lilmot,i
cH.y. AR 1.o lolcirnnce, 1.h(i1·e jj! n 1~ront vruia t,i,m from mw 
iodividunl to nm>t,h<?r in scmsitivity to 1·.h11 1,ijmot.idt.y of 
foodi.. Tho mnjorit.y of p11Uonts n;cdviu1r, 1111l.l'itimrnl for• 
nrnlns, either orully 01· by tube, 11ru nble 1.0 llilMtlt<i foedi111_{~ 
with n wi<lc mnno of oamotfoili c::; if aclmini~i,m1cl 11lowly und 
if utfoquute ndditiOJh)I fluidR am J~ivcn. Howovcr, cer t,11in 
1>11tientij 11re mor<i likely to develop llympl.iJm11 of int.oler110,:o 
when i:eccivhlK fluidi; of hir,h o~mol-i<!ity. ' l'hcse hwludc 
dobilitnted J)tttient.s,, poticnt~ wil,h GI (lisorclcrs, pre· and 
po8t01>tm11:ivo pt\ti()nb1, r,n~tro~tomy- uud jejul)o~t.01ny-fod 
p11.t\cnt-$ nnd IHll,ienlll whose Gl t,rl'.l.t.1..<i hnvn no\: h111111 chnl
lcngwJ fo1· ,111 ext:ondod pol'iod <If iimo. 'l'huB, 01;1motidt,y 
11hould " lwuya be considC1rcd in t',11,, l:\l•llti<:tion of t:lu, fornrnl u 
for ()llch indivi rl1111l pnticnf... Wi th 1111 prnduct~. oclditionid 
fluid int.11lu~ moy bo indicnt.0d for i11di11iriuuh;1 with cel'~1\il1 
cli11ic:nl ,:ondiLiono. 1"rNJu1m\. l'cwclings of 1:1nrnll volume or n 
co11ti1111al instillnlion (1>u1111>od) mny be of hl!llcfit, init:i11lly in 
e~1,nblishing t<>lurunce to II formu la. For oi:he,: l,htm isooa
motic fornrnlmi, foedi111(11 ,if rnduccd con<:<u1 u·n1.i o11 (◊1Jmoli1l-
i1.y les11 U111 n .JOO 1110H1111)l/l<1:) nloo nuiy he, htllpflll it1itially if 
~olcl'llncc pn1blt1111>! .nb1c-1 in sc1111H.iv11 i11divi•hrnl~, C11111ion
trotion aml iji~.c ot· foodinr, then ('.fl!\ ho h1r.ni1u;od 1p·:1d.uolly t:C> 

11orllli1l M u,lfll'once is e1:1tnhli,;h11d. 
A commcl11 dioturbonco of in1.11k11 (!nt;unnl.,\ir l.ld in elderly 

individui!lll 1·ulntcs t.o e~t•t•H~ ;,olid inl~lrn 1'11Lhor t:hnn (:o ni• 

d\l(:od w/ll.tir hlf,u\<(!, li'or ex111111.>k, till d1kl'iy vi<:t.im qf 11 
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cor(!l)l'l1l v1i11c11lnr nccidcnt who fa beinr, fod by ur18Vt{111itJ·ic 
1.u b<.1 moy hc giveu (I formuln whoRc i.olu!c l.ond rnqui1·rui u 
1(rwitly incromiod wutt1r in trike. 'J'h1111, tube fol!ding eont1.1in· 
ing 120 r, of J>rotei11 nnd 10 g of 80lL will rc1mlf; in the CXCl'Ction 
or morn thon 1000 mO~mol of flolut.c. 'l'hi11 rc<1uin:s t:1w 
11bliw1tory excretion of ,1 v1,lume of m•h10 l)oiwocn 1200 and 
'1500 mL whon the kidn(!Y/:1 M C ,:npablt! (ll noi·mril <:oncentl'll• 
\:ion ability. As cldcdv' indivlcllmla oftt,11 hnvc r1ignif'icm1t 
im1>1:airmc.mt in r<J11ol fm;ct.io11, wnt:er lo~i, ui; 1.ll'ino moy cxccccl 
?.000 to 2500 nil, per day. S11ch an i11dividual would require 
a (.(1 ~ r.. of wtlter per d11y 8hnply to meet t-h<i incrcM(\d 
demand created by thi~ high solute intake. l~i\ilure of i.ho 
phy8ici1m to provide 8\ICh II pnticnt with the incrt!tlf:i\~d wl\t<lr 
intake noo,focl will r1u;olt in o pn1gressivc water dt~ficit. which 
r11picl ly m,1:y h,~com{I <:rif.i<:11 I. 'I'ho importnncc of knuwinl{ 
the 1:cm1plo!.<1 compo1:1itkrn of f.h<1 tuho focding fornrnlm1 l1so<i 
for i11c11p>1citoted 1nll,i(,nl.1:1 c:annot b1,1 ovm·emphnsi1.cd. 

Osmolallty Determination 

'l'hc need for 11xp1irimu11t11I d111.,mnin,1f.ion of osm11lc1lit,y 
h,1s I.mm, 1i~it1b\i,;h(~d. In 1'(i(;111·d 1,1 thil! ih<mi ore fo11r prnp .. 
or ties of :ml.u 1-iooH ilml, d \!l)(\Jld only on !.111! num ht11· of" pmti ,. 
des" in the 1mlution. T h<1.Y Hte oamotic: p rC(ll;'I\H'C okvoiion, 
l.miling point clevution, vnpor prnssun~ dcprnsttion illld 1'1·M11.
ing 1>ointdc1>1·cs:lion, Thcnc 111·e 1:nlled colliKutiw proJ)Cl'Li(ik 
1,md 11' one <>f tll<\m is known, tho others cm, be <:nlcolnl;<trJ 
fr()lll i tr, voluc. Q9motic t)rcssurc elcvut.ion ill the mollt diffi
cult t,, mMsm·o 1111ti~foctorily. The boiling-poiui elev111:ion 
may b1l dctcrmil1cd hut the vnluc$ cm) rnt,her ~\\nljitive to 
chang(!I; 111 bul'ometric prcssnro. Also, for nn 1\qucouij ~uh.1· 
tion the mol11I boiling-point <llovotion is considernbly less 
than tho free~ing-point dop1·oil~ion. ' l'IH18, i(: i8 less occurnte 
than t.h<1 freeiiut~-poini mothod. Dc,t1mnin11tion1> of vopor· 
pres1;1u,•e low(!ril\{f biivo b(ion <:<m~idcmul to be impractic11I 

. bocauije ofthe al11bornto uppn1·1\t11a required, Howovcr Zenk 
und Huxto.bl.e u8ed II v«pc,1· 1woM111·0 osmometcr and 1:Jt1;1I,\! 
1.hnt it hon much t:o recommc.1nd it for mont of thci :iy1.1te m1:1 
\tndor connidemtiml hcJ·1i,:1 A v,ipnr-prm,sure m1111om11t.er 
with II precision of <2 1110~mol/k1s ia >·erpoitcd by Dlclternon, 
1•L al,11 'l'he mothod wmully 1_1ij1H,I h; l.h,1\. of frHm:illl!"J)oiuL 
d1-1p rn~i;ion, which c1111 ho <ll•l.1H·rnin,1d quite rn11dily with a 
foir d<lf{l'<:c of nccur.ur.y (1,1\ti Fre1!ii.n11 ,Pilhi /. Depr1:sNion, 
Cht1J)l,1r Hl), JL1,hould be 110!,tHl tl1,1t. ~Iii! d,11:i1 in Appmidix II 
cun be (:onvertcd 1·c11clily to vn1)or f)l'(!ijl,l.ll'e low<n·in1; if de• 
1:1ired. 

Semlt1lltorn11ti,~. high scrn1it.ivit.y 01:1llH>1Mt,ers whic:h men• 
llllre free1-.inK point do1>rcRsion provide digi t«l re1\d(1lltA ()I' 
comput.er prilll,0111:3 of the rc:1t1Jt.1:1 exp1·1ii,11ed hi millio~mol 
unit~. 

'f'hc rtl!jlllts of investigations by Lund et al1~ indic11tc that 
the frN1:r.i1,g J)oinL c,f norm11I, henlthy humuu bl.ood ia -0,52~ 
und not -0.ti6°, aa pt<wiou11ly 11s1RmNd (11ce Jteli!tbility of 
Datu, puge 1.1189). lnllijlm1ch os wl\tllt ii1 t:hc~ medium h, 
which t:hc v«l'J0\11;1 (1onat:it,1<111t1;, of blood o.rti either 1:1u,;p(mdod 
or di811olvod 111 1.hia method, it i11 o~sumed that a11y aq111w11.~ 
soiutio11 ftoar.in1; a t -0.62~ ia isotonic with bfoocl. N(lW i t i11 
r!lro tht,t a 1:1imple 1v,1m1~•u1:11,(lluti<>11 c)I' the thompoutic agent 
t<1 bo inj11cted p1u·1:mtornlly haB n fn:<w,in1r point <)f ~-O.fi:.!◊, 
11ml l,(> nhinin thii, frel\Zin1: poiul. it iti 1H11':(+i;11m·y ,,iih1u· t <, ndcl 
ijOJYle ol.hol' thcrn1>eutic1tlly inuctive 1:10101.u if tho 11olutiou in 
hypotonic: (froozinti point ubovl• -0,!.\2°) 01· f.!J cliluto t,hc 
,;t.>hc(,ion ir it. i8 hyport.ouic (fr1iey,ing pvin(, bl11ow -0.52°). 
Tho uaual pr11 rrtic11 i~ t,c, , .• dd cit.l)l<l' 1:1odium ch l(►l'ido <•>· ,lex,. 
troBe t;o 1.1djui;t hyr>otonic pnrcntornl 1:1oluUonl! l:o i,;0(~)1·1idty. 
Glirtuin solUWIJ, inch1di11g mnmonium d1lorictt\ boric ncid, 
\lr<i1.1, ({l:Y<;(~rin nnd 1>ropyle1w 1;lycol, Cllllij\'. lmmoh•lli$ <:vcn 
who11 tlwy nrc p1•c9cnl hi u con<:nntrnLic,n t;hut. ilj if!oo11motic 
nnd 111wh 1soluiiorn1 obviou~ly t\l.'(• not isot,mic. s~ie Appendix 
A. 

lll 111;1imil11r m,mncr Holu tion~ intended for ophtlmhnic u~l! 
>llllY h<l 11djulltiid to hove n frcozinf( point id(!11t,k11l t.o t.h111. lif' 

lucrim11l 1'111icl, nmnely, - 0.52" (Ree JMial>ilit,,y (Jf lJu1.,.1., p1~i;e 
I 48ll), Ophth11lmic nolut.io1rn wit,h hitthet fl'(i(i:r,in({ poil1t~ 
11~1111lly 111·11 mndc hmtonic by tho ndcliUon of boric 1\(:id or 
,wdil1m di lol'idc. 

In h1hort11;(.lriei, wlwrn Urn 1;ec1i~<,11ry equipment i~ :1v11il• 
11hle, the nwl,bvd u~unlly follow<id for ,id,l\111ting hypotonic 
soh1tio111l ii; to dl)Umni110 tho frnci.iog-point doprcs~ion pro· 
duccd by the i111;rtidi<!ll l-6 of 1\ 11ivo11 prescript.ion 111: formult1, 
.md thm1 to add ii quont,it,y ()f' a suit1Ahlti ino>'t solut.<l c11lcul11l• 
od to lower the frcc:r,ing point. (,o -0.52°, whothcr tlw ~l)lution 
ifi for porcntcral injectioil ot ophth1ilmic 11pplil\>lt ion. A 
fin11l doLcrminntion of the frcczin1;•point d<lpr~mion mHy h¢ 
n111d(, t<1 vorify the occ11racy of tho ctdr.1J!i11·,ion. If 1,J1.., ,;1>lu
lfoll i1, hy11c1r\:pnic, il must be diluted if mi ii,ot:onic i;oluti@ fa 
to bu prop~1·~d, l,ut. il must he rcmcmbornd I.hat :wmc l!c1(u .. 
tions c111111ot. bti dilui.A:id without. impnirinlf their 1.11,ll'll))im(.ic 
1.1ctivily. l•'or ex1unple, ~l)hit.iolll, l.<l be used f()I' 1,1•antinr, 
vadcm;c vcim; l'(JllVi r·,: ,.1 h•1th c:or1<:<,nf.rnt.ion of j_,h,i 11clivc 
inl{rndicnt (11olut,e) to muku t,he 1Joln1fon et'focLi1J(1. l)ilut,ion 
to isoumic conccntrnt.ion ill 1Jol, indic11(,cd in &od1 (:/~!!«)►.• . 

Freezing-Point CaJculotlons 

Ai; (1xpl(li11wl in tho prc,coding ~t!('.tion, freey,ing•pt1inl. d11t,11 
often may b~1 omploycd in solving prol>lcims of iKol.ouicl~y 
i1dju,;(,1ncn(., Ohvic,u~ly, tho utility of such datu is limil:ed tv 
t.lw1m imlutfon,:; whor(i t.hc ,;olutc docs not penctrut.e 1'.h(! 
membrn110 (~f Llw 1.ia,;u<i, '% rod blood ccllll, with whkh it, is. in 
contact. In ~uch (:Q$C$, Appendix A, giving the freezing, 
point dep~e,;s ioi1 (lf >JOlotion:, of diffo1·11nt conccnlmtions of 
v11riorn11!11tbKt1mce8, provid(!ij i11Cormt1li(►n o,;sontfol fo1· 1.olv• 
ing the probfonl. 

For most ,:mln1t1rnce1:1 li,;tcd in t.he tulM the concentration 
of an foo tonk 1mlutfoll, ie, m1e 1.h,1t hnl'I 11 froozin,; pc,int of 
- (),52'', i8 given. If this is not liat11tl iu 1.he tablll, it. moy he 
dotermined wit.I, ~11ffici ~HII, 11<:Clll'f\eY hy $implo p1·01)ortlon 
m1ing, mi the l,a~i1:1 f(IJ' c:11k11l1ltion, Urnt figuro which mo~ t. 
nr.nl'ly prndut:ea 1111 i~o\,(mk ~olution. Actunlly the depres• 
sion of the frncizii11t point. of !I aolution of 1m <iiMtrolyte is no~ 
absolutely pro))ol'tio11nl l,o 1.hc 1)olll'.(lllt1·ntion hut V11l'ic:. tic• 
col'ding to dilutlo11: fo,· (!)IQlllpl<f, n ;iolt1i:i(l11 contnining 1 g of 
procniue hydrochloride in 100 mL httij u frl!.(!;1,ing-point de, 
µrcssion of 0.12~, wluirnu~ n ,;olution c()ll\~dning a g (i( tho 
~nme aolt in 100 mL huii a frc<!r.ing·point <le1>1·ei;!lioll <if o.:.i:)0

, 

not {),aG" (:~ x 0.12»). Since \'.li e t1djuBt1mm1. to i1;(1L()ni,:ity 
need not ho nbimlutcly cxnct, 1¼pproxim11tions may b1: n1nd1i. 
When it ii, recoiled that. for m1111y yeurs an 0.8!5% r;Ol\1tfon ()I' 
BOdlum chlo1·i<lo, rnt.hl\r than the prnsently employed 0.90% 
concentr11tion, Wll(\ 1111ccptod wfdoly 11nd prnvod to lH, emi· 
ncntly 1:11\(,il!fo(:t.r.iry ,1~ (,lie) 11;ol;rn1iHoquivnlont.ofblood tmnnn, 
it, is upp1mmt: l,hat mi1101· <hwi1)f.ion1, ore nol of 14ri::11 t concern. 
Also, formerly 1\ 1.-:1%1,,,lut,i<m 1)r11c,clium d1hwiclt1 wn~ comiid• 
ered to be iHot.ouic wit,b lm:rim,,d fluid 1lllcl found to br. rcfo .. 
tivcly tolerublc when uppliod f,o 1.hn nyci. Ncwcrf:helcss, nd
juMtmonts to i11ot.011ic ity t1hould be ns exnd os prn<:ticoble. 

All 11 ~pccific illustrntion of l,h1t. rn1in1J(1r in which the; dot/1 
in tlw t,1blc mny b1• used, 1iuppv111! it, i$ ri:.qufrcd to c1\lcul11tc 
t h1) q1111ntity of sodium chlorid(l lll.'1)(1\id 1.0 mnkl) 100 mL of n 
1% 1mlution of calcium d11:10dium e1ietui(1 i,:im:,~mo~i~ wit.h 
blood i,(irum. Reference t.o tb(! 1~1ble indic11(J1~ t.h,11. the 1% 
ijOlu (;ion pl'ovidcs for0.1.2° of the net:e~~!IJ'Y 0,52° CJffrcc1.ing, 
point doprc~sion required of an iauol;lml)\:ic solu(,i<,n, t.hui. 
lenvinti (l.40° to he !mppliecl by the sodium dilotido. At;:Hin, 
r~i fcning to tho tnble, 0.52° is fwnd t.o be t,h,! fr(ic,zi ng-point 
doprn~11ion of (I 0.9% solution of !lOdiunt chlnrid(i imd by 
simplo proportion it i~ co.kulnt:~id t,htit i) 0,6!)% ;iolntfon will 
l111ve II frce1,ing .. point dep1·(4~11i.,,1 of' 0/10°. As~m11ing tiddi• 
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tivit,y of t.lw frc,o:r.ing,point. diit)nuJ~ioil", 1.1 l!Oluti@ ~>f 0.6!) 1,{ 1)1' 

ijodium chlvl'idc mid I I! of' r.nl(:ium cli~odium 1!d(!t11tc1 in 
"'1('fici1mt w11Lt1r t,o mnlc1;1 100 mL will bu illo<JijlMtic wit.h 
blood 1wnm1. 

Likt1wl:,c:, to nmdor ,, 1.% :'l1llmion of bl)ri1: 11cicl i~otonic: 
with l11cl'imAI n11id hy tho 11ddit:im1 of 1wclium chloride, one, 
would prnc11ed with the cakulut.ion nH follow11 

l~twzintt•poin(. •l~pl'e~sion of l1wrim11I flu id .. , . . .. , . , . ... , . o.r,~• 
~'1•1,e1.in1:-poi111. doptc,1mi1,1, of 1% h1wi(: 1,dcl ~oh1(.iiJJ1 . . 0.2!)" 
l"r~•;1,i••11·1•11i11t. tl~proa•ion to bl! t<UPJ)liod hy ~odium 

chloride • . . ... .. . • , , . . , , •.... . .. . , . , .... . .... . , , , , , , O.:ia• 
~'1•ce1.iu1:·1>oin(. dt•11r11».1i1>1• ,,r n 0.1l%;,;vh1li11r, ,lfMmli111n 

chloride . . . . . . , , ... , . •. , . , , . . . , . .. . , .... , . . . , , .... , . ().!ji• 
Thc•rnfor~, 

o.o~,0.11 "' o.ia:1 
(),(i?.k ~ IJ.:10'1 

x ... 11.4% .odium <'hl11rido lo lw inc1.•r11•>ro11,d wil.h J% h•>rk m:itl l(1 
pm\1111!1; ,, ,1,1t11.i11n whid, will h1, i•<>Umic wil.h 111,·rimul lluid, 

Similurly, $ho11kl II solution r.011t~1in more than one i111p.~
dfont., (.ho ~11111 of tho rospecUvo frce1.i111; point8 of mu;h iJJBl'C)· 
di~nt. would he dctr.l'minod nnd th<\ diff0rnncc betWt!(!J\ thiij 
sum ,mrl tho roquirod frn1w:i1111 poi11t wc,\tlcl 1'Cpreij@\, the 
frt!ev.i111r point to ho 11111>1>lied by th(! 1~cl ,)f1d 1mh~t:111c1i. 

'l' ho prcwoding cnlc11 l11t:ion r.un h1! ~1xp1·,?~1md in f.lm j'(ffi:J of 
un oqo,ttion, 1111 follows 

(O.fi'.l-a} X t: 
}(. w,; ··~· .. ·· ·•· .......... ,. ... , .• , .... . .,.,. 

b 
whel'e 

x., g of odjuBl,iJI~ l'loluto roquil'cn for cnd1 1.00 mL of 
~olution. 

0.52 "' Frcer,illl( point dc,prct111io11 l)f blood l:i(!rum m· Inc" 
rim~l fluid (in degrees}, 

a = Frecnintr pnint. dopro:il!ion of 1;ivtm ingrcdit~nts in 
100 n1L of flolution. 

b = J?re(lt.inl( point. dcp1-esBion of 1.· t( or n.clJustin11 1Jub
i;t1llHlc per 100 mL. 

c = 1J of ttdj11ut:ing soh1t1J p1,r l 00 mL, prod1Jci1,11 ,1 

f1•<1e;,:ing point dcll)r,i1;1,;ion of II. 

L-Vnh,eH•·, .. ·Jn dil11t,1i ijo)11t.i01rn, the oxpr(~K~i,,11 for frN:t." 
in1~•poiut clc1>1·C1llaio11 muy h1! w1•iu.1m 11s 

a. r,"' /,('. 
in which t:,,'l'r it; the frcoi,i111; .. point clt•p1·e1:1i.1i<m i11 °C, L ii, n 
constunt 1md 1J ill Lh11 mol,11' co11ce11trntfon of the drul{. 'l'hl) 
tel'in, /.,,,,,. ifi defined 1111 the 8pecific val11l~ of/., ut. ii <:cHICJ<mtm• 
tion of drug which is isotouic with blood w 1111:rimnl l'l11id. 

[•'o,· u more, cmnph\t,e cti11c\lt;ijio11 l)f t,h1? 111,0 QI' J, vnlum11 the 
readc1· ii! r(lforrnd to Rl'8-JA, 1>uge l660. 

Effo1it of 9olvcntll·······Be~id,111 wi\t,(lr, l;H1'IJ.1i11 othor solvents 
frnquf:ln(:ly nrn omploytHl i11 110,;(1 rlrop;i, c,11r clropll oncl other 
1>reptm1tio1rn to be uBed in vnrlou;i p11rta of tho body. l,jq .. 
uidij ijuch ns glycerin, pi'<>pylcnc glycol 01· olc1>hol rn11y com· 
r,o~o part of the solvot1t. In fiolving isotonicity nclju~t:menl, 
1m,hlom11 for such lloh1tions it oho\lld bo kopt in mind t.11111. 
whik: 1.hc&c oolvent component~ r.onl;l'ib11tc to I.lie l're~iint:· 
point dl:r>re88ivn Uioy may or mny not h11w tm <11'focC,1ii lhi, 
"tone" of the til!~lll.l 1,0 which Uit:y uru applied, ia, ,m itmo111110-
tic 8oluUon muy not, bo i~ot,mic, lt. i" nppunmt. th111., in ~\1ch 
cnse11, 1,hc utili(.y dtho moth<)dA de~1,ribed ab(lVt101·, for dint. 
mattor, of 1my oth«r method <>I' 1!vnlu111,in3 "fo(inicity" ill que~• 
lfon11bl(1. 

lhillability ot' Dnt•t--Whi111 the frniw.ing point of blood 
fornwdy was llMKumed tu be .• ,Q,56", lntor invcHd1i11torB1i 

rnporled tlml, u11 1.1 con1,eq11011cci of ice hc~ing clisen11ni;ed in 
ft·cozing-poin1, det,tm11i1111t.i«mA, !lij or(lhrntily perfonn1,(l, Lh<, 
olmirved fruo~.inl( point of hlood i~ l.ov low Md UHi cor1·oc1. 
fr1111~.int{ point iti :-O.li2Q. 'l'lrn 1!111110 i11vC!11til{1tto1·11 l\ilmd Uic 

fr1:(w.inff point of 11 0.9% :iolution of ~odium chlorid(, to h11 
com11,pnnclin1rly low; I.ho cor1·oct fmczinr~ poinL ill thia co110 i11 
11hio "-0.5:l0 • Pre1•11nnubly, all solutfons com1\1011ly conRid, 
eretl to be iuotoni<.: with blood will freez.(,, whim 11 correct.ion 
for dis,m11agod i(:<1 i;; opplit!d, 11t - 0./\2", I(. ill nppnrcnt:, 
th(,irlll'ot<i, t,hat l,hMo is no nood to chnngc! th<l i11otonic con
ccntmti(>tt, if tfoi l'cl'crenc<i l.<,m1>or11tur<dor bCtlh blood 11ud 
Lb(\ ~olutiou ondtu' eoni;idorotion is alwo.yis the sumc, alld 
provided th,11. th<l nwth<Jd of clctormining the frooi.ini: poinl, 
h1 the 111une. Al!:!<>, thr,1·c 11ppum·11 Lo be no ob.kclJon t:o u!lh>t/ 
frnerfog -poiut. dat.n for :iolut.i<1nu of othct· tlurn fo(.lttmil: l'Vll· 
ccnl,i·ntion, ift.ho met.hod of d(1tem1inin~ t.1111 fre()r,inu poi11t: i11 
Uie sume i11 l1ll c1111c11, :1i11ce uny cliffcrcncc~ ol.ituincd whtltl 
anothur moU10rl iL1 U$Cd (:mch H11 I.hot ofL\md <1l 11/1''-), prnhll• 
bly will be proport.ion11l to m1H:1mlrntion. 

In u 1li~<!llff1;1io11 of Urn si11nifi<!Uncc of free:.1illK poin(. d11t.n it 
is t,, b1; 11,,t.(!d ihut. there arc s m,11~ di:1crc1nm<:il~ll i11 ~he litcrn .. 
t,ure com:l!)·nin1; fruezing point,!! of i;11h1t.io11t1. A,1 (',x,,ct rle,· 
l,cnuil\!\Lion of fl'll«l7,i11u point i11 ,1ct.11ally II diffin1I(, ll>:pel'i• 
nwnl; (lllU whkh c11II" !'or t,hti C(mtrol of 6eV(!rt'd v11ri11hlos 
whi<:h tottunonly ,no l\<JHkded, 1111,:h os tJw dii;(!11g(1t1cmeni 
of ice. lt. i~ not poi;,iibfo, ut t.l)j1; time, to 1:1e)«,,CI, 1m11q11ivocnl 
Crl.\e1,i1ig p,,tn!. d11t.n fot· mo>1l. of' (.hn Kohttiom1 liijt,od in Appcn .. 
dix A HI, t.hc (Ind of thh; d1111>tc~. 'l'hc c:omp•·eh,ms;ivc 1111d 
valo11blti d11t11 ot' Lund, et. a/,i?. 1·oforr<1d (.(> 11bovc, 11ctuolly 
n,,mi~cnt, in mo:11, ilu;t;nn<;c111, mc11:-1lu·cment-~ of v11po1· pl'c11 .. 
~ui-o which have b11e11 cnlculatc-,d l.o corrr.~pmH.ling frc()zing 
point clcprc~~ionK. H would KCMl to be dl.\11ir1ihle to hnvt; 
r:onffrmatory t,vid<•n<:t, bn~l~d on m,t,lml 11w1.1surcmc11L'I of 
f1·11c1.i11r, point., dete1·1ni11od morn u<:1.,unll'lily 1.h1111 gcncmlly 
hnH been the cn11e, bufor,r, n:1vi~i(mij vf ~!xi111.i11g datn arc m11tfo, 
In the c111>1i of borii.: ,idd, whic:h <HlL"1'K into the, composition of 
many collyritt, \.lwrv. is tht~ flll'Lhtir variablti t.lwt. 11 81,etilizt'.!d 
~olut.ion frm.!~,I!» 1\t 1.1 hi1;hc:r tompcrotm·c th11 t1 a l're1:1hly pre
purt!d, \t11~\.urili1.cd solution of tlw ~nme t'L1·t~111<t,h, Sp1:dfi
c111ly, 11 frc~hly prepnred :mlution contoiniug ?..85% of b(,rk 
11cid wtl~ frl1ln1i Lo l'rct.\;t,t: at th~ !lt1t11t! l.c.,mper11(,urn (-0.82°) ns 
,13.1% ij1)lut.io11 which hod h1:1m 1,1t:1;r i)i¼cJd ~11ukr prcsfiurc. 

R11tfa)l' in thiH ucction it, wnfl 1:\1,Ht,nd l,hul. 111. on~ tirno lncri .. 
m1:tl fluid wng considerncl to lmv<: the Mme, o,1motic premmrc 
UI! ,i 1.4% :ml11tio11 of 11otli11111 d1lorid11, lhe frnczin,: point. of 
which wns found to he, by \.lw usual method ol' dctorminH
tion, ... ().80°, The 11xpe1·(010tll'I of Krogh, (/l al1:I huve indi
cnl:i:d tJ1at lllcrimnl !'l\1id has t:hc some o:mlOt.ic 1m11/ijure 111:1 
blood nnd, that in~t,1>.ud of ,wmmin,; that; t:lw f1•ee:1;int{ J)l)int 
of 11olutio11ij iao(.oni,: with lncrimul lfoid jij -0.80°, it. !:ll)t)\lld 
be Ult, IJl,\111\! Ill• l.h11l. of blood, 1u1n111ly, -0,5?.0

• i\<:cordhigly, 
I.he p1'<J<!l·:durn for 11djusti11g 1:mlutio11:1 to iHotouidt.y with l11c1-
rim11l fluid ii; quolit:otively und qu11ntitnt,iv(1ly tlw i.nmi:, 11s 
l.ll\1 pn1<:odurn for blood. 

Tonlclty Testing by Observing Erythrocyte Changes 

Oh:il)tVlitiori (>f the behnvior of h1111111 11 erythrocyic11 when 
sl1Hpm1dcd it1 u 1;1olution iA tho 11IUm111.C) und direct prncedm·c 
for dot.et111inin11 whet.lwr I.ht! 1;1>lnt•11n i\l i1:1(1t(mi(,, hypotonic 
or hypt~rtonfo. If l111moly8is or 1110rk-0d cho11go in t:hc llJJ• 
p(11jrt1nci-0 of the cryth1·011)'LC~ i:11:<:11r1;, tho 1;ol11tio11 i» not i1.10-
l,onic with thll cell~. If Uw !!OIIA 1•11ttiin thc,ir 1101·1nal chnrnc
t.c1·iAUc:~, the imlutfon is i:iotoni(). 

I·fomolysis m11y o<:cm whc:n thc-1 oi;mntic 1n·e~1111re of tho 
11ttid in the: crythrocyt<-...s i~ grMWr Urnn t.lmt of th\\ ,,u>ll1tio11 
in which the ccll11 111'1; 1ma1lcm<led, but t.h<, !;pecific dn•micnl 
ro11ctivit.y of l;h(l Holutc in !,hf: :mlu1Jon oft~m i~ far moro 
importai1t, i11 J)l'(Hfocing hcmolysi:; Uinn ii; tlw v:,motic cffecL. 
Then~ i1; no c:oitrd)I ovldm1ce. t.11111, 1:111,v t;inl:l<i mochnnism of 
:1t:t.ion c11u:1e:; hem1'llyc;iij. 'l'hc: 1>roc:1itl~ 11ppe11ri; to involvci 
Hlldl fnntor,s oa pH, lipid 1<ol11hility, moll\c11l111· 11ml it>Jlic ~i'l.llH 

of imlut:1.1 11111•tidc.,11 @d pos~ihly inhibition of d1olitl(111l.ot1l!1C 
' ' I 
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in cell mernbrmw1:1 und dcnut.ul'illg ac(,i<m on plnsmn mcm• 
bmnc prol:t1in. 

Some illvN:1tig11tora t.Mt U,(~ t.<mici\.y <>f injccti1blc 1mlution!l 
by observin11 vuriutitH\11 of rcd-hlood-ccll volume produced 
by thc:ic oolutionH. This method 11pr)c111·11 to l>c more scnsi• 
tive to :imull di!'f,mmces in to,1idty thun tho8c bnsed on 
ob9ervnti<m of u hemolytic cffoct.. Much useful information 
concernine the effect of v11rioo9 i;olutc~ on erytl11'0cytc~ ht111 
hcen obl:ained by this pi·ot:tid1)ro smd 1111um1nn1·y of many of 
these dato. i!i Riven in RP$-14, pugo 15!,2. 

Othor Mothods of AdJuating Tonlclty 

S1:vornl mothodu for 1idjuliting tonicity, ot.hci: thou (.hoi,e 
already dci,cribcd, ure us<1d. 

Sod°lum Chlo1·ido J~quivnl<mt Mothodi;,.,,A sodium 
{:hloride (!(Jllivnlcnt i~ defiMd a~ (.he: W(iight of sodium chlo• 
ride which will produce the same o8moti(: erft!t\t M I g of the 
dru~ prepared 116 n11 i~otonic ~olulion. Appendix A li~t~ the 
siodium (:hloride oquivnlont.~ for many drug:i. Somo of Lhc 
oquiv11ltmt.J; v11.1•y with th1t concentration of the drug (i11 r.cr .. 
toin cu8ea beca\11;10 of chnngos of interiouic attrndfo11 !\t. dif. 
forcnt concenlnition~) buL, in every c11sc, the l•qoiv~l(lnt i~ 
for lg of drng. Aij 1m ox11mpk of tho Ullo of those data, if th., 
1todi11m chloride <!quiv,~l<mL llf boric add i~ 0.5 at l.% coi\cM
t.mtion, thiG is intcrpre1:<H.I to mom1 lhot I ~ of boric 11cid in 
1J<1l11tion will prnducc tlw 1mnl(! fr<!tw,ing-poinl: clcp1·1!Sijion :lij 
O.f> Ji <If ~odium chloride, or Lhtil. ll 1% hol'ic ncicl soluli011 is 
oq11ivnl1mt in its r.olligativt! pr111H•rLfoi; to n 0.5% 1Joh1t.io11 or 
iJOdiom ehloride. From Appuudix A it. ii, fou11d tlrnl. fo1· n 
1.9% boric or.id Holution (ie, ot. isoto,iicity) thci sodium chlo• 
ridt! equivolenl: ill 0.47, corre,m•mdh11c t.,:11.1 0.9%iwdium chlo• 
ride 1!0l\1ti(ln (l.!) X 0.47). 

Ex,unplca ilh1Rtrotinr, use of the 1:1odiom <:hlorido oqt1iva .. 
lent met.hod to 11djuut collyrin t.o iHotouidty follow. 'l'hc 
so.me t,ype of c11kulnt..ion moy he u1:1ed for other 11r,lutioni1 that. 
111·c to be m1:1de i~ot.oi,iG. 
E><.111•11,li: I 

Ho111tllro11i11v lly1lr,,h1•umid,,... .. . . ... . ... . .. . . . . 1% 
1.0 tnnke mi!yr i6o1.011i1, . .. . • . . • . . . • . . . .. . • . . . . • . . . . • • . . ~ • 1111., 

0.6 ~ of h"nmlrnpine hydrnbromi,fo i11 ,.,,,,uiu,tl. I 11 M I% (11' tho druft 
iK uquivuloni i,1 v~mvti,: .,ff(~:~ lV 0.17 i; or 0.1.7% of ,;<Jdiim, d,iotaJc,. 

(),J7 x 0.1) .. O.IQ2 ,i {Hncliu,n chlorido) 

llO ml., of nn i~otonic Hocfann chlorid,, 
~(>h1tio11 eo11t;1i11H 

0.611 hornu1.1·opin~ hyclrohrornhh, hi 
~q11ivnlo.n\. f.(1 Q.l.U2.ll wdimn 1:hl1•t id,; 

1),4:Ul 1t 11<Xliurn (:hlorido 

Thorcf1,,•1,, ()A :lA 1; of •ocliu m. chlt,l'ld~ mt'.Kt ho ~dclod h1 tnllk<.' ?O m,L of 
11 t % ho11rnLropi111, hydmb1•11111ul,, Ht1luf.111111~11t1111rn with 1J:n1: llmrl. rill; 
Knmo ,:111c\1111~l(,1H1 mny b11 inndc u•inij pc,1·conl11,o 1:nlt<\11111.ion•. .l~ \II 
1,(,mnlropino hydmlm>lnid~ con('ftpomb 1,1> 0.1 /% ~c,d1um ~hlornlu 111 
coUiKtll.iv(, propcrti1•K. , 

Thu~. O.\!% '" 0.1 'I%·· 0.'1:1% muat. )1(1 ttddr:d, 0.'/!1% r,fGO 1111," ll,4.J!l K 
of s11di11111 chloride t-0 b~ nd<lijd. . 

If horie 11(:id i;, w be usod n• tho n1lill~1,i11g •11het1111cc ~ho ct\l,,1,l11t1(,11~ 
lmv,:, t•l ho c11rri~d one 8l.t11J f\J1•tb~1·. 'l'hcro i~ nv "IJ,.1ri1, A<:i<I ~ctnivnl_ont,." 
hut. thij ijodium chl<>rirlo 011uivnlen.L 1•f \)()ri,: Be.id nt. 1.% con_u011t1·1\l1(,1! ,~ 
().t, ,n11,mi11u Lbut I ~ u( l,,)ri,1 11md (m· 1%) evrrt11p(111d;, 111 coll1c•~L1vc 
1m;11orLio11 to o.r, I! a-0dium d1lorid1• (vr (),t,%). (hinK tho r~~ult t1u!.11m,1d 
,,b,we, whidi WIIII 0.4~~ ti' of ff(>dium cl1l~>rid~ LIi hr. ,1c.ld(sl, JI IH\~V follow~ 
1.hnt the t«Jdiiim chlomlt> c11uiv11lc11t <ti \)(1r1c ncnl must b1, d1v1de<I m1.o 
the nmount of u111li11m d1forido <>r oxpro,;,,cd m; 1111 ~qualion; 

I g Imrie 11d(l: OJ, ll Kollinm chloritlc ~ .t ~: OA:if\ g 
-~ =0 O.~'lti u b11rl1: ,.11:1,1 u1 ho 11\ldod 

J~o,• n prn11~ri11tio11 (:1>ntninin1: llll)J'C IJ1m1111>(, ,1ct.ivo drug,H10 <:11kul1!• 
\.ion• fol' ~oclium chloride rll'c cm·,·iod 0111, ~~11umtcJ.v, th<• ohtomecl qmmlt• 
Lie~ 1m• nd<l,,i, ,mil Lhnn the tot~l i• dad11c\t'll from Lho O.(>% n111v,mt .. 

li,~~1m1ll<1 2 • 
1,plnnJlhrino 1-lydrnchl,,rHlri •••. • , , .•. , , .•.. , • •. • • • • • • 
:.>,ind:hM,,1.c, ...• , • •.. .• .. • .•.•... , • , · , • • • , , • • • • • • • • 
S11,ril11 Wull:1· <1>.1, 1.il mnkn •....•. .. . . . .... .. 

().f,% 
(I.~% 

,Kl ,11L 

M J>t C<1llyr isutm1li\ SA 
!:i<Jdl\1111 ch)(lr(d1!1!<111lw,lr,11f.nfo11i111•1.•hrln(\ HCI i11 O.?.!J 
Sodium chlotido 11<1uiv11lcnl. of zinc Ht1!fntt1 i• 0.15 

·t (i!) 1111: r.pinc,phrinfl hydrO!:hlnri,le. ~1!1,/i mr, Rorlium d,lorid~ 
90 1111: ;:im: •111lfo1.,, ~J..iLl\.Jl.!g •11111i11,11 di lurid,) 
'l'o1ni in1p'<l1lim>l,9 m1i oquivHl(lnl. 1..-, ~i>'I mi Godi11111 dilorid~ 

O.!)% nf :iO ml, 270 111,< nudiun1 chhwid~ 
_li1.n:u: 
2l:l mg 

:!I a mu of •odium ehloritlc mu•t ho mldod t,1 m,1k~ ~hi• ~ulution footon• 
i<: with l~rll' n11id. Si11cr. bori<: ~<:icl i~ the lldju~lin(l Hubshrnco of chuic1, 
l'nr JhG Holution 121> mg should be uaGd (0.r) divide,(( i11l<12'1 !1 mi:), 

boloul.c Solution v.vnhieli···-'l'h<:M llnt tlw volumes of 
:1tcrilc wut<! r ~(> ho nclclml ton spocifi(!d w11i1!ht of 1frug (oft<m 
0.:1 u hut. Bomd.inH:1l l ,r) to prepiu•c ail ii,ol.cmi<: l!Oh1titm. 
Appondix B givc1:1 1:1rn:h v11hrns for 1;10111t! l'.0111mo,.1ly 118cd 
dl'l1gs. Thr, reu11011 for pn1viclin[1 dal11 for 0.:11:1' dtuK_,1:1 for U~c 
COiW(micncc of l)repMillt( :JO mL (l fl 01.) of 11olut.1on, M1 rn 
J)l'(lfl(:ril1(1ci often. If v11h1(i11 for JOO ml, of fhml l!(>]ut:io11 >)l'l: 

dci;ir(Hl, the dnta i11 Appendix H should be rmtltiplied by 
l00/::10. ')'ho b1111ic pl'indplti underlyini: the t111e of t,h~!~ll 
v1:1lmiii i,;; l,11 pre1>arc Ill\ iBo1:onic 81>lutio11 of the prenc,:ib~d 
drn1i in ijtl)rilo wntor und U11J11 dilute I.his solt1tio» t:o tile 
required fim1I volume with II Huitable i1:1otonic vehicle. For 
cxumple, if o.a 1:C of ll drug is llf)llcified 1.0 b~ l!!IC~ (1111 _in 
prcporiuir :m mL of 1% 11olutio11 (lf the drug), 1t 18 f1rit d1n
:iolvcd iu the voluml) of 1jterilc w11ter ij\.1\1.(!d in Appendix B 
nnd t.hen dilut~d I.(> :JO mL wil,h 11 auitttble i1;1otonic vehicle. 
footo11ic ~olut.ion val\lcie c11n be used, of co11r1oe, for c11lculo.t
i11r: t.011icity,adjui;1.i1,1~ dntn fol' conccn~rllt.ion8 of drug~ othe1· 
1.lurn 1% ond for \•Olt11n(1L'I other than ao ml,. How this is 
do11!\ is illustrated in tb1i following c,x1un))lc13, 

1~11,111111\,\ I 

A prc~cripl.i,111 i:1111. for 
/\ 1.r,1pi11~ sulfate , .. .. .. ........ ... .. ... ,, t).:l g 
Stl'rill' wlll.~r <.,,, . . .. . . . ....... . ... . . ... . llO ml. 

M l\'l C,1llyl' i•otonic ~,ul hu!foo•i,d SA 
Si11: l~or Offk(: IJ11i,. 

Thie ord,,r i,., f<>r ,, O.!i% Hul11tion of fll.n>1Ji11~ :)11lfot1,. Accordint; (.<• 
/\11pcm<lix IJ. o.a t: of 1Mn1li•H: ~(1\fMe di•~olv~cl in 4.:1 mT.. of otr:rilc,. w11t.e1· 
will 1m>1l11ti; >1 !% i~nl<>nic 8ol11ljou wh("l ~lilutcd to 30 ml, ,~1th ,111 
iHotonie vohiclc. Por :J(J ml. or O.WJf. H()luuon, lrnlf th<: <1l1a11t1trns of 
nlropi11c ,11lfot~ 1111rl H(c.rik wnkr wo11ld he uaerl, but for 60 111I., ,~f (I./,% 
.,liuthm thl' ~11111c (tt,ru1li lfos O• for :JO ml, of 1% ~1•l11tiv,1 ,ire M<1un·ccl. 

'J'h~t·1,f(ir<:, to \'ill thiK pre~••rh>tl<>ll 1)1·dc:r. o.a.: M ntro1,\n1< ,mlf1)I" 
Hlmuld ho di~•111lv1,~ i11 4.:~ mL of Kl(lrilo 11raK(1n•~d w~\or 1111d chlul<ld wit.I> 
lt,vton ic ))l'l!Hc,1·votl S1lr11nw111,•~ tJB (;.I) ph<1Kplii,l1, buffor to 1)() ml.. 

l'or muru lhun 1)1>\\ ,,cliv~ ingrotliont i,1 •1•h1l.il)11 tho qunntil.y or 1v,1tr,r 
to Ii<• \l~~<i i• ,v,lr.uJRtod Hopr,rull1ly foi• cmd1 i11wocliont. Th,, V(•ll•c• th,m 
11ht.11in11d urn mldcd, th~ l.ol.111 omo1111l or uh•rH11 w(,t.~r th1:11 1e \lijod to 
diim11v1, Lh,, ,u:tivt• i11r,rndi1J11l;1 11ml l'inlllly Rufficiont JijOl<.>lli<;, !miforocl 
prC11orvotl •ol11ti,m {clil11Lin1i Hoh11.i1111) iu u~<•d to rn~kc U10 rv111ured V1ll· 
lllll(I, 

l~X'fllllJ>)tJ 2 

A Jll'!!RCri1>tillll (:Ull~ r(l\' 

Epino1>hri11e hyc.lr11r.hlorid1J . , , .•.... . . .. . , . , .. • . , •• 0.o't 
l',111,, Rlllfllto • • •• . •• • ... • . . .. .•. • . . ' • •• . • •.. • • ' .•. o.:1% 
St(1rile wn1.e1· c111 to nrnko .•... • •.. . . .... . . , , , , .. .• ,:)() !lif. 

M l<'L Ci',llyr iRolcmk 

!rt UtiM vxum1)lo tho 11cl,iV<: inR•·~,licnlM arc l(lve11 in p(,l'(:entng<l. 'l'hc 
idc,11 ,•chide, i~ J ,!)% hork ctd<l ..->luti,,n. Hofct(,ucu to I.ho l.ahlo fm· 
i•olunic Moh1tiou vul\l~ij RhowR tho fol lowlnl(. 

l.~11i111,1Jhrin1! hyclrochloxi\111 0.:11, (1%) will mnlc,, 9.'1 ml. ,,f 1111 ;.,,t.m.ic 
110l111,ion whun 111,;,11,lv,)d in Hlorilo prt>l!wvcd wntcr. Z.incaulfolo o.a 111v,ll 
mt1l1e Ii ml, of nn i,n,t,,,,;., ~1•h11.i1111 with •1-~ril~ 111n11,r. 

Thc1•ofor(,, Lho tJURntiLio« mll1;d 1·..,, in U1i• prascripL_iou will muk<: 4.l!li 
mL n1JCI 1.6 ml, 1,f i11(1t1,111ic •nlutmnti, rcijf)o1:L1v1ily. n,~kolvo Lho ijllll.ij 111 
611mt:i,m1. •t1wilo prooor,•~(l w,1(1,1· to 111,1lw 6.:Jr, ml.. 11>1d nd<I •~•111(:lcnt 
t..1)% 1m,,,cr11orl horic ttcid Holu\.im, to 11111kt ;m mL. 'l'hll rO>J\ll\,11K fi1lh1• 
tion iK iKolo11ic. 
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'fONICITY, OSM01'1Cl1'Y, OSMOLAl.tl'Y AND OSM0LAl111'Y 1'1111 

!;inc:0 it i,. prne1.i,·~llly i,upo:mil►I(: tu 111c11~\U"C! 1hc rc,1J11ir11d voh1mc1H 
m:c~m·•llnl!J. it it+ fr~11Ri hit1, in l,hin huHnn,.;tt4 to UHr.{t3r. mL, of "'ttu·il,~ wtll,ir ui. 
C.hc.~ 1.t,lul .,,,l\'ftul fl'J)' thOI'(\\ two druw1, c:rmh.m1.ccl i>itHHH, 1)>'vVif►\lNI)' 
utoriJiimd , HI'<! nct:t:,;rmry J'ur thfo wot'lt. 

ltu r1\J"CllCCH 

J. li.11mi1111l<i MV: .',1,i•1: 0,Yn 011.,r. /1,'I: 1;'., !!l'it\. 
~t 'l'h,~O\IWO!i ,,--= ,, PJ,w·11} $d (i,/.' J vu·t > Hrm. 
a. i\r,nk I\, Huxt,nhlo: Ill•'; Hri~1• /'/,c,rm t:J:!i'/'I, )fl'/11. 
4, M1:l:>11ffM I.: II. Cmmr/11/0.-1> f'/11,m,J)/'111: ht/ N1•w•I fl: <kl. ·Nl/v, 

Hl?H. 
S. 8t.1•,m1: WM, ,•1 al.: ,I 1-'/umr, .';d li7: :I~~. l~W. 
11. M11rty l"ISH, i,f 111: Am ,I /Jrmf) J,>/mrm :1:1: !i<lll, l.!l'/U. 
'/. 8r11.Y A.I: l'r.t•,1n,1rtl C;,m11,11111ic111-ion, M1:ml .J.-,hn11on Nul.l'itim111l 

DiviNi11n, gv1111ijvill1: lN, l!J7!l. 
u. Andm<>.•Y H,J, "'· 11I: s,.11·11 #!/: :).l)f), l!l'l'I. 
II, D,►hhi~ HP, Hoffmci1;\.11r ,1A: 81,r11 <:y11 l.>l1.•/. I lf.3: 27:l, H)'IG. 

JO. /\111111. ClKnh1lr1lity: Dr,:,, 11, Plmrimw(luli,~,I Co, Minnv11J)olix, 1\J'/1). 
I I. Didmrnon HN, Mcloik G, /Im d !-111Hp / 1/111mt •/!;: ll!i:!, JO!l!l. l·folty, 

L, Mil1.1>11 ,l, Shm:~ ,J ){: J l''t11'(111L i<'tH Nt1/,r 1 I : H1:1, ll?tl'I. 
Ii. Lun<I cc;, l!t ,,I: 'f'lrn l'rr11orntirm uf Suluti11111 ls11-11mwr.ir wilh 

/l/11,11/, 'l'r11rx, m1</ 'riHx111•. lli111i,dt ('lmn1111l:11f)(N:i11I Com111i~i,ir,11, 
NinHr l\1unkll1t1lt1t'd, CopLmbn,:u,1, l}M1i. 

1:1. Kr•11tl1 /l, ,;/ 11/: rlr,,1.r, />l,_y.,iol 8<'(11td ff): I~, I !Mf>, 
H. 1·1:mmrnrlund rm. r:1 «I: ,I l'ltm·111 fM M: lfJIJ, HJt;:i. 
Iii. l·J11m11i11l'lu11d li!H, l\:d~t•1<•11-Hkr1;1111rrl I,: ,/ A f'lt/1 81,i Nd 17: l O'/, 

19!i8. 
H\. M11mm11rl,111!1 l•!H, l'c:tli:rni,11-Bj1,0•1111,ml J(; .I /"/wr,,I i:ll'.i i,(J; 7.•l , 

Hl(II. 

I 'I. lfommr,1·hmd lsH, V,111 P<"''"'"I!" GI,: ,/ l'hurm 8c:i !,!i: 1 •l•lll, !mill, 
I~. ~1,pr, C, ~, ti/: ,I l'l11,r1,1 81:r' ii,I: .I >JIJ,f. l\l'I!;. 
19. liriti~lr l'/mn,1(1,:r,i,t /r.11/ C11</<rx, Phnm111ct111~i1:11l l'l'llll~, l,,111,iu11, 

1ma. 
?.O. J•'nKKl:U wr~. ,ii 11/: J l'hlll'tll .'ii:i .~iS: I :,,111. l!)fi!I. 
I!!. l(1.1m111 ll(l, Rit1m!y Vt•:: Arv,/, Op/i//111/11111/ :.it': Clt•ll,, HM?., 

llil,li111{1·1111hy 

All>urby II.A, D,mid« l•': />/1_1•xk11I CJ11imi.<1iy, '/th (:cl, Wiky, Now Vork, 
l!.l!!H. 

A11l.h11uy Cl', I<11lth,1ff N.J: '/',1.1·11!,l<l/1 ,>/ ll111rl11111_\' 1111d {'lr,r•i11l1J1/.\', 
Muahy, 8t Lo11i11, J!l'll, 

Cowun 0, !:kJU:(:(.l, w, ,,tt,.~: l,cf.l'(ll)~?IU1fM ll ,Vl'•~l't,/ir,),~11tht,{m1, l ,C(I .\'r 
l•'obi,ior, Philudcilphiu, 1 ll'/J:>. 

G,u·h $~ tflbort,tm·y 'reatH. (Hh mt SJ►dngcir, Nmi.· Yo .. k~ H)'/tt 
Holl W)~; 11111 ,f J"/rur,11 J!:1iv,; :1,1.- ?.11~. I UW. 
lfol'v~y /\M, ,lohnK H,I, Owl:1rn /\J-1, Hor.~ H8: '1'l1<' />1•i11•·iJJl•:N am/ 11,,,,,,_ 

Ii<:& rl/ MN.fit/111<, JI.lilt (:(l, AJ)lllfll\lll•C~11t\t1•y•('.rr1flK, N11w Yr,i•k, llYn, 
Mnrl.in AN, Swnrbri,,h J, Cnmn111r11J« J\; l'l,:v,i,;,d !-'l1111'111111:.v, :lnl t.d, 

l,<111 &. J•'ohi11m·. PhiJndr:lphi n, Hl8:l, 
l>lllmcr Ill,; J>ri11<:i11/~~ 1111(/ J'•r111'.l,i1:,, of l,i1i•,111,•1w1,~ '/'il1•/'1t/>.\', •Ith 1'<.l. 

Lil.(Jo, Ill-own. lloHlon. mm. 
Hnvttl H: C/i,ti(.a/ l,1,/i111·1t1111·.1• l,,/i,l/i1·i11,,. Yr1M' Book, Ghi1:n110, 1!)!111. 
'l'ilki,111 SM, Go11ov<1r MH: Cli11fr1,I /111p/fo11t.i1111, 11/ l.11h11n111w.1• '/'«sl•, 

,fl.Ii ,iii, Mnshy, 8 1 l .uui,, 1\)87, 
'J\,rr.~1.1 8

1 
Rin,~ JH~: 8f.1!f'i!t! l)r>11r11:,, J,•,,,,,,.,", :ltd ~~,i, L,:,t &. i,• .. ~hil{,~t•, 

Philndl!lphia. H/87. 
W11U11~h ,I: /,Hm•1u•-,u,1i,m 11/ /)iti1;111,,1fr '/'r•et,. 41.h ml, I ,iHl11, l!rown. 

BoHlon, 1\1116. 

Ap11ondh1 A-.... sodlum Chloride EqulvnlontiJ, Froe:i:lnrJaJ>olnt O~pr'i\r.elonR ,ind Homolvllc Effects ot Col'lnln MudlClmdo In 
A.queom, Soh.1flon 

Accl.)'i~.(llll(, 
m11tl1yl1d11mmi1w 

Ac:11C.ri1.<>11t1: u,1tlh1111 
Ac~t.ylty~1<,inc 
Aclrr;nnlino MCI 
Alphnp1·odi11c HGJ 
Al11m (pntn~•him) 
Arnantndim, I-ICI 
Amin<111c<,tic (1dd 
Aminohi1>puri1: ucicl 
Ami11ophyllill(1 
Allll)\(J)ll lml 1~flrh(,1111rn 

Ammonium chlorid,, 
Am111m1iuoi lm:lul.11 
Ammonium nilrnlc 
Ammonium phoNphnto, 

dibn~i,, 
A>nm,)11inm nul(nlfl 
Amobnl'l,lta! 11odi11111 
1/,Amph(1l,iU1li1w HCI 
Amplw(iunino 

phoH11hnC,t1 
Amphutmllill(: ,11.1Jft1~n 
Alt))))'()\.l'llt)illl) 

11h0Hph11l(l 
Alllyh:nim.1 HCI 
Anil,:ri,.linti HCI 
Autuzoliuo phl>Kt>huW 
Antimony ))0\.l\kllillm 

t.m-trnt.., 
A11Lipyri110 
A tJ(lnt<)rphii1{• H<.:J 
Aruinino 11luC~un11C.o 
Am:01:l>k nt:i1I 
/l t.rn11ine mc,\,hylbr()mid// 
Alro11it1c rn1•.U1ylnitrnll• 
Atr1►1>ii11; 1mlfnt.e. 
!lJ11;ib·11dn 
Burhllul ~odi11n1 
Hm1,.11lko11iu111 t:hlol'idci 
Ht•m.tnl)>io<• mr,1JylnL1,1 
l·l1)111,yJ ,1lr:nhul 

Q,6% 
E l) E D 

Cl.Oil O.ClB 

O.JO o.o:r1 0.10 
O.?.O 0 .066 0 .20 

O.J!l (),()f.i~ o.rn 
O.HI 

O.:ll 0.000 0.31 
0..t'l (). l 111 0.41 
0.1:l 0.0:10 0.J:l 

0.'/0 o.:\M. o:JO 
1.1 :i 

0.:1:1 o.oo:, o.:ia 
0.(lll o.:wu o.,m 
0./ill 0.HW (l,!){1 

o.r,r, 0.1611 o,r,r, 
O.?.f, 

0.22 

I),?,?. 
o.rn o.OMi 0.J!) 

0.l6 

O. l'I 
o.u 

0.1'/ (U)<Jtl (J, J'I 

0.H 

(l.l:) 

0.05 
o.ao 
0.16 

O.il6 1),(17!3 ll.?.1 
0.1'/ 

O.Of.i!i 
0.11:J 

0,H)f) 

O.JBO 
0.2:lli 
0.0'//.i 
0.()011' 
U.rl(Ui 

O.J/11\ 
u.-100 
Q,:J I/, 

o.~•1.:> 
O.M3•· 

0.20 

(),Iv.I)' 

O.ltH 

O.JO 
(1.01,W 
0.09'T 
0.101,·· 

0,07(, 

0.0:l 
0 .17 1" 

O.Jl/i 
0.0!)< 

0.01:i 

0.1 0 II. JO!) 
o.?.O o.:m 

O.lll ().212 

o.ai 0.:15,1 
1)..-j] O.•J'/0 

0.:1:1 o.:nn 

(),).\) 0.212 

0.1'1 O.Hlfi 

O.J/i O.J'/CJ 

3% 
r: n 

(l.U!l 

O.JO 
0.20 

0.111 
O.Hi 

0.2Ci 

0.?.7 

o.?.J 

0.19 
0.18 

0.1.:-1 

o.u 

0.1'7 

0.1.:i 

0,11 
0.04 
ll.2!1 
O.l4 
(l.12 
O.Ui 

O.HS:I 
O.:HJ. 

(J.:llr) 

0..17 

0.336 

0.?.1 

ll.?.!-►?. 

o.rn 
om 
l),!>0 

0.20:•l 

6% IGOOGll"IOIIC C()ll<~OJllft1(1(~1" 
Ii I) % I: I) H 

····---··-·--····---· 

0.08 n.,~. ().()7 0 ·/,1 

O.lO o.2';a !),131 O.Oll (l,!j2 0 G,!)' 
'1.f>ll 0.20 o.:l2 1()0" 2.0 
•L:l4 /i8 4(,b 
,UIS 0.10 (J,(i~ 1()0 :;,a 

(I.Jr, G.:lf, 0. (,j 2.il"' :),4 

:>..% o.:·11. I),(\?, 91 fi.7 
2.~io ().,JI 0 .!"►2 o~ Ii.I! 

1.29 ().7() ().ti?. !)'I ·1:1 
O.B l. J2 O.:lli! 9/l !).0 
?,,'/(l (l,:J:J O,t,?, 08 6.9 
J .:1\1 ()IUI 0.!,\2 !H Ii.:\ 
1.71, (),(ii O.o?. 0 'l.() 

U18 O.M ().5?. (I r .... a 
:!.6 0.25 0.1\2 (I !).~ 
;!,(l,J \18 !).7 
;U7 0?.(i o.r,?. () 4.6 

4.?.a O.?.l 0,5?. 0 11.!l 
:,.90 0 4.2 

•L!lll 0. Ill l.00 fi.(! 
O.lO o.509 f>.J.a 0.18 O.ti:?. 1.2 i.6 

Ii.Of> !lO 4. 0 

0.10 

O.H 0.4(1 (\,Il l O.1:l 0.62 100 !I. T 

O. l'/ 0.48'1 (i.:17 0.17 062 0 Ii,!) 
(1.0fl (),52'' 100• 2.2 

0.1;1 ·1.0:1 (1,).:) 

G.fl:.! 0 li.2 
0,1 I o.:rn IJ,llli 0.1.0 {).li!l 0 r,.11 
(1,04 OJ?, 

:-),):! o.~:-1 0.f):-? 0 11.ij 
0.1:l 
0.011 0.:!42 

r 
I· 

I 
I 
I 

! 
I 
i 
! 
; 

\ 
! 
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1! 1402 CliAPTF.R 70 !I~ ! ~ 
! ' ;~ Appendix A- Continued 

it~ __ .,,_._,...,,._. ___ - -- ----•·-'-"1""'--
0.6% 1 r., 2% ~% 0% 1aoo~mo1lc ooncontrollon• 

~1:l I" [) I: D I; I) E D I! I) % E D H pH 
,,., ......... ---................ ., .. ,_,,,, ....... ,,,, ... , .......... 

m~ Bcthrm<,chQI chlcirid<! 0.60 0.140 0.3() 0.225 0.:12 0.368 o.:io 0.6l2 :i.or, o.:w 0 (j,() 

11r 
BiijlllllLh pointt•i11111 (l.O!l O.(lfl 0.05 

t~rl1'11te 
Bi•n111th 1mdinm uirb•ul,(i O.J.3 0.12 (),ll 6.1.ll O.lO 0 6.1 

ii1 ll<>ric ncid 0.50 0.288'' J.9 0.47 (l.1\2 101) 1.6 

" Brnm11ho11irn111irm 0.J.0 ().02/1 0.09 0.0fi0 0.011 0,l)IH 
::•: 
11 : molMt1\ !''' .ti Bnpiv11cni11c HCI 0,17 0.<Hf! 0.l.'l 0.096 0.17 0,1!):l 0.l.'I o.:mo 0,17 OA84 t,.38 0 1'7 0.52 11:l 6.8 

13utobnrbito.l uodium o.2'I 0.0711 0.?.7 0.l{ifi 0.2'/ O.J l3 0.27 0.<170 a.:ia 0.27 0.!)2 0 r,.fl 

Wi Hut11c11in<, ,;olfate 0.20 0.12 ().1 '.j 0.23 0.10 0.29 

',f !~;- r C(1fftliur: and ~odium 0.2(1 O.lli o.~:i 0.i!0 :l.!)2 0.?.3 O.!>?, 0 7.0 

n.: hcm.011\1! 
w Cnflcillu 1111d 11odium 0.12 0,12 0.J'/ 0.'.!!lli 0.Hl 0..16 5.77 O.lll OJ,?. 0 6.11 
~i.; l>Rlic:,rlnlc 
I '' 

ii Colcium nmh1(..~nlicylutc ,t.tlO 0 6.0 

C11lcium chlorid<1 0.f>1 0,2!>6' 1.70 O.f,3 0.62 0 11.6 
; :·~ Cnldnm d1lori<k 0.3U 0.20 2.5 0.30 (),f>2 0 {,,'/ 

1j]L 

(Cl lhO) 
C111ci,1111 chlm·idn, 0.(j ll o.:{!I J.:{ 0.1>9 0.5:.Z Q li.6 

1\t~hyd1·ou• ( ,· 
C11kiuni dldodium 1).21 0.061 0.?.1 Ool ?.O CJ.'ll 0.240 0.20 0.357 ,t .:;o 0.20 0.6:.! 0 G.l 

nd11tllt<1 
C;,h:lum tluconut.11 0.16 0.0!})1 0. 14 (),2-1 

Cnlcium h1c~11tu 0.2:1 O.l:l 0.12 o.:l6 1.!) O.:?O 0,:,2 (I 6.'/ 
Calcium lncwbitl)llll.e ().Oil 0.022 0.08 0.043 0.01:1 O.!W> 0.1)7 0,126 0.()"I o.1!'.n 

; Cnlclum JevulillfJW 0.2'/ 0.1(, 0.25 (),,j :J 3.f>fl 0 7.'J. 

C11lclllm l)l\11Lothct1n\.u li,fi() 0 7.-1 

C11m11hor 0.121 

~ ! 
Cnimlmllycill ~ull'ol~ 0.0~ 0.0ll 0.0,t 0.020 0.01 0.042 0.04 o.os:1 (10~ 0,106 

C11rhueh11l ().205•' :.>..82 0 f>.9 
Carhcnicillin sodi1.1m 0.20 0.05\1 0.20 (LllH 0.20 0.236 0.20 (),:166 ,'!AO 0,20 0.Ci?. 0 fi.fl 

C11rlwxymdhylccll1l• 0,0!l 0.001 (),();J 0.01? 
. . '(o~u Hmliuni 

; 
Co1,ht1l1>ridin<: 0.0!1 0.023 0.o7 0.041 o.Orl 0,(17•1 O.OG l).!Of, 0.0(, 0,141, 
Chloromit1¢•'l' 4.1(1 IOW !U 

Chlm·111,11>hc:m icc:,I ' 0.06d 
Chlor11m1)hl'.l1l ieol O.l~ O.O;nl 0.11 (l,li'/11 O.H O.IM 0.1a 0.230 0.1:i o.an:i. G.83 0.1.3 ().;►:l )llll'- 6. l 

Rod ium llll<:d)lfll.(I t iul 
Chlc,rdit1z~1,oxido HGI 0.24 0.061:1 (),22 O.l2fi 0.1!) 0 ,?,?,0 0.111 O.:ll{i 0.17 0.,187 [J.(>() a.HI 0.1>?. ll(> 'l..'I 

Ch lol'olmltuml 0.2◄ 0.14 
(hyclrill-cc:IJ 

ChlorO))J'OCt\ino HCI 0.20 0.0M 0.20 () J()tl 0.18 0.210 
<.!hloroq1Jino 11ho•phu1.o O. l4 O.<J:{!l 0.H 0.08::? 0,H O.Hi~ 0.14 0.242 0.13 0.370 '/, lrl 0.13 0.52 0 1.:1 

Chloroqulno Hulflllc 0.10 o.0!>.8 0.0!) o.o:;o ().0/1 O.O!lO 0.0'{ 0.1?.7 0.()7 0.1!)1> 
Chlorphc11ir11minc 0 17 0.0,18 O.Hi 0,()/l(i (l.H 0. 1(\/\ 0.13 0.220 (){)!) 0.?.6/i 

ll\u)i,1).1.(1 

Chlor t:,itr11c,vcli110 HCI 0.10 0.031) 0.1.0 CJ,061 0.10 0.1?.I 
Chlortotmcydinc •nlfofo 0.1:1 0,()11 0.10 O, l 'I 

Cit1·k t1dd 0.18 0.10 0.17 0.:196 0.16 1).16 5./i2 0.16 OJ>2 l(){)t L8 
(;linclnMycin pho•ph,11<, 0.011 0.022 o.on 0.046 0.06 0.0% 0.08 o.w 0.011 0.242 l.0.73 (),(IIJ 0.6~ ~a• 6.6 

()(lcoiuu HGI O.IG 0.0IJO" 0.15 0.2(\ 0.14 0.40 c;.:n 0.1.1 0.52 47 ,j,1 

C01foh10 phol1phot,, 0.14 0.01:lil' o .i :1 0.2a o. rn 0.36 7.2\l 0.J.2 0.52 0 ,u 
Cofo;timo,h11t<.\ 1;1ocl im11 o.1r, 0.01!.\ O.lb 0.0tlh 0.Hi 0.17() (] ,If) 0.253 0.14 OAIJ (l.'1:l 0.l:3 O,b2 0 7.6 

Cu11ric 1111lfutl' 0.18 o. rno•· o.rn 0. 1-l 6.85 OJ!:I trnM• 3,1) 

Cyrfa.im, liCI O.'.!O O.o<lO 
Cyclopho81>l111mid(> 0.10 0,03) (l.10 o.om 0,1.() 0.1?.5 
Cyt.r11·11bint! o.u 0.03~ 0.11 0.0(l(l 0.11 0.1:-M ().ll 0.108 O.ll o.:n1 H.9:2 0.10 0,(i2 0 8.0 
l.>cforox111ninc mc11yl1M 0.0fl 1),()2'.l 0.09 0.0,t.'/ 0.09 0.0!):l 0.09 0. 14:t (U)!,I 0.2-iJ 
Dr.11n11c11ti111n bromide ().14 0.038 0.12 0.06\l O.lO 0.108 0.0tJ ll. J!:111 (J.07 o.m 
Doxnmoth111,01H, ~odium 0.18 0.05(} O.l7 ().()\)6 010 O. l.80 O.l5 0.2110 0.14 0.410 (;.'Iii 0.1 3 0,5?. 0 A.!l 

phil$1)hlltll 
D<:xh·onmi1hiltom i110 0,3d 0,()1)'1 o.:M 0.196 0.3~ (),392 2.61 ().!:l4 ().If:>. 

~1(;1 
D11xt1·01\tnph<:IAJnino O.:lr1 0.H 0,26 ().,11 ;l.(\2 0.25 0.1\2 0 4.7 

phospho t~ 
l)ox~romnplwl111 llilit! (1.:1.1 0.()(1!) 0.,.~I O.JIH O.?.?. 0.209 0.22 o.:jl\O •1. l(\ 0.22 0.52 0 5~f> 

11ulfoto 
Dulf.ttOU(' O.Jfi 0 .0!)1" ().Ul 0.2!l 0.16 046 6,t>l o. rn 0.f)?. 0 5.9 
l)11xt1·o•c (m1hyd1·m1M) 0.18 O.HIJ' O.J.A 0,!'IJ ti.05 o.rn 0Ji2 0 6.0 

Di11ttiio11 t<., ttodium 0.10 o.o:.m 0,0\l 0 ,()1!1 0.0!) O.OO!l 0.09 O.l·'Hl 0.0(l 0.,Mll JO.bli 0.0!) o.:;2 0 7.!I 

Dibt1cnh1e HCI 0.0?4" 
l')idnxncillii1 uu,li,1m (). lO 0.0ll0 OJ.O 0.061 0.10 0.1.2:l 0,J.O ().16:J. 

OH20) 
_,,,., ... ,., ....... _ ,,. , . •••••• •--•--•rn•• .. •.• ,,.,. ,,.; .•1•••"'""""'"•""••••,.••••••~•••••••••- -••-•"'••-••-•-•-•- •• "••••""•'•'ltM!'U"'"'"'••- ••--- •••••• • - •••--••--••- •• ••- •• ,, ..... ,~,,,..,,,.,,., ...... _,, .................... -... , .... , ..... 
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AppondlJC A- Contlnuod 
--.. --··- ···--·-·"·--··- ···-•---"-•'"''"''""''~- ....... ,,_ , .. , ... ,,..-... -... -·--.. . •,-,•··-------·------· ..... '" '"'' "•- •••-- •••- ••N•• -•···•-••m.,.----

0,(;io/. 'l o/+, ?.% 3% !1% h\11o!~mo11c: co,1cc11trnllo11" 
f I) Ii I.) E I) I' I) rc n 'Y• I'. □ l'I 1)1-1 

- ···-· ..... , ... , ... , .... ,.. ,. ..... •t••·--·--·- ···---··- "-·•-·"-·- ... , ....... ,,,.,,,,., .. , __ ,,, ___ ,,,_,_, ___ ,_ _,.,.,,,,. ,_ ... ,. __________________ , ___ ~, .. , .. _ , , .. _,_,._, ___ ,,,, , ... ,,.-, ....... ,,,- ,.---

Dilll-htmvlmoiiw O.:l l O.llU!l O.:ll 0.1'/7 0.:11 o.a1m :>..HO o.:ll O.!i2 JOO 1 J .:i 
):)ihydn,111,1·1!plomyd11 (l.011 (l,O:i o.o:; \),(}l) o.or, (l,J,j 10..t 0.(1/; (),f>2 0 6,1 

•11 lfat.c 
Dinml.hp;vri11<1011u 1), J !j 0.0:w (l. 11! (l.0'10 O,l I 0.120 

mulont.(, 

!l Dimothyl mtlfoxicl,, 0.42 0.122 o.,J ~ o.24li 0.-12 0.4!10 2.1(1 (J..I ~ O.t>2 H)() 7./'i 

Dipi:rmlon J·JCI 0.15 0.041> 0.1~ 0.0?9 l).1:j 0.141 
Dl1>h1:nhydro111i110 HCI 0.1(,to' l\.'70 f.ltl' ft.fl Ji 
J)iph,mtdol MCI o.rn 0.()~!, ll.lll O.ll!) {),1(\ O.HIO r 
l)oxli1m11\1 HCI O.l?. O.Oafi O.J.2 0.0'/() O.J.2 ll.JAO 0.12 o.i10 
Doxy<,,vd it1<: hyclul~ O.J2 i),O:ili (J. J?. 0.072 O. J?. 1u:l~ 0.JJ Cl.lll(l (),C)!I 0,26~ . \! 
D:vph,vllinc (UO O.O't(i 0.1.0 ().Qfi2 O.O(l \),)01 (),()1) () , j(,(, () .()/1 (J.1!-lfj 

J•;d1c,t.hio11hut.c iodidn o.rn 0.(Mf, (), J(i ().()!I() O, Hi 0.170 j! 
li:dcluh: din1~lh1m o,?.1 O.O'fO 0.2:i 0.1:l?. O.:>.?. O.?,df,l 0.1!1 CUl(lO ,I.H 0.20 (I.Ml 0 , .... ,. 

.j\ 
l!:dol,111(, 1.rh1otlium (I,)/,!) o.ow 0.2!l O.H'8 O.:t.H 0.:11£1 0.'l'/ (l .•l'/2 :1.:lJ 0.2'1 O!i2 u i!.O 

Ul(IIIC)h,vdrnl-0 l: 
l•:m(\\itrn I-IC) o.o:;w 0.17 O.IW 
T,:phudri11u HCl 0,:10 O.Hlfl' O.:lB :f2 0.211 !!tl 5.!) •· ! ., 
rnpb~drino ,1t1lfitt.1! 0,2:l 0.1:1 o.:w o.:{b ~, ,s,, O.?.O ().f,2 I) !i,7 ' 
Hpim\J1hrinc hitntl.rn l.1• (), 18 O.HM O.Hi 0.2B 0. J(j 0.1(\:1 : . .,, o u; O.M! J.00' :J,4 

l1)pi1uiphrino O.?.O U.Hi1• (l_?,(l 3A7 0,l!(S 

h,vd)·c)(:.hl1)t'idc: 
g ,gonovine mnlcot0 o.orn)• i: 
R1·ythron1;vcin (I.OU 0,()i)(I ().()'/ O.(HO {).fJ'/ 0.0'/tl 0.0'/ o. l,1!,j O.Oll 0.18'1 

l,wtohio1111l<, I Ji:U1,vl 111\:olwl 1.:1!) 1.00 (i.O 
! 

l.~tl,yl<>1t(ltlitrn1i11,, O.!>.:):l•· 1,.()lj 100• 11..4 
' j 

IW1;vl111orphin¢ HCl o.rn o.oaa·· (J,l!\ 0.2(i (), ! 1; 0.-1:1 6.lil 0. 1/i O . .S!t ;{H •1.7 

I i;:uc1ltl'1)pinc HCI O.Jl•I 
Pcl'ric nmmonhutl 6.8S 0 fi.2 

cit.rntii (i;roen) 
. 

Floxuridin<, O.M ().010 0.1a 0.07(i 0, l;l () , ),!'/ 0.12 ().ii :i ().).~ o.a:iH 8.4'/ 0. 1.'l. 0.:,2 :i•· ,t[i 

(l)ll{lr1111('(1i11 •odium o.:u 0.1131' ().27 0,4', :).:34 (),;!7 0.62 0 ij.'l l 
J;'luplrnnct2i11c:. ll,HCJ 0.11 0.041 0.14 0,082 0.12 (J .14!.i 0 .0!) 0.15(i 

11 cl-Frncl.ouc s.or, o• !i.ll 

FmC.r(,1,\11mi um iodide O.\M 0.070 0.'l.4 O.l!.l:i O.:>.:! (1.21>0 0 .'.~I O.:J(lO •1.4·1 (I,;!() O.fi?, 0 [,A 

011l11d1lHI) 1.9:! () !Ul ii 
Gm1t11midn ~ulfnte 0.05 (1,01!) 0.0/i 0.030 0.0!.i 0.060 O.Oti 0.003 o.or, o.1 r,:1 ll 1>•GlllC\.lft.1!1iC ,1,;icl :).C)2 411' l.6 

GlyC<•••in 0.20:!• 1..6 JOO fl.!) ~ 
Glyc:op,vrrnhl!C O.Hi 0.04 ?. (l.lfl O.Ocl•I O. J Ii O.Hm 0.1,1 o.:!4:t O.la O.:)SJ ?.?.?. (),'J \l 0.(i?, ~)?.• •1.0 I~ 

Gold 1.,(1(1i\1m thimnolnk ().'I () ll.0:\2 0.11) 0,061 (l.10 (),) 11 0,0!) 0 lf1!l O.OH 0.250 [ 
lfo1,ndlli11 potu~Mi\lm O. l'/ 0.(1~8 0.1'/ ll.O!lf> (),)'/ (),l!}(I (l,'I'/ {),;!11,J (l.J'I (),-1'/,I ti.riu 0. J'/ l).f>2 ll G.:l j; 

Hoxn'111m'c11i11m l),J.¼ 0.0:1:1 O.ll 0.0(1/i l hromidc 
lfox1,uwthonium o.rn (1,()4(, 0 . )(i (l.()8!) ().Hi O.l8J 0,HI o.:m 0. )/J 0.4/iG r,.68 ().I(; O,fl ::? ~ 

!!lrl•t'lll,,i 
; 

l·lcxnm<ithyl\1ne ~,1di11m o.rn ()JM!I 0. 11! ().()!)H ().17 O. l!l!l 0.1'/ ll.'lll7 O.JO 0.-iH/.i !,i..111 (I, I(\ 0./i;! (I" ,1.0 I oco!nl))jnl))mlicylul-0 
I·JoxolJ111·biL11I ~odium (J.J r,.-

l H11~yle111110 H CI '1.30 )(K,\ 4.il 

HiHf4llllillc 2HCI (),.J() O.ll~ (),,I(► 0.23:l ()AO 0.'16(; ~~ .il'1 ().40 (l.fi?. 7!)~ !l.'l 

Hi~Umlill<: 1>ho~phnw ().14\l' uo 0 1.(1 

Hi:itidhm HGI :l.4!) 40 a.9 
l·lolm:ui11c IICI O.:!O O.l2 
Honlul,l'll))illc,, 0.L'l (J.l)\)'7•' O. IG o.,rn 0.16 (),4(l i>,(i'i (\, Jli (UII! !)?, (1,0 ,; 

hyrl1·ohr111nido 
lfomn !.rop[no (), I.I) (Ul O.l!i o.:u1 (1.1:l O.:IB 

111otl1yllm11)1id11 
4•H<>m<1,s1,1lrimilumid" ;Ul!) 0 ,J .9 

HCl 
liyl1l11.-011id11oc 0 .01. 0.004 ().()l 0.00? o.m 0.01:1 0.01 ll.OW 0.(11 o.o:J!t 

J·Jydrommphono HCl (t3\l t;,1 (>,(I l Hydrox~nmpl1.tt(llni11i; 0.1511 ,.\.7 1 !l:! 1,.0 

HBr 
l1 ,Byd1·u~yq11i11olinc ~).'/& Ml• :rn ,1: 

,urlfut.,i 
jci 

Hydrn~y11tilhamidi110 0.20 0.0()0 () J(j O.OilO (), )~ 0.1.:l'I O. JO O.L'lO 0.0'/ O.?. lli Ii 
i(,<:l.himtc.t<, 

1! 
Hyo»<:ynmini, 6.f):{ 011 5.0 

h,ydl'Ol1rn1uic.le 
l111i1m1111i11~ HCI 0.1.0 0.01\11 (),!!() 0,JJ.0 0.1:} 0,1..t :l !i 

!! 
_,,_, __ .,, ... ,,,, ... ,., ____ .,,,,,,.,., .. , .. ,,.~,,.,._ .. ,.-.......... ,., ....... ,_., .................. ........ ,. ·······-----···---·-· ,.,,,,.,,,,, ,l ,._,, ,,N,1•• •1••"'" """" " " " """' " " - " ''" ' ' "'" '" " ''" · ··· - - "····-····-···· - · .. • « \l 

j! 
,I 
il 
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11!~ 

__ ,_,, ____ ,,,,,,., ...... ,.,,._, ____ ,.....,,,,.w,~---•-•----•••• 

Q.6% 1% 2% a •i{, 5% l:,ocamollc ()Ol\/)(>lll(tlllOII. 
E D E I) t; l) 11 Ii I, I) % I: l) Ii pli 

' ·.~ ' __ _,..,..,,..., .. o.J, __,,. _____ , _____ ,, __ ,_,, __ ,,_,,_, ··-------¼ ., .. ..,.,, ___ , ___ ,.,_,,_,_,.,_, __ .. 

I I ndi~otimliHull'r:,111,t<: O. :{O O.Otl!i 0.30 0.1n 

im· 
K011i\UJ) 

ln trocHinn HCI 1.in 8t> r,.o 

iI1 

I01lopht:hnlcin 1,11dium omr 9Ji6 J.00 !J,•I 

faome\,h(,pj.011<! mncnui 0.18 ().(118 0.18 o.011r, ll.111 O.Hl6 O.Hl 0.!.\02 d.% 0. 18 0./i?, 0 6.?, 

lijo11r<1tcro11ol ,iulfiltu 0.l~ O.OJll O.lli 0.07B 0.14 0.166 0.14 0.2:M O.M o.a11H 6.()t, 0.M (),!;?. truct.' u, 
Knnumydn ,iolfo l.o o.ofl 0.021 (►.o'I 0.041 0.0'/ 0.08:{ 0.0'1 0.1?.li 0.07 0.210 
L11ci.ic tidd O.?,~lO< 2.:{0 ioo• ?,,J 

·t r l..nd,01<R O.o? o.040' ().011 0.011 9.7/, 0.011 o· 5.6 

ru, Lt!v11lloi·pl11111 tnl'tmt<• 0.1:l o.o:ir, tU:J o.ma 0. 1:-1 O,Ha 0.12 o.:m1 ().Ji 0.3?.9 9.40 0.1() ().fl:.! 69' (1.!I 

I.,evorph1mol t11rt11,tii Q.I?. 0.0'.l:l 0.12 0.067 0.12 0.1:JO (1.)2 ().:!O!l 

il;, 
l ,idO(,uint, HCI 0.1;1•· 1.4?, llfl ,1.:1 

Lincomycin HCI 0.16 0.0~!) (I. l(l O.OflO fl.Iii 0.170 0.1'1 0.247 0, 14 0.•100 6.GO 0.11 O.t>2 0 4.(, 

Li: l,1)holin11 HCI 0.091• 
I!! ·; 

:j! \i 
Lyupolnl.c ,iodlum 0.]() o.02r, 0.09 O.O!i l o.O!I 0.103 0.0(1 \),lr>'/ 0.(19 0.2«;a !l.\lll O.O!l (),:,?. 0 6.(il 

M11Rn~1<irnn chloride 0A5 2.02 ().M> 0 r;.:l 

Mngm:Hit11n ot1l1'nl.u 0. I"/ O.O!W O.J.li (),?.() O.la 0.4:l G.ll 0.14 0.1,:! (l 6.?. 

111,.; Mt1((llOHimn mllfnl.(\ 0.:11 0.09:l 0.:1?. 0. 111<1 O.:lO O.:J,:tf, ().2!l Cl.d!lt) :1.18 0.?,8 (l,f)?, (l 7.0 
; :;\· : 11nhydr01,. 

i~r M.ntmil.ol O.Q!ill" (i.07 o• 6.2 

M~11hc,nidn HCI 0,2'1 O.O'lr> 0.2'/ O.J.$:1 0.2'I o.ao:i 0.26 ().448 :tM ll.ll(S O.li2 
Mc1111diol 1;()di11rn 4.;J(j 0 l;l.2 

diph1;~1>)1n\~1 
.,,.,, Mon111liono •odh,m r,m () :,.:i 
ri': hisull'it.c 
: : ~ 

M<,nt.110I (1 • .1211 

Mnpnridino HGI o.12r,•· ,uio tl8 f,.(I 

Mo1)1v11c11i110 HCI 0.21 0.06(1 0.21 O.llCl 0.20 O.?.:W 0.20 o.:M1. 4,(ll) 0.20 O.f>:! ,I() 4.fi 

Morbrmni11 0.08'• 
Mr.rcuric cym1i1lc O.Hi 0 .14 0.1 :l 
M1mml:,ol 0.061• 
Mc~ol'id1i,i1H, hoMylul-O 0. 10 0.0?.1 ().Q'] 0.0~0 O.O!i 0.051:l 0.04 0.071 O.O;J 0.067 
Mct1m1111inol bll.l,r~rnl.c ().!H> 0.0()0 0.20 ().11 2 o.rn O.i!lO (l.H\ o.:lOll 0.J.'I O.GOG r,.1 •; O.J'/ O.!W f)!j :ta 
Motl1l\Chollac chloriclu O.'lll-i'• 3.U (I 4.5 

( Moth11dc,ne HCI O.J.01' ~.rill 100' f),0 

' MP.Uu11nf)lullf1niim\ HCI 0.?.1:1•· 2:Hi ll'i fUI 

Metl1di111iine HCI 0.1.2 0.0:16 O.JO O.Ofiti O.Ot\ 0,080 (l.oti 0.00:1 O.(H 0.112 

M\!Lhennmino 0.2:l 0.?.4 :J.l)lj o.:u; JOO fl.4 

Methimlul ~c(liou, o.~4 O.Olitl 0.?.4 O.l!lli 0.2-1 0.274 0.2<1 OAJ.0 :1.81 o.z., 0.:,2 () r,.o 
Mothluu·ol ~oclium (),?,6 0.071 0.2f> 0.142 0.?.4 o.2·m 0.2;1 0.41)'/ 3.8li (J.l!:I 0.:,2 '!ti !1.8 

Met.hocorhnm<II 0.10 0.0:lO 0.10 0.000 
MP.thotrirnupri,,ine HCI 0. 12 0.0/H (UO 00110 0.0'/ 0,077 ().(1(1 0.0()4 O.O,l (). 125 

M11lhm1.y1>hQ1111111ino HCI 0.?.6 0.o7!i 0.2(\ 0.150 o.w o.:ioo 0.26 0.450 !J,.J7 0.2(\ 0.5i 90 !iA 

p-Mt1t.hylnminoothnn- 0.1/1 0.016 0.1'1 (). l)ll!i CJ.Ill 0.190 O.l6 ().?.112 0.16 0.4(1$ (i.11:l (1 .16 (\,(12 () ll.?. 

olph(lnol t11nrnt<• 
M1,tJ1yldw11ln HCJ 0.21 O.Oll:I 0.21 0.122 (l.?.I O.:.!H O.Zl l),3(i(l ~.21:1 0.?.1 Q./iZ ))Ill' · :l.O 

lilt\ 

MulJ1,vlcr~onovin1, 
muleoto O.lO (l.l)l!I! 0.10 O.O!iG 

N -MclJ1y lglu<:(nllhto 0.20 0.0!.i'I 020 (l.11 1 0.18 0.2JA 0.11! o.;w.; ().)8 o.ri1·1 6.02 O.lll (l,/i?, 4 11.;l 

M<ithylphcnldnto HG! o.n O.O(J/i 0.22 0.12'1 0.22 ().25/1 0.22 O.!J811 ,1,07 0.:12 0.52 6G .,.a 
Mt,1.hylprmlniaolorw NII (UO 0.0:?.li 0.09 O.O{il (),()\) 0.102 0.08 0.1-1:1 O.o'I 0.200 

aucci1111lc 
Minocy11Hne HCI O.lO 0.0:l() 0.10 O.Oull 0.()0 Q.l07 O.Of! O.lMi 
M,,noc,t,h,moln1ni110 o.rm O.lo4 0.:i:l 0.:.106 J.70 O.t,~I \I.till 1()0 IIA 

Mo1·1,hi11ll HCI 0.11\ o.Oll<l' ().14 

Morphino iiulfnt~ 0.14 0.079' 0.1 J (I,) !l 0.09 0.:16 
N£1lorphb1u l:ICI 0.24 0.0'/(I 0.21 0.1.lll 0.11! 0.210 0.)7 0.2811 (1,1/j OAlH (J.:J(I 0.H O.!l?. (l!l 1.1 

NBloxon<: HCI o.1-1 0.042 ().H 0.011:i o.u 0. 11.16 o.rn 0.23() tl.lrJ o.aw, 11.0', 0. 11 O.M! at> ,,.2 
N111>h1w,oli11P. HCI O.ll'/ O.l.4'1 0.2,1 :l.00 0.22 100 r,.a 
Noo11raph1?<1111111ine :i.:12 )'/ '1.6 

Ncomych1 ~\tlffl\l! O.ll O.Oll:l< O.ll!l O.Hi (),08 0.2:rn 
Neo1,til.ltni111, bromiclo 0.2?. 0.1?.'1< (),JI) ~.IJll 0 4.6 

N11oaiir,mi11c mvt,hyl- 0.20 O.llfi' 0. 111 0.l'I r,,22 0.17 

a11Jf11u, 
Nicotiunmidl' 0.26 0. 14W 0.21 O.il6 1.49 0.2() O.f,2 1()0 7.0 

NicoL111ic ,1cid (),'l(i 0.1,w 
Nikc,t,hm11i<lo 0.1.00' O.IM JOO (\.0 

N,)voliiocii1 sodl11m o.1i om1:1 (I. I() o.om 0.0·1 0.0'1:l 
Ol~l>ldOlll}'cill O.Otl 0.01'/ o.OK 0.():)6 001:1 0,0lj,J 0.08 O.lW 0,06 0.1>.f►li 10.8?. O.OB O.M! 0 r,.o 

J)hoHphnw 
Orpl11,11<1dri11111:ilr11(u O.l:l O.O!l7 O.Ja 0.0'14 o.rn (l.1~1 0.1?. 0.204 O.JO 0.2!1[> 
O~ophmi11rai111, HCI :Ul7 t.r,um"' 2.:1 
,, __ ,,, ____ ,,,m,,v,...,., .... _._,,,_ ,., ____ ,, ___ , ..... , ... ,, .. , .•. , .,,,.,,,,, .... ,,,, ......... ,_ , ____ , __ ,, ___ , ....... ,.,....,,,,, .,, ...... _,,_ .. __ , __ , .,_ ..... --···-' _ .. -.. -. --• '-__ , .... ,.~ .... , ...... 
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............. -..... . ,_ .. __ ,,,., .... ··-- --.. - ···--"""'"-·--"-"'"--·--"'~' '"'"'"'"''..,.. _ . ____ ,,,, ............ ._ .... ,,,.,,., ... _, __ ,_ .. ,_.u,. .......... ,~ 
1' ~. ; 

TONl()ITY, OSMOTICITY, OSMOLAUTY AND OSMOLAn1rY 149S r~ ri 
Appondlx A-·Conllnuod 

: : ~ 
: . ~ 

.. ,. ,,,..,,,,,,,, .......... ,,,,,. ,,,,,, .. ,, ............... ...... - ... , .............. ~.v-"··---·------ .. , ..... ___ ., __ __ ,, ___ ,,,,,----------~--·-"'-" __________ 
!l) O.fi tY,, 1'l'<, :?% 3~{. r,')(, IG()<J~1Mll<11',(JnC<111lfnllOl1• 

E l) I: 0 I: (l r; () l; 0 % Ii. 0 H pH I :~ 

·-··-·------·"··"-'"·"·-"···--·"''"''""-"""-·-.. -··- ··-·-·-··--·--·-····--····· ...... ... , ...... __ , ... ------------··-•-'"'''''"-'"'""'''= ' ! ·.~ 

Oxyml't111.olinc HCI 0.:1.?. ().()63 Cl.:.!'l 0.121 (),?.() {l.2:l?. O. J!) o.a:Mi 1.\)2 O.lll O.fi2 fl(j 6.7 ) 
(hy{1ui1),.1liu,,, 1111\fni, i O.:H o.omi O.ZI O. l 1:1 O.H, O.J82 O.M O.:tll> (l.1 1 O.;llfi d 
,/.-Pnntothenyl 11koh(ll 020 o.oi;a 0.1!) 0.101} {}, I'/ O. IIJ!~ O.l'/ (),:.!tl:i 0.16 ()Alli) (i.(10 (), I(\ Cl.ti:! 92 (i,8 ,. 
l't1J>t1v1,rine HCI 0.10 O.Olil' ~ l 

~ j 

I>ornhlohyclo O.i!!i (l.O'il O.?.!i 0.'141! 0.2(, \},28tl O.?.r, o..1ao 3.65 O.Z(i ()Ji!l 9'! &.8 : : 
Pnri:ylioc t-1e, o.:m 0.0~:1 n.:w O.Hl1i (Ul!> 1u12·1 O.:l8 0.401 !l.lH O.:m O.fi2 91. :u1 : ; ~ 
1-'(midlH11 G, 1>0\nsKimn 0.18 ().llW 0:1.'1 ().?.I) o.rn UA6 5.411 (l,16 (\.(,?. 0 ,1.2 
Pm1idlli11 G, pt<•cllinr; ().ll(lcl 

Ponicillin G, ~odium O.J I\ 0.100' (),l(I (\,?,fl O.Hi ().-1(1 ll.\lO I.fl {).z 

P('!ntnwcino l1ictt1lc O.t!i 0.(Ml! {l,i/; O,Ollt> 0.15 0.1(,0 ().I!> 0.2!1:~ (I.Iii (l_.j?,0 

Pcmf:ohnrhit11J 11oditlll\ O.H!i' 1.0·1 0 o.:i 
P,mt,.1Ji ,~hnu 1.nrtrnb, 5.!t!i ~.m!f :u 
Phml11~i,iau, HCI O.U!l'1 

Phuninonii1(, 11111lctl1.(! 0.1)[1<1 

l'IWl)•J borbif 111 •odium o.,l~ 1), 1:ir.• 0.2:1 0.40 ;!,!)I, O.?.:I O.!.i?. 0 !).2 ' 
Ph()II()) o.:)r, O.:.>.O ?..!l o.:l2 o.,,z 0 .. :,.6 
Phcntolnmine m,,.1vl 11v1 0.18 ll.Of,2 0.1'1 0.0!16 O,Hi 0.17:l O.H 0.?.14 0.1:i o.~1l4 !1.2:1 0.1 1 o.~,2 ll3 :t5 

1 ~ l 
Ph~11y)(,plwhu1 I-Id 0.:12 O.Jl:W 0.:10 !l.O o.:m (I ,1 ,(, 

~ 1 Ph<!llylopltrinc, t11r1.,1\t.,, t>.ttt} f>B" !.i.4 
Ph(lllyl<it.h;d nk,:,h,.11 (l,;(,i ().0'/0 (U!n 0.111 l).:l!i 0.21.1:1 ~: ! 

l'henylpropnnol11mi1w 0,:,1~ 021!1' ;(,($ SJ'' t..3 
i· ~ 

o.:m ., r~ 
HCI I· ! 

Phy1!,1'1~1.j1(tnin(, Mlkylt<t~ (1, ,1(; \),(l{lt)• 
I; 

Jlh,vMoNljnminn ~11lf11tc (UJ'M' 
;'·: 

l'i)or,i1·pilw .l·H)I 0.2,1 1),J.:Jl:l• O.lll! 0.:111 ~-01:l 0.2:t o.ri2 fl!I •1.0 ~ : 
l'ilc,cnrph1e 11il.rnt<, 0.2.:1 O.J:l2' 0.?.0 o.:-m ·1.IH (l.:i() (J,/i:I. /\8 :l.9 ~ : 

: : 
l'ip<ir1\1,c1i11~ HCI 0.1~·1 {).22 ()f) !j,7 ; :' 
f',olyuthyltlm' J;lycol 1),12 fl.O:M IU I! ll.0(\!) 0. 12 ll.J•JI 0.J:l O.'.>.l(l ().13 o.:r1-il (i:/:l 0.1a O.f>2 r,:i :l.fl ~ : 

30() ~ . : 
l)Qlydhylmw 11lycol O.Otl (l,(J?.2 ().(ll:I ().(M7 llll!l o.om.l o.m) 0.1&:l ().()0 0.272 IM>O ().JI l),[)~ () d.4 

400 
l'olycthylen.- 1;lycol (l.t)(> o.orn 1).()G o.o:,G o.m 0.07H O.o-1 (JJ'?.O O.o-1 (l.?.lf) 10.00 O.O!J O.:i2 4 ~-' 

moo 
PoJ.vct.h.l'J,:,1;1) 1tly,:,1l 0.02 ll.Ot)f1 0,(l:), O.Ol:l. (),02 ().028 o.oa 0,0,J'( 0.0:l 0.01H 

J(hH) 
1'1olyuth~· lone 11.lycol 0.()2 o.mM 0.02 0.001~ 0.02 0.020 0.02 o.o:la (J,()2 ().06'/ 

400() 
l'olymyxin B ,11111'111~• o.m1 0.01,2,· 0.06 (). 10 O.IM o.1i 

Po)y1.«)rh1\t•i I)() o.ov. O.OO(i 0.(Ji! 1),010 (l.0?. 0.020 0 .02 0.0:S;I, 0.02- 0.0:iJ; 
f>nlyvinyl ali:ohol (),()'I,. (.),0()~ O.Cl?. lllllll! 0.02 ll,IJ20 0.0:l ().l)(i!i (J,(l!\ O.U'/1\ 

(!l!l% hy(lrol) 
l1olyvi11ylpyrrnli<\0111) o.oi (J,(J();) 0.0 1 (),(lflli (),()) 0.010 (),(11 0.01 '/ O.OJ o.o:Jfl 
PotnsHhon tt(:clotc (),f,!) 0,1 '/:l (),{)!) (l,M?. l .!)a 0.1i!I O.f>2 (I '1.0 
Po\.l\$~j1,1m chlorntc 1.811 0 (j.f) 

l'ot.11•Mh1111 ,:hlol'i,fo O.'/CJ O.'la!l' l.l !l O.'/G o.r,2 0 /i,!) 

Pott1~uhnn ioditln O.:M O.J!ll.i'' 2.f>II ll.:l•l O.!,?. I) 'I .I) 

l)<>lM~ium nitrill~\ O.M) 0.:1:-w· J..6?. 0.(ltj 0 fi.9 

Pot11~sh11u 1>h11Rph,1t.P. 0.4(1 O.?.'I ~.01:1 0.4:l O.t,2 (> OA 
Pot,1,;1;i11m 11hoKJ>lmtu, O.H ().?.f.1 2.111 0.41 (),[i?, (l -<.-1 

monobnNic 
l'otm,8illlll sulfiitti 0.,1~ lUJ ().,1:l 0 6.6 
Prolidoximc chlo1•kk 0.:12 1).l)$)?. o.:J:i 0.111:1 0.:12 o.aM ?...l)'l n.:1:1. o.c,z () HI 
Prilllcniuo BC! o.:>.:t o.ml~ 0.2~ 0.126 (),',!?. 0.?.50 o.:i.z o.:rm •UH 0.?,2 0.1)2 11l ,l.ll 
l')'(IC,i i11,1micle llCI (I,?..?. 0.1:~ O.Hl o.a:1 <).I '/ (Uli 

Pmcniun IICI 0 .21 U.1 ~~}~•· (), fl) o.:J:l O.IA :►.o:, ll.l/1 ().f,?, Ill li.!l 
l'rochlorpc,rnzine t).OIJ 0.020 O.Oll 0.0:1:1 (l.(l{i 0.04/J o.o:i o.(Jli(; 0.0?, ().OClf, 

(,dioyl11tn 
J'lrom11;,;i1w HCI (I.Ill O.OtiO 0:1 :; U.O'l'I 0.0!1 0.lO?. l}.1)7 ().112 CJ.Of> 0.1:rt 
)'1•>))tt1·ocr1inc HCI ().1(1 (>.0~4 0. 1.5 0.086 (1.15 l).lr~> 0.11 0.24'/ 0. l~l (>.:lllO 7AI) (),):), M>2 
Propim11111.i1111 HCI 0.!8 0.050 O. H> 0 .0!14 O.t:1, o.1:1a (),J(I O.IGf> (1.011 0.2m 
1'r(1J)o><.ycnine l-lCl G.10 16 5.3 
J.>ropylono r,lycol 'l..00 100 fi,5 

Pyruthiuiino HCJ O.?.?. 0.(l6!J (l,J ., o.O!)/i 0.11 (1.12:1 0.011 (). J,i(l 0.()(\ 0.1'10 

J1yddoNti(!mino 0.:.>.2 o.omi 0.2?. O.f.'./.1• ().\!2 0,2[,(I 0.2?. 0.:1'1'1 ,J.1.:1 (l.~t (),/i2 0 7.2 
hromid<, 

l'y1·idoxi1m HCI a.or, :w ~t'!. ',! 
<iuinacl'illt\ 1).0!1" 

111ctho.11,1ijult,)n!'lt-<' 
(luiuino hi~ull'ut.o 0.0!) 0.01> 0.09 o. HI 
Quinilit, O.?.:l (l,:l;l()'' O, l!l 0.:1:1 0.18 r,m 0 .1 Ii O.lill \.)'/11'.~.• ?.,f, 

dihydmd1l11ridu 
Quinill<, hydrn,,hloritlt! 0.11 (l.()'/'1•· 0.1 l o.w 
quinine 1111d \t r(1(1 HCI O.?.:I U.J.a O?. I <).:ICl ~.5 (),)).0 o.r,2 li/4 2.9 
····-.. -·····"--···-· .. -· ........ ,_ .................... •'• .. •' . ... ... ............ -................ ,..,, ,.,.,., ,. -,,.A.,•,.; "' ........ .. - ... -....... ......... ...... ., ... ,. .... ... , ... .. .... ,_ ... , .. ,..,. ...... , .. _.,_,, ___ .,. __ ,_,.,. ___ , ............... 
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Appondlll A-Contlnuect _____ ....,,,.,,,, .. ,,..,,,-,.,,.,,,., .. ,_ ,,,,.~, ........ , ............ ,.,-,.- ,.---~·-·-··--·--·----··--· ••-•• •'-l'r/-•N-•-••~• 

0,6% 1 ')(, 2% :,-:i. (1% ISOO~tMIIC (:()llCOllltolfon• 

I: I) I: I) I: I) I: I) Ii l') % r: D 11 1)1-1 
~,.,.,~ ......... ,. .... .,,,,.,.. 

ltc.~urclnol (l.Hil'' 3,:10 96 (i.0 

Holite~mc:ydit1e O.ll. 0.(K\2 (l. l l o.oo~ 0.1.0 0. I)!~ O.O!l O.Hill Cl.O'l o.w,1 
Ro,111 Bcmrial O.Ofl u.u:J.o om 0.0.f.O 0.t)'l O,Oll!l (),(l'l 0.1?,,i 0.07 0, l!J8 lA.!J (LO(! (l,:i,! 

lto~c Bcn~nl H 0.08 ll.022 o.oa 0.04.f 0.011 0.(Jf!'/ 0.013 0.,1\11 (l.()8 0,218 
Scono!Amim1 HBr ().12 0,0'/ 0.12 O.lil (),J:), 0.35 HK, O,ll (l.f>2 A 4.8 

Scopolumi11u O.l<l 0,11 O.J:l (';.!)t, 0.1:1 0 6.0 
meLhylnitrtllC 

Sooobnrbit.111 oodh,m 0.?.•1 OH 0.2:1 0.-10 a.o 0.?.3 (I,!,?, f,l'lll'O !J.8 
Silver nit1·11te 0.:1:-1 (), 1!)0' ?.,74 o.:~a 0 ,f)2 o· r,.o 
Silv1ir pr<Jlnin, milcl o.n 0.10 (). 17 0.2!) ().J6 0.16 li.M 0.16 0.52. 0 !).() 

Silver protoin, atronc: 0.06• 
Sudiu111 ilculuU: OA6 o.~(i7 ?..O 0.1!.i o.r,2 
Sodium ucct:niolomidu O.?,,t 0.()68 0.23 0.1:)li 0.2a 0.2'/l 0.28 0.1106 :1.8[> (U>.:J o.r,2 
Sodi111n 0, l '/(Jr :1.27 () 7.:1 

Q1)linoij11licylulc 
Sodium umpic:illill ().HI 0.(W, 0.1(\ 0.090 O.Hl 0.18 1 (),J(l O.o-1:?. 0.1G ()A[>I r,:111 o.rn 0.1;2 () I!.!\ 
Sodium Liucorbal~ ;mo (l (l.fJ 

Sodl11m bciw,oot" o.~o 0.2:io·· :!.:!.{, 0.40 O.M! 0 7,(j 

Sodi1un bic1uho11nU1 (),{;:\ (),il'm J.:lfl 0.(lfi 0./;?, 0 l;l.:J 
$(1cli11m hipho~plwfo 0.'10 0.23 2.~[) 0.:1'/ 0.52 0 •1.1 

(l-'2O) 
Sodium l>ipho,mhni,<i 0.36 2.7'1 0,:32 0 1,0 

(2 HiO) 
$odium hiamuLh ().20 0.0ti5 O.l!l 0.10'1 0.18 OJ\01.l ().'I ll 0.:10:1 0.1'1 0.41):l fi.2!t 0 11.:l 

thiojllyc:olluto 
Sodi1m1 bi~11lfit<: O.GJ. o.a:, 1.ll 0.61 O.!iZ o• :1.0 

S<•dit.1111 homfA1 0.12 0.:!4 l.' :it() o.ar, o.r,2 0 \1.1 

Sodium bro111l<lo l.(lO 0 (l.l 

Sodh1m Cilcodylnt.c O.!l2 0.2ft :J.;l O.i'l () !l.O 

Sodium cnrb<mttte, 0.(i(l (),!ld6 !.Mi o.ti8 (U\2 JOO 11:1. 
monohyclrnl(!(I 

Sodium cuphulot.hin 016 o.or,o 0.17 0.0% 0.10 o.rn, ().Ir> o.2.tl9 0.1'1 (),,J(M) (i.80 0.1:! 0.52 pt,r· !).Ii 
Uni 

:5uJi\m) chl(}rid11 1.00 0./:,'"1'' Ul<.l 1.7:J 1.t)ll 2.IJO (I.!) l.()() O.li2 0 6.7 

Sodium citrnh:t 0 :ll 0.)781 o.:,o 0Ji2 :LO:>. o.;lO 0 7,8 
Smlimll cnli~thnt,thntt: O.Hi 0.015 O.l.:l 0.011'/ 0.1.4 () l(;J 0 .14 0.23[i (J.1:J 0.::11;1:.1 11.im o.w 0.52 0 IIA 

Sodium hy1>opho~11hit«1 I .60 () '/,:l 

S odium io1lid11 0.3!l 0,22~?•· 2.3'1 o.at1 0.52 () 6.9 
Sodium iodohi1>])ut11lc 5.!;n 0 7,:l 

Sorlimn l11t\tril~\ l .'12 () (!,Ii 

Sodium lillll'YI $\1lf'"1:~ O.JO 0.0;!9 0.06 O.O~G 0-07 0.0611 0,(l!j O.OllG 
Sodi\lm f,.30 0 tlA 

m(lrcuptomeril1 
Sodillm met11bil1ulfito 0.6'/ 0.31:W 1.38 0.6{\ 0.52 !)' '1.f; 

$odium methicillin O.lll 0.050 (1.18 0.0!)(1 (\,J 'i o.rn2 0.16 0.2111 O.lli (J.145 G.00 0.15 0,62 0 f,,fl 

Sodi11m nnfcillin 0.1'1 ().(l:J[) 0.1 4 0.0-/11 O.H 0.156 cu:, 0.21!) 0.1.0 0.28f, 
Sodium nilt11l.c O.<lll l,;t(\ O.G<l 0 6.0 
Sodh,m r,jtri1.-. 0.84 OA80< 1.08 ().till o• fl.:> 
Sodium oxodllin O.ltl 0.050 0.17 ().()!)Ii o, I() 0.1'/'/ (), l!} ().21\7 0.11 0.401:1 6.6~ (I.I ~ 0.52 () G.O 
Sodium o.rn (l.051 O.Hl 0.101 O. l 'I 0.2(12 0, 17 (L2!lll 0.1'1 OA8!1 li.:M 0, 1 '7 0.52 

phunylbutmmne 
8<,dimn pho~phnto 0.20 0.1.61:1 0.2'1 0.47 :1.3;! 0.27 0.52 () 9.2 
Sodium pho~11hnt.o, o.~2 0.2-1 2.;i;j (),,H} (),1)2 0 9.2 

diboaic (2 l·l~O) 
Sodium phosplml.<,, 0.22 <U!J Mli 0.20 0 ~}.2 

dib11~ic (l:l H;,O) 
$(1dh11n propicn\utu 0.111 ().:Ill J.47 0,61 i).!)2 0 7.ll 
Sodium Mlllicyl1.1tc o.a6 0.2101 2.1,i:J 0.3Cl O,t,2 0 G.7 

Sodium ijl\Cd•rntc 0.:12 0.092 0.32 0.11:14 0.!H 0.:1<11 ?..!lCl O.:ll Q,f.,'.,l () !I.Ii 

Sodium ~ulfotc, 0.(i!J 0.34 Ull 0.5G 0.(>2 0 6.2 
amhydroua 

~odium &ulfi tu, ().(lf1 o.:-i~ ·1.,m 0 9.6 
oxsiccutull 

Sudi11m 0-07 0.019 O.OG 0.084 O.Of> 0.0[l0 0.05 0.01:1~ ().()4 0.1~:1 
11ult'olwom1)pl1d111lel11 

Sod i11111 tm'l,t11f,o 0.:1:l 0.0!►/l o.:l:l 0.10:'l 0.3:l o.:JS!.\ 2.72 0.:13 O,!j,l 0 ?.:1 

Sodium thios11lflltc 0.31 0.181' 2.!18 o.;io 0.0?. 0 ?A 
~fodlum Wl\ffnrin O.l.8 0.0411 0. 17 ().(l!llj O.Hl O.J Al l>.15 0.2{M {),1(, ()A:10 ll.JO O.lf) D.r,::: 0 8.1 
S•wbitol (1h HiOl !jAIJ 0 ti.9 
$purtcinc ,mlft\(.(, o.rn 0.0:10 0.10 O.Oli6 0.10 0.111 0, 10 (),16'1 (),JO 0.2?7 11.16 0.10 M:I. lo+ :rn 
SJ)cl\C,inomycin I-ICI 0.16 o.o~:; 0.1G 0.()1)2 l),1(1 ().l!'!:, 0.16 (1.21:10 O.Hi o.1CICI 5.(ll\ O.Hl OJ>?. a ,i,1 

$1:r11pto111yd11 HCl O. l 'I (),JOI O. IG O.lll 
Sttuplom)'cin ~ulti\tu 0.07 0,0:%• 0.0ll 0.10 O.Oll 0.l'/ 
--···- ··-··- ··--···•"''' '•'•'"•""'•"•'"·'·-,- .... -.. _ ., ___ ,._ .... _, .... _, _____ ,_, __ , • - - _,. .,_,w,,.- , • • - -~••- -~••-••• •~• ••••- .... ··'·'· ............................... ,_ ,, __ ,._., ... __ ,..,,. ... , ., ________ ,,, ..... 
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Appondhc A•-Contlnued :i' 
-···-.. ----·--·" .. , .. , _, ,,_ ,_ ,_ ,,, ............ , .. ,,,.,.,,,.,,., . ............... ....... • "" • " ' "" ' -• • •• ••-• --•••--•--• ,.,_,. ., •• ' ' '""' '' • u .,,i . , , , • . , • - ····-······--·- ··-··---··- ..... , .,,.,- ,.-••t••·-····- ·····- .. ··••"'' '"- ·•·"'- ... --- :r 

CU)':{, 1 (}lf 2% !t•;{. li% IROOt,lllOIIC concon1w11~11·1 

E I) I: ,~ I; I) I: I) F I] l)jJ II f) 11 11H 
--------··•- ><••- ·- .... ,.,., .... , ...... , ... ,..,, .............. ., .. , ............ . , . ......... ......... , .. ,, __ .., ___ , __ .. ,,_,,, ............. , .... ,.,.,.--,--····---·---------·········--·-·-·-·-··-··--····--····--···-·-··---··· 
$1u:rf )NC! O.OH ll,(M'/'' O.tlfl O. l(i (1,l)i) (I.?.(\ !l.?.!i 0.10 (Ui2 0 11.,1 

.:\ulfm:,,1.11111id~ midhtrn o.:~:l o.rnw· o.:ia 1),4() :l.115 0.2:-1 O.f.,l! 0 11.'l 

~1iJfodi11r.illt-1,()<l11nn (1,1,,f 0.14 (),;!ol o.:ie ,t,2-1 O.?.l O.MI (I !,.~, '•j 

S11ll'11m1\m1.ine 11odiurn o.:w 0.1:1 O.?.I o.:m ,i,(;~ 0,2.() I),(,?, 0 9.IJ :1 
Sulfnpyricliilu ao<liu1n 0.2:1 l),J3 0,2 1 o.ars 4,(if, o.:>.o O.fil! (\ J().4 

·1 811lfnth i11xoJ1, «odium 0.2?. 0,1:1 0.20 O.ll/i 1.112 1),19 O.li2 0 !U,J 
. , 

' l'llrt.nric 1\citl ().14:t•· :i.(JO r;r,v I .'f 
·r,,t,·ucc1i1rn IICJ 0.11.l O,IO!J< O.l/, ().26 0,12 0.3!.i 
'l'c?lrnr.yc:line HCI O.J•I O.OJW O.l() 

'l\,1.ruhyd1·01~11i1rn I-ICI •1.10 c;o• (\,7 

'l'l11m1>h;ylli11,1 O.Ol!1' 
'l'lwo1)hylli1w rmclhon 

gl,,•C,Jlllll(I ?..IM 0 U.!l 
'l'hinmin<: 1-JCI 0.13W •t .~,J 87'' :.i.o 
'l'hi<:thrl1)crn~i1uJ (). HJ (l.():IO (),(Jg 0.()!I!) (J.()IJ ().0(\!l 0.0'/ O.IHI (l.05 o.rn;1 

in11lm1ln 
'l'hiopon!,11 Hodium O. l ti!l'. 3.{10 71 J.().3 
'l'hiopr<1p111.nl.c diHCI (),;!() o.ori:1 (),J(\ 0.0!)() O.J;I, o, 1:1·1 0.10 0.1'!0 O.Oll O.?,?.?, 
'l.'hioridc,11,inc HCI [).1)1, 0.01 Ii o.o:; (),0:/!j 0.()1 0,(Mll. 0.0;1 0.0()/i (l,();J o.o·m 
'J'hi,11:.¢1111 ti. Iii 0.0,11; 0.1.l> OJ)VO 0. )(1 O.IU2 O.Hi O:tli.l ().Hi 0.-lt'.0 fi.ll'/ 0.16 (Uj:! 10· 8.?, 
'l"riilih,\x"Lhyl dilori,lo 0.1(\ O.O,t'/ (), I(\ 0.0!)(1 1),)6 1).1111 ().JG 0.:.!110 0.1.Ci 0.•163 (j,(i?. o.rn l\.M! !YI !\A 
Trfoth1111olomi11,, 0.20 ().()/ill 0.2) 0.J.:?.I ().:!~ 0.2f,:>. o,:rn o.aoa <1,()f) (),?,?, O,t,,>. 10() 10:1 

Trifluo1)(:ro1.ino ?.HCI o.rn ll.!lf,2 (1.1~ Q.11)() 0.1:l 0.14•1 
'1'1•jtl\ll)l'()lllll'l.ill(> HCI ll.HJ 0.0:ll 0.()!,) 0.0:,J O.Ofi O.(Kll 0.(1,t (l,()'/:,1 o.o:i (I.()!)~ 

'l'ri11wprw1.i11<, lurlrill i: IJ. IO CUl?.:I O.(Jti 0.0:lh (1,(14 0.04/i 0,0:J o.or,:i 0.02 0.0(\l 
'l'rimotl1111liv1iv 11.i:J O.Oll!l 0.2:l 0.13;1 (),:/.?, 0.2!i'/ 0,22 (l,;l'/ll ,l.:J.I! 0.21 0.51! J.00 (;.(] 

'J'rimtlJh>honMmiile 0.11. 0.0:i:1 ().J() 0.06?. 0.10 O.IOI! o.m, 0.153 0.()6 O.:>.:l?. 

HCI 
'l'ri1>ollllllilltl\ill(1 J-:ICI 0.1:)11 ft.!i(I l.00 11.:1 

'I'rorn1,t,h11111i111, o.:m 0.0'/•J (),?,Ii ().llj0 0.:11, 0.:100 o.iu o.,wo :1.11i ll.2<l o.r..:i 0 10.~ 

'l'ro1lkomido 0.Hl 0.0:.10 I),()!) O.OliO 
'l'ryp1111 hh1u O.W (),()'{!i (1.26 O.l/50 
'l'ry()ut~111ni<fo O.ll'' 
'l'11bn.-;11rnl'ino chloriclo 0.076• 

nnm (l.r>!) o.;H 1.6:J 0.65 ().62 100 ().i'i 

\Jrn!.h1111 (J,l.!)I• ?..!la 100 (l.!l 

Uddin<, Cl.I?. 0.0~1!; 0.1?.. 0.069 (J.12 0 .1:\11 0.11\ l).:.\08 o.1i 0,:3:.i:, 8.lll O.l I o.n 0' Cl.I 

Y1tl11(,hnm11t~• bromidl• O.Jll 0.014 o.rn (),08/l 0.15 0.J(l!l O.M 0.?.38 ().'If 1).:\2/l 

Vnncomycin 1mlfufo 0.013 ().()Hi (J.01, 0.028 (),(},I 0.()4!) (),()4 O.OG6 (1.()1 0.0!>8 
Vi<>1t1yd11 ~\1lt'11t:..• 0.08 0.0/i 0,0'/ (),J2 O.O'l (1 .?.0 

.XylOJll()l.tl,,l.lllll() HCI o.:>,~ O.O(if, {),'.!) 0.121 O.l!O U.:>.a:l 0.20 o.:J,12 ,1.(1/l O.Hl (),/j?. Ill:! t).0 

?\in,: phnnolH11lfo1111to fi.40 o• ti,,J 

¼ine ~ulf'nt,(, !),JJ, O.Ollli' 0,l;J O.il/1 {),1?. o,:1r, '/.(If, 0.12 0.:}2 
••---•m••-rn••" '"••••••••"••l ,o''" ''" .... , ... , ..................... ,_ . . ··-··- ····"···"·"·"·······"··-·-'•·""''' '''''°'"''·' " '"'··''"'"''"'"""' -"·"·"''""'···"- ·-- , ., ... , .~ ... ,,,, .. ,.,, .. ,. • • • • -•-•• - ••--•••-•-•-•-•••• ... •• ••-'1, \Wl- 1'* j; 

11 T),(: ,,nnllu'kt:cl w,l,tw W4:r,~ CltlWH frun1 1 lmumurluml id ul,11 1·,• .iltltl Snt,p t'f ,,t.'" 
'• A(l11JH,NI from I .u,~cl r.l t1f. 1~ 

'L ·· Ada,,h,d f,vm Bl'(:,11• ! 
,r Oh1tdrnul f rom ,u~\'1:1·11) :muh't:K, 
,. ii: t1mliu11• c·l•k•rill(;I cr~11h•nl1~111,.,, /); rr, .. ,:r. t11;<·th)i11t 1l<•prc,,;Ni,1u. "C, //: Jwm11lyi.h1. %, ••1 d u: ,~,n,·c•nl1·1,1 i(;IU which iw. i~o1)10\lotic wi1li OJJ'ii1 NnCI. bn~\'-d rm ii 

frr.•(17.ilU:• l)(llut d,;h•rmiiit11,i,,u ,.,,· (c(,u)v,•lr.-na ((1,1f. ,,11: J1J\ proxiumfti 1111 or K11hHi;h\ 11ludfo<l f(lY h<•tnolyt.i,! n•il im\. .. d•n•,,:,\ iii 1il)J)<"A.rnt1,:t.- Qf nrythr1u:y?1'1t !• 
:, 

raud/ur n1)lut i,:.'1. lf. :!•• ': 11111)t•lc:rmim:,I nr•f•f mhtiii,,n of hl1N'Ht [: 
~, : 

Appondlx B-Vol11rnoo of Wutor tor loOIOl'IIClly11 l,,!>,b 
] : 
I' 

.-.. ··-··"'·"''•'"''"'"' "'"'·-"----·-· ... ,,.,.,.,., .. , ... - .,_,., __ ,, __ ____ ,~ .. , ........... , . , ,_ . ..... . .... ____ .......... ... , .. .,,, .... ,.. ,._ . ______ , _____ ,_,_, ____ ,,.,_,,,! , ....... . _ .... ~, ...... .. _ I: 
I' 

W11tor V\'tlW Wllhll' tf:· 
•IOQ(!O(I tor noodod for 11Wdod for ! l~olonlclly. l!1()t(llllCitY, ill(IIOllll\lly, 

l) l\1{1 (0.3 Ol ,,11. l)ruo (O.B ol "~- !)rug (0.3 ol llll, 
1 . 

Alcohol 11.J.'I Horit:,u:id Hl.'1 l•:1>htdrhw Hulfoto 'l .7 

A1111noni\11n \:hlotidc :l'/,;l But11c.11iho 1mlf1,W 6 ''' li:pitwphrino l>it-11rtrA(.(l H.O ,I 

/\m,,hn1·bit1ll 11,i1.linm fl.:I Gnfl'cilw mid vodi111n bcn1.011u, 8.7 Epi11u1>hrillt hyd1·01:hlorid<• fJ.'{ 

Am1>he1:.1minc ph,)Kphnl<• 11.:1 C11lci\111t r.hlo1·idc J'7() gLhylmorpht,ui hy<lro<:hlori(l1i r,.a 
J\mphol.lunino 1mlfo1~, '/.:J Cnldmn chloride{{$ lhO) 11.'1 Jo'h1oreRc.c!in Kotlht111 l ().:J 

/\11<.iJl>'Yill(: (1.'1 Chlt>mh11wn,1I (l,:,·drnt,,d) l\.O <,lym:rill 1L'l 
/\p()m(1r11hi111, hydrochloride 0 Chll)1·1.111.ri1t11dilw ~olf:11.o ,1.;1 Holo,,11i11(, hydrochloride 6.'/ 
A~<:1.,rhic ucicl (i.() Cui:,1inn hycimchlurid,• fi,3 l-lom11l,1·1>11hm hydrobrnmi<l<• (1.7 
/\Lm1ii11(, 1irn1.hylhrnmid1i 4,7 Cupric 1111ll'nLl! 0.0 OomulroJ)ine 111,ith;ylhmmid<: 0,:1 

Atrn1iin<, ~ulfatc, 1.:.1 l>(:~tro~(1, 1111hydrnt1ri ($,() l·lyo111:;ynrni11~• Kulfo(.c •1.'l 
Htidl:rndn 1.7 Dihu1,11ino hydroehloridu 1.:1 N1,omyci 11 •t1lf1,tl! :1:1 
Barhil.ul u1)di11m 10.0 J.>il~vd ro11\,rc111-oinydn ovlfutc., :!,() OxyL0Lm1:yclinc hydrnchl()1·idt ~.:1 
Uittmu(,i> pol111Qlh1111 t11rh'ul.4• ;.J.O l~plrncl1•hui hyd1·0,,hl,11·ic.lo JO.() P,micUlin G, ,,o(.1u~)i11m (\.0 

.! 

····- ····-·"- "-•'--·"·-····-····"'"' ... .. .......................... _ ,..,_ .,_ , . ........ _,.,, ................. , ................ ........ -......... _.,, _____ . ............. _,,_ .. ,.,., .............. ., . ,.,.,.,.,.,. ... _.,,_.,,_.,.,.,,_.,_,,_ ,, __ ,,,_, __ ,,. ., ....... _ 
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Appondlx B- Conllnu~d 
--.. -"N'•N,>w•,,. ........... ...... ... , . ,. • .. ,, .. , .•• , ...... .............. ....... ~,----------

I' onlcillin G, •ocl ium 
l'c,11tob11rhitlll 11otllmn 
Phcmohurbitol ~odi1un 
Phyao~~itonina H,1li~yl11l;o 
l'i loo1rpi11~ hyd rni:hluridt• 
Pilo<:orpine 1\llrnlo 
P ipi:roc11illc hydrnchhwidt: 
l'o~vmyxin B 11ulfn t11 
t>l.ltM KiiJm chloride 
Potn•~ium nil.111to 
Pot11H•ium 1>J1<tn11hnlc, 

monobo~ir. 
l'ro~11innmi<fo hydrochlorid 11 
Pmcnill~ hydrochloridt 
Sc:0J)(llo.111inc hycbohromirl r. 

W;,!(11' 
,ioll<lu\l !(Ir 
lRolonlclly, 

1111 .. 

{l,(l 

8.:1 
11.0 
:;,3 
H.0 
'1 .'1 
7.0 
:i.o 

2s.a 
18.'I 
l~.7 

'1,:l 
'7,0 
HI 

Scopolm11in11 m~th,vlnitrnt.l' 
$c~ohnrhit11l uoo.1111111 
Silvur nitrrl lc 
Silv,)r J'•l'\)L(,i11, mild 
Sorlium nc1,1.nt.0 
Sodh1m hknrb1.11111tr. 
Sodium h i1>hosph11t,i. 

nnhy1ll'llu~ 
Smlium hi11ht11J11h11tc 
s,.,!ll~un hi~ulrir.c 
Sodhin1 hor,1t~1 
Sorlium indicl11 
Soclh 111, nH,l11l>isulfit<1 
Sodium nit.rnlc 
Sodium 11hos11h11t~1 

WOl(ll' 
no(l(f()<J lor 
1rm1,,,,1c11y, 

n~. 

!),:} 
!Ul 

J UI 
r>.'l 

rn.:i 
lll:l 
1/i.:I 

J:!.:1 
?.0.:1 
H.O 
1,L() 
:i.:i.,:I 
?.?..'l 

11.'1 

Sodium 1m)(lio>u1te 
$(1di11m •ulfitc,, <•x~k<:~~c,d 
So1li11m lhios\il fnl« 
S!,1:<•tH<1•uy,1in ,mlf,t!.u 
$11lf11r:dnmido ~odi11rn 
S11lfndi11zi1H: 1mdi11m 
Sulfo,nerniin<• •odi\1111 
Sulfopyridini, Kmlimn 
8\1lli1thinzolo «oditlln 
'l'ctruminc hydrochlvridc 
'l'tc.m,:ydin() h,v,lrnr.hlorid1! 
Vk,mydn Mulfot.o 
Zi n<: chloride 
Zinc uulfnt<, 

Wator 
,1,, ~!IAII tor 
lsol1,11\l<)lly, 

n~. 

20,:~ 
?.J.? 
10.il 
2,8 
7,? 
ll.O 
'I.'/ 
7,7 
7.3 
(l,IJ 
,j ,'/ 
:1.:1 

1,0.:1 
fi.ll 

"'J'('hfotJl' hlnotuni4:Hul\1ti,,..n Vnlm.'S" 1:thowint( voht;1,1:i. l11 ,nL df 1'-flltttkm tht,t, 1:,11, h,: pn~pm·,i,~ hydi!f.!fi.-.lviug:!()I) mr; ,,f lhnnJM:r.ir'1r.t1 dntl( in r1IN'il(• \\'1\Jt_\'I , "J'h(\ 
r1,Mitio11 of cm iHlHnni<: v,:hi1'.lc (1~mnmr,nly r~fol'J'Nl 1n nt( dih1tinH 1mlutim1} lo n·u1kc• :io mf., ,viddM" l "ii, 1:olulion. 8ul11lionff l)Hlpnrt'd nr. ,Hn?l'l l~,I nlmvc: ,1h• 
))!;rnm1Hotk with ( MY~ i<•llium ,~hh~rid'.'l unlu,ion h111 111ny ,>ol IK, ifl-,'Jto11fo ,.,·ith blmHI l1m•~ Ai11>1:ndh; A fop· lwmi>ly>ti~ d1lt1d. 

,, T,u:ulr.u1nLc V ,v1\lrn~u for (h·nr:tt whid1 do ,,ot,,lJlfJ(',nr i1\ AJ)JJ•~lt<lix B. hot (1)'(1 liau,,I in A1•11cmlix A, nim1)Jr i,,lw I h~ n1,propd111n :irnlJum d ,lnri, le: <•<~"ivnknt, 
(g► nml multiJ>l)' h.v O.!lJt 1.n(:1mv1,.1 lhnl qrnmli l:V 1)f ,lru1: l<• 1.11(1 t·1111isnl1,nt wo,i11h1 nl' H1\tlium ehlori•fo n111J clivi, I,· h)'O.Oml1: (lh,· w,!i~hl.of w1,di111» d,lori,lo, whld1 
wHI J·(:ml,it 1 Jn L nf Wtth'ir ik,>lhllit.1), 

/irn111pl" ..... 1.:1111:11lut~ 11,c V,v,ol,,.. for ,rnil<•l'i<iitl\' MCI (A1•1K•mlix A ,h:J'i,10:n ),; '' !1.181. 

tl.!.I x O. HJ "' C, ml, wuw•· 1'11r ••11,ih 0,:1 K dm1: 
\\,Cll~l 
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CHAPTER 82 

Quality Assurance and Control 

v1wr,.,,,,1o,11 
C.a,po,01~ (~ullllly Aud111 01\ll ~11v1e~1 
~MlfhKlln<' Dl'thM<ifi Co.\ljl 
OM F oc111klln 11klm, PO ao. 192'> 
Pl,ll<:><!0Jphl11, PA ◄'>iQ◄ 

'l'hu P l111rmocouticul l1l<ilmtry 11011Li11um1 fl~ o vltol ~,11;1,l(1n f, 
of I.ho ho11ll:h•c11ro cydl< in cond11cli11r, re~M••11h 111111 11111n11-
foc l,u ri11~ pl'ml11ct11 which nm Jifo .. 1nni1,tai11in(( 1111<1 lifo-rn
~l1.1rh11;. •rtw lm,c. ch:cu<hi hm, Mllm 1111 ovolution in the con• 
ceJJbJ rolnLin1t to (.ho Qu11lity Am1ur1mco nnd Control of Urnsc 
prod~11:t11, 

'J'ho chnuR<•H hrou1iht. nhoul. in lltl~urin~ l,he i;ofoly 111111 
th(11·npouUc officncy of clrn1: p1·1.1ch1ct.~ h11v1i 1•e1111ltud fro111 ii 
numhcr !,f fod:01·~ whi!:h 11ro c:il.hur i11 t,1m111l m- 1)XIMH11l to 1.h1i 
irnh1Htry, h1t.orMll.Y 111·c th1i 11t•lr•<lo11i1in1HI guidelino11 tho 
induij(,l'Y h 1111 impo~ud oil i11,olt', ,~x,;mplifiocl by 11 (l~)c)l11n<1nt. 
J)r<lJ>i.mld ii, 1907 by c.lw Pharm11cc111Li c:nl Mmmfucl.m'(lrl! /li-1-
aoniot.ion {PM/\) t.H,lod '•(;encl'III P1•i111:iplull of'l\,lul (-~U111i1.y 
Contrnl h\ th11 Dru!-( Industry." 'l'liitt PMA dM\llnc.mt IH1• 
r.nmc the bn11i~ fm• h1~(:r 1·t11~11lnt(1ry Guidolinm, propnl'Od by 
tht! l~ood un<l Dru11 Adminlntrntion (J,'l)A) t.itlt\d "Cm•1·ent. 
Good Mn11111'11ct1.1ri11g Prnr.l'.ico in M11nuf111:l,ur1J, P1·t•cn1;1ij in11, 
Pnckin!l OJ' l:loldi11,c of l·h1111t111 i111d Vot.,,rilllll'Y Drngx.'' 
'l'hoHc Current, Good Munuf11c1.1u•i111: Prncti<:oii (CGMP~} 
lwve l,(1c:.t>m<• t.11(! p timttry oxturn11l {(t1icfoli1101111110<1 hy imluu, 
t.ry 1111d th11 l•'l)A in tho control 1111d in1)pedio11 of mn11111'0 1) · 
1.,u·in" r11dlitiM. 

Ouollty Control Olld Assuranco Organization 

Alt.hou1!h t.11<1 t.01•mK Q11111it,y (;(1111,l'OI 1md (~1111lity Ai11ur, 

n11co ol't1m <ll'(l u1u1d i11~ord1on1,ic11hly, 1lttpmiding on Uw 
tiLrnc:t\JrC!\ of n spocil'ic compnn)•, tJ1crn iti u conl,inuing t rnnd 
t,ll i:opnrnt1i 1.md <lc fio1, t.h,,ir f1111ctionol 1·11111mn11ihilil,lt!1>, 

(,Jimlily Co11/ro/ ~~on b,., chif'i'1cd lm>1H.ll,v nH 1.h(, d11y-t<1-cl11y 
(,onl,rol of qunliLy within a 1:om1}1my, n dcp111·t.m(!n t, s.l.nffoc.l 
with f!cim\\,ir1t.~ nnd tceh11ici1111n r0Hpo1111iblt1 for t.lw tl<:11np• 
t:onr.o or rnjoction of il1comin1r. raw m11l:cl'illl!.< 111111 pnckn11inn 
1:om1mn(ml.11, for tho myri,1d •>f ill•proce~!! lc"tJl 11111! ini;pc1:
tio1m1 l.o nm;m·u l-llllt ~y11tum11 Mu buinll 1)on\.1'(1llod 11111! m1111i
tmod und, fh1111ly, fol' the 11ppl'Ov11I or rnjnc:tion of cim1plotod 
dol!lll/o form11. 

<-~unlity Co11trol, l,hc,11'1,fol'(l, indud<:~ not mily t.llll 111rnly ti, 
1:111 Lu11ti11g <)f the finished 11i-11dt1(:t., hut also t,ho 1ll!lio11»mont. of 
1111 <lpu1·ut.iom1 hc11inn in1: wit,h the rl.!ceipl, ol' 1·nw mnt,1-irial>< 
,uld contin11in1~ U1r(tlll,{houl Uw 1>rndm1ti c,m 1md p11c:l11-11{h11~ 
opcrnUom1, fini11hcd produc;t·. t~)ijth111, doeumm11.r1lion, Ill.II'• 
v~lllimci: 1111d di1:1t.rih11tio11. 

(~ualit:,, A11.mra11~11 m1.1y ho cfofi11ocl n111.llc rt•ijpo,11:1ib1Jit,y of 
nn oru11nizntinn to d11turmiiw U11.1t ijyM1,(:ml!, focillt.ior1 111111 
wriU.llJ\ p1'()1.:o<lurctt hnt.h i.11·0 11<lc1<111111:<1 ,md follow11d in oi·1lt1r 
to nsa1m1 thnt: JJrnd11(i{,1; 11rc cm)(,r11ll(ld and will nwc,1., in Uit• 
1'111111 tlORlll{O form, ,.n f.ho ll)lpl il:iihlu N()l!r.ificnti<Hlll, l~11t1li ty 
Ao,mrtm(:(I l)OIA1rnlly then bo<.:<mrn~ nn ovor1;i1{hl, l\mc:tion, 
often 11uditi11!( oparationa t,o dutcrnilm! 1,hnt. procccl111·0" 1111d 
ijYl!l,!llllM nro 1111itnhln 1mcl, if not, l,o 1·ocmnmc11d tlrn ruquin1d 
du_;nrcon. Hi11lwr m11nnlf,cm1ml, loolcs townrd 1.1111 Q1111ll~y AH
Hllrllll<'O uni~ In <1r<i<1i· t,, d(!volop aomc Jovol of '\)omfort," 111, to 
how W(,11 t.lwy lll'O nH,otiuic eomplUiy ~t.n11d11r1lu m1d upplirn-
1.Jlo govommon\. ro1iuh1\fo1111, 

Total Quality Control 

'l'ho birch c111111it.y of phi1rm11c<111t.ic:nl p1·odllctt1 r<:t111ltM from 
mcticulmm nclhcro11c:c (,1 writ.ten pr(1cccl1Hcll iii <:t11•1•yi,,1~ ouL 
all opornt:i111111, haginninl( wit.h l'()fl<uu·ch. It. i11 111. thi11 t!l.ll'IY 
poinl, t;Ju1I, t h1: quolit,y bt,g im1 \,,l ho dc:sii{n<:d lnt.o 11 producf.. 
Hnw 11111h:rinh, mu,;t. b11 d11i1'nct.<:ri1.11d and 1.mrnh1111ud from 
1'(!!)Utnhl11 ij\tppliorl! 111, t,h/JI, uniform, Kt11bl1J 1m)d11cf,q will 
1·oa11ll whc1\ 1.h(li!(, m11Lol'iol11 urn iric111·f)1.1J'1ltcd i11l.o U1!1 fin , 
iRhod <louug() form. Pncilitiu:i mu~t- l.m driMig1wd, ,1y11lcm~ 
i1111l~1ll•:d nnc.l \:he lll'Ol>c1· oquip111<ml. iml~el.t)d !lo 1.11111, lhv, 
potl•lll.inl fol' c1·0:1~ conl,1111ii1111C,icm of one pmth1c(, by u11nl.h1!1' 
is 11li11,ii111\,11d, 1,l111l llll11.,wii1I lfo\v rmtl 1>111'1J1.11mol 1"1111\'l!IIHHII~ 

ill'(t plo1mocl Ln rod11r.o tho p 111.1inti11l for 1.>i'(t(h1c1. 111ix-,11p11 ,rnd 
thnt t.ho 11ir 1111d wnlcr, which iu hoi111i provided to 1>rodul!
t.ion, ii1 11tlcq1111t-t• in omo1mt. Mid qul\li1:y for tlw 1>1irt:icnlttr 
op<m1.Lio111J buinl' p1:rt'ormod. 

Produ<~tion pt1r110tllH)I 11nrnt hn lr1.1i111!d prnpcrly I~) per .. 
form Lhtl ir johH, 1\tld tho dil'Ccti,)1111 th,w follow mu~t, b(> wril,,. 
f{,n, appr<)V<•d hy l'C:lll)OIIHihl<: i11d ividu11IK 1111d ndhtir.•d l.o 
Ml,dctly. 

ShipJ)il\f~ d (:p11rl,Jl1Hlllll lll'C 1•<,:,;p11n~ihlo rnr ~Mill" 1.h,11, tht1 
prod\lct~ 11rn prou,ded from 11dvor:m l11mdlinr: nnd envirt\n· 
nrnnt.11! condit.iono while in (.1·1.1111,;H, to di>Jtrih11ti11n 1,1,i,it>! 1HHI 
crn1tomor11. 

quuHl:v Cotll,l'OI iH ovot-PN'!J(lllt, ovomMin1{ (iil<:h of' t.)ll!g(! 

01mr11Lioll1:, 1111d i(ivin1, tho finiil 1·de11~e 11p11mv,1l for rli:il,rilm• 
t.io11 only 11ftllr llM!IOK>1i111111nd bninu s11tisfi1!d (,hnt. ench !il.<ip i11 
thin Jll'(l(:ll~~ hnn hc<:n completed c1i1'rt)<Jt,ly. 

'l'h()K<' principll1~ wc•r<~ hitdilit{html i11 l,ht,~ 11ri1:im1t PM/\ 
doc111nm1t, from whil:h th() l'ollowinr, cxc:1:rpt. is tnlwn: 

••'J'hn tprnlit~• ,,lu 1>n,duc~l. in i(tl 4h1r,ll,ht of 1m1munh(c1J, ul' lhtJJ,{ l~(.!hlll't,l('. tC!J ' · 

i>1lh:r, dc11i11111,ol 1111<1 rn111111f,w111r,11! i11(;1 it whid, <11n1rilmll\ 1,., lh" p~r• 
fornmll•!<: 11!' ,m i1111mcl,.1d 11111diim whN1 lht• prnd11c1 if 11K111I ,m ,lin•t'l••tl. 
'l'lw <111nlil.:,, ,ir m111tidr111I tll>1I 1·,1l1ilNI pn~lu,•.(K io l,litl .. m,1 or ~II fn1•!01·~ 
which c-onl,11ihuh! cliniut.1~ or in1lit1,•<~lly l.c) thc.1 ~,l't,t.y, 110',wtivcm,~~n (tl"I 
m:c1,1)\ul/ilit.y of th,, 1m,d11r.1., (.)1111111.y m11•I he; fJ11ilt. iuhJ lh,· 11"'>•.htcl 
clurinK rt•:n)t\tCh, dtw1,l(IIJl\l<:lll. 111111 pr,,th.1d.l<tn, 

"'1'01111 1:<1111101 or c11111Uty im ii np(lliN, Cl, 1 h,, dr111: hi,111111.ry iH llu• 
urn,111lw1I ,, rrnrl- wit hin 1111 0111ir<• ,,,111hli~hl\l(llll ,., /lvhl~11. pt111'.i11t.,,. 
111ninl~i11,,11d ,w,11r<) ch11 •l'"dl'ltocl 1111nlil1• hi Mch 11ni1.ot' 1n·,11h1<•t liiHlt'ib, 
111.t«I. 'l'h,, ofl'<•l'I 11ll0ul,I n,ll, only ij1,t.11hlM1 •1>111:irl,1111fon~ j·or 11rod1u,1. 
""c1•pl1111t:11 l111l ~h•l11hl ,,..,,vidci procndun•• ,11111 umth,icl~ for 11d1iuvin1: 
fJ,nform,111,·o with u1wh Hp111'il'lc11t.lo11(1, 

'''J'hh ln1'H(, ,1,wl<•l~• 1'Jf' Hl1IJ1;( u1H.~<i" l1t10,I i11 U,iit 111tl,mlry1 tl•1t 1:<>01 1•11,xi(.)i' 
111' h• 11rorh11:11, Rlld lhu ''"rlo1111 1,yp~• ,,t' cmnp rm,v •ir1;1111iv.nlin11 ,,,,,lw i1. 
i111pctK~ihlv (11 drHlr,11 hi clill11i l 11 •insdo 1mfv(:r•11lly 1111pli1:11IM ~)•~forn for 
lht• 11111111:0111.rol of 11u11llt.Y, 

"'l'h~ 11ll.i1111111, ,,1,30!'-l-h·<• uf ~ )lYuJ!<lllll fot U1<, lolnl mnlnil ol' <1n11Uty In 
A dfllt( t?OIUJUtilY h, 1 lw ouni1111H,ot ()r JWl-t'tic.~t ion In tnl•()1,i111: .-p(),~~fforltlotl1l 
for 11 1)1•11,h,.,1. 1;1' hi1:h <"111nlity, h . in 11 11ro1:1'1)m cl11ol1111t1d 1<1 nH1111rn 1lw 
11rofoH11io11<1I uxr.r or ~,lllm,lto ,:0111m11111, l,hnl, C:\'(lr)• lul ,,f' ,1 fll'1tcl11c1 ;:on, 
li11·mn tu n111,r.il"icn1lo1111 11ml llu11 1•11ch dos,• dlottih,11..,1 w.tl ruH111 th1• 
rllprn•1t11lnlfonKm11di, in t ho l11h11li1111 nnd will ,n,,,,1 nil 1,,K1•I n,oniiu,nwnt~ 
nnt! 1;11eh 111ldi1fonnl 1111u11lnrilH n• t.h~ m111 11111111r11,,1t. 111' n firm m,1.,,. ,11h11,1-

'"l\>1C1I <1011~rul nf <111nlit)' iK II ploml.wld<• oclivil.,V 111111 r111m•~c•1I• (I,~ 
n11r.n•1;11(.(11'1•1•1)on~iltility of 11 11 ~c,~nu,uh ofn 1:0111111111;1<, ' f'hu n•K11•mHihil
i1y (,n· mulitin1111111 u\lH,1'111 •.vnlm H 111111 (,11· 11v11l\1(1!i111: 111•i11luc1. ,11111lil:,, i• 
1'1111,d( ,, 11JH~,:iric 1(l'O•Jt) l'{tfo1•r111l fo iu t.hit-1 »in(t:h)Hl\1. '' " (lw11it.y Conlrnl. 
'l'lu , hc111d ,1( q,1111ity c ,m 1.,0111h1111l1( hm·,, u.,, ,1oll1111•i1.y 1,1 l'f!l(:tlM! ICIII iH-
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J'nctm·~ lol• or 1>rruh1tl•. I•> rnJw\, m1,ull1,bl<• )otff 111111 (u 1·1tu11n,rrn,1,I llu, 
rm,nll lrom ,liolrilmtfon 11f uuy lot, •t•h•t11111<111li)' found Jo I)" 1111•1Jil11ht.1. 
H~ 11111,uld lw rw,1>011•lh1t, 10 ,1 lovvl 11rm,111N((111w111.which ••••~hi,·• him 1o1 
llKl'rt!hlu l111i11111•111lun( ju1l11 1111111L rn~ f(:t<ll<)OKillility 111111 nolhori ly 
11hottld 1111 •:lNlli)' 1l111ii1~1t h~ 1111111111:~mN\I .• " 

It rMdily h(!1lMn c1.1 t11>p11rtt1lt th11t 111111lity mu~t ho built 
hlto ti product nnd Omt it <=umHll, bo innpccled or l.c~tc<l inl,o 
n pro1l11<:1.. Quulit.y rnaultH from l:onmwol'k, n11 t\1:1sol.'intim1 
which i11 lw<:omi111< incrcn11ii1f(ly im1}1,1rlllnl, /llJ 1.hc 1nd1M.r,v 
JHlvoncco II\ ,ww tl1,:hn1)lo1tian which 1.hmrnmlv(!S 111'0 hoc,1m
in1i mor11 compl(1l( und d<1mnn<.lin1!, 

Quality Control Md Assurance Functions 

The hcnd ofqu11lil,y C,111t.r,)I, who i11 ult.in111tdy ro11p1)11>1ihlo 
for do{:i11ion11 rel11\.iJ\li to th(! 11cccpt11hilil,y of finixh(id prnd, 
ur.t, ~hould n!pot'I. to nomoont, ,:,U1 iJr t,111111 t.h~ 11tm.on dit·o<t(.)y 
ro11po11aihlo for l>l'Oducin1; !.IH1 f)l'Oduct.. ()!'ton in cul'rc,1\t 
Ol'J:11111i1.,,tion11l :il.1·ucl,<1rtit1, tho p 1:r11oni1 in chnr1:c of h(ll,h 
qu11li!.y cont,1•01 uncl produuLion will rnporl, t.o 11m1w hi((hot· 
lovol of aut.hority, 'l'hiM mny be Uw 1:1111111: 11,· dill(tr(?111, imli,, 
vid,1011:1, bot i1 <loo,1 llllow for tlw indopend1m(. O))Clrotion of 
both f11111:t.io11:i without. di r(1(;t <i,mfli<\!, 1ir i1,ing when 1·011chh111 
!Im 11ltilrt11t.c dr.d11lon on th,, nccopt11bility of 1m1duct. 'l'h<.! 
qunlity Contr<,l fm1111fon in 1.111 1)1·/~ani:;,at.ion 111.mm1lly ,:on,. 
tiisl.!! of ,1l: l1-11ikl. l.wo pri1111u·~• 1111ita, cm,,lytinol C()lltrol 1111d 
irn,p(td ion con1,rol. 

Anolytlcal Control 

'l'ho Annl.yt.icnl Control L1,h11r11Wry ii, r1<upon11ihl11 for tci;I,· 
i11g 1rnd 1.1pprovinu rliw niut1)t'i1,fo, wol"I( in ,p1·nc<11111 1111d fh1 • 
itihcd p1'o<locl,, 'l 'h<! l11 horatory mul!I. bu 1tLnlTed ,vil,li p1m1<>01; 
who nro trnino<I hot.h 11c11dcmicully :111d by oxp<,rim1cll to 
l)(lrl'urm thll C11'1.t111 wmplt,x 111111ly$(\$ r(!quirnd to ovnlual.(i t.l11l 
nce(,ptnbillt.y of 111m1d1u:l,. Proper p1,ri.1m1wl iij n<ll, tlw only 
110(!1\llijity i11 l,h(! lnburnt.ory. gqui1)1110 1,1, 11IM11 i11 r11quirod 
whieh will Hllow t.im<:ly 11ml 1u\c111·ull\ 111 111ly6is. ')'his eq11i1>· 
lnl)llt l)ontinuoH t:tJ hc<;om11 m<ir<: MOl>hi11tfontt,d1 pl'ovidini; 
111rn•t1 informntivn 11 h1)UI, (:ompo1111d11 t.111111 111·(ivlo11sly lt1iow11 
mid h1111 fod IA) II levol of 1wcur11cy mHI d11t1:<:t11blll \.y hcJ'O!,o
foro unk11,>w11. 

Det.oilod ll))11dfic111.iorn, ulao m11wt ba ov11 ilnblc, 11K well 111, 
t.hc trnit, 11wLhod11 llt{!lit111l. whi11h t.ht1 proclucl~ urn nW<IH\H'~\t.l. 
'J'hc 11podfic11tion~ indude tlw c1'UA:~lu a11oi11~1, whkh tll(I 
J)l'Od11<:L will ho evnl11nl,ud tlnd thC! limit~ fot· lll'C(,plmWQ 1)1' 
l'(ljt,ct.ion for <illlih cri l,i(:111 1>1\rnt11otc,r. 

Thu l.<,nt,inu ond :i1:1:,1p1.11noo of only hi11IH 1111-ilil,y ri,w t\'111tc• 
ri!IIH l!, (18"1i11l.iltl In 1.h<: 1mipnrntion 111' pnidut:t.11, Port of thii1 
n<a:ti1>l~)lt t\(i iu LO p\11·chu111: l'llW t)l\\(,\ltiu lH only from known, 
mputnhl11 1111p1>licrs. In order to n111l1t1·<1 thiK condit.ion, It 11:1 
(lll1lCll liul U11.1I, q,mli!.y Co11t1·ol hf. pnrl of n pn,n1>prov11I p rt)· 
grnm of 1111 po1.,,n1.i1il 1111p1>lior11. Thl1:< upprov11l 1.1lw11y11 in
dudca I.outing 1.h(I mot<:rinl nnd in 111,uw M11111111C!1ic1;.'1it11tc~ on 
in11pccti<Ul ol' tlw 1<•AJ)J)lior'11 ftic:i lity 1.1, clotormino it~ 1mit,nbil
ity 1111<1 d<1gr110 or complimw(l wi(,h GMP'o. At v11rio~1~ ,:ril,i• 
cul in·))t'0(~111" prnd1wl.io11 or i11l,nrmcdi111-\1 1:<tr.ipH it m,l:,, h11 
m1ccsa11ry t o 1u1mple und tcl!i l,ho m111,11ri11l11 01'{'t1in~t cdtr.ri11 
pr~viou11ly ast.nblil!hcd l'oi' l,htlL purticul<;rr ,1wp in 1.hc 1>rocCHij, 

Ofl.tm, h1 -prncM1} olcm m· 11<:linn lovol:1 will bu idonUfi11d ot 
tho criUc11l oporulionol Ml.opn M II mMno M 1>roc(11\!l c<,nl.rnl. 
'l'ho1m 11l11rt or uctiou ltwclH urt1 limit~ m· 111>ocific,1Lionu which 
1\rl, mm·o 1'()11t1·icLiv~1 th11n the l'illlll 11cccpl11nco limi111, b\ll 
~!l rvo 1111 in,pt0('.1)1111 i:0111.rolu by 11ivi1111, el\rly wm')lh\~11 of "Oil· 
d il,ioJ)I! whid1 (lCJ11ld lend t.o ml 011t- 1►hio11trol 1,it.u,1tion ,md 
ullow t,imely corroi:l,ivl, 11r.tlon to ht, t11kcm hc,forn U1i11 occurs. 
'l'hui;, m111.orlnl1, 1·M11hi1111 t,hc 111(11·1: <>r 11ct:ion•IOvi1l r.rltoriu l\t(, 
l1<:copt11hl11, 11hu11t thoy h11vt1 not 11x<:111Hhld a i-a:l<,ct,io11 or unnc:" 
copt.r1hlc level, 

ln-p1·oc1l!JK critfo,il 1,i11l,in1~ will vary d•m(!nd ii11{ on tho !lcm•• 

ngo form bc,in1c m1rnuf11.{'.tur<1<.l. S1,,1ril11 1nmmtor11l producl.11 
probubly rncoivo the mo:Jt criti<:ul i11-1irm:<1a~ c11nt.1·ol ,md 
Wilting in order to ina11r11 II fin ishc)d 1)rnd1wf, which ill Nl.urih• 
t1ncl fn1e ()f mi<:rvblnl (:onl11n1in11~io11 mid purLic11lnl.c mlll.uu·. 
Wit.h 111.<,rilo producl's tho l1nd prnduct. ntt,rilit.y Luxl,i111r m,n, 
nol, ho relied upon lo inl!1m1 ihnl, each 11111I 1/V(it·y i:tml.11io,,., in 
11 lot of 1111 injvclublu product, lK 111.eril<i und dupondm1c,, iK 
pln1:11d 011 in-procP.fllt contml11. ' l'ht!Hll iti-pr<1cm1µ cmll,rnlo 
m11Hl, how h,u,11 d(w11lo11od followinl{ 11 1,rrn11:ribud pr,,f.o<;tJI 
whid1 d11llt1<i11 opllrnl,ing conditfonfl 1111d l)Mt11t1<Jl:om. Onlv 
llfl~)r 11 11P.l'it111 of ~11ct:(:ij~ful 111·odut1l:i,"1 1·u1i11, u»ing f,)11) p1•;., 
:icrihcd pnrmncl.cr~. c1111 11 prm:ii,;s hu jmlf(l'd t.o h1wn huon 
vnlidutcd. V11lid11ti1u1 of procu11H()ij in 11 critii:ul ijkl> it\ tho 
quulit,y 111;,1w·o11110 of bof:h nl.cr ilo 1111d ncm11tliril<l protl111:ti;, 
V,1lidnl:ion mny ht• dttfinod 1111 "11~11ott11\c<1 Umt prnducl:ion 
proccAAr.ll urc conl,rolkid in !11td1 a m11 11 t1(11• l,ha l 1,hcy will 
1>crfonn routim:ly in I.ho munnw in which (,hey 11r.1, p111·1;orlcid 
l,o.' ' 

'l'llSl,in11 of ~ho (:ompl\lt{1d loL of II doijn1111 fcm11, in ordt,r ,~> 
nwn11\lrc itu co11forn11111co with produtllm;in!ld spodficnLion« 
1111<1 u1>p1·opriat•i 11cc11p1,1111co ,,ritut·io, 11lw11y11 if! d1111irnhl(, h,,. 
fol'c roltlll«in11 tho IOI, fol' ;ihip111<i11t. lfowcv1ir, U1c 11110 of ,1 

prop11rly vo lidlllocl m1111ul'11ctnrin11 11roc,:r1s ii; morn critknl to 
tJw <tuol it,y <1( 111m1d11ct. l~nd prt•du1:t Lc,~1.i1i11 H11mm, ,hm t,o 
tho 1101·111111 vnriation~ l,hnl. mi~u in th<.1 nt11th1ticnl ,111mr,li111: or 
B lol, ill n~1111'illi;' t,hnt.1\ J1(1mplo i~ homo11011cm1ij c1111I r(ipn:11(:n,, 
ent.iv(!, 

Voliclution of procmm1~ nnd 11y~l,c1111111iWH i11c1'(!111:1i<l 11,;s1.1r • 
1i111:o of ri11 it1lwcl ))rod11ct l"t. q1J11Jil,y ,md i11 lcmli1111 Uio wny 
~(>1V111·d 1·othu:in11 or 1,limin11Un1;1 Lh., ,e.Jiunc(1 on tJnd produd. 
iolJl.iny.. 'l'hc 1>arumol,1·i1: rcl1J11~<1 of fini~hc1d prod111:I. it:1 bl!" 
1;in11in1<, h11«od 011 l10ntrol of tlw i:=dl,lc11J <•l<@C:1)1,,, of ,1 vnli , 
d11tod pt·occ!!., . 

'l'<mt.o ,ind 11p0cil'l<.,ntfo1111 moy bu round in ,mvoml :m11rc:11ll. 
'l'hc Un il<?<I St.Ille:,; J)Ju,rmi1CC)pdc1/N11l-i111wf /.'ol'm1ilw·y 
(0$P) i~ publiMhed on n f>•yr r.yde 1m•1;,'1llll b.v !,lw UniLc,I 
Sl.i\WII P hnrm11<1<11ioinl Cot1wu11.ion, 'l'ho Kl.11n<l1mb (ittl11b· 
li»lu:d by null pobliHl11id in t,ll(i OSP hnvu been ruco~ni1,MI 1\~ 
h11i1ll:( officinl by tho C0t11uo~u o f tho Uniir.d Sl,nl.l)i; 1111d 1lt'() 

r11co1:ni1.<td in th<l l•'(idtirnl l•'ood, Drn1., nnd Co1mwt.ic J\ct, 
'l'ho1m 11tnndrmli; nrn J)rn1>nn1d tmcl J'ovil1W<ld HO t.h(II, tl11·0111!h 
ro)l1tlm r.,;Vlt'l i<111, until'l,ly m· in p111·1., tlrny n•mnin <:1 11'1'Qn(,. 
'l'lw r1,viuwit11( ))oily knnw11 or1 1,h,, Committe(! of R,whiion 
r11p1·oa()ntw motlic:11I, ncndouw, i11cl11utriul nud otlwr ilck<nt.ific 
l,xporl~i. Thr pri11rnry J)01'J)f>!,1(1 <JI' UH) CommiU.o<> its " lo pm• 
vidu mlLhor~tut-iw 1H1u1tlorda for mntorit1lll und 11111.l~ltrn<:1111 
u1)d 1,h11il' 1m11>11r11f.ioi\~ thut. Mo rnwd in 1.111! h,111li11g ,11,1,,.'' 
'l'hl':y ucslnblfoh ti Uc~, dcl'iu il,imlll, d1i1.11:riJ.)ti(1tlK u11d i.t.1mcl1ml~ 
for I.he identity, 111111liLy, lltroniith, puri!,y ,rnd, whm·i1 pmc:ti 
rnl, 11wthocl11 fo1· 1J11)ir <,xomit11l!.ion. 

ht ,iddition LO \,ho pro<:mhn·o~ dc fimid in thr. USP, <:,m1p11· 
11io11 will pr<1puro t:ht:ir OIVll 1~111L1:1pcdfic11lfollK who11 th,: prod
\WtM rue not "offi1:l11t" (<ii{, Ml, li~t..>tl in tho USP). '1'1111~,i 
t.outK 11ml apccifi<!llt.iona form 11110<:01111m·y l>lll't (11' Ow Cont.rol 
8001fo11H of Now Drng A1>plic11tio1111 (NDA~) ~ubmil.l.lid I.<> Uiu 
f~1,1h,,ml Government 1111d which, follt>wi tlK cnl'Cful n 1vi1!w by 
the FDA, m11y be u1111rov1id, li'innlly, \,hvn\ nr<: l:1iwt 1mwo,, 
dtm,iij f<)r ~11, ofl'il:i{,I product.11 (11111 !'or those not n!ltUil'in1t tlw 
~uhmiH~l(1t1 <>f ,m NDA. Comp,111ic~ in l.111!~(, ,1,1,i11~ 1m,pnr" 
th11fr 11wn in .. hou~o l:1111t p1·ocl•d11rn~ for (!(lntrnllint{ !.110 1n·o1l•· 
ucts I.Ill\}' pro1h1('.e. 

lnopectlon Control 

M1-11iy rM1>01i11ihil!t,ioH nMllllH,d by q m,lity Conlrnl ,m~ 1111• 
<lilhny t o Lho ,111nlyticnl t1111ti11g, 'l'h<!ll(! indud•1 t:h() H1U 11plin1t 
1111d irn1pection of incominf{ row m11f.<)l' i1.1I~. pn1:k 1115lnj! nnd 
labuli111{ (:m11po11e,i1"; th(i phyMkul i1111p11<:Uon of producl. 111. 
v11riou11 in1.<:rnrndi11to 11u1gos; pn<:knr1i111r lin,, in11p111'.ti(>n 1111d 
t.ho cont.ml of t1hi111>illl{ invuut.ory 1Vit,hi11 tho tti~tri ll11t,i ,111 
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(:y(:lc. D<:pondil1u on th11 mii1111li,11Uo1111I 11t.1·uct11r11, ud(litinn, 
nl or diffonllll, rni;p,maibiliU,)K will lH11111t1ir1,11cid t.o thi~ 1mit,, 

DocumentGtloo 

l)urlog Urn 1:1111r1:io of ptodudntt II ph111·mnccnt.lcnl prnd11<>t, 
111 m10rouH doc11 m1mtii tmcl rnmml~ llt'O ,<onorn(:od. J<j11ch 
hllt,d1 iu ,.1,migncd a i11>ccific code! ,w lot 11m11h11r. All doc11• 
mcmtnt.ion rolntintt to 11 a1>ocific cod(1 i~ referred I,() M a 
"ho(,<:h re<:Md," whi(';h will i11d 11clo dlil.t1 0 11 oni:h Hi,cnificnni 
ph111<11 of' product:ion, ,:,ml,J'ol nnd di:o1t:1·il.1ut.ion. 'l'hr, bnlch 
roc:ord provid1111 n hiH(:orical bluoprint of (IV(lt:y utop, bo1:i11 .. 
ning with tho )'C<:olpl. or chomicul rmv mol~irinlu mul p11ckn1i· 
in" 1:omf)\HM\tlt nod 11(Jnt.inHi111, 1.Jm,111,{h utHlh i11•11rOC<!f1a 
llt11({u, H(ICC)1'(Jin1{ d1nl'b1 or 1:omput.01' printoul11 of i,iig,1ifi .. 
c,m1. oporot,im1~ imch 11~ 1111t.oclnvi111r,, (h·.via11{, 1iil'-p111·t.i<:uln1.t1 
monitorin1~. ly1>phylir.in1t , <!l.c, 11ll bcco1111i J)Ol't. of l,hir; bnt.di 
hi11tory, Aft<ir th(i hnl:Ch hn~ bce:11 to,1iplnl1!cl, iuclmlinv. finnl 
u1111ly\.iml ond phy,1icol te~t.illt(, un1: odditio1111l lll,op Kho~1ld 
b(1 compl<11Aid prior to npproving tho lot 1'11r dir;1.ribu 1.ion, All 
documt111t.11 ,rncl rncord,1 r<d11 1.bi1,1 t.o U11, KJH!C:ilfo blll.d1 ,1ro 
,iivc11 n finnl rr.vit!W, l.~11<=11 rcquin:i,I documr.nt in lh(I b111.ch 
record m11Mt bn choclwd J'm• <Jomplot.o,w~» nml tH!<\Utnr.y, 
Any di1Jcrcpn11<:)' n11.1>1l he invo,:;t.igutetl immt1di11U1ly 111111 ,in• 
IIW(trc,(l. Only nf(.(lr thiK rnvicw hm1 huon 1:olnpl~t.od 11,1tixfo1:• 
I.Mil:,, nrny l,ho b11t.r:h ho 1'1Jhm1<01l for diMl'ihuHcm, 

Wlwn tho hnl.d1 Im~ lwun r11fo11,mcl, ,1ccurnf.o Ahipping ni .. 
c;,mlll moiJt h11 mninf~)i11od 11howi111t U1e butch dii1tribut,fo11. 
Wit.h thc:Ac rc•cord11 i t. is Own r>(IKsih l<i t:1) t1·,1c:ll tho l,nu1h t.o 
lh<1 m11rkot pl11co which will f'odli l,al-ll, If tho nond nrn11e, 
r11c11lli11~ (.ho prodltd (h,H.d1) from I.he, nu11·Jwt, pluc:u. 

Quality Assurance 

' l'ol.111 control of qunli(.y oot. only 1·oq11h·cB 1.ho lld•1ignnw1it.i; 
deK1iribod nhove, b111. Hhn11l<I i11<:l11dc, ll monil,ori1lt( nr m,<lit 
fw11:U011 u~ w1>.II, 'l'h1~ 1·c111>01lttih illt.y for l.l\iH fund.ion iii 
n(1rm11ll;y Bc•1lnrnlo frol\1 bol,h t,ho prti1h1N.ion nnd c<.111t.rc1J 
opcr11i.ion11, Lhu11 1dlowi1\J( tlll inclopc1nclc:nt. ovur~ighL of ull 
01iorntio11". Altho11r,h t.ho funct.ion 1111,;y 1),1 11,:1>ar,nc,1l, ~hn 
1111dH.1·()M[>Ollllihilil.ici1 uro of(.(m !!h<irtld by " t.011111 rnpl'<!t1en1. .. 
inl! both Uw pr<lcludiou nnd c:on(.rnl cliRdpl i111:~. II, is tlw 
duty of LhiH h11livldool (or t.(:mn) f,l11'0111:h niviow mid ln1:tp<1c .. 
I.ion t,o 11~11oro tl11.t l. wriU.<m proccchu·m, uml policicH 11rc nv11i l-
1.1bfo 1\ir (11wh 11ig11ific1mt. p1·oductlm1 nJld <:<mtrol opcll'ntion, 
Normolly, »lnnd11rll 01>11mt.ing prm.,.,duro,:i (SOP11) 111·0 dcvcl•· 
opod which, wlw,1 l'ollcJwcu.1 by 1iroporl)• trninod 01>cmlm•ij, 
will holp to nt•aUl'O (,he (ft1111H.y ,rnd in(cf\l'ity of tho prodoc1 .. 
'l'hu~, tho qA rovfow fun(:tk>ll 110(. •>nly 1foterniia11111 thut. Urn 
p1·01:o,lnro1, nro cm'J'<rnL ,md (:ortoc:t., but. t.hnt thoy 1m, hoi111( 
followed . Combi1l1lll:' 11 rnvi<;w ,)f SOP,i wit,h on tluc'lit of 
focilit.11111 nnd opc1tntio111i followi111e Urn ftpplicnhlo GM P 1~ii.:u
lnl,iO)l~ will "ivo o comp1111y in) "l11llld0" rcpo,•t ,111 H'.i/ lov,11 l'if 

Gon1pllu1rn11 rmrl will allow nvr.c111101·y d1u11111:1:1 ,md/or corroc .. 
UonH to l.10 modci prior t.o oit.hor c:nuKi1111 11 prnd11c:l fni luro or 
boin11 obi;t1rv11d d uring 1111 ir11}J)u<;tfon by llll Fl)A inv<•lltif/U(,ot. 

Produc:tfon i11 respcmnibh, t'OI' following l)r<1111i~·lbod proec,, 
d1~te@ to produclt occop(.ublo prncluct:.,. '1'l111 r;y1d,(1m of tolnl 
qunlity mnnn1~1i11111n1: b<1r.0111(:~ t.h1: joint. 1·c::,po1wlhility of 
qunllt.y eonlrol 1111d 111111lit y 111111url11Wll. 

q,mlit.y d<)r►cndo, l,o 1• m1ljor 1fo1trnc, ll l)Oll t.hc, cmployoo~ 
01in1111c1<l in the 1m>tlu1,(,io11 opor11tio11a. Tlrny 111'(! rMponaihl<i 
for followhll( the fJ)'(!tlC!rib11cl proccdur11~ 1111d, ulon11 wit.h th11k 
trtiinini; 1111d oxpe1·icn\1('1, 11r.i 11h10 to t)roducn 1111if'onnly n<:• 
c<11>l.nbl11 pro<l11cl11. GMP11 pro1)orly 01w111iimd ond foll<)wccl 
afford 11 m,,c:hmii11m ror 1wcvo11(:in1< h,11111111 ura•nr, U1cJ 1>ol~111-
ti11I for which i11 cKpr.cially g1'M' ii, thiH inchmtr.v. 

New Advances 

StnU11tk111U1d t.ron<l m111 lyi,i11 llrf.l lnolM uh·••ndy uecd by Lho 
1>horm11c~(\U(,i<:~I ind111ttry in dol.llrmininK t.li(t pr<,plll' at1mpl., 
~iv.11 rncwir(1d for teHting, for memmring t.hc, 1111iformit)' of 
ij(1lid dc)~11110 formij 1md for ploufog t rundij of oi~nific1111t 
l'i•<~t<>rtl in order to corrnct. out-of, r.011(.rol 11it.11111.io1:~ before 
1m111:co1>t11blo product, rnimlf.l!. 

Now mu1111{(01mml concupti; ore bcin11 t.c~ll!d, dirc1:tod to" 
wsmi ti rudll(:lfon of rnw mntl)rj1i) lllV(,nlorlek oucl l)flr.k1::.,~in1; 
<:ompont'nlJ,. 'I'h<1 \.(trm ",luat.•Irr•-' l'ime" 1•cfor11 to orderin,i 
,md l'flC(livlng mnturinl9 wlwn t.l111y uni n1q11irQd for p1·1.id1111-
tio111·11ther tl111n to mnintuioillg (1xt1:11aiv<1 inv1mtorio11. Thia 
plncoH 1111 uddiUonnl hnrden on q uulity Cm1trol and Ku1mli
urn I~> 0M11rc tho ,11a!(•t>t.tibility of m11torinlK whc\11 r<,c:civud. 
C(irtifimt:io11 1rnd 1iunlific:11 t.ion of 1mpplier11 i11 on oxr>1\tlding 
l'Mpt1n11ibili L:y of cml(,rol ))er110111\<ll. 

gJuctmni\1 <lM~\ J)roCl!Ktlin1r hrm b(lrA>mc m1olhor usufnl l:ool 
for 11t1~11sKing prnc:OH~ ,111cl tm1t. J>lltllll\Ctor~ 1111d for 1111uly1,in~ 
t:hc dt1!,I) coil(<<:t.cd durh11,. 1mJdo1;tion, Tho control of mony 
opHr11ti1mlf h;y compuh>1·~ 11111.l miero1woc:c11Bor1:1 18 providing 
th(1 mp11bilit.y for pmd11r.in1{ prodU<:t11 c1' f11rU11ir improved 
u1iifomi qulllity. 'J'h<:~c ,;y11U1m:1 htiV(1 du\ll(lngod lho oldor 
one~, r<!ll\!ltinr. in new i1pp1·011cht1ll t.o i11 ,pror.1:~s cOJll,l'(IIK, 
1:olloc1.l(m ,incl ,mnlyAiij hf d11<.,1 1l1HJ llm onl:irn ~y~t-<rm of 
q111ility (:011t.rol. 

Robotic.~ i11 fi11di1111 variouM nppl icotio1\tt ii, pll<lrmnc<:t1tic1\I 
1n·od\1clfo11. p111iknMill1( Md lr1h11rnt.01•y oporalio1111. Jt'illing of 
prod1n:t ii1t.o t:<>nt11inol"tl, cnrtunini.:, pv.llctii.ing mid •>l,hor 111Ct
tt1tii1I hmidlinK trrnks nu woll 11K lt1bor11toi·y to»tiug nod 11mnple 
prnpurll\:ion 11ro 1\it;lwr in ~•~e Qt h<.!ing invel!tig,,t.od. T ho 
uniformity of pro1iuil11n-itt, tor,t.i;, t11mfol;il{l>f! fllcLor111md l111xi• 
bility ,11•¢ :111 udvnnc.111:ok. Prohnhly tho tM~t pruc;t.knl ulj(.' of 
robo(.11 i• iii at.orilc: proccslli1\K Wh<•ro t,heir Jl <)I\OVll~ivonoHH 
,1ltowll 11uopti<: product.ion nml l1!~l.in1c 1.>>' n1rnovh1i:: •l pri111111•y 
s,)m'ce of c,.111tiuni11i1t.ic111, the h11mnn worl1c·r, Theuo nll 
p l'l!~tiUI, (.hu j)<lt,0111.i,1I for improvr:d conl,rol 11y11tc11i~ whilo 
htiti,ih11', ll(lW ch11ll11n/(CK to tlw qc 1m11'(!(11,tionnl. 

Environmental Control 

Alo111; wi1.h tho m11oy ol,her 11dvtu11:()1j in 1.he 1.01.11l 1:on1.rnl of 
qunlity i11 t.llc 11.rowing ro1:<>1mil'fon t.lrnl tho onvi1·011mt11ll nnd 
th11 ,sy,s\.oUH, u~cd I'm• It..~ 1:m1trol c:1111 hnvo II nignit'icnl\\. eff(l(:t. 
or1 tho fi11i1:1hcd 1m,d11ct qulllH .. v, H i11 wcll-1•(1<:01~•1i¼4d tl111t 
1>1mmt<11·11l m· utori lo ophthnlm,1: 1.))'0d \lCl!l nrnr4 be produ,'.od 
in o m1111ucr which will i11iju1·0 thc,il' 11l.01·ility; t.li~rcifore, <'011• 
trnl of th11 urt1111! in whld11.hoy ,,rn mom1fm:(.w·cd hi <111ttMU11l , 

Mkrobiologic11I moni toring of uir und wc>tor l<.l wlll,rol Uw 
h:vul ofp11rLiculoto mid mic1·,.1bial molt.or i11 t hoim rm.Kl11ctio11 
11rc,r111 is ncC<!:lijlll'y. Sc\'l!J'OI lcvt1!11 of "cloun" t1rono nro de•· 
ncr ibed in l~ud<1ral Govm·n111c1lt SL11nd11rd 209C. "Clctifl 
Room nml Worl1 Stnt.ion lleqoi1•om1mt.11, Co11t.1·01l(1d l~11vir
tm1Yu.o11t.'' 'l'ho industry comm1mly Uij\ltt tho spocifientiom1 
do,ierib(Jd which ch1Mif:v oir ol<t1111lino11r1 b11aod on tho numbor 
ol' p11rt.idc11 (of u gi\1(11\ wi1,o) per t ubic foot of nir. Gmlcrolly, 
condiUonK lil!icd a~ "Cl111111 J.00" ,u·e m11intr1ined in 11rc.tllll 
wlrnl'll 1111r(mt-0ml prndu<:l.11 11m fil h1d 1111,0 ut.ii·ilo 11<ml111noru. 
Clt11JH lUO i11 d11fincd 116 111\ ,irM which e(ll) bo mointnincd M 
loi.:i th,ui 1001111.rtidee pm· cubic foo(.of nir 0.6 µm ,mil lorri<n•, 

Anul,htll' 011a1mtinl conl,rol pror.<!dun1 is mkl'oblologicul 
mo11it:ori11g of tho cmvir(11m\ont. in which 1wnotorilo producbl 
oro mnnufncl,mcd. The objedivu of thiM mo11i l.ol'i111: i!I lo 
(irt)t dot1mnino p11r.1.kul11t.e 111\d microbit1I Jc:wol" wi1.hin nn 
oroti t,o ll"!l\11'0 (.hot 1'.111,y n1·1! rc11~01111bl11. If round (.o ho 
uxc:ui;Kivo, 11(~1>» mu11t, be' t11l1(11J l,tl bring tho lcvl!IB t.o within 
ncce11l.nblu limiLH, 0U(!11 thi11 brrnc lurn boc11 duvdopod, 1·01:u
lnr mo1iitorin1r will indi<:11(.1< if operut.im1" MO 1:(mtinui111~ 1m• 
do1· 11cc<i1>~1hlo li111lt11. If lu>t., im111od i11t.o tlOrroctivc ncliun 
:!l10uld bo l~tk◄m, 
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'J'hc, monitoring nml control of p1u·Uc\tlnl.11 111\11 mi<:l'Obit1l 
mutl.cr will fur~htlr 11Mun: I.lie finul quolil.y 1111d 1:1l.11bilil,y of 
th<i l)l'od11<:t. bocnui;o Uw tmvironmont. hnii hl1<111 conLrnll,i<l 
oml Uic 1miclu<:I, lH•K not. boou cl1111lcngcd by 1111 t1llllC(:opl11bl(1 

lovol of pi1rticul11tl1 KCJWl'flt.ecl by 1m 011t-of•-t\Ollt1•ol ~it\101.ion. 

Good Manufacturing Practlcti Aogulatlons 

In ,Juna, )!)(la, tho Io'l)A flr&l jgij\l<ld rog11lnt,ir,rni do~otibh1g 
tho cunont gol)d mu111,fnc:1.111·i11g pl'!l()tict1 to ho followocl in 
tho mo.nuf'ncture, p11clmth\f{ 1111d holdi111' .,r 1.'ini1dlcd ph1\r
m1wcuticols. The r<!nulHLfoni; 1mclf:rwm1t niunific11111. l't)Vi-
11ion ,mcl 11p1i.nt,lng In W'lfl 11nd h<1<1iunc officinl hi Mart:h, 
J !ml, 'I'h111<0 r1lg11l11t.lo111.1 Jll'Mont tho minimum r11q11in, 
me11ls l<> be met, by ind1111t.ry when m1mufactut'i111:, 1>1:m:e1111· 
ing, ))tidrngl1111 nncl holdin1! of humm1 1mcl vt1tcrinnry drul(!l. 
U11dt1I' I.lie Fcderul Food, Drng tmd CoRmotic: At:L, n drn,t hi 
d<itmmd to b<1 ndult<)l'11tod unlc"s l,h<~ m~th<1d11 11110<1 it\ il.s 
mnnufocl\11·~ . pror.(l1111inr,, pucking nnd holdinti, 1.111 wdl 11~ t,11(1 
focililim1 nnd cc)nf.rolff \lllfld, conform t.o i)~1rron(. good mnnu• 
f,1du1-inr, 11rocticc ti<> U111t tho clru1i 1m:d1; I.ho 1111 fo~y require• 
numf.11 of tho Ad und hm1 the idcnUt.y 1111d 11l,J·1:1mtt,h to muot 
tho q1.udit.y nnd 1>l1rH.y chc11·11ctcl'iKUcs thut, it i11 r111>ttll!Vlltod 
t(I hovo. Ju f,he p1·01~nibl~1 hi UH1 1·01iulnf,ion6, Uw PDA Com• 
mia,1fon()1· on,;wm·1:1 th(, <:ommonli.< rocoivud from i11t<iro11tod 
por1101111 who rcHJ)Ondcd when tho 1.iro1>or11id 1•1.1lclj, W(U'(I !'irllt 
ill~uotl. 'l'ho J>rMmhh! providol4 inf:<mi,it-,inu h11ck11ruund in, 
fmmof.ion 011 t,o why iipcc:ific 1a:ctionH of t.J1c r<!1i11luf.ioo11 w<m, 
bclicvod to he no<;MHury und ihoir inLurprctnLilln, 

ln ,July, Hl78, t.1111 Jt'DA i1J11ucd 1·011ulntion11 c~tt,bli$hinn 
11imil11r Good Mauufacl,11rinu Prn11\.icll8 (G MPs) for tho Mn11-
\1f11<:turu, P11ckin1,t, Su,rnge nnd Jns;t:(ll111tion of Modl<!ol l)o• 
vice11. 'l'h<!fl() wore 1>11bliahocl followi 111~ 1111 omcndnrn)1l t<) tho 
Ji'c,od, Drug nnd C01\hrnt i1~ Ad of Hl7(l, which vrovidod t.hu 
!<'DI\ with the m1t.hol'iLy Lo p1·0Mcribt1 roguluUonn J)cl't<1i11in1< 
to medicnl dcvkc11. hi Dl11:~1,nll(lr, Hl18, 1·cgulat.i(1111.1 (:on• 
1w11i1111 Good Lallot1tt.01·y PracticP.iS (CLP) fni· tla, control 
and w11d11!!tini,r of dink11l atudici; wor() iRHlled 1m<I t'r)r th() 
fii'llt t.inHi cnn)n 11whir J,'l)A inHJ)()clion,1I nuthorit.y. 

The Jt'J)A propo~c,d, h1 ,Juml l!)'Tll, rcgulntion~ covfirin1i the 
GMP11 rnlntinK to th(i m111111(1.wt11ro 1111c.l conLrol of lnq((I· 
vol11mc 1>11rentcr11l produc(11. 'J'h~llc.> 1·,,,~ul11Lio11s, 11lt,hou1~h 

novor officially iuuuocl, hnvo IJocOm(I Uw 111ddclinc ur.od by 
tho induNt.ry nnd FDA i11 the 111m1\ll't1~t.1H'c, (:ontrol 1.111d in• 
11pl:i:tio11 of l11rge•voh1me pnrtmt:crnl produ1:tlon. Due tot.ha 
11imil,1rit.y of Ui1: conl,rob req11irecl for l.h" produoUon of 
:;1m11ll-vol11m(I pnrol\t1m1ls, t.he guidelineij nl~o h,1vc bean 
uKccl to IIH!l<lllt1 Urn 11dcq1111cy of t.lw l}lt11\ufot.L11r<i nnd <;ont.rolR 
usud wit.h thoKo J)rodm:ttt. 

A numuor of other "g1lid1iline11" or "(:011<)<l~\l,'1 p11porl! hnvo 
1,rntm propnrcd l>y vuriou& uruauiz1:ttiou11 wilhin &he i11lhmt1·y 
itllclf, ~11ch 1111 tho Ph1ii•mnccuticnl Mnmifadurora Ao110r.in
t.ion nnd tho Pnrnntcml Drn11 Att~oclnt.ion. A pnrtu\l li~t.in~ 
ia provided o.t the 011d of lhill 11cct.ion. 

'l'ho 1:mront GMP regulntion~ ~houhl he rnnd ,rnd undo1·
slood 1.hm·o,111hly by UwHe involv()<l i1l or intt1rn11t<1d in Jl\lrilU• 
ing qunlity <:ontl'OI 01· (f,mlity tlHijUrl\llcc rc111Hm11ibili&hi11. 
' l'h1,1 ijCOPQ (1f tho prc11(l1H, >'()t1,\1h1tio11H i~ Kivcn in thu followinl{ 
outline, 1llong with n briof inl:orprotution of t1nch 1>(1ctfou. 

11ihllogr1111h;v 
J-lumon nnd vol:i1ti1111r;v drt11(11••· ···ct11·r•,11 ~ wmd mnno/·,,.~1.11ri11~ pt·oc:1.-it:O ill 

l\1(\1\Ufllcturt!, J)r()r,(,ijAinf{, ll~~kint: or holdinM, :11 Cf// i!J h 1oet 
Gi!IWtnl Pl'l'111'1/>foH .. r '/'otnl (~twlit,v 0011,n>I i11 t.1111 />,,1111 f11CIIIHl-t•J0

, 

l~MA, W$,:1hh11(lon !)(;, ,h1111, ll)ll7. 
Cl,,,01too1111111d wor~ ,11111fo11 re<11lirlln1r,11101 ~unl,l'Ollutl 01wiro111110111 .. /•'NI 

Ste/ 2(1!/(,' !Pr1111)1Hud), GSA, W11ahi11f.t1111 l)(:, i;1,pt 1!'11\c,, 
(l(>Od llli11111f,1cc.urn11t 1)tll(:Li(ec for n111<hc11I <lov1ci,H, 1;1.,wr11I. /lJ CT·'/11.1:?ll.· 

Apr Ul82, 
(:111)(1 h1hnrnlm',v tJtm:tit:,, for 111m,dlni.:11l l11horHtory Kh1di~11, ?. I Git// fi/.1! 

Apr 10~2. 
Jiu mun 1lrui;11•• -c111·1·011t 1:ood 1111111uihd11rinr. prn••l.i1,, l,1 m1111uf'1\1\UtrC, 

ptcll·t•tmlnec, t>Addn,: <>r hol1ih1n lnrgc, ,•nlumc 111u~ml11rnlH, J:'i,1/ 1/1111 
11(1011): ,hmo I, 1U7(i, 

Wi/> X:XI/Nr' XVI: Wllll. 
V11/i1l11t.ic111 "' ,';t,mm ~l1ttiliuitim1 1:.)•1:fo~ (Tech Mono No I), 111)/\, 

l'hllcufolphill, Hl78. 
\/11/Mor/1111 o/ A,111>1/c, /o'/11/111: /1}r /:/1,(!1./ir.,11 01'11/f l'N11h1<·t• ('l'och Mono 

N,1 2), l•DA, Philml11lphi11, 1!111(1, 
\111li1/l,/./,111 .,f l)ry /-l~c•t f',•11,11••••'• 11,,,,i f,11• S1o•1•1'lholi1111 crn<i 0,·11.1•ft1 · 

1/"11t11im1 ('l'or.h M1J110 No:!), PD/\, l'hil11th1lt1hi11, l\1111, 
l'l'11(:1:1iili1111$ fur (hi.' f'MI', 81•mi11m· l'n1ur11111 1111 Valhlirfil/lt •I/ ,'/,>lid 

Voso111> Jl1,r,1, l',·oc<:~~c$, l'Mt\, Wu:ihh1111<1u DC, Mny HJIIO, 
Vllli<ll11im1 11/ .'/1.uriliz11ticiH uf /,trr/ft' V!!hmw f'm•,,,rkml~ ·•C111·1·1mt 

(.\mc1'1>t~, l'MA. W,1ijhil111lrni I)(!, l•'11h H>'l!l, 
li11i1/1di111' 1111 ::i(l'rilc Oru1/ l'mc/111•(1< l'tm/11,i•,I /J_1• 1\11,•ptfo l'r11,·t:sHill//, 

1>'1)/\. l(1H:kvlll(1 MD, ,Jmw l!Url. 
l'r(),,1,cilicr//N of 1/w l'MII 81m1i1111r l'r111;rum 1111 C:,mcevl-• <rml Pri111,i11l1,

/m· 1/11t \111/Molimr !!{ C(11111ml1•r Sy,v(('l{t> 11.,<1 i11 1/1,, M 111111/f/tlltl'<' 

!Im/ (.!,, ,ti,.,,/,,{ Oru1/ J>roclt1t•Ii, PMA, WaHhinr,1011 DC, Apr l!llli\, 

PA//'/' 2//-··-·C:/Jltlll~N'I' m.iOt.l MltNIJi"AC'l'U/UNG PIIAC:'rlCI!: IN MANUJ•'AC'l'(JIIR, l'IWCN88/NG, PACJ(IN<> OIi 
/Wl,/)IN(i· ·IWMAN ANJ) Vl~'/'J~l!/NMIY mwus 

/:111.l,11111'1 /l··0,,1wrol l'rwiHio11~ 
:ti 1.a Dofhlif,imlll 

Sul11>,1rt Jl ·····Or11n111'.z"iio1111111/ f-'crsQ/l/WI 
il l,.;i2 HoKl)l)t1Jjjl,1ilitio1., or (111r\li\.y ~,mt.ml unit 

II.I 1.:rn Pomonnel !tunlif'ic11t.i<H1H 

:1-11.:l!l Por!lomicil r()o11om,ihilil-il•• 

211.:l-l Oo11A11ltcml-N 

Sub1>11rt C"·,·IJ11il<li,1g~ 011(/ J•'(lci1i1.im, 
211 .~?, DMitOI 1111(1 <;llllHLl'llCliun fou\.ur11n 
ii l .-1~ l ,il(hlitlff 
:21 l .~() Vontil1.1t.io11, lllr rm.r11Um1, "'" hc11tln1111ncl (OOlil11( 
2t I ,~II Plumbing 
?.I I .oO S,,w,1w, 1md r<•f\1lln 
211 ,1)2 W11Hhmi; nml l~>ifot fAt!ilit.i,:• 
ill 1.00 &111itntio11 
211.&B Mttilll<UlllllCO 

hi terpr<!/.11 l,fon 
Tho 11r.O\>C ol' the r~l(ulutimi~ nr<: oxp l11i11<1d for l1tunm1 pr11ucri))tl<111 

1111d O l'C drnri 1m>dm:LK ind11din11 blolonic11I prQd11,,t~. 
lfof'Ol'(,nc1• i~ mndc t1i P11 rt, ?,to.:J of Lhu cl1t11>ll)r which ~ivc11 dofini

titmK fot• 1111 olgn!flcnnt l.ermo u«cd in Um r111111lniiu1111, 

Hi11hli1cht11d h111'<.l ;., thu nHMig11111onL lo LIit> ,,11,1Jic,y \\oniNI 1111iL tnl11l 
ro»ponaihilil~ l'or 0111i111'i11~ thnl 1u\u<ju11Lu wyHl<lmH nn<l 1irocedurc,ij 
IIXiHL 111lCI llttl fcilliJWC!d U> /IM(\1'11 f)l'Od\W(, quuliLy. 

Por111>nnol, clt,luil' u111)11rvluoty ur 01>orut.io1ull, mu111, ))(1 <11111lfl'fo1I hy 
tr,1lui11g ,md ox1>orio1H:o to j)o1•for111 Lh<,ir UHKlt(tWI fal•kK, 

'l'hu obll11nU1ms (>I' !>Qr~c,mwl 1m11nKml in 1.h,, r1>r11111l\1\,1,1,1·1.1 of dru[( 
f'l()ducl~ 1:m11:ort1 1111 U1olr por,011111 hyi:ion111 ~h,1lhin11 nnd 1)11't1i1,,1l 
1.1l,n~u~ nro defined. 

Th\• 11111,li(fo11C,i,•11~ 11( 1,1111ij~1l(,1mfi, m,,ijt h1• 111>prnv1HI by quulity (;011, 
(,l'O, 

B11ildil1K~ mid fodlic.iu,1 ,,1111 ht• <,011~id(1rcd nccc1>wblo 011lr if Um:v ,u'(I 
11lllU1ble fol' thcir. lntendoo 1>111·1>0•~ Ancl c1111 10 mninlmncd. C,1n-
11~nwl.io11 c,mcepe~ tltlch M nir h,mdlh1g ijy~tc 111M, lll(hth\f!, cutint{ 
fndlifj~~ 1111d 1>lumlii11g Mytil.tlllVi JncludintJ wt1tor, ~11w111(<l 1111d 1.0ll«t 
fndlitic~. nro outlh1~d. 
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Subpart J), . .-E,1uipm1.mt 
:i. 11.03 m111ipmcnt dt1ijiK11, 8i110 (Ind 1r1,:,1t.io11 
21)..()(i Et11llpm011I, C(lllijlrnct.iuo 
:I I J..6'/ l•:q\1ipmont, <'lM11l111/ 1.11ul m11into11m1cc 
Zl 1.Cl8 Au\.011111\.ir., muchon (all nnd 11h1r t.~l>llic t,qulpmoul 

?.H.72 Fill1JrA 

QUALITY l\0$UIV,NOE AND CONYR0L 1817 

r0:ci11i/1n1011t 1mu1t ho 1loKig11ad, cm1~\.n11:h:d, ,,r ,1Cl~c1unlc: Hit.o, uuit• 
111.> y lrn:nlod nncl nlJl1) l,\l h<f m11lnt<tl11ml in urclt1r who ,:onoiclurud 
1.1111!.111)1(1 f()r ita i11L<mdud 111111. 

H nfnr·1mc:1t ;,, 111n1l11 to lhu uKc of u111.11m11t.i<: 11qul11111ont, ,!,1t11 Jll'CIC06• 
l\111'11 011cl 1:omp11l-11rK hi1(hli11hti11g 1.h11 owed tt> vnrl l'y 011i1,ul, v,irMUH 
i111>11t ,owl for 11ropor c11lihrutlon or rex,ordom, co1111t.ora nnrl ot.hor 
olnctricnl or 11u1ch1111i,wl ,lovi,:o~. 

Spc,cinl note i~ mRdl! lhnt 01,ly (it1u,·• nro 10 bt\ \lB<nl which d11 not 
1'11lo11flt1 rll>or~ into pr(1d11(:(11. 

Sub1>m·t /t•-·C<mtml 11/ <:011t/>vt1,i12t11 <111<1 JJml( Proll1,c/. C1111 f.«i11c1·• <ulel Chn:t1res 
211,60 Gonornl rt({11iromcnt11 Wriu,,11 llN1<:Cd11tcs muet be ~vnHHhl~ wluc·h cloncril>e IJ10 roc:oi1>t, 
:Hl.62 Hcc<1h>I mid otm R{tO of m1t0Nto<I corn1>011onb, idontificntion. N(01'1lf:O, lunu.llln~, ~11mvli•111, l.e8li111r 1111d n1,pruv11I 

dru11 prnduct r.011lni11u~ 1111<1 (:lo~11 rlll! nr rojucLio,1 or componoul~ (row 111111.<Jrlal~} a11CI drn11 producti:. 
211.81 'l'oNLini; lll\<l ,1pp1·ov11l or rn,im:l.ion ,,r comi,0111mlil, Onoo llp/m,vacl or rojoctcd, theiJ<: materirdij m11H~ bo "'' ,dMUfiod 1111<1 

drul{ pro<hu:l 1:011u1ln(1r1, 11ncl (:loijnr<IH Mlonll. If' r11>prnvc:d, they ,1111111 bo i1111cnt,or/cd in II mno,u,r to 
?.11 .tl(l UHa of 1111provc:d compu11cinu1, clrug 11toduct, 111o1111rv lhul. tho ol<lc11t. n1>1»·ovod ~to~.k in \IKl•d rlrllt, Wll-'O). M,Hu• 

cu111.J1i11or111\lld el11n11rc11 riHIK whi<:h 11rc11111hjv1'. l t<> d<:l<:rlol'otion d11rl11a Hl,or11f(o Mhoulcl bo 
21. l .8"/ H11IAlHLin1r ol' ~,mrov,,tl t on1p one11t"t1, drnff produrl rnt.o~t.<,<I ut a11 11pprc1pri11(,, t.iino IN1Nod 011 Ht«blll(:,, wol'ilc11, 

con tninul'II 1111tl d oMurnN 
:,n U!!J Ri,jn<!tud 1:om11nnonl~, drur, !)l'Oduct: cont.nimm1 

ttnd doanr<1H 
Drnl( prl)d111:t. cont,nint•r~ 1111,I doM11rill< 

S11bpctr1P- J'rnd11 cli<1111111<1 l'1'CJ1•c,~s Cc1111 1•of11 
2 11.1.00 Wrluon 1>.r<1ccd11N!11; il,wi,,~im1~ 

2J LJ01 
21 J,!03 
21 l .lOli 

211.'ilO 

211.1 JJ 
21 l.ll3 

'211.llli 

Ch11rl(11-ln of <:01111)1111<mt,; 
C,11,,ulut.ion ,,r :,,i,11,l 
l~q11i11111ont tthlllt.ifi1:11 t.i,111 

S11111pl in1{ 11!\cl 10"1.inl( of iu-ptMCf!<l motcriol• 
,rntl <lrtrH prmhu:lll 

'l'lmu llmi1tl{,io11ij 1111 prmlucl,i•m 
Control llf mlcrol>lnlo(1i1:vl 1:1111t11minntion 

8111,pnrl, (I. l 11wlmgi11c 1111(/ /,ob1!l in11 Conu·ul 
~I LI 2~ M111.o ri11IM (lllll!Ui1111tio11 uml Ufffl lJO c rit(11•i11 

211.12r, 
lll.130 
211.J :M 

211.1 :1·1 

L11holl11f.l i611111111co 
Pnck111<in~ noel l11liolt11g upurot.ionl! 
I lru11 m oct1u;t. inMJ)ut'l.irnl 

H11pirntion d11 t i1111 

Subpcil'I, )l, .. -/111/tlill(: (I /Id m,uibu(i(lll 
211.14 2 W11rohouem11 1Hocc,dmou 
2ll , l ilO l)lncrih11tin11 proct!d utaH 

,'Ii. IJJ>urt l ····l , 11 /11)/'((t (W,\' (;011 /,l'I/IH 
211.HlO Oomm1l 1°oquil'cmon(11 
:>.JI. llHi 'l'~KL!n1: trnd rnlcnHc• for dir,Lributlcm 

2ll., Hlll 8t;1l>lli~ 1,Cijlinl( 
i'.11 ,HI'/ 811ot1inl t,41nt.iii t< 1·ut1niremcnt.8 
211.1'/0 lwscrvc ~omplt•~ 

211.17:I Lnbrtr1\t.ory ,mimnl• 

2l 1.l7H P~11iclllin conuiminot.lon 

Sabp11r/. ,J ...... J/m:ortls and IIC/JClf'I• 
211.1 !10 Oo11<1rnl r11(1uil'<,111011t;1 
:ll l.111:! lt1111l1lmc,nt dooni111( null u,m tu~ 
21 l. I Bt. Cuh1J1011.unl, <I ru~ )>roduc:\. c,,111 n i1wr , do~uro 

,md lnbolilll! r~col'dN 
2.11.111(1 Mn!lt.OI' 1>1·oductiml 1111CI cmll,rnl ro<:ordK 
21. I . Hlff B11tc:h 1>1·0<111ctio11 llll<l (~onfnil ri,,:,,r,111 
?.11.19:! J'mth11:lfo11 ,•miotd rcviuw 
21l.191 l.11bor11tor,v r11,:111•il~ 

Cm1tf11nor• 1111d cl<m11rou (produ<:l 1:nnt,1c:1. m,,,.,,rl11I~) 11t11Kt ho Mnrn, 
i.cLivc with or oddiLivl! rn U1u pr11d111:~. 

Wriltc ll Htundurd \l))Ornling 11rvcllll11rttN (SOP'~) fm auch prodll(t.iOn 
prm·<••" @d cm1t.rul procNl11rc ore 110<:CHij11r,v. /\11y dovfoti,)n to ft 
1-iOP muHt. be i11vo,Jt,lf,fUtocl, 1'll<mrcl(,d 1111d u11provod pl'i,,t 1,, CiMI 

111•0(1\1c1111:1:111 ►l11ncc. 
Al prochu:t-11 11rc1 Lo Im formul11u1d (.(1 prtivido Ill)\. 111", lh1m I0()</1, of 

1.ho ,·equirurl 111no1111 t of nt:tivo h1Krodie11t. llocordij 11rn t.o ho 
mninlnlno<I or ,mr.h 1:ornpononl nnd (h11 q1uu1t.ity which i~ incoqm
rnt.r.d inlo II hnu;h, 

Sl1!11 ific:1111t in-pm<:oHH ~Ltll)tt 1m1 t.11 ho itlun t.lficd 1111<1 a11J)ropri111~ 
"11111pli11~. 1.11,,1,h1~ 1111tl npprovnl11 ob111i11od hoforu proocodin(t f11 r
th1u· in f.hu prmhwtfoH 1:ydo, Ir ,·oquirod, tim~ lhni\ntimlK will b!s 
plu..:.,11 011 in·l>l'oc:oHN HIAipH. 

/\pprv11riu1.c pro1·cdurcn ,m, 1.0 bo 11rnpur~d for L~lllitl!( C(lllll)onoub, 
pro. 11c111 nnd th<, onviNnm0nL in 11r1lvt hl "~lnhll"h th nL << produc~ 
\~ not micrnbi1Jl11Kk11lly c:ont,nmi11Klc1l. 

Hoprocctt~illff <•I' Pl'(l(hrct.'i~ nllowc,cl prwidin1: (hurt• 1m1 1vrilto11111•0• 
\!uchrroH covcrlnl~ 1.h,, mot.hn(l11 l.o ho 1u1t•!I ni1d opp•·<1v~d by (11111111.y 
oonll'(ll, Atltlil 011111 tc,1\.in~ 111' t,he l'epmt.(1HH(llf lJ/11,c:h m11y ho rl1-
q11lrod t.o R81illrc conformity with 1J1>odfic:111,io11e. 

r,11h(1li11~ ill p11cko11h111. m1,Col'inl• m•e to be 1'01:civcd. id1mtlfit1cl, 
~tor1,d, "1111111lu1I 1111d Lcstc·d l'c1lli)wing <ic1l~ilo<l wrltcun proced11re~. 

l;1>cl1iul 1:on\.1'uhJ muwt hu uXl\r,1lri,,d \lV<•r Joh~lh11t t,o n11~ur<1 t.l111t. 011ly 
t,ho (:orr~cl l11IJ11IK mo im1ucd lo 1>Mlrnglng for o til>ccifk 1Jtoduct 
11nd llmt Ull• q1111n1jti<1H tt~cd 11rl! rc~o11cil1•d wil I tho qunntJty 
iftSUOd . 

l•'c,llowi1111 OJ)l>r<mriu1.o Hlllbilil.y 11UullcH UL 1>ro~.:rlbcd tcnip<1r f1111rc 
r.c>>11lffrnn», 1iroduc1ij on lho mn1•kc1, Kholl lwnr 1111 oxplrnticm <lnle 
1.0 l\8ij\1rc t.hnt. I.II(,:,, nr(I 11Hod within their c,xpcc(,l)tl Kholf lifo. 

D~Ht!rlb~k tho rcc1uir(•mo1,111 for w11r.1ht1Uliilli( 111IC1 diKl,1·ih11ti(ln uf 
1>rndu.:t11 nnd Lhcl r h1>ldi:'II( 1111d11r ,,p11ro111·i11lu c,111tliti<11111 of lll(ht., 
t.11m1><tr11l11ro nnd hu111idily. 

GoncornM wrll.11111 f)n►tttdurriK in tl11t form of 11pc,ct fluntlorn1, ~ltlll• 
dun!K, ij~mplilll? plm1ij mu! 1,~,t 11r1u:i,d1.n·o~ whir.h 01'0 uNod ill n 
lob(>r'11Lory t,1r 1:011Lrolllnt: r.1>111pm11111!" M<l l'lnluhod dr1Jg 1>1·od
uc.t.e. Atr.011t1111,~, criteru1 for ~umplinr, 1111d om1mvnl Nl111II bo 
11dt•<111utc ror Hu))por L rul~1111u of 1mi<hl<1t, 10 dietrllrnlion. 

A 11t11h1llly lt1(1U111( 11m1Jrr\lll will ho li.illmv"cl ii, orcl(,r l.o flij~c~11 lho 
Bltlbillty ~h11rnnt,(11·iKlii:11 ol' 1hw1 r,rncluct.0. 'l'ho r<)llult.11 of thlo 
WIit.ing ,;h(lll b<i 11tiod in 1111Mig11i111; c11111roprilllll ulCJrlll(O condit,iorlH 
11111\ (l~pirnLio11 .lulllH. 

A11tmnlK m~cd in 1111:,, l<Mltiou Hl111ll hn mnlnt.uinocl ma\ e<llltl'(►ll(,ld hi 11 
mni111ot 1111\tulilo fur Uftl'. 

Dt11r, pro,l uc:1.11 1:111111ut. he mnrkclccl if, whu11 1,mi.od hy II proutr ibod 
Jlr;1cod11rr., found \o c:u11lo i11 ,my dtt<ict.nhlu luvuln uf l)oni1: illi11. 

Du111il• the vnrim1H rnct1nh, 11ml 1i\ll!1U11tHll11 whi11h Hhould ho K<motnt.• 
oil tlurh111 O>t• mun11facLuro of tlr1111 11rvtl u(11,, 111111 which nro 1~ bo 
11v11ilnhlc for tuvlc•w. 

A h11\1ll1t1' 1>•·0<111c~im1 r(!r.Ol'd m1111I, bo 1n·t,pur11<( l'or 011ch clrUK !'1•0/1, 
1u:t, 1f11~u,·ibi11111111 tl~poct~ of it1) mnmrfnc:tliro, 1111,:trni:ing m·H eon
lJ'OI. lndividi1nl hcttch 1·cco1:d~ 11r11 dc:wiv11cl from lhirl up111·ovcd 
nH\11t11l', 
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1818 CHAPT~R 02 

21 ) .. 190 Dikl.rilmlio11 r(t<!OtdN 

S"bpart l{.- ·llct1m11,rJ 11111/ 8<1lva1.1<1u /)r111J l'1•11d11d.N 
211..201 ltoLurnvd <ll'lttf p1·(1duct~ 

211.208 DtuK 1>r1HluctMIVll((illfl 

.. .. .............. -----------------

DitlLrlhut.ion roc(mlff ii1dud1, wm·ohouij(t Hlii1111inti louH, invoicM, hill~ 
of lndhir ,mti nll documontu 1IMOOci1tt(Jd wilh di~trilmHon. 'l'hoHc 
r()mrdt! Khnuld provide oll t.11(1 info1·11111Uon 11occau11rY to tl'IH!<l lot 
<li~trih11ticm ill 11rdor u, lii~ilitl\tc product mt.1•it•V1\I !( l\0(•08~1,ry. 

lt(tc<•rdu of' com1>lo!11111 r<•coivnd from ~0111mmorR 11ml prufor1Nlon11IN 
uro l.o be m11illt111nci1I 11l1m1( wi th lho 1·01lorL of their mvc~ti,~01.i<\11 
nn,1 rcHpom,n, 

Hct:ordo nro to ho mnlnt,11inod of <il'IIK 111·odt1<:tH r11t.11m,,d from diKLl'i
hutlm1 ch111rnolM nnd lhr.1'il1lllo11 fill' ~hl1lr tuiurn. ThiN d111111!1m hti 
u~ed nH 1>1u·~ of U1tl Wtlll lot 11cco1111t.11hili ty, ~ho11ld 1h1J n()~d 11riHu, 
t.o tr,1c<1 ii.ii diHl.ri b11tio11 ,uid/or ftlr lh roc11II. 

Orn1j 1m)1l111~1.u t,hnl, hove be(,n Ator~d lm11i·1merly are 1101 to ho 
llR Vll((Cd, 
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CHAPTER 6~ 

Solutions. Emulsions, Suspensions and 
Extracts 

J G ftolrn, Phi) 
P,ol41'H0I .,, Pharmacy 
F<>cul1y ar l>h<lrmocy 
\111lvu,~l1y of Yorooro 
To,01110. C:onn<lo M,~ 1A r 

'l'h,\ tlo111lK8 r1mn11 dm1t:rihNI in \,hiK chupi<lr mny bn ))r<.•· 
parod hy di1!111)l11i11g the nctivc inurnclicntM In an nq11ccm11 or 
1w1wq1mo1111 HOlvont, by ttu»p11111lh111 I.ho <11·111;: (if it 111 i11ttolu· 
blCI in phnrmu<:ct1(.i(:11lly nr t-herupeuiicully fl(?(:cptnl.Jlu ~o l
vonw,) in on u1)()l'oJ>l'iut.c mcdiulll 01· by im:orpor,1tJn t< Uw 
mo<l icinul 111rent lnlo om, of tho two phu11e11 or nn oil 1111d 
writ,ur uy11t.oin. Such solut.ionn, s1111pon11io111~ 1.111d on111l1111m11 
1m1 f11rtho1· dtlfin(I(( ill 1i1JhKoq11ont pnn114n·11>h1:11)111. Rom,: , with 
11itnilar pr.01>01·tiu.~, nn1 cmuiidercd ch1ewhoro. 'l'he1ui dosugo 
l'or111a ate usoful for n 1111mbe1· of l'tlOBOnH. 'l'ht•!Y c•un l>c 
formul11ted for different rouw& M n<lmin i~irutiv11: nrol rnai, 
i11 t,rotluct i1111 inti> hody (1oviti(1s or 1\ppliod exwrnnlly. Tho 
dott!\ oMilY 01111 hll 1)djuRtt:<I by dilut.ion, 1111d Urn or,~l liquid 
form rMdily Ol'.ln bo 11tlmini11l,ered t(1 \lhlldr<m or 1>001110 1111-

ulllc (.o awollow t.nl>l<it,• or etll)!!UlCJ&. Rxt,rnct,i 11)1111in11le tlw 
11uod 1.0 iRnlnte the dru1< in puro form, 11llow Hcvo,·ttl in f{rcidi· 
cnts l.o ba ndrniniswr<!d from 11 1Jingln 11011rcc fott , p11ncr(l11Lic 
extrm:t) and 1w1·m!t. t.h(t prolimiainry 11Ludy il f d1·u1;11 from 
n11t.11r11l 1111\11·1:ttH. OcC(IHionully, i;olutic>JIII of drnirij 1111c:h a~ 
poiu11simn ohJ()l'idl! ,1 ro 11110d I~, minimiv.c 11dvotKil ot'foct!! in 
thCI l(t\11f.1•ointost.innl t ruoi. 

Th<! prupat·nUon of t.hoAo dou11KU form11 immlv<l!I 11C!Vernl 
cm111\doruUon~ on 1.ho pnrt or t.lt(l phurmncist: purpo1;c; ,,r 
tho drng, i11tcm11I or (lxtorn11I utto, C(llll)1Jnt1•rU,ion o!'t.ho dr1111, 
1wludion of tho liquid V(:hicle, ph,wicol ,rnd 1:h1?micul Hh,bll
ity of the drn~. pl'{'Hllrvt1t.inn of t,he: prnp11rnt.iml ~!HI \l~O o( 
upf)~>prinlc nxcipi(mt..~ nuch 1111 huffol'II, Holubiliic1·11, Hll!l
fl<Jmli1l1{ tllfCllhs, omu!NiryinK 111:enLn, 11i~1~oaif;,y controllinl( 
ngm\tll, ciolor~ urn! l'lnvcm1. 'l'ho t.h<wry or mcmy of t.l1c11(1 
prc1mrn!.io1111 iH 1lh11:11:mJd in e111'1ier r.hopl.01·11 in Port 2, Plwr
mllc(iuti'.c11, B o1a-1\lll(i of thli complmdt;y of H11me m1111uf'1'<:
t.ur(ld 1>rod1wb, <:c,m1>111111dini; 1i1ay hu cn1·ried oul wif.h l,h<! 
oid or 1i11nur 1m 11;rnmming mndol,; in order Lo obtain Lho 
optimnl product '!'he opprnpriutl! ch11ptun1 (!!elJ 1,)l(! index) 
ahould btJ 1iorH111l1.otl for informatfon on tho pn1p11raLion nncl 
r.hurucl;utiat,icij of thouu liquid prep:1rn t.i1mA Lh1At 111·0 inlond
od for opht.hnlmic or pm·ollt,ow1I Citic. 

Much hna bcon writ.ten durinl{ U10 pnat decade 11l)()t1L tho 
l,h)phm'11rnco11t..icttl 1,ropor~il111 or, i11 p11rtic11lor1 the uolid doe• 
OR!l form8, In nuKr.m,ing th~ bi\),1v1iil11hility of druw.1 in tnb· 
let., uncl -OI\J)A11luu, mnuy roij<J(1rchor11 l'in,t hnv,, at11dlod the 
nhMorption of d1·11gH 11dminlaL<11•crl in ~olutfon. Sil,co drn1:s 
o.rc 11 btt1)11bc:d in thoil' <liilijlllvocl 11l11Lt:, froqucntly it, i~ found 
thnt Uw nbl\orption rate uf orul du~OKC fomrn clcc:r<•11so1:1 i1i tho 
followillt( orclor: (llJUCOll8 :mluiion > cu.1u11ouM iiusplmisicJll > 
tnbhil, (lr C(1p1mlo. 'l'ho bionv11il11bilit.y (1f 11 mudic1\m011I,, for 
ornl illt{Mt:ion nml nbn\\l'ptioo, 1Jhouhl ho irnch Hult, (\\'(lllt\1111 .. 

ly ull or Uu1 drug i11 nbRm·h11cl w, it. pn~11oa th1:(111f{h tho 1:1u.1t,1•0 .. 
int<J>1Li nol trnci, rcr,nrdlc~11 of Llw d,m,11:u f'1mn. 'l'harn 1m: n 
numh<lr of rcuuons for fonn11li1t.i111; clruKH in fm•m11 in whi1:h 
tho dru1< iK no~ in ih<• moloc\1lnr 11(,1, to. ' l'hoae 111·0: improv<:d 
11t,ubilit;y, i1111>rovod tuat.,,, low woLor 1mh1hil il.y, p11llltt1bility 
u11d enao of 11clm i11iiil.rJ1linn. tt becomcK npp11J'(lllt,1 U\011, t hlll. 
c,n<:h do1,n1tc form will h11vt1 ndvnnl:nge~ 1111d di1111dv1111~1~e~. 

'l'hn ph11rm1.1r.iwt hundlci.1 liq11id prC!p(lml.ion:, in oil<! of 
thrQc wnyh\. He muy diHponHo 1-h1! J)l'Od\H'I. in itN ,.11'iHiMI 
Mnl4lincr, buy the 1>rocluc:(: in hull< 1.111d 1'<'-))M: k/\1'1l it u!, (.Im 
time ti prci1rn·ipUoo is pr<iacnt(l(.1 by tho p111.io11t 01· compo111HI 
U,c l!olution, :mKpon~lon 1)r cmulKion ill I.ho di~p<!ll~nry. 
Compou,1din1t mn.v iuvol110 noUlintc morn l,hun 11,ixinu mur
kN,od p1·odur.ta in th11 J111\1m,1r it1dicr1tcd on (.ho pr1m1:ript.iu11 
or, In 11 pccilfo inijt,11m:<i11, rnt1y rnqui rc tho i11co1·po1·1l l.ion ur 
n.ctiv<1 inJ(rodit111 lH ln II l()Kk11l IUHI t)hllr@Hiou\.i(:11 lly 11r.ccpl.•· 
uhlc mmmc1• into the t1qu<11)Ull or no1111q11omu1 ~olvunt11 which 
will form Utl.! hull, of !,he J>tod11d. 

Thu ph1rrm111'i~t, in t.110 firwl instmwo, dcpuml" on the 
pht1rm11eout.lcnl mm111fod,\1r1,r Lo 1>r1)ducc 11 wod11t!l- !.h1.1l iM 
offoc: l:ivn, tilognut and Ht.ahlo whon Mlon•cl und<!t' rc,1~011i1hly 
odv<mso 1:1mdi!fo11:i. MoML m1u111facl,Ul'(J)'11 at.1.<\1llpt t.o g11nr 
n11lcc offiCt1(\Y hy t!vr1h111t,ing 1.lioir 11r()rluctJ1 ill n >1(:111lllWic111ly 
11ccopwhl<i mnrrnijr 1ml, in 1111mo in1st,111c(.'s, 1111ch of!'ic11cy ill 
rol11t.i1111. l~or cxnmplc1, c:0111~h mixturoll mnrku~c1cl liy l.wo 
d iffc1·011t, 1\HHlllf~1Jt.111·01·s 11111.v 11011t11i 11 the ~11me u<:t,iv11 iu~rn
diont.:. 1111d i~ bncomcu diffic11IL ~o 1111K<1u>1 Lhe rnl11t.iv(! nwrit.~ of 
t.hc two JJ1°nd111:l.>t, ln m,ch iu>1l41n1:C111 I.ho c111m11m·;:inl nllv1111, 
tngo g11hmd hy one ovor t,h t1 1)(1\or mny he hn::11•11 011 p(utlul'l 
ulli1:nn~o. 'l'hu~, <iolor, ml11r, lu:;lc, pournhilil.Y m,rl h1111w1iu
noil.y un> impol'1.t111t plrnr111t1co11l.icul properticll. 

Tho Hl11hilit.v of l,he uctiw i1111••1Hliont ill l-1\<i fh11.1l proc,l11ct. i~ 
of primu c,mc:om to t)l(I l.'ormulot.or. fo 111,11or11l, dru~ imh, 
ut11nce8 nre leAH Kt.11 1.,Jo in rtqunous mcciin tJ11111 in 1.ho golid 
<lo~lllle form nncl it i~ imporl.1111t., thr.reforc, to properly buff
c,·. ijLflbiliv.o m· 1>rc:rnrvo, in p11rt.k ulur lllO~c Holi11.i1mu1 1<u~
pon11ion~ ,rnd cmulsionK t.1111t c:0111.ni 11 w11Ler. C<ltlnin ijimplc, 
chc111icnl rb11ctio11~ cun occur. in ~ht.!HO prnduct~. 'J'hl!8<! mfly 
involve 1111 in11r11diont•i11u1·(ldiC1Jl(, int;ero<:l.ion (whlch implic~ 
n poor Iorm\llll~ion), 11 contnlno1·-product inl.or11r.Wo11 (which 
muy u\Ler product pH t111d i111111, for pH•11cm1itivc i111<.r<?di1ml:1, 
b(, r<111po n1;1lb)e for I.ho a11bHr.q11011~ formntion of 1>r11,:ipilt1tc,H) 
or 1.1 <l h•1,ct, r(!O\lt:ion with wnt.111' (i<1, hydroly11i~). 'J'lw stabili\.y 
o{ phnrmncouti<:til prndm:l.li iK disc\nmr,d in Chll!)l.cl' 81. 

'!'ho more cmnplicn(ccl rc(1ct.ioua uaui\ily inv11lv(1 oxy~on. 
Vitamins, csticnlJAI oil11 nnd t\ltl\118~ oll fot." ond oiiij ,:un hu 
oxidlv.11d. l~ormulotorl¼ mmnlly 11ij(l tho word a11t.1J.tid<1tiu11 
wh<m t.1111 h1r~r<,di<,11tM in t.h0 pmdu,it rcnct with oxy!((!tl h1JI. 
without, drr11,~l1: oxtornol intcrf'<.H'llllc(I, 81wh nmctlunl'j t:il·et. 
muHt be illitintcd h.v hw1!., light. (indudio1111lt,rnviol(ll, 1'ndinnt. 
ono1·gy), 1,croxitl11~ ur oU>ur htl.iifo compound11 Cll' hnuvy 111cl.
ul11 :1uch M t:opp<ll' or iron. Thi~ lult.intlon tll.t:p renutts in t.lw 
forn111tio111)1' f1 t'r1)(1 todicnl (H,•) whi<:h them rnuct.~ with 01<,v, 

l{lill, 

H.• + 0 2 ·-• H.0 1,* (pornxy rndi<:11I) 

RO:t ·I· HH - • lWOH + ll" 

'l'ho f'rtto r.ndlc11I (fo m i» >'(lf~t,1H11·11!.NI und tom:(JJ wit.h morn 
oxygM. 'J'h ir1 p1·op11J\'11tio11 8l~ir> i11 follow<id by 1.lw (.(lrmino, 
t.ion ro111:L:c>t111. 

1!!10 
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1 &l O Cl1Al'T1:H 03 

((()?.• + HO?.* ... , inm:t.ivo pt'o(ht<:t. 

HO./ + ll' · • in1wtiv11 prnducl. 

n• + H~ ► inncl.ivc pl'oduct 

'l'hCI <it'fo11\. 1►1' 1.m<:o mnt;11ls cnn bu 111i11imirdid hy t16illH d ll'ic: 
ucicl m· gJ.YJ'A (i<1, sr.q11c11(.t)1·inf( n1{1mt,~) . Anl.ioxi1lnnt.11, on 
I.he ,,1Jwr hnnd, nrny rel11rd or dclll,Y oxidut.inn hy re11cting 
wi~h tlw friio ru<licul11 forn1c<l in the product Ji:x11111p lm, of 
nnt.i<Jxid1111tll MO tho pmpyl, octyl nnd dodecyl c1H<m; of ,i11llic 
11\:icl, hotyl11t<1d hydl'Oxynninolo (HHA) u11d I.ho tocopli'ornl~ 
<>r vi1.l11nin K Pot' 11 moro dot.nilod npprn1\<:h t:o t.h11 r,rcwcn .. 
tion of uxid£1 tivo doto1•!oro tio11 in phnrmnc~.uticulK, tho p11-
pcr11 by O11tonrlorf1 um! CJu1lnrnr:i,2 uhould he COJlijlllLf)d . A 
(hiscription (>f mnny 11nt.i11xicl11nl.11 i11 xivon in Chnp1,tlt (36, 

Tho pmblom of dru11 :it uhility hnij h<ii.m wcll ,dofinod by 
ph11rmm:m1tic11I llcicnLi:1l~ bul durinJ{ the p1111!; fuw YMl'tl 11 
l!Cconrl ur.v 11nd, in 11onie rc:1pt1eti1, ,nor~ Hcrio11~ prohl~m h11H 
co111'ro11(,11d th11 m~nufnct,111·t,r of liquid prop111·11t.imm. S11d1 
ph1Hll'11\C<lll lfonlly clivor~c p1•oclt1<itN ,111 hnhy lotiontt ,rnd milk 
<>I' nrn~m!Hi/\ hove bt:011 rccnll c>~i from t,h<I mul'lrnl l.>1)<:1\1111(1 (i( 
micrnhiol C01Jt.11mi11ot.io11. In 11 tturvcy of 1·01,uil 1>11drn,;c11 of 
liquid onlndd prup11r11t.io11u con lnlnin!{ llll\81\0uimn hyrlrox·· 
ide, it w1111 fo1111d I.hot :!0./i'½, ol' l,h11 f'i11ish(1d hott l<m wcrn 
contuminuted wtth l'$etalom111111s (W'''"lfi,111.~a. Tim 1wrobic 
plotc 1lOUllt l'llOf!(td from Imm IJ11111 100 to !l,aoo,ooo 01·uu
ni11mH/ff. Ot.h(1r 1111nmplea could he citml hut the: rnn,:c! or 
mit!l'OOl'/lO lli:-imij which <:nn co11 t-umi11nLc tho liq11id prcipnrn .. 
tion incl11dt1M 1,lm l:fot11101H.!l/.r1 np, /~ coli, (:o ,tnin P.~mulm11<1• 
11a/i sp, includiiH! P h111·1tRi1w.~a, flll(I S 111p/i_yfoct1cc11.~ 1111r<i1t.~. 
Bruch~ dcacribos 1,1,c \.yl)l!ll of miC\1·oorl\'11 .t1 i11m~ found in ,•ari-
011a p1·odu1:li1 11>1d nU.1:mp!.s l.o ovnhml o t hn h11·1.urdK 1.1~~,H:it1t,
<1d wil.h I.ho rnrn r>f' IHH\Ktortlc phCt1·rn11c:cmtimltt, C()a(.f)114 in tt 
l:loric,rnf pnper11 ,l(uu:rih<m voriou,1 int ,ml<:tiOllfl whi(:h n111~1. h e: 
,:01111ido1·cd whon pr11H11r va1.iv1111 oro 1iol11ctcd. 

'l'lrn lJSP recom1n1md~ 1.hoL corLuin d1W!'c1:1 nf p1'(1duc:(.q be 
t(!ijtod 1·uul im!l.Y for mfrrohic:i l r.ontnmllllltio,1, <11(, Mtural 
pl11nt., 1\nimnl 1111<1 11<>1110 minrmtl 1>1·oduct", I'm· frnodmil l'rnm 
Salm1m11lln up; orul 1<olu1.iu1111 11nd SUHJ)<lnt.!ionf!, for frMclom 
from B rnli; 11rLiclCl~ 111>pliiµl t~1picoll,v, fm• fhicdom from P 
1wI·111Ii1w.rn nnc! S aur,111s nntl ,u•tid1>11 fo1• n•r1.ol, m·othrnl or 
v111(i1rnl ,,dmi11 i11tr£ttio11, for t.ol.ol microhi11l c:oont. 

Prndunl.~ mny b11c\Olll<) c:oni.nminatc,1 for 11 1111111 h tw <If l'lllt• 
SOIIIJ, 

'l'hc row n111t.1>rlt1ln !ltlCW In l,hc, mon11fn,:t11rP. or Aolution•, ~llllflllllAl<►n~ 
1111111,m11lkion~ nrt! n~ t:nllml-1:mw(h 111111li11 l'o>' IIMlcir in. WhllW, in pmti,,, 
tt lur, 111111,1, IJ,, hm1<U<,1f with r.nre h111. Huhulnm,,,,, uuvh "" 1:1m1ri, dl•1rnrsin1: 
11gm>IH, 11nrliu·.11,n l1<, •1111111·11 1111d flovorH ,:nn l,11 Om c,mi•ir~ c,r h,w111rl11 
whic·h nl1,hu,1tcly oon1 11mi11n1.n 1J1<• 1m11l11c:1. 

'11<111it1111mt1 B1wluri111<1'1.lW W\<lf in Lh" 11,1<,k• m11I 1·111,•il!\lk n( 11h11rmo.• 
ce11Li r11I m111ipnumt 11111!1 i11 Um •ll11111ln ,,.111ipm,m1 u,1,rl in 1ho ◄ liMp1,11, 
w1>·~•). , Huch cq11h.li11<111t 1,h<1\1f(I l1t1 ,:ln111111d lhwm11,1hly prjC)I• 1,,111,J~. 

l•,m•11·,,111111•11l, und 1>(•rn111111ul ,:1111 tit,111,1·ih11t1• 1.0 l>l'Ollttr-11:011l11n1h1111.1,,11. 
I-Jund;, 111111 l111i1· 1\1'1, Uw 1110111 ln111orlt\llt. ~1ltti1,1·0 M ,·m1t.11111i111111 111. G011-
crnl dc~nllt,r,8s cJ,u~ i11 vitul . )•l ijt1d ~•worin1:• mu,,L uc u~u<I h)• th11$(• 
illY(JlYC<I in Uu, n11111ul'llct11n11g prnml!I' ,n,d f'nw 11111nh~ .~,,~11!1 hu 1101)(1 l.,y 
tho~(• ln,livi(i\lofa 111,rro1'1 1111l'r1m11·c,hl•, ~ough1,, l111y fovor 11ml n\h111· c1lh11• .. 
lt>t! )1►~11il'<t~ll1tfoll~. • 

P11clrnl(h11c ,d,011hl Ii,• liu1ut11,ud ~o Lh11L it will 11,,L uo11h1mi1111h• lh(, pl'Oll-
11tl 1111!1 ol~o will j)r<,14lc1. it rrm11 lhu ,mvl,•1m111em1.. 

'l'ho f11ct11t~ citud nhov,i rolo~ll to i:ood mnnufil~Ltu·inn 
prncticc, HoweV<ll- ► lho for111t1lHt111· con 11dd n l)l'(::,im·vnt.lvi! 1:<> 
i.ho product und d,,crc,1110 Uw 1>roh11bility of pl'Odud con
fa1minuUon. rr tho product cont.nin~ wr,t.or, ii, ulmo:il, iH t111i1\· 
doiol'y to i11cl11do ll prcservul.ivo in Uic fol'mulution. It, must 
he ~l.ro~sccl t,hllf, t.hi11 in 110 wny nipln<:O!l l,i'Ood in-ph111t cont.rol 
hut moroly provitlun (mt.lwi· M11Urc111cc ~hnt. the p1·odnc:1. will 
rot11in it:i pl1111·m11<:(lll lic11 lly 1111coptubl11 chm:uctcrii1ti r.~ until 
i Li~ used by the p11t,io11t. 

'!'ho mnjor criuirin thllt 11ho11l◄ l bu mnHidcrod iu ~el(ici in1, 11 
pl'(Jij(lrv11t.ivc: it ,;hould he (,,ffcic:t.lvti 111?nin1.1 l. 11 wido llp<1ot.rnm 
of mJ1;1•oort1,1111i11mM, 111:nbfo fot· it.'\ ~hcilf lifo, nontoxic, n1111ucn .. 

11i\.i;1,i 1111,, c(1mp,1l.ibl,, with th~ ii111 1·cdic11t11 in tho do~uiio l'onn 
11nd r<ih\tiv<dy f1·oti <1f tnktl'! 11nrl oclol', 

l>l'Oijorvn!.ivmi may he 111<1.11I ulonc m· in C<111\bi11(1tio11 t.1, 
pt1Mmt t.he 1'rowth of mir.r{>0tl{lllliw1111t. l~W1onol ill /l hi1chly 
o!fo,:tivc pr<:i'ttlrv11t.ivo. IL i6 \IS'-'d nt tho 11\% l1wcl in ncidic 
mudio 1111d 01, l,h!l IH% 11,vcl ii) 11oi1t:rnl or ~li1rh1.ly ,11lrnlim1 
mt\dio. faoprnpyl olc=nhol ill 11 foll'ly 1:fl'ccLlvc lll{(ml, hut ii. mm 
l>c need only in topi(:nl 11rnp111'mim111. J)rO)>ylo11c gly1:ol 1 11 
<.llhy<fric nlcohol, lms 1:cmnicidal 11cLivity llin,llnr to thnt. of 
t:~l111nol. It norn"tnlly la Ullt\d inn 1()% co1wonl.r11Lio11. 

A 0,6% ~ol11tio11 of p h ct111)! in o l{(lod pniAcrvut,ivc: hut. il fo 
toxi<!, hns ha own ch111·1wt.orh1lfo odor nnd ronr.l.!i ch(n11iMlly 
wiUl mnn,v or IJ10 cJru1n. nncl 111ljuvon l11 which nrc h1cor11,1rnt.
od inL,> liquid prepl\mtiona, 

'l'h<i \ttHl of hcxnchloro1>ho110, n 1(ormidd1,I 111(0111. which In 
effot:l,iv(1 n111 inly 111;uil1Ht, 11r111n-pn$il.ivc 01·1(1111 inn\11, io l'(l~trict• 
ed lo Ui<1110 p rci>arotionn which 111·0 1111.cncJad for oxtcrnnl 11Hc 

only. Severn! ycnm nno, 11n inc:ort(!l)Lly form ulotcd hahy 
l)Owdor (which wu~ found 1,o cont.t1i11 fi.5% lwxuchlorophc1w) 
W/16 reo,~()ll~ihlo for lho tlet1Lh8 of ao Ji'r,;,nd, i11fn111.s. Bo
cnusc of t.hiH ,mt! () (,hor cvidc11<:e i~ (\11\l l.ie Ul!~d n~ 1,1 p1·11Ho1·v11-
tivc only if Hn eonconlrolion in the Nnul product i~ 0.1 % ,; r 
l<:NK, HowuvCll', 1:ertnin liquid p1·cp11rn1.l(,11i1 (cm, Hoxndllom• 
phono Li<1uld l:iMp l.JSP-O.?.fi%) nrc 111•1lilnlil11. 

O r1r1111ic mor<:nry ,.•ompo1111Cl11 11rc powlll'l\11 hio11l11 tit: 
1\gcnl.s. 'l'hoir 111Jtivit.y may h<l l'<Hlucl!d in tho 1m:ll1)1Hx1 of' 
nnionic cmul~ifyin,i or KUKp~miinK n1;c.i,t.s. 'l'Jwy nr~ not 
11uil11hl1! for oml conf!1tmption bu1. nrn Uijtid 1\~ (,he (l.001>% 
1:011conLrnt ion luvel in l)J1ht.holllli<l, 111\111\l 1111<1 t.opi1:ol propn,· 
rt\1,i<)ll~. 

HC!11·1.oic n<:icl ix orroctlvo only 11t 1>H ~ or leH~. lt.i1 i<ol11hilil.y 
in cor t-0i11 nqucour; prn1111r11t.io11s i~ poor uncl, in Um~o ill 
ut.1111cM, l!od ium b1m:1.01l1,ci muy bo ur1u<I. Sorbit: 1\1:id hnw 11 

brocul rflll/(0 of Mtfow(:(l{,it: 1wl.ivi1,y 1ml, it.'l lllll,ihMl.ol'i rtl 
p1•opm•f.io:1 m'U 111or1, limitl.!d. It i11 offcr.iivo n11ly 11\. 11 pH of 
l\11l~ thon 6. 

Quotol'llnry 11mm1u1i11m i;mf,wc .. 11cf,ivc ngcmt~, 111(, homnl, 
1,m1i11m chlm·idc, cichihit 11 11 ohjuot,ionnhh\ 1,11~t.(1 ,rnd hov11 
h11cm mporl,c:d to br. i11<:1)1t\()o.tihlll wiih ,i 11nml>t11· of m1ionic 
11uh11t1111C'.Cll. 111 concciJ\h·otirms of I :MlOO (.o I :20,000 t.111:y nro 
11H11rl in ophl.hulmit: proparot.ion,;. 

a-l?h()11yl1>ropm\ ·'l-til (hyrlrocinnnmyl nlcohol) ifl d11imod 
t,o bo mc,ll'O <1ffoctivH t,liun !~ .. ,,lui,1yl0Urnnol a,1d h<:ll):t.yl 11lr.o .. 
hul In in hi hi ling tho gl'Owl,h of P C1<'l't1.Jii1w.1•c,, nn<l i\. hita boo11 
1jl)gl(0Rtecl IJ111t. (his 1mblltn111:o .-1rny Ix, 111111it.ohlc p1·oaP.rw1t.ivo 
for ornl 11wipo11ttionn 1111(1 llli~t.11r1111. 

'J'l11i mol.hyl nmi pwpyl o,;f.1Jr11 ilf 11-hydrnxybu11zoic: 11cid 
(the pnrnbn1111) r1ro \l11od wldoly ln tho ph1mnnc;1mt,i1:al iuclull
t.ry. 'l'hoy 111·0 cffc:divc ov111· 11 wido pH r11nf{c (from 11hot1t 3 
t.o fl) ond urn cimployed llJ) t.o 11hm1L tho (1. 2% (,1111C<mt.roUon 
l<:vnl. 'l'h11 two c11u.1rM oncn (\I'll Uk1l\! In c:.ombin11tion in tho 
H11mu pt1)J)11rotfrm. 'fh i~ O(:h icvo~ n hil{hor t:ol.1tl c,mcc1,trn• 
Li<lll 1111d 1.)10 mixhu·u i11 rw1.ivc ogoin,it: o wide rn11111, of CJl'f(Clll .. 
iN11l11, 'l'he hydroxyhom.1)nt(lll Mn offm:Uvc ug11in11L lll(lll~ or• 
(ll\l\i>llll&; howr.vor, thni r nc livit;v m11y ho rnducl.ltl in 1.ho 1>rQij• 
on r.u of 111rnic1nic umfoc<1 .. 11t:(,iv(l 1\Jft•11l» h11,:1rnij(1 nf hi11di1)11, 

It, now ~hi>uld be ohvlout1 that- who11 th11 phnrmnciBt, dia
pc11111m Ot c;1>m1>ou11d,1 , hCI Vlll'iOU& liqnic! l)rt.!J)nl'ntton~ he 
u11slm1cs re.t1po11~ibilily, wi th tho mnn11rnc1ure1·, for dlc n10in
lonn11cc1 or producli,tuhility. 'J'h(l \JSJ> includ<!H a ~ection on 
r1141bilit,y c1mijid<1mtion11 in cl iKpcmllii\~, which ijhould be lJt,ud 
iorl in clotuil. Certain poinl'11 nrci ~elf•t•vidcnt,, Stock should 
ho 1·01.o.t.ocl 1111d l'nplnccd if cxpin1tion dotc!t on LhC! htl.lol 110 
indicntc. Prodnct.e uhould be 8(,l)rod in the mnnncr i11cl lcnt.• 
cd in Lho compo11dium; 01{, in 11 cool plnco or n. ti1thl,, li1,dll,• 
1·@iuum1. contl\ill(ll'. Ji'111-t;h01·, pmducl~ ,ihould IJc chccluid 
fo1• evid(l)WO or im,tnhility. Wit.h rn11pt1ct to :1olnt.Jo11s, (ilixira, 
nm! ~yrup>1, colur chui\l{c, 1>r<lci1>il,11tio11 11111! cvidunc(l of mi
crohio! or chomic11l 1,t1~ i'1m11nti(1n m·<i major 1ii1i1111 i,j' i1111t11hil .. 
it.y, gm11l11i,)111i 11111:,, (:l'Mm hnt. if t:hcy hronl1 (iti, th1:1•0 ia t\ 
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!!Oparut,illn ol' 1lll oil phni,1i) Uw pr1)flllN, i:; cooiji(lrn·od 1.o hu 
l•ll~1-11hh1. S<1clim(•11l,11t.i1•1.1 1111\I cnldn11 Ill'!• pri1111i1·,y indicn
t.ion:; of inHl.nhil il,y i11 1111Mt,1Jllf!i111w. 'l'he p1·0:;1:11c:e ol' hu·g(i 
p11rtido:1 mny menn t,hnl, oxc1i1:11:1ivo cry:1t.11I wowl.h hM oc· 
(~llt'r<!d . 

'l'h111.)81' 11t11l c11 l hut, r1:111Htk1q,1n1: iii i11mlvi,mhle. Howuv-
<)r, irt,lw pmclud. llHlij~ hi! r1ipm:l101(1:d, 1:,11·111111cl tho co11t11i1wr 
iipMific,cJ by th!) (!t)l11p1i11di11m lllu:;t. bt\ ,med, l•'or ox1.11npk\ 11 
1>l,111ti<: cont1.d111!r 1,houl,I nov1)1• ht, 11,:c<I if II li11hl."ro:,h,l.1111l, 
,:011t,1i11or i~ spuc:ilfod. Ir" p1·od11d i:1 dilotcd. n1· whort: l,wo 
1m.1c:hwt.~ 1u·u mixed, l,hu 1>h•11·11111ci~t Hhould IIH0 hi11 lmowl .. 
od/{ti f'.o !{utml 111,:nin~I. inwmpntihilit.y 1111d i11 :1li1hilit.y. Om! 

11111.ibiotic prc:pnrntfon~ con~Ulutc,d i11to liq11itl fomt ~1w11ld 
nov,,r bu miiwd wi(,h oLhnr pr11dud1;. 8int:t! t.lw dH,mi,:ol 
~t.uhilil,y of ux\.Nli))Or<11101111sl.v pr1ip111'(1d liquid ))/'(ip111·111,ir.1n,; 
ofl.<,n ill 1111Ju1own, lhoir ,mo 1,ho\1ld 111, 111inirnizc1II MH.I t)Vt:r,\' 
1:111·n tnken to in11111·,~ Lhnt. proitud 1ihun11:t.t,1'i1;\.i1:i; will no\, 
1ih1111){e duti111{ \,hu t.imn it. rnu~t. l.10 lll:IO<I hy I.Im t)11t.l1i11L. 

B1:cnul.<c of UH\ rn1111ht1r (If (1)(dpio11t,1 rmd 11ddi1,iv11H in t.hui<t! 
p1·1:11111·111,im111, it ifl rm:ommomlml f.lml, nll I.he in1:redi1:11(-:; lw 
lh;tod 011 Lh<: ,:onL11iner t.o rellm:t! \,h<) 1·i11trn which coMmn(. 
hyp1irn11111iil,ivt1 paLiontK whcu thi:n11 p1'01h1(:t.11 un, m l111 inis-
1{:rcd. 

Solutions 

Aqueous Solutlo11s 

A t1<illlt,ioll i1:1 ;.1 h orn<,lt{(:m:1>111; mix(,llt'I~ 1.hl\l, ii.< pr(!t.lltrr!d by 
clh1~nlvi111( II m1licl, li1i11id i)I' HIHS in 1111ot.lw1· li11uiu find r(!))I'(!• 
i1r.11m n 1r.ro11p or pl'C,1)11rn1.in11:; in whkh thr, Hl<Ji<wulCi~ <>f' tlrn 
:mlut.ci or dit1:-olv1,d :111h:1tn11co 111·<1 di:11>1,n1ed 11mnn1~ I.hos(! of 
the 1iolvc11t.. 8olu1.io1m almJ mny he clns:;il'ied on l,h1: h11Hi>1 of 
phy11i1:11l m· d1(1tn1<)1)I ))l'<)l)1il'lfo11, nrnt.hocl of p1·up111·nt.ion, u~t• , 
phy11i~)al Hl,111,u, 111.11nh1H' nfi111~rndi11n1.n 11ml 1mrtkle ~iio. Thn 
n1t1T(l\V('Y 1,lol'i11i!fon herein limits the snlvnn\. l.o wn\.ur aml 
cxcfudo~ t.hoi,(! prnp1u·11tioi11; thuL 11r11 11wocl, 1111cl/or \'i11dtl in 
nhon1ctor. ' l'hii; llf!Ct.icm i11dudt1!1, 1.hnrefm·c:, tho:m 1>h11rm11· 
~:11ut.ic,1I l111·m~ thot. ,1ro d,mi"notod utt Wul.fr, /\r,mrnti,: Wa , 
wrs, 1\11111!011.~ Ar.ids, Sol1t1.io11s, /)ouc/r(•I', J~1wm<,~ . (h1111lc•s, 
Mciul.hW<1.~h,1,<, ,J11ii:~1~, N11,wl S11/u/.i1111,: , 01.lr.• SrJ/11ticm.~ mid 
ll'ri,:oti1111 S11/11/io11~. 

WotM 

The nrnjor i11gn1dicn t: in moiil. of \.lw dw.11tfl<! forms (!(, .. 
a,:l'ib()d h(:t'P.in ii; wr1tN', It i~ w1r:d bo1',h n~ ,~ vtihidl' u,1d 1\~ a 
Holvllnt. for t.hc.1 do,iirml l11ivm'ing o,· mcclicinnl i111s,1·n1.li\1tllll. 
1111 \.11r;1dc:1:me:;s, frtic1do111 from irritl.1t,in11qu111itil)11111111 lnclt 
<)f ph11r11111colol(ic11l uc:l.ivi(;y maim ii. hlci11I for imd1 p1.11·11rnu:~. 
')'horn i11, how~W1)1', 1\ tcmdt!l11;y 1.11 111111111\rn 1.hnt. it:; pul'i1,;1-· i,; 
(:(11131.nnt. and lh t1t. it cnn l.1\l i;t.,.1r111l, h11111ll(),l ,rnd 11:,c1d wi1.h 1.1 
minimum of i:1.11·,,, Whil0 it ii; 1,1'1t(: tlial- 1111111id1111l 8ttppli1::: 
m11Ml comply with lr!11v i1·01rnwn1.11I P1·<,l&.1itioH A1ie11,1y (l.']J>A) 
ro1tttl.itio11s (ol' <;OJUp,lrnhl<: rn1;11lr1l.imii\ in ot.11\:1· c1111111.1'ic,~), 
dri11kin1t wllt.or m(l6/, be: r<sp11rifiod htifor,, it. c:1111 be wmcl in 
phorttJOctml.icnh1, Ji'111• J'url,lmr inf'onrn1(.io11 on Wr\Let', SHl! 

ClHlJ)(,Or ~.I . 
l•'ivo ,,I' Urn Hix 1111)v,•11t w111.c.1r,; <let11:ri1J"cl in t.lH• I ISP 1.11·,, 

01wd in I.ho ))t'l\(Hll'l\\fo11 of p1u•1111(.1i1·11Js, i1·1· itfat.iorn1 or i11h11l1.1•· 
l,ioni;;, J 'c11•i.fi .. ,I ,01)t(lr nn1/:il. he 11111)d fo1• 1111 other ph11rn111c1m, 
ti<:111 op(!J'111.i1111111111d, till lil'<)1.lcd, in nil USP t r.:;1.6 and ns:my:i. 
11. llil\ijt UHHtl, l'i1{id 11p1>c:il'icul.io11,, l'()J· dwmi,:nl 1.1,1riLy. Such 
w11lor rMy bli prnpnrrnl by d ia\,ilh•l,io11, hy u1111 <>f io11-t,x, 
t:h!llll\ll r11,;in11 or by 1•,~vm~W OMll\u!!k 

A widn vo1foty of cm11rne1·d,.1lly 1JVHiluhln nt:illfl nrll 111\\lld to 
pro<11w"' di11~i lh1tl w11ter, 'l'hc end 11i.o o!' Uw p1·o<l11c t diclnt:c,,1 
th~ 11i~c) <1f ~h1, 111.ill and (1)d~m1. of pr1)Ln,nt.mo11 t. of tho ,trink" 
lt11t wntcr int.r11du1:c<l i nt.o Uw :1y:1t.om. A 11<:111:l'ipt.ion of :1t.illi,; 
iK prnvid<,d il) Chil))l,(<1' 8il Sut:h w11t(!I' mny h11 11t.c,l'ilt• ()l'O•· 
vid<.>.d Uw 1iondcn1101' ill ,,t.ol'il11, hut t.o ht! tullcd :ltQl'ilt it. m1111t, 
be 11ubj1!ctocl t.o 11 f.lftl.i~fnc:1.,,ry ,;l.<irili;111t.io11 procoRK. 1-fowov• 
m•, it hn:1 h1w11 nln1wt1 !.hot. 11 {11ir111:im>.w1 (11111111(,hc1· mitirnot·• 
11nniams) cn11 f(t'ow in I.ho dii;\,illr.d wnt.m· producNI in ho8pi• 
1.,1li1, '!'he irnplit!11Liu11~ of t.11111 nm olwio1111. Skrilu witter 
)\lily ho :;tt:rilc 1.11. tho t.inw 1if pr.od11c:\.i1.111 b1rt, 11111y to:;(, thil:( 
d1111·1,d.<•1·lljlk if it: i.-, 11t.01·cd impropudy. Hicl1111:-111 c,/. 11// l.ly 
rn1i1·0111Jin1: l,h<: 1:omporn111l.1\ 1>/' \:01w1m1.Jonnl di11J,ill:Hio11 

1:q\11pm<.,11I., haV(! tlrn1crihud 11 11rnU1otl fOI' th,i c,mt.in\t.Jlls 
m11>(lly of 111.,irilo, 11ll.1·11p111·,, wnt.cr. q1111lil,y-c.n11I.J'l)I pr11c(1-
cl111·\m l'lll' monil.(11·i11,: 1.hci mi1:rohiologicnl 111111lit,~• ol' w,it.<il' 
!ihnulcl Im p<11·foi·tMd in t:ho ph111·m,11:outkal 1111um/'1.1c:t-11n!t··,. 
prod11t:l',i<)t1 fnt;ilit.lok. 

'l'lw mn,ior imrmrit.i11H in wot.(,r •.ll'<! r,uld11m, ir•>n, n1111{1Hi· 
11ium, m1m"a11ese, ,ili<:11 11 11(1 ~11di11m. 'l'h{1 c11t.io 111s <u1u11ll.y 
nrn t!ombinod with l,he bi<:m·botllll.t), :1ulfo1.C M d1lol'i1h: 1111-

km11. "flurd" w11lt•m tll'(! t.hrnm t.hu(, (:ontain c:nlci11rn n11d 
mn141rn~i11m c;nt.imm. Hic11rl.11m11l,tll! urn f.l \(': major impul'ity in 
"111l111linc" w11tc:1'H, 

lon•exchnni;e (tlc!io11i.ml.io1l, ~km1i111>.rnli¼ul,ion) 1,1·0,:e,1:;m; 
will 1·t!J111W(! m(m~ of t.Jw mr1J,w in,pu1·,l.iti~ in w11t.N (~ffidc:nt.ly 
,mcl t•conomically. A ml.ion 1,l\,:h11111,er, l-l~H, fir;;t co11v11r\.:1 
hi1;11rh1m1u.oi:;, 1mlfnl.cii 1111d chlo1·idcn f,o 1.h1lli' t'!~spoc:r.iv11 add,;. 

CaS0,1 Cn 

Mt~SO,, + M:ili ··• Ml-( H +H/m.1 

Na}:iO., N112 

C,1( M <'X>a)1 Cn 
M1~{l·IC0:,):1 + J·l,ll. • Mir H + 21-1,PO:, 

~'.Ntd lC0:1 N11~ 

Curbonic ncid d1:c:m11p•>~1:~ t.v c1ir bl)n dimd1fo (which i:; rn• 
moved hy 11er1.1~io11 in 1.hr. 1fo,:1i1'hol\n{,()1') 1u1d W1il,t!(, 

Thu 1111io11 exd11111,.:11r mny 1:ont.f(il\ (li l-h~'.l' n w~n1l, ly h1111ir o,· 
,.1 ,i1.1·c1ngly h11,1it, 1wio11 ,·t•~in. TJu:111) t1d1<orb 1<11ll'urk, hyc.h-11• 
chlo1·ic 11nd ni1.rk 1tcids. Clwmical r1,11dio11u tl1d',I inv1.1h•11 
complete ndimrpt.ion or ull cxcht1111ie witb 11Qll\u 01.lic, r ,111i11n, 

Mi80.1 + A ... . A · Iii;(), 
ff t.l\ll n,uin C•>tl lnini ,1 hydroxyl rndicml, watm· is fom1t1d 
dul'in~ f.lw purifk11titm pnl\lt'i,t;. 

H).:iO., + ?.AOB .. . A.:/W.1 + 11-li> 

Wi,,iJdy di1>1:1oc:i11l<id 1;111•ho11ic nnd 1,1il i<:ic m;i11f.: <:r1n hci rnmovod 
only hy 11l.ron1;ly lnmic ,mion 1·etii11H, 

HliiO;i + 2AOH · • A/liO,. + :m~o 
Unit, c111nwit.y v111·i11:1 with ~he nn~11r11 of !,ho inul11ll11tion, hu l- iL 
i>, J)o~:iibl.(t t.o 1n·oc1111M 111:1 mll<:I> aH l!i,00() l(ltl ul' wnlm'/min. 

l)t1loniz11ti.on p rocmt~ots do not. IH!Ct<l\~111·ily prod11ci, /lu.ri
/fo<I Wot <,r which will 1:11m1>ly wilh l!:PA mq11iro111011t~ fnr 
d d11k1111; w11tm'. Hc:~in wh1mnu rn1-r.1in plH>HJ>h111.,1H anti ur
gnni.: dllbri(i, Ri!.hor o!..111(~ 01· in 1:,1111hi1111t.io11, 1.h11Hu iiuh,. 
111,11111:(!H c11111wt. Ill\ llJ'OW~h rml(I i11 fm· mkr1.1or1{1111i:m1s. Oh,1<•1· .. 
11n1,i111111 haw, 11h11wn 1.hnl. clcioniwd w11t.<1r co11!.11ini11n 90 or .. 
1w11 i11m~/m L con L11ined, i1 1'1 .. 1!r ?,,I .. h 1H1 r ~t.Ma f{r., 1011 
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orgnni11111A/ mL. G<>lunm~ cul\ he clc1111ed porl.illllY of pim11-
do111on11dK by 1·ochar1.d1\K, hut II n.26% 1mh1tion or l'ormuldc
hy<lc will cl<mtroy mo11t hnctorin. T ho column muMl b1J 
w11~hc:d thorou~hly nnd (:honked for tlm 11h111!1\(;t• of nldtihy<lo 
(with o $chiffo H<mi;<i1\L) ht,l'orn iL cull be Ul>(l(l to rionornl:c! 
doioniZ<!d wot.or. 

\.lltsiwiolot l'ndiunt: omirl{y (2,10 .. ,:>.AO 11m), hMt: m· riltmUon 
c:nn he u~cd to limi(. th<> l(r(>Wl,h, kill 01· r111110vo micrnol'l(fl" 
11i11m11 in wntcr. 'l'he lf!U<ll' m<lt:hod cmplt,;y!t momhrnno fil , 
tHrtt 1rnd Mn lrn 11ti<1d to remove b11cteri11 l.'i•om hcnL,lrlhilo 
mt1t.el'inls afl do~<:rihml imd~r mcml.11·111w fllt,<11·a in Chnptt•r 
'16, 

Tho phonomcnon of <nmwaia involvol! th(> pm1Hnl{o of w!I L<•r 
frmn n dilutt, 1soh1tioll 11<:1'(>~1.t n ljmnipormunhle mi:mhr,111(1 l.o 
n mo1'H <:i,11<:onlrntt,d 11oluti<1n. l•'low ofwnt.er cu1, hc> 11toppod 
hy applyin11 1m,,:;~11ro, cq11nl lo Ul!l oxmotic l)T(!~$\JY<l, l(i Uw 
co11ce111.rnt<~d ac,l11tio11. The flow of wnt<H' 1lm\ bci rcvo1'HCHI hy 
n1)plyill~f 11 p1·1i~11urc, ,::1·et1l•~r 1,hun tlw oijmotic pn111H11rn, 'l'ho 
proce~~ of rover110 0!1mo5is utilil'-(!ll \.lw lotter p1·ind1)lo; hy 
tl))IJlyin« prm1iu1ro, g1·u11Ler 1.111111 U1<1 oHmol:ic 1n·e!l!l\1re, \.o (.ho 
concentrated 1:10l1.1\.iou, o~, lup wot111·, 1>urn w;1!.cr m11:v ho 
oht.11i11cd (aC(! /{<!11,;,1·1;,1 Usm1i.~i11 in Ch,111L~,r 77). 

Collulo:ic uc,(11,t\f.C i!J mod in Urn m11nufnd1u·o 1)f ,wmiptn·
nwohlci mombrcuH:11 t'oi· llUl'if'y inM wnUi1· by l'C)Vcrne omno:ii~. 
'J'h i!J ))Olymcr h1>H f11n1:Uon11l 1:ro11ps t,hnt.cnn hydrogcn-bo11d 
t.o wowr or ot:hcr 11uh1<1.crn<:<1H 1\uch 1\11 1\kohol. 'l'ho wnter 
molom1lcf! which Cllt(~r Uw polynrnr nrc t.r111111port.-0d frM1 one 
bo11ding uilc tu lhu nox\. 11ncler 11r<•llftllro. Bocnu~e of tho lhio 
luy(!r of pun, wnt.(1r kt.rn1111ly ttdt10J.'btld ai t.hc t111l'fn<:(! of t.h<> 
m<m1bl'tlno, ~11lh1, Lu n lt1r1ie oxt.(111!., nro repelled (r()m t.h<! 
1mrf1H10, the hi1(htll'-vnlont. im,~ bf1illl( ropc,lled 1.0 n ((renter 
cxumt, t hmi c11u:ii111i 11 110p111·nt.i\ll) of ionu from !,ht wt1ter. 
0~1.(1111i,: molc,1ulc111111·c rnj11c:tcd on l,he bt1ai11 of o i1i1ivt1 mocht1•· 
nhO)l rol11t.od l.o !,heir 1Ji1,c nnd Hhf11)1\, Smnll or1.rnn,1: ,nnfo, 
culu~, wil,h ,1 mol(icnlnr woi11hL i;m1tllor t.htm 11pp1'oxim1\t.oly 
200, will p11t1M l.hrm11~h tho m~1mbrnnc mntcriul. Sill(!<l ~hc':1'<1 
11ru fow 1>Yl(1lllic molH1;1,d(n\ with n molccul,1r wdght. of lol\H 
t.h1\1\ :wn in t.hc omnidpnl watcl' 11upply, u,v,mw o~mmiin 
ul:l1111Hy iij ~offident fol' the 1·omov11l of Qrg11nic 1111Hori11l. 
'l'ho pot1-1 11i~.o« t►i' (,IIC! 8tlloc:tivc.ly pcrllltllblc rnvcr~e-ol!ll'lllili11 
mcmbrnm,11 im: ho1.wocrn ri tmd 100 A. Vir11Acff und h1W1.(lr in 
lurgc1· than HlO A nrr. rnjcc:t.(id if I\O lmp(:rfoction~ cldl!I. in Urn 
mmnhrrmo. 'l'ho m<m1lmo1e,s mny nnd do dovolo1> op,111i111:~ 
which 1>11rmit the p111111111~e of mk1·om·1i1rni11m11. B<1 c:1111H(1 of 
t.ho m:mittl,aiic t!Otld iU011ij, bnct<irin c1111 Rrmv both 11p~1.ni,11n 
mid c.lnw11t1l.rnnm ol' I.hi, mcmbl'nl\e. ll\\l)l'()Vmnr.nt,~ in mem
brunca 11re hein1, mod(! mntimu1lly ln ~ypr. 11nd mm,ufocl.tn•, 
in1t pt OCMfl ,mr.h 11K Um 11~0 of ))oly11m ld<1 mutc1·inlrs. l(, i11 
,,xpoc'.l.1l<I th11t the prcp111•atio11 of wnl:cr with noglif!,ihh1 01· no 
lmdo1'i11 prmmnl will be achieved hy thi~ p1·0(:c1KH. 

'J'he 1:iel(idi,m of w1~\.or-trn,1tmc11t t!quipmcnt. clep11nd11 
upon tlu.: <111nlit.y of wnt,w t.<> be lc:ited, UHi q1111lily of W1\tnr 
roc1uh•ocl nnd (:ho spodfic ph111·nu11:1mt.ie1d pu1·1w11ti of \;ho 
wni.01•. }?rN\tumt.ly, two 01· ,oorc mcl,ho<lij MIJ 1111ed l.o pro .. 
rh1c.o Uw w11U>r dcnirc<l, foi: (!')11\mplc, filt.rntio11 ,me! clh11:ill11-
lfo11, 01· filt.rnl.iol\, rovc1t'llt\ tlijlllOIJi~ nnd ioi\ c>cch,.1n((O, 

Aromatic Wators 

AromnLic w11tol'H, lmown nl11«> nH mcdicutod wnl<m;, lll'II 
dear, 11a(.\ll'lltt1cl 11qt1um1B ~oluLions of voh\l,ilt i)il11 or ol:hcf 
nmm11tic ol vol11~il0 1111b1:1tcuwe11. Their odor1.1 find t:111:11,<l~ 11ro 
uimillll' to thm10 of Ui1, d1•U((k 01• V\)lt\t.lle 8Uli1.1t11ncc~ from 
which t.h<1y MO prepurod, und th Cl 11 repor(1t.fon,i 11houl<l he fro(, 
from c,mpyrm11nr1tic {llmoko-lilrn) 11111I 01.hor forni f~II odol'!l, 
'l'hoy 1U'C u11od prluc!pnlly w, fl11vorcd 01· l)(lrf\lmod vohi1i1<.,11. 
'!'he v(ll(ll.ilo 811b~h11wc» from whid1 U\lly nro t.o he nwclu 
idwuld bo of 11h11)•11111co111Jinl q1u1lit,y oi·, in 1.h(I 1:11~(1 of n1moffi .. 
dc\l proporutiona, of tho bout. q11111ity if thu fincrxl, fliiVONJ MC) 
l.o ho obtnincd. 

Arnmntic wnt:1,r11 mny ho prcpnrcrl by oil<'! of t.wo offici11l 
l>fOCClll!C8, 

n1,,1i1111llotl··•-Dilforo11L nulhoril,iM nivt (liffo1•1,n(. tllrnc:111►1111 l'<•f lll'(l· 
pnrinK nrmnn\fo '"'*''" hy <ll"tiU11l.1011. · l"<)r fr~~h druf(n t.hn p1~>1>l1ttlono 
,•11111(11 from I pnrl of drug to i of di~till"t-0, to 2 1l11rl.>1 •)I' drllf( l-0 I r,f 
rli~tilln1,P. l•'nr tlri111l druu• •tWh 11~ cl11t1nll1(>1l, ,111iij~, dill, w11·11w,iy 111111 
fonni,1 Lh~ propor(.i,m i~ I llllrL ,1{ drug to IO of dl~tllh1to. 1-'or dri~d Joni' 
dn1w, !lllt.h OK 11~)>1>ormi11i. 1,ho 1>l't!J)11tl,i<m i,; :I p11rli1 of 1ltu~ lo IO r,f 
diRt,illnto. 'l'h1, 1lruK 11hould h11 conluHtld or cocm,oly l(l'lllltHI ll1iCI Con\• 
hlned with n K11fficim1I. q11m1ttty of l'11rifif,,J W11t.cr. MoH of Ull1 w11t~,r 
U1m1 I• tllotlll(ld; c111~ Kho11ld ho l11lmn lo ,wold t1lmrrh1g or 11corchlng t.hc• 
,,11b•iU111cc~ I<> provt>nl, 1.h11 forn1<1tl,111 of mnp:,,rc11n111t.ic odor~. On con\• 
1>lot!1111 •'' t.he lll~till~tion, ,my oxco1<• oll 111 1-1 111 11l11tiH11lc i• t'<lmovod ,md, 
if ,11,,;1,11111,r)I, 1,ht• d tc1r,111nu,1· portion i~ filhirod. 

Sr)h1tfou ... . Arom111i1: w111utu 11111y he )>rw111·1,d hy ah11ki11g rup1:11~~dly :t. 
1; m· (?. ml, if II li<111id) <if the, volnt.ill, m1hal 1111~c1 with lOOll ml, of J>uriffo1l 
lvi•l<>r f11r rn 111l11, 'l'ht> 111iKlme lij ,;c:t, n11ide for l?. hr, filt-OrMI lhrou,h 
woltod fillor />''\'t,r 11111! mn•k• (o vuh111lll 001,)0 ml.) by 11tl,li111111urifi111I 
w111,,1r lhr,,u~ 1 t 10 fihcr. l't•l)p(lrminl, W,1wr t.lSJ> c1111 ll~ prop111'(1rl hy 
oif.hnr of th(I t.wt! offM,1! m11thndH. 

Alt1m111toly uron'luUc waters 1\IM may b<• J>r11p11rnd by in• 
<:orp(lr,1l.in1r thorouj!hly thll voltttilo oil wit.h JG!! (If h1k, or 
wiUi n ,;ufficicml: qunnt,it;y of pm-lfled ailiccou~ aarlh or 
p11lp1id fiH,<u· pnpor. Purifiocl wnt,ir (1000 mL) is ,,ddod 1111d 
l,ho mi~tUr(l iA ugit.otod for JO min. Tho wnt,(lr UH,n ia filtorocl 
(uud, if 1iMoH1111t·y, rcfiltcrcd) und it!! volum<> odjuKted to 
1000 mL by })luir1i11u pul'ified wnler ihrou11h t.bc fi)~(lr, 

'l'his ie the proc::o~~ moijl. froquontJ y employed ain<Xi ~la1 
w11tar cuu bo prept1rcd promptly, cmly JO mlnut.t1a of n11it:n
tfo11 l)1il11g r<1quirod. Tho 1100 of tnlc, purified 11ilicoo\1a enrth 
or 1>ulpod filt11r pnpor 15rc11Uy incrcuscn t:ho ,mrfoco of tho 
volntilo 1rnhlltcm,:<J, in1mrh)t( moro rnpid tttll,urotion of ~ho 
wntcr. '!'hes(: di11po1'1ling a\lb11tnnnos also form 1m cfficiollt 
filtor bed whi<:h )>roclncoK n clonr riolution. 'l'boy 111!m nrn 
unrcactiw. 

O(,)wr mot.ho<.IR huvc been sugl(~awd for pr(l))nrinl.( CH'umut
i<: wnLntH hna1id on the t1:1e of e1)l\1blo c:om:011lrtl\,1!H ,11· on 
inc<11·1>omtion of 11olubilizil1g ai:onts 1mch ns J)(llyaorhotci 20 
('l'woen 20, At.hlll). HC>Wl•VOr, 1111(:h prnp11rntion8 are i,\1eo11p· 
~ihlc to mold UJ'()W\.h o.nd, in conc,1mt.rntion:1 hi,!hcr t.hon 2%, 
import 1m objc<:tionnhlc oily t.m1C,(,. 

Concent.1'1\l.c,\d w11torH (og, pcppcrmi1,t,, dill, <:inmunon, cur• 
ciWllY nnd uniN11) 11111:,r be prcpured t\8 t'ollows: 

l)i•11•1lv" :!O lllL of t.ho vollllile oi l in 600 ml, of VO% 11th•m,1t. Adil 
H\tfficionl pnritfod wnlm' in 11m:11i•n11ivv •mnll 1>vrti11n6 t<• )ll'Ocl111:<' 1000 
1111,. 1:lh11!.1• vi11<•n •11~Jy ,,ne, Meh r,ddit.ii>n. Add Ml ,i (>f 11t<:1·1Ji1.(!d pmi• 
ri1•d 111k, i<hnk,, oL·v11•lm1uUy fo1• licvernl h1J111·,; ,111<1 lih,1r. 

If 1111i!1e conccnk11t,(1 iti h<!inii immured, ~he v1ihmw of 
citlmnol 1m111l b(~ inci•M~etl C.o 700 ml.. 

'l'ho m·omnl:i<: w11tc1r it1 pi·opar<,d by dilutinll t,ho f.Ot1c1111-
trnto wit.h :~9 t.imon iw voltm10 of wolo\'. In gonornl, thoNo 
mcl:hocfa yiold nromntit; w11t~ir~ thot. 11re 111ightly inferl<>r io 
1111,ilil.y to t.ho~c 1>rep11red by di1<l:ill1;tion or solu1.ion. 

'I'ho c:hmnicnl wmJ)o:!iU11n of )IHlllY of l,h~, volnt.ilc oi111 ueod 
in prop,1rin11, ph,ml)l1Mutit:uli1 And cosmol,ict1 now in known. 
Simillll'ly, mony 11yntho(:ic 11rom11t.ili K\lbst11ncoa hnv<l 11 r.har-
11clerfotfo odor;<% f(or,u1yl phtmyl uc<1i11tc.1 hn" 11 honey odor. 
Sud11111b11t1mca1l, oithor nlonc or in wmbinttLion, ctm be usecl 
in ,wnol'fidul prcpamtiorn, nud1 by c,,mhining Lhem in defi
nitt: 1n·oporUonK, it iu po!i11ible to produco KUblltit.11tco fol' the 
officinlly ro1ioitnil'-(!d oil. lmiu1Uon Otto of Roso (which con., 
t11ina ph<1))yleU1yl nlc:ohol, rhodh10l, dtroncllol ond othor 
inK1•odfonta) ia nn txmnplo of Uw l,yJ>tiK ,,r Kuhatitutl\R whir.Ii 
nro 110w 1wo.ilnbl<1. Additio1111l infm·mnLiou rl;g11rding the 
111>1>rnpri11t11 prupurtttion of nromutic w11l.(m1 lfl p1•ovidod in 
RPS. J 7, Chnptor /3'1. 

lncom1111tibilhiuff··•.'l'ho princip11l difficulty c,xporionc:~d 
ill comp<►lllld infl prorwripti<mtt co11tnluh1g nromntif. wntcrs i11 
dl10 t.o n "r;olting 0111." ndion of 1:01·tnln l111(rndienl11, Kuch ns 
v01•y 11oluhl<i nolts, on tho vol11lil1.1 J>l'iucit)lo of Lhe oro.mat,ic 
w1\tur, A rc1>lucement, of pm-t <>f Uw uron111tic wntcr with 
1)1u·ific1d w11t.01· ill pcr111iasibl11 wh<ln llO ()th(IJ' func:t.ion i~ bch,1:1 
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riorvorl t.h1m th,1t: of II vchic.:lt!. Othm•witll\ a dih11.ion of 1.lrn 
p1•0,h1<:(., wil.h n :-iuit.nhh! i1wr1~11i;(1 i11 doH111~1-,, i~ imlic:ntull. 

Pi-011orv11tio11, .. ··•-Ar01n111,ic w1.t1.cri; will del(':riol'll(:c1 with 
(.imo 1md :ihouhl, t.horofo1·e;, b<t tnlidl! iu i;11Joll q11,rn1,i1.irn1 mul 
1m,tod<:d fr1llll int,<,UHI! li11h t., 11xc,11u~iv\! h\lut 1md ut.ol'ccl in 
,1ir1.iuht., light.-·1·0Nit1\,1lnt n>lll11i1w.1'H. D1it.111forntion muy be 
,1110 Lo volalilizatl,)ll, d(!Mllll)Oilit.io11 m· mold l(l'owt.h 1rnd will 
p1·mh1t:(~ »0l11 t.io1\1.1 t.hn~ 111·11 cloudy nncl hnv<! lo11t oil n·u,~c.,~ of 
1,h<,il- ,111,rno,ihlc., •>dor. I>iotillc11I wnt.c1· \1~\lttlly h1 c:ont:nmi1111(·,,. 
ml with mold•prodm:i,11< or1t1111i,m1i;, Jko1m.U,y <IIHlilled nod 
hoilml wnwr ~houl.d, th1,r1,f'or<11 ho 111,od i11 l.h<, l)l'(IJ)n1·utio11 of 
11wdk11\.(\d wnl,c1•11. No p1•(!1H1rvnt.ivc 11ho11lc.l lai odch:d l,o 
m<:1<Jicott1d w11l,N's. lf Uwy become do11dy or ol.hmwiMo do l,<t• 
riornt.<i, t.hcy Hho11hl hu di~cl\J'dcd. · 

Aqueouo Acids 

'l'he otfidnl i11or1(1111it: odd,, ,md ,~:rtuin or1toni1: 11(1id11, 1.1l
l-hou1~h (If inh101· 11iip1ificonc:u rm 1.hti1·1111t:111.,1,' n1wnt.11, nn, of 
1p·1111t. lmpo1·1.u11,)~1 i11 1:h1H11ic11I 11n1l 1>h11rnu11.aJ11f.i.:1.1 l nu1 11u1'11<:, 
t;ul'in1t, 'l'hi11 i11 Ol!l)Minll~ 1.t' ll(J of 11cot.iG, hytlrod1l<l1'i1: and 
nit.rit: m:itl11. 

Pcl'(11.lJlt.lll(t1 S1:1·1Jn~Lhfl, .... ,Mnny of' lh1, mol'e import.11111. 
hwr·gunic ncid1; 11r<1 1.1v11ih1hl11 (:ommm·1:inlly i,1 t,h(1 f'nrm of' 
,~011t\1mtm1A;1d m1ll(!(>ll8 aol1.1t.io11~. The, pcn:Cln(~\R\\ rit1·co1~t.h 
vnriuM fron, 0110 ndd to 11not.h(!r rrnd dc1>011<IN •m th(\ JJolul.iili
ty 11ntl 11t.11hility <lf Lho milul.o i11 w11to.- nnd on l,h<i 11111llul'111:l,\11:-
i11g proc:m1ll. 'l'huij, tlw oft'iciul Hydrnd1loi·i<: /\dd Colll,liitlis 

from :l(Ui Lo 38'Yo hy W(!i1ih~ 11f HCI, wlwl'l:.n!I Nitrit! Acid 
.:onluinis from (iO to 'il% hy w<:itth~ 1)1' HNO:i-

B!lcul•"~ 1-JHI l)(.1'(lllf.(\,hl! of tho(le (:onccmLrnt.ccl 11cid11 m·t• 1:lllll,
(l(I in 1~1rm!! of% by wd1iht, it ill (:~sff11tfol tho!, ~pocifk w·ovi .. 
t.icm nlHo hc: pr1>v!dod ii' one is to he able f.o cnl1:nlnf.1t r.onv(•• 
nicntly t;he 11mmlll(, <.>I' 11h11<1h1Lo 11dcl eo11t11inc:d in 11 1mit; 
v11lum<\ of the ~olut.ion all {)\1rd11~11n<I. 'l'ho mutlwmot.icul 
l'<tl11t.ionshi1> involvod 16 1;iv~lll by U111 eq11tl1,t1)11 M , .. V X S X 
I-', wlumi M in t,hll lllt\tll! i11 B of oh~oll1l1) ,,C!i<I <:m,t.oinnd in 11 

ml, of 11oh1t.io11 hnvini, 11 11f)<.1(:il'fr~ t,:rHvity S 111ul n frnciional 
pcrcr.nt.nJ(e 11l,r<m,-:th F. /1.11 1111 tlXnlllJ}k,, Hydrnchloric Add 
co11l11inil1fl ,\G.!l:!% by w1ii1:hl of HCI h11~ 11 ,ipc:<:ific ,irnvi(.y of 
1. J87u. 'l'horof'orc, tho nrno1111t of 11h~c:•h1t.11 HCI ullJ)pli<id hy 
1 ()(} 1111, <11' Lhi:1801111.ion is ~iven by: 

M , .• JO() X Ufl'l:l X O.:l1Wa ·~ •i:l,!1ri i: HCI 

h1<:om1>otibiJit:ia~··· •Alth1m({h m,rny nf tho rnnct.ionH 
r;hoi•11cf:1}1·i11ffo of ucid« offur nppott.11nit.l(111 1'01· in<:omp,it.ihiJ .. 
iti1,11, only 11 fow llre of 1mfficien(, impo1'1.1111<:11 l.u 1•111111iro morn 
1.hon <:1.11111111 nw11til1ll. Addt< mid iH:id ttnll1;1 d1•1:0111p11111: t•.111•, 
bo1111tm1 wiU• lilrnrnt,ion of curllou diox,ck, nnd, in (1 doHcid 
ccml.(1ill(1r, 11uffic:ilm(. pro1111un! 111ny he d(!vd(1J)ed t(, p1·1ld111)0 
Ill) (!Xpln~inn. lnori1nni1; 111:i<l~ rmrnL wit.h 1111lt,t1 of Cll'((!lni<: 
Midi\ t,, 1>1·ocluco th(! ft·11\l oq1,1mic 1,citl nnd 11 ,1111L nf the 
in111·1,unic 11dd. lfh)ijOl\lbl(1, th.o or1.~1.mk 1wJd will bo p1·0,\i1,i .. 
\,11t<id, 'l'h1111, 1mlic_ylic 11<:id ond btlrnmic ,icid !lr(i p1•e1:i11iti1u1<1 
fum1 &olu~ion,:, of 1li1liGytr,1:oi11m<I h(!lW.1111te~. Hol'i<: oc:id lik(t• 
wise ii! p1·ecipi(:,11.1,id from emu:<mt1·11t.c:d aolution~ or born\.(!$. 
Hy 1111imilor rooction, cnril1in 11oh1hl<i Ol'fJ,t'\l\iC compoundu nro 
1:mwn1·tod into 11n immlublll f<ll'ln. Phooob11rhitnl 1io<lium, 
t'o1• llllttmplu, i,1 cunvortH<I in(,(1 plwnob111·hitul which will prn-
cipitot;u in n<ltwouu ~0l11lion. 

'l'hc ahilit:y of («cid!l to comhitw with •lfk11l1)idij i1t)d ,,UIIH' 
Ol'{(unic compotmdi; am1:11inin1: 11 b1111ic 11i1.roi;un lltA)III i~ u~(!d 
ii\ prc1mrillt{ :iolublc :;nlt:i of f:h1•K<i flt1h~t,u11mH. 

H. 11hould be home iu mind lhot c1wl.11i11 rll1ll1(.im11;, 11yn11)i;, 
11li)cirn 1.111d 01-l1m· 1>lmrn111l:\!\1Licnl propuratinn,;, 111,1y c,rn1.11i11 
rroo odcl, whidi ('IIUJ:ll•ll t.h,:.i,v 1>1·np111·ut.ion;, to exhibit·. Uw 
incompal-ihilit.i\lK 1:h1H'11(:l,<)l'i,;U1: of Lhc ncid. 

Acid11 11lllO p<,11ij1Jij~ t.ho hi1!omp11tibilil,iC'i; 1)1' lhu 1.111io11H 
whid11.h1!y oont.11i11 ,mcl, in l.lw t:mm of (ll'f{1mi1, 1ldd1:1, t.J11,1;11i 1\re 

f1·c11m1nf:ly of pl'i11111 impl>1'tm11:o. '.l.'hi!ij(' m•~ dillcrn1:1ed 1111,for 
t.111.! $pt\Cif'i(: 1llli(1J)11. 

)>ilnt,1,id i\dd11 .. - .'J.'ho dil1.1t.1ul m:id11 in (.hu USP m·11 aqu<i-
0\111 Kohll.im111 of nddM, of n 1mit11blc 1;tl,1:<i11gl,h ( OHt111lly l (►% 111/11 

hut. Dilut.od A1:ot.ii: Add ill (i% wlv) for iot.mwl odmini11Lr11· 
t-ion or: for 1.hP- 1m11111fucl.11rn of o\.ht11· p1·,i1>1.11·,1l.i,n1:i. 

'J'lni 111.r~t>;~t.lv; <:1ft.lw c)fficilll undilut.ud ,,1:id,; 11rc •~xpt:t1Jla1icl 
u» f)ti1•1:Nll~ll(OA 111/111, wh11rCJAll tho Bl,rori1{t.llH of tlw of'J'idol 
dil111.11d 11<:id,1 111·0 cx1>rcm1ccl 1lH pnri:,m,. w/11. It., Lltert1for<:, 
h11<.:c>m<111 111i1:c111,1111·y w com1idor I.hi: ~p<:cific r:rnvil.i,m of I.ho 
conc1ml,l'lltl)d 1wid11 wlu,11 c,1l!!ulnt.i111, t.hc volunrn rnquirncl l,o 
mnkc 1.1 t~iwm c.1ui1111.i1,v of rli111l.1:<I 1wi1J. T ho followin1' equn· 
Lion will ,;iv1) t,h 1, 11umh11r 1)1' ml, 1·oqui r<,d t,> m,1k•.• 1000 ml .• of 
dilut.NI odd: 

.......... St.rnngth _of d_iluL<>d.,ridd .x .. 1000 ............................ . 
Slrnn1it.h of undilullld 11cid X H)) t~r of umlilul,od 11citl 

'l'hu11, if (me wil'Jbca to mnkli 1000 ml, of Dilul.t1d HydJ"ochlo
ri H Acid USP 111:,hii; Hyd1-.,d1loric Add whi<:h 011111~~ :3'1.!;% 
HCI fop w 1 ; J H), t.lw Hmo11nl rcquil'(id i11 

... 1 o >.< .I ll<),{J.. ,., :.i2ll ml 
:l'l.h X J.Ul '. ' 

Dilul.cd l-ly<irochlori1i Acid USP ir, utmd in I.he trnalmcnt. 
of 11chlorh~•d;·in. Howcvl:lr, i i, 1JH1y 1rrit11l1.1 Um 11111t,011,; JIH!lll · 

tm,no of tlw 1Mut.h m)d 11W1ck (.h~) eni11ncl oft.ho tci,,th. T ho 
utm,11 do1i1: in Ii ml., w1lll .. dilut,.1d whh w,11.vr. 1n 1-lw f.ro ,11 ... 
mtm(. of achlnrhydriu 1w 111.1.\1 011)(. i11 modi.I Ln r,clmini~l.cn· morn 
U11111 11 roliof, producinK do~o. Tim nrn·1111d pH ,lf Uu, i:lliltrk 
j11il10 i,i O.!l lo Ui und, in 01·<fol' t.o nt.t.11in t.hiK l<>vol, 1>11rlicul11r
ly iu i1ovm·t• cn:ic~ of V,tlHtric m11 lfum:tion , l!oowwhnt larw.'-r 
d(1an11 of Urn ndd w,,uld bti 1'\l(JUil'<id . 

Solutions 
A 1mh1Uon jij n liquid prop11rn~io11 t.lml. C1)11tni11R Oil(! (11· 

moro solul.lhi d11,mk11l i;11b:<1t.1111 coM dhnwlVlld In M1l.01·. 'l'h,,. 
"ol\lUI u,,1.1nlly i~ 11<mvolnt.ilo. 8oh1C,i1)1111 r1r1! 111wtl for 1.11<, 
"tH•<~a·;., t.ho,·,11111111..k effect of Uw i,olu tc, tiiUm~ int.1,rn11lly or 
ei,(.(11'1\nlly. /I.It.hough I.ha omph118ill ht•rn ii; 011 l,h1i 1111twt>ml 
8olutim1, 1:<:rtc1i11 1>1'<.":11arutim1~ or t-hi~ 1-YP<• (ayropi;, int't,11\ionM 
Md decoction,:,) hov<>. diRt.in(:tivo \!1111r11cl,(il'i6tit~ 1111d, 1:hllre
l.1m,, fU'(! do,;crih(!d lnt;or in 1.hc chrlJ>l.or. 

Solvont.l!, ijOJubility nnd K!\nornl nrnt.hod:1 fo r (.he inco1·po .. 
r11tio11 1,1' 11 ,iolut~: in n :iolvi,nl- m·<i dil.1c\1~11ud in ChnpLcir Hl. 
Solui.lom: ,11·0 ,1111111lly bol.Uod 11utm1wticall:v wil,h 1!((\thmwnt. 
of t.hc Lyr,~ tthown ill fi'j" tta .. 1, 

J>rcir>ur11t.lo11 ...... A sp<wific nwU1ml of 1.►rt!purnt, ivn i,1 giw:n 
iu 1.lrn 1:<'11np,mdio fo1· mo1;1. :1ol11timrn. 'l'hci1c 1m,codurnl\ 1'1111 
Jl)I,() thNIO m11in 1:rit.e1,~orim1, 

.8lu111hi Ho lutlcinH• .... Solu(.ionH of 1.l1l11 l,y11" 111•,1111•op,m1d h,v di•Kolvi111< 
llw 11<1hrlo ill ,1 ,,111111I)((• "")111,111 .. 'l'h<.- Klll\'lln(. nrny c1mlui11 of.Ill!, i11v,1·1,11!-
1!lllK which •lnhifl,.., or ,,of11l,lth:,1 1-h•• ,1ct.i11" ill)jl'<;clim,1.. Cnldnm 1-l:,-
drt>~!tl,, 'l'o11le.1I l;,1lutfo11 (l.im~ W11t1•r), :';,11li11111 l'hn~11h11ti,• <irnl 8olu-
1ion 111,,I Sl.tm111 lr.odlil\! 1)1,lotfou M(, exnmpl,,H. 

C'!nldum Hy,lr11xid,1 'l'i111icol Solot.11111 ,:nuCo1h1k, In i,,1d1 HK) 111 I,, 11111. 
lo,._, 1,fmn 140 11\1,( of Cl\(( H),.. 'l'ht: m1luf,i1111 i,, 1\n:Jlt\~11,I l)y ~f(ib,11,hlj! 
vin"rnuHly !J 11 ol' m1k111m hydr·,,xld<• wit.II 10001111, of (:n,1I , 1,11riri,,.I wnror. 
t::x,:<,.;11,:ftldum hydrnxi,l1, i,1 ullow11d w 1111tU11 ,,1n nlld 1h1, clO(II', ~11p«rnn
ln11t. liq11id di,i1mlll\lll. 

Ao it\c,,,~,um in uoJvout h .\mpcrnt.un~ Ul~lmlly itnpli,:n 1m in•:r,,oi.tt h, 
111.>litw ~•>lubility, Thi11 nrl{: (l,10~ 111.11111>ply, hl)wuv1,r, I<> lh<: g.-,luhllilJ• of 
,~11,,iun\ hydrnxido in w111.cr, which do1:1•c11,11•11 wit,h i11~1•111111h1M lt<tl\J)(1t11• 

l.ur<:, Th,\ offki .. l ,1nhrti1,11 i• 111·<•1mrt1d 111 ~i.•. 
~,,h,1(.i1)lh\ «.~•m\uf,,h,r, h;i,11truj( i<ll\n •·•~•td , with L~w ,~nd.wn dloKiCh! ia th(~ 

11unrn1plu:ro. 

on .. .,. GOi ·• HCO:i'' 

OH + HC0:1 • co/· + HiO 

. "I 
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1-ttoMJWMffl , .... 
1:-$.!lolrhtull 
l-f' ... 1111' 
~ui.01114' 
l - Oltt~f'I" 1111 
.....Onlflo•H
?-'l'o,., o ... 11o.1l/l\ 
, .... ,."" 'toM. 

- .. a,., : 
0-'llflllf Y\AI• A1Nm\l)' 
1-TMit rult!OI lllln1 Vllll 
t--H~hl 
. .. Ad"'""""1 · 
.,_t,o.4 /14)..tnmli 
~•~I-· · . 
. 6.-:Dld!lllll!lnt v .. , 

A rolQry or1ivlly llo1tli; llllor (courtc.iey. us B()tltllrs). 

Gnlr.iHlll ll)•droxl,k '1'011i,,11I ilolt1lion, 1.lwfl1foro, Hlwuld tu; 1m•m•rv~1I h, 
,wll•fill1•d, li1rht. c,111111i11111·•• ul u 11,111p1,rot.lu-,, 1101 oxccedinl( 2r,•. 

St,·01111 l<><Jh1<1 i;;oluiion co11111i1111, in ~nch 1.00 1111., ~,t,.,f,,(i 1: of iodin<t, 
,rncl U.!., ... 10,(111 nf 11ntt1HHl111n lmlltlo. It. iK prcp11ro1I h,)' d li1u1.1lvlug liO 111,f 
i<1di11c ht IOO 1111,i•f 1mrifiod w,11t1~ c.-,111nini111: JOO II of p1•1lltt~l11111 lodl<I~. 
S111fit,i11iit, 1,urifio1i wntt,r 1,lwu lt111(hbl lo molu, IOlXI ml. 11( ij11hltlo11. 

Onl• r. 111' 1,,.liu11 tli••olvl1~ ln timt) ml. i,f w,,1 . .ir. lfowovur, •111111.ion• of' 
iodidcm di11,olv,i lmi:~ C1111mli1.i1111 or iodh><1, StronK l11<1i1w Sol11Uon i~, 
th1,r1,for(1. ,, ~011,1(011 .. r ll<il~it)did~•J In (lXI~''"'' il)tHd,,. 

1-- + ,11i ... _ r· (t,.,,,n 
l>li\lhly ,:h11r,:od 1111io11• nrny hu fuu ml 11l;;o 

21 ··• ~· n[?. "'~ 1i-- l't11+t1 

!:iU•1,11~ ludimi ,'inl11 f.io11 lo dns•ifi11tl 1111 1111 1111(i11nitrt!11•:•1l1!. 'l'lln 11,1101 
do~c Ii• II.'.! ,ul., :11im11• 11 dny, 

8(1\'1:r,., ,miU,ioticK (,iff• cloxndUin ",uUun,. nnl'r.:Hlin i,,udjum fll\tl vnuc:o
myd1\), hN'H\.1>.,(1 Ou,y ,u•tJ i'<'lnltv(,ly ntlHlnhlt~ in 1h111t.1m111 ~oluliuo, m'u 
prti1rnn•d h.¥ 111c,nuf111:tu1·tu11 n• <ir:,o J)n\v,lnro ,rr 1c11111uh111 111 ~•>mbi,1111.11111 
wi1.h •11lt11111111)11ff1,r,1, 1:,111, rn. dil1111111.11, ,li~J11Jrd1\ll\n, 11,tvo,rn 1111d/11r 11n1n11r, 
,•01,ivn•. 'l'hu•o 111·1,p1m11i11ns, <'!lnx111'illii1 ~vcll \ll\i fo,• Otnl !i11h,tiur1, N11f, 

dllill for (lrnl lfol111im1 01111 VruH:omycin ror Orn I Knlutlom 11111111. t llo 
r~1111irom,,,,1~1 vr l,hc, \J!:il'. tlp,11 , <ll•Jl(,11Hin11 lo th~ p11Um1l, I.lie t•lmrmn, 
1)i~t. oclcl• e,l1p 11ppr111Jti11Ut nrl\!111111. ••f w11L111·. 'l 'llt' proch11:«< 111'0 1,111 hl11 for 
\Ill t \l l•I dro)IHWhon rnl'ri1',ornh11I. 'l'hiu J)otio(l u•unll)I 111·,1vl1km m11l'id1111t 
U111c 1hr th1qu1t.i,•11t ltH'omplnfo the 11d111h,l•1tnlio1\ \If 1111 tho mu1lir.n1-ion, 

::lolution by Cl11ml11111I ll111111 tlo1, ..... :r1111•n t1oh11io1111 ,m, l'Y"l>l)rod hy 
ro111,th111 C,w,, ,,r m<lrn •11h1h,,, with 1111ch othnr inn ~uirnlJh, 1111IV(!J\t. An 
oxamr,lc i~ /\ l11111h111111 S\lb11fct.nt<• 'l111pitnl 80111111111. 

Ah1111in11111.,1ll'nln 1l4f> 1;) i, 1liu••1lv1~I i111,C)U ml. 11f ,,old w111<1r. Tho 
,,c, 111\ion is fill11r1t1I, ,md 1m1d11ltntml 1:Pld11111 ,,,1rh,mnlt ('/011) IM 1\dd,,11, in 
11(1V(1r(1I porliono, wit.h ('Ot1Klm1f. r.t.irri1111, Atd it: 111,ld ( lliH ml.) fo ,ulll~d 
11lowly 1111d tho mixtur11 HOI, nsid., for i,i hr. 'l'hn 1>n•tl\1cl• i• fill,11•~tl 111111 
,.Ill' 11111U'1'n u)I thf H(l('.hllllt fll1<1>' w, .. twd wit.h culd Wlil<II' 111,rn u,,, 10(>1( 
fil trnh• 1111111111,r(l,; JUIJO 1111,. 

·n1~ •11h1Uon ~llnl11h1• 1►1,11l1141111h~1frox11- nud 1,,c.r114,,11,lil1ydroKl.lt•h.l• 
mi1111m (Ill) 11cClill,1•~ nml •1tlfolN• 1\lmmlv~d in nn 11411,,11111, mudii,m "'''"' 
rnlod wiU1 1•nld11111 m,lfu(o. 'l'h11 1111h1titHl r.ontn lnH n htnfttl mmmlll 111' 
111:tltic nl'itl. It lo . 1.11hHi1,1•1I bv t.11,, ft(ltlitlvi> ,,f 11111. 111111·1, t.111111 !U)% horir. 
ndd, ' 

'l'ho re111:tion11 l11v<1lvml in Utt• pn•m1tnt.l1m of th1• uohtt,ion 11rc Jti••m 
li~l,1w. ' l 'hc, 1,.,x,111110 nluml1111111 m1fom fh•,,1 11•• 1,11,w111·1,,t1 lot.tu, 1111,,i,. 
rlt.iil,hlR IAl(lhO),.(OH)P ' mul IAl(lhO).(Olih)' ml,lnnk. 
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IAl(l l l()),;I;\.;. + CO:t· ... , IAl(li::0):;(0I J)f ◄ + l·JCO,.. 

11\l(H:Pl.il"' + HCO;,.. • IAl()t,.0),;(01-1)1~' 

/\,i l,lu: fOlll!f!nC 1·n1.i,m or 1 ht! 11(, ,:/,(11 10 ,·:utimu, r(t'•rn1l~l1M. ~~coudnt'\' l'«.Jtll!· 
tinn,; i1iv~,lvhl1~ ,:u1•ht1H11h• Hlhl hit nfl,, ,1hlh~ l'ic,~llr. ' 

[Al(H,10)1,(0JiJf' CO/ .... IAl(H,O),,(OH):,] 1 + ll<)0 ,1 • 

IAl<Hi>l1,(0ll)l~'1 + IICO;i- .. . IAl([·l:l>),,(Oll)il'' 

'l'hc pH,,,. I.he ,mlu~i,111 llmV fovut,: l.h(' 1>rcr:iJ'Jil ,1\lon .,r11i,mol\•11d 1:111,,itltll 
inn•,,. llw im,oh,111.: ~1111,,tu, /\1:11\ k ndd 11,,w in dcl1t,,d. 'l'ht, bk,1rho11-
llt•~ \vhkh in fnl'llH:d in fh,~ finnl ,;t.1,;,, 1t ,>f Uu, 11rrniti1hil'1: i~ r',H'lhw,~d 1lh 
,:n rhnn dlnxitl(,, 

i\lnminum H11hm:,,11111, ' l'1111ltol :'lnlutlon ;,, lU<~O 111 lh(, pru1mrnli<o1\ of 
Ahnninmn A,:,11111-t, '1'01,knl ~olntinn 1Hm<•w':, :';(11111.ion). Th,) 11,1.wr 
"IJ~~-u,.h c:1l1tt11) 1rn J!) ml. ltf J\ hWilll (sc'.t:l,it ,ldd. r1,t!} 1ul ~ u{ Ah1111ioum 
~11h11c1,l1:1 11'l',ipk11I !:'1111\11.i,:,111111d ,iuft'i.:i .,111 ,~nlur lo mt1l<1• 100\>ml., le i11 
<(,?f'int!d nk u 1mlut.iou or nJumi ti um n,:nto(,i io 11pr,rmdrnnlul)• f) t;{,. hy 
wd,:hc (If B<:<,lfr 11d :I in w11C,11r. II. '" hlt1hili1.,,,11,,, 111 .. 11d11it io11 u!' 1h11, 
111oi'1, 1.ha1111,i,•t. h<•rk m:i(I, . 

Sol11ti1111 hy JCx11·i.c:tlo11 ..... J)n,1:u ,,,. r1l1111·m,1,: .. nlii'dl 1w,·1,~~ilh," nfv<•ll· 
nlnl,t,\ ur ,,nimf\l m·i1dn l'.J'hm 11rtt tt>-:l "u:wtl wH.h ,v,,tcr or whh wntt,1· 
~m11 fuiui uu (1t,h,~r nub1d;\nr.t:I\, Prt'•pHrn(irn1Mof I h~>-1~·,n~ 1ll1tV h,1 ('.lf11'1,\ifl,!d 
nti ,,.,,h,1(iu11n h,.at. ,tiur,, u( h,n, u J'11 1:lutt11iffod tH\ l•Xlrn<•t~. 

A doudw il! 1111 11qu11011~ 1:1oluti1Jn dirndtid 111,r1inr1t n pm'I. or 
in t.o u c,wi ty of th<• holly. Jt. funct.ion~ u~ 11 d 1!11n~i111; <1r 
11 nti~1,pt11: " t{t:111.. An <!..)'(t doudw, 011•,d l,1.1 1·m1111V1! l'ori1i1!ll 
l>l.lrLiclott 1111d di1H:h11r1(<:K from UI(! <!J'c1:1. i~ <l i>'<•dl1d 1:m11.ly nt. 
nn oblique 01111l0 Mid 11llow<id l-0 ron from t.lw intH:r t.o 1.ho 
oulor comur of t.110 1,y11. Ph11r,>•l'lf:11t11/ dm1('h1t.1 urn 1.111c1l t,o 
prcpmc U>11 i11t,11rinr of t.h11 (.hr1>M fo1· 1m 01><•r11f.ion 1md 
clctrn~<• ii, in llllP(lur,1tiw ,,ondit.ion:1. Similul'ly, l,hN'II rll'I' 
11<l~<1I 110111;/,r..v 1111/l 111,1111111/ c/011(:/i.1!.~. Doud 1t,1:1 11:.1mllv 11r1i 
dh·c,1\tccl I.I) t.h1: 111)pl'llpl'iut.r: body 1>111'1- b>· 1r~lnu bulh Nyrln1((,11 
(Chr1pl1:1· 10-1). 

Dtlm:lwu rllo~t. fniq1l1H1tly a re 1li1;pu1111cHl in 1.hc form of 11 
1,owdur with 1,liruct.ionu fu1· tli~>.11llvin1{ in 11 ~p11dl'i<ld <JU11nti1y 
,,r wt1t.<i1· (u:rnolly wurm). How1:vr.r, t.n hhih, fol' p rl\J)11d1111 
llOl11Lio1111 tll'ti mmilt)l,lo (01t, D(1h~ll'>; Sol11t.io11 'l't\bl1!U1) 0 1· lh(1 
1ml11l.ion may be prti1lllrml hy t.hu phru·mndi,t.. I I' ()l)wd1\1'11 01· 
l11hlcl8 1lt(! ~11ppl i11d, I.hoy mu:1t. Im fn!l! from jn~olublc m111~,, 
l'inl, in ordm· 1.1., p1·0.-ltWI) 11 d e<11' NOl~1l,i1111. '1'11hlc:t~, ,,rn 1,ro, 
d1l(:td by tho w11111l proc1!11111JK (1.11!1! Ch11p1.cr Ml)) hul. 1111y lubl'i, 
1:11111.i, or dilom1b\ ll~!!CI m,1111. h<i 1·eadil:y 11oluhlo in wn t.m·. 
H<,rk 11dd may I,., 11:;ml 11~ 11 luhl'icont and 1)odium chlol'idc, 
norn111lly "" 11uud 0 11 11 <lihumt. '1'11hlets d!:l.erim·u(,(! on uxpo .. 
nure lu U\(1h11. 1iir ,rnd uh(l1Jld l.w ,11.orn<I in ai1tl1;ht (\()111.ninur~. 

Prr.1>1)r1)tiorn1 of' th in ~Y1>ei inuy c(>11(.11i11 111nm. ~.i ,11: 11ulfn10, 
l)(l)'ic (1dd, phenol 111· H<l<l i11111 hm·11l,1!, 'l'lw it11~>·11eli<mln in 011(1 
dou,::hc /II'(: 11\um (4 I.(), 'l.ill\\ tl\llf'nh) (,J 11), liquefied 11111:nol ( f) 
mL), i;lytwin ( 121> 1111.) nml w11t(tl' ('-J~ t(> mnkc lllOO mL of 
~olution). So\liulll bo r11 ~•1 (lu-,mx, nodium tl•l.rnhi•nll:r.) hi 
u1md in th (: ).11'op,1mt.im1 of Cvmpmmd Soditun fhll'rlt.c Sol11-
tioo NJ•' XI (Dohcll'11 Solul.iuu). J.w 11q\11100~ Hoh1tiou i11 
1.tllrnlin1: to lit.mu~ p11ptlt, In U1c prn~(H><!e or w1lh1r, »1.1diurn 
mcti1l>M11t.e, boJ' iti ,wlll 1111d ~odium hydroxide, ar11 fornllld. 

N,t?.1340,: + :H~;\0 .. ~ 2NoBO:: + ~H~BC);1 

N11BO~ + 2H,.O ... . N,,OH + B:sBO:, 

'l'hn ol'fi<:iol 1mJ11Uo11 1!on1.uim1 !i<>d ium h<mito, M1dium blear, 
bonntc, !iqucricd 1>h1mol uud rily@rl11. The r1l11ct.ioo bc
\,wcw11 hl)ri1i 1u;id 11tlll 1:lycnl'i11 i~ 11ivim in t,Jw ij(l(!(.iou on 
M 1mth11111;i/1e~ . Sl'l' nh:11.1 th<! 1wdi<1>1 on Jfonc,y.'i for a discu~ .. 
uion on Uw \.oxi<) t111111ili1~L11 LioJ1ij 1IH11ociol.1.,d wit.11 Uw t.opil:11I 
11pplic11l,ion of bori<: ndd 1111d homx. 

l)otwluui ,11·0 not. oi'ficiul o~ 11 d11HI! or IJl'Op<11·111.ion11 b1,11. 
11nv~1·,i l :iub,ita11<,11,1 in t.ll(l ,:1lllll)()J1cl i11 frcl1v11ut.ly 111·1, lHII•· 
ployotl UH :mch ir1 w11t1l1 No!ul.i()n~. 1m, h,!mmllB)11ium d1loricli, 
i~ ,med i11 v,ll'ioua <10111:l111:; 1md Cm11J)1)1Llll l Hodhu11 Borai11 
8oh1l,lon ii; u:11)!1 em ,11111ts11l or plrnry11rce,1l douche. /\ nodium 
bir11rbon11l.t! vu1;inn! douche: ht1& bl!on u:tml l.11 i1111l1'<)V(, t,h<! 
po111,:oit11l f,1.!ll•·· 

V1111i1111I 1fo1,c/H!N nro 1rn(ld for do11rn1in1; lhu v11gi n11 111111 
hygiook l)llt')lOKL<t<. l ,ic111id concc11l.r11t.<.11:! or 1,owdrn·H, whicb 
may be>. J)l'C)>lll'bcl in hulk or 11H ning fo -UI:!(! J)f11:k11111m, 1.1hm1ld ho 
dilut<!d or di~1,olwul in the 1.1pprop1•l11te amount. of w11r111 
wnu,t· prior to ugc, 'l'lw i111irc:cli1~11t>1 llk<!d in v111rinul (.low:lw~ 
h1dudt11111(.imi<:robiul 11111111(11 >1Udl llt'i h1:11:rnlko11ium d1lol'ide, 
th r. 1>arulwntJ m· chlm•ol.hymol, 1rn1,~1.lwl.ic:1 or 11111,iprnrit.k:. 
Huch m; 11h1i1ml llt 1111111t.hol, A,if,1'in1i1illt~l 1c<t1d1111; zinc m, lfat i, 
or pot~1111,i11111 nlum, ,n1rfoc1H1ct.ive u:;cntl:! ~111:h 1111 1iodi11lll 
ltmryl i;ulfok ,md clwmicnltt h• alkl' th1\ pl l >1l1t:h 1111 ,,odium 
bienrhm111u, or 1:it.ric ncid Rltm urc u~(!1.I. 

Enemas 

'l.'htil!c, 1>rnpnrntim1t11mi rc,ct,11I inj(1l!Li(mu 1:mploy«cl (.,, c•v111: .. 
~1,1w th1i bowol (cwm:unf,io11 ruomo,,), influcnct! J,h\l 1_11)>11-irnl 
11:yst.em by t\bij1,1rpl.lo>1 (mt,(11Hion 01Hmrns) or t.o ai'f/?d. lvcally 
t.hc seat. of diK<!<1a1i. '1'l11:,y moy 1)0~111::m a 11t,hdrill11tit:, 1111 tri• 
tivc, 1md<ltlv1:1 m· ,11.imul11t.i11fi propcrtic~. 01' l,htiy mny eo11tJ1in 
rml!opaq\11) ,mh11l11n~:(~s for 1·11<11ll1te>101{>'11phk 1ixnmi11ntfon of 
(,he low(!l' lmwol. Some 11ffit:inl rut.cnl,ion l!l!1(m11~ or,, t.h•lti•! of 
tlllll11ophy lli110, hydrn<:ort.i,mnc (llld 11H,t.hylprcdni«olo1w nc<;
lnt.11 , Since U1uy 11.-v lo hce n•l~1ilwd in t))(! i11t.l!11Llnc,, t.lwy 
:lhould no•, h1; u l;!1HI i11 l11r11w (t11n11t.il.i1i:1 Ulan Jf10 111L fo1· ,rn 
11dult. llHunlly, Lh1: volomc i~ (;ou~idembly 1;111111llnr, inu:h n~ 11 
1'11w 111),. Mi1:l'oe111!11w iij 11 t,cr11111H11d IJ.1 dl/ij<)>'iht th,iuc 1.1111,,II .. 
volo1110 1m:p11r.utiontt, Vd1id()K for l'(!I.C,nticm 111ic1·01mo1n11i; 
lww, h«cn formul11t,,d w il,h 11111ull q\1nnt.it.ic~1 of l!l,h11>1ol 1111<1 
1mmyk\nl'. lfl.Yc()l, nlHI 110 >1i1(11ifiN1nt. tliffcrcncti itl irri\.11t.i11u. 
ns comp:irnd wil.h wnL<n', 1v11i; found . A 11,u11!,111>' of drn1iM ~uch 
111; valwoi(: 11cld, i11d1111wt.l111r.i n nrnl 1m\l.tnntdo1.ole h,1v,i h,\c,11 
l'or111olu1.1:d nr; microc,11Qm1111 for th~i ('llll'l)O~c of t1bt«.,rpt io11, 
'Pho nhuorpl,ion of l,ari;l! 111oliw11 lm· W(1i1:h1. dl' ug11, Hm~h ,u, 
in,mlin, i~ und,)r cun·m 1I. invun t,i1;nUon. 

St11rd1 011ca11,, mny b(! 11,,t~d tli\.111-,r b,I' it.11(111' ,ll' a,, 11 vehicle 
for ot.h111' formtt of nwdknt:iou. A 1.hin pn:1t.l\ is mmlc l.,y 
t.rit.urnt.ing !lO r; of p,lw1fo1'1!d 111.,11·c:h wit.h 200 111L vi' cold 
wnl.or. 8 uffidcnt blli li111: wuho· ill ,ul<lcd f.o m11kc .lOOO 1111. of 
1im:m11. Thr. p1'l))>Ol'/J1.ioi1 \.lurn fa r<!hont(l(f t.o ol>t.u io o 1,r,1n11-
p1mmt. liquid, 

So<iiulll ,;hlMitlc,, 11odi11m hk11rb1nwt.(\, 1,11)dii1111 1111mol;y .. 
drn11(lll phn11plrntc twd ,;ocli1m1 clihyd1·ol((!II 1>h0Mph11l.o 111•(: 
11,w.l in 1mom1.1K to cv11cu111.~ Lhi•l h (1wol. 'l'h1m1, l!1•lm•,on<;•111 
m11y he mllid 111011(,, in c1m tl.1in11l.ion wi\:h <m!!h o\,h1~1• 01· in 
,:ombin11tion with irri1,111t.1:1 ~llch mi Nonp. li:11om11 1)f' Soop 
IWC I !)()3 i11 prnp11rc.,d by 1Jimmlvin1: l.iO I{ of i;oft. ~oap in 
1mfficimll, J>Ul'ificd wut.or w 11111k11 1000 ml, of 0111!11111. j:'lcd 
Ji)11om1l, 11 t-:t1mmcrcfolly 11vnil11bl(1 01HHn11 eon\.1.ti11i11,: l.6 tt of 
11odh1111 udd pholl})hnl.u 111111 G 11. of ~odium pho~phnle in ioo 
ml,, is 111urkct,li1l 1111 11 oinjilo .. doi,e di~prnmhlc \ lllil.. l•~v,H:1111• 
li•m 01wmu~ \IHtllllly uni i;iv1m 11 t body t.c m p l!n il111·u iu ((\UHi· 

t.ili<lH <•f' J t(, 2 pl. in,it.•1\t1,d .. 111wly wi U1 a i;yringo, 
S11lf111\11lflzinc J'fc\.111 <mcmt1 h11~ hiw ll 11dmi11iAternll l'v1· tlw 

tr1lutme11t. of uk(H'l1Liw (,0HU11 nml m,1y hr, pr(,plll:ud hy di>1, 
pcmiin;~ Uw t,nbl1itK (l-,i ,.1•.1·cn1r,th) in 2f)() ml., wut.,ir. Hm·i111n 
ijllll'ill,e (,11c11w c:ont,ni1111 1.20 II of bnrimn 1ml1'11 l,1), JOO m I. ,,f 
11(:ad:1 11Ht(:ilt11~c tUld >\llff'id(!U l >d.urch (!ll(:!Jllll to nrnkc :;ou 
ml.. 

Garglos 

G11q~h~1) ,11·0 11<1u<i1m11 1ml11 t.icmt; u1wd fw 1.,,~111.ing I.ho plrnr, 
yn)( 1111d nu,ioph111·y11i.: h~• fo>·l!i111111ir i',~>m 1.lw hmf:1> 1.\11'\)llllh 
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tho g11rgle which iij hold in the l,hr,;,nt. M (111y garglu!l muat be 
diluted with w11!.or prior t-0 ll~A. Altlrn111{h mo11tJ1wtl8hc11 nre 
conijidorcd u11 n 1101,ur11te clM& of phormn<:(luticnl~, m,my 11ro 
1111ed Uk 1~11r[{loH, oiLhe1· 1\8 is, or diluted wit.h woter, 

Pot1111Mi11m Chlornl,o 1111d Phe1H1l 0tu'({lo iK official In the 
PC. lt cont.ninH pot11t,1!1\1m r.hlm·11to, 30 IC, 1,a~m~ blue V 
(Color lndox No 42051) coinmerci(I) food Hrml11 (O.Ol 11)1 

liquifiod phonol (16 mL) ond w11ter f1>r propnrn tio1111 (Iii to 
JO(lO ml.,. H Hhould bo d iluted with 11) volume,~ or wotm 
wotor before 11110. 'T'ho 1m1duct ohould l>o loheled ao t.hnt it 
cnnnoL l>e mi8tnkcn for prop,ir11tion11 lntonded l'or lnt.ornnl 
ndmini~Lr11t io11. 

A 11,,vorod smlution contoi11ing 7.5% povidonu-iodino nnd 
!ll'.i% ol<lohol (hmJine) ill 1wnilnhlc commorcinlly 1111111Muth• 
wnah or garllle nftnr 1111it,11hlo dilution. 

Mouthwa&hos 

A mo\lthwn11h i~ un uquoOllij 11<1luLio11 which is moHL on.en 
u11od for it.& dcodor1lll t,, rcfr0Rhh\1f or uutfacptlc oN'ocL or for 
control or plaque. lL mey contain air.oho!, glycori11, 11ym,hot• 
ic Hwootmwr~ un(I e,urfnco•ucLivo, flnvorinf~ und <1olor ini: 
o,iont11, Commurdnt propa1·11 tlo111l contnin ~uch lor.nl 1.ll\l;i
infcct•ivo Hf/Olli.II flij h,,:x,:tidinu 11nd cotylpyridlni1,1m r.hlorid<,, 
'!'hey moy I.in oither acidic or bnHic in rcuclilill and, in ~ome 
hu1tt1n<:08, may he effecti\10 in reducim: b1,cu1tiol conc,mt<ra• 
Lionll und odorH in th!l mouth for short poriodr:1111' ~h111l, 

Tho product» of <:011\mo1·co (eg, Copocol, Lial.erino, Mforin 
01· Scope) wiry widoly in col'O))Olllt:lon. Compound Sodium 
Borat,e Solution Nfr' XI (Doboll'e Solution) le 11110d ns no 
u11tiuepUc moutl1wash mid gorglc. Antitioptic $oh1lio1\ 1.rnd 
Mo11t,hwc11;1h nre dc11cribod in Nf•' Xll. 'l'l1e1 lnttor wonh !:On• 
t11i11" l•odium bornt.o, glycorin rm<l p,, tnAHium bic11rborn\t(I, 
']'ho rcuction11 whi<:h l t1ko pll\co when these sub11t41ncott nr<1 
diaRolvcd iri wnwr oro l{ivt1n bolow. 

Compound Sodium Chlorido MoltLhwaeh, nnd Zinc Sul
l>hll(o(I nntl ?:in,, Chloride Moul,hwo1.1h 11ro doscrihcd in the 
BPC. 'l'ho t'ormor WMh contuinll eQ(limn <1hlorido, 11odh.11n 
bkurhcn111to, c1)1)contrutod pepJ)l\l'lllint cmul~ion nnd dou .. 
blc-6trenr,Lh <:hloroform wutor. 

Moul,hwnt1hoe mny ho ,mod for o numbllr o( purpo11e11: 1'01· 
oxumplo, cotylpyritlinum chloride! 1UHI dibucnht(l hydruchlo
l'ic mouthwu11h1i11 provldo llllthlfactc,1·y rolh1f Qf 1)uin hl p<1• 
tionbl with 11\co1·ot.ive. l<1Hio11A or tho mout.h, moul.hwnuhc11 or 
cre11m11 contnining ctlrb<inoxulonc ore highly e(fectivo <1011111.{o 
formll for tho tre11tment. of orof1,cinl herpo11 aimplex .info1i" 
tion~, nnd un<lol,1H1t-Od or11I cnnr.or hl\41 boen 1°(1co1tll i'1.<i<l using 
Wluidiue bl@ in tho form of n 11·11iut,h thm,. 

Julcoe 

A juice is propnrod from frosh dpo fruit., la nquoooa iu 
charncl~r nnd i11 ueed in 1Ml<in1, llympa which nro employed 

1111 vohiolcll. 'l'ho froHhly ex1>1·t11wid juice itt J)rol!11rv<>:cl with 
l)eiw.oi<l 11cirl nnd rillowc<l t,<J ~t.lmd ot room tcropc1·nt.uro for 
~ovorol dny6, until thn pcictinn ,.,hich n11 U1rnlly 111·c prcH1Hlt 
nro dcsLroyod by om.ymntic uc~ion, nH indicntcd by Lhu fil. 
t.orod juict1 ylolding II r. lcur 11c>lution wiU1 ulcohi,l. Pm:l,lna, i( 
11llowocl t.o rurnuin, wo11l<l (i(IURC prccipit.a(.ion ill U11J f'it111l 
syrup. 

Cherry J \ricc ia do2crihod in tlw c1mont USP nnd Hu~p• 
bony Juico in USP XVUI. Co11contr11tod Hr111plierr:v ,Juico 
J>C is 1>r<i1>1m1d from tho clnrifilld juico of ru1;1pb1or'l'i<•~. P(w• 
tiMao is Ntirrod into J)u l1>od 1•napb1mieB 11nd Urn mbt\.urt: 
11llowcd to Ht1111d for I?, hc>ure. 1'h(j pulp Ji, pr(liji1¢d, t.hn juic:o 
clurificd nnd 1111fficion1. ~11<:1•0:,ic ncldcd to ltdjuut t ho wciuht 11t 
20° to 1.060 to 1.060 g per ml,. 'fh<1i11ico 1.h1:n ii.I c:oncenl,roL• 
ocl t,o onO•ijiXl,h of iui origh111l vcilum<l. Suffic:iont. m1ll\1rout1 
ncid or &odium 11101.ublKulfitc is tt<ldod os 11 prClcl(ltvnt,ivo. 

Artificinl n11.vorn 110w havo ropl11.cod many of' the nn~uml 
frui t jui,:o~. Althourih thtiy Ill<:!< tho fluvor of tlrn 110Llm1l 
jui<:(:j, the1y ore more 11t:oblo nnrl cn11i.or \.t) incoi·pcwnt:o into 1,he 
finnl ph11rmiwcmtitnl form. 

H.ocenl, infcirmnLiM on cr·unuori·y J11icc indic~,tt,i tlmt it 
moy bo eff,,ct.ivci in c:on~r<,ll il\EI 1.101)111 urinur>' trnct inf<ictionB 
nnd urolithi0Ai11. 

Neeal Solullona 

N11~nl sc1l11tions ore, u11u111ly uq1,1001111 ~olution11 dctii!fllCd to 
I.lei 11<hniniot.urE1d t.c, I.ho nmml 1)(11.i~Qgon in drop,, or 111>r1\yll, 
Whilo muny u( (.ho dmgs 111·0 odminist.crcd f(lr their lt>Ml 
~ymp11t.homilnouc offocL such 118 l~pbcdrino Sulfnt11 or Nu• 
ph11:1.0Jino Hy,lroc:hloridc N11~11l Solution USP. kl rccluco I ll\· 
sftl co11gMtion, n fow ot.hor officiol p1·01>m•oticmM, l.ypru1111i 11 
Nturnl Solution USP nnd Oxyk1ei ,1 Na1j11J Sohition LISP, t\l'(! 
ntlmiuiutorod in ~proy fol'm for t.hoir ~yijt.l!mic: Clffcct, l'ot tho 
t rCfl lmont of d lubllWA inHif)idue nnd mill, lotdQ11m prlo1• to 
broa11t. foccling, rll~poctivoly. 'l'ho cul'rcm r<Jute of 11dmini~• 
Lmtlon of pept.idus nnd protoh111 iu lill\ited io pnrcnt.c,ml 
inj<l<:iion llecnuije of innctivntilm withill t,ho (~llMtrointottti1111l 
trn,:t. An II rc~ult., t;horo iH co11sidorRhlc rolloMch on illtrun fl-
111111l111ivory of 1,hoao drugs such na onnlog,, of onlwphnlhtll or 
lut(tinizing hormono rc:lo111ih1g hormone and i111n11in. 

NaMI AolutioM ttro 1>rop,,rt1d Ho thilt they nro ~imilnr il) 
many rllspecLll to lllltllll 11ocretl!lllK, ao t,lrnt nnm111I cillnry 
ucUvn jg maint.t1ined. Thu11, lhCl oq uoo\lA 111u111l soluiions 
u1111olly ,,ro iaotonic 1111d slightly bufforcd w m11int.11i11 n pH of 
6.fi i(l 6.tS. Ill nddition, 11nt.lmlcr1,binl prCB(ltV11tivu11, 11imilru• 
to t.hoRo used In ophthLilmlc prop11rntio11~, nnd 1ipprnpd1.11:o 
dt·ug etnbili:iers1 if l'Cl(l\tircd, 11r0 i11ellldcd in ih(I rol'mulntfon , 

Commorcial nnaal prcp,untionH, in nddition to Lhu drug$ 
litt~od ubovc olao include t11Hibi<.lt,fo11, lllltihlKtt1111i m1s nnd 
dmw:i fr,1· ost;lm11.1 pl'(>phylaids. 

A form11!11 for liiphodrlnc N111111l Drnps PC i11 

Ephci1lrh1c1 hydl'Ochlorldo ... . ..... .. . . , , . , , , . . 0,5 A' 
Chlorobui1rnol ... .. . , , . , ... . .... , . . . . . . . . . . . • 0.5 I( 
~odium Chlorldci .. . , ....... . , , , . .. .... .... , . , (I.ff R 
Wntor ro, 11rop11.r'1tio1:1e ... , . .. .. , , , .... . . ..... 1.,11001111. 

Out rO)l t, etudice iudil:ntc t.hut nnHIII B1>raya urt1 dop011itcd 
m11i11ly ln the ntrium a11d <.:lef\ rncl fflowly int~, t,hti phnrynx 
wit,h thfl µ11t io11L in un upri1;ht pm1it.ion. l)rnpt1 ~pr!!nd 11)01·0 
(lxt.onNiv<1ly ihuu the 1mray nnd thret1 drops cover m<1kt of tho 
walls of the nnHal cnvit.y, with tho pnUont. in o ~upine pc111itfou 
and head t.i}t(ld bnck 11ncl C.urnml Ion. 1111d l'ight. ft its 6\l(fKOSt• 
ed t.ha~ drop dclivory, with np1)l'Opl'i11t.o mc>vem<mi by tho 
pnc.iont, lo,ufa to cKt(lnaivo cnvo1·11go of l,ho w11lla oft.ho nuH11l 
c11vlty. 

Otlc 6olutl0t18 

'l'houo uolution11 l)C:()n11ionully tire refonocl t.o 011 our11I l>l'(1p" 
11rotlonu. Othur otic µreparntiomi often iocludo fortlluln• 
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Lionn 1md> 11~ ~w,pum1io1111 irnd ointnwnu; foi· topiunl IIP11lic11· 
t-ion iu the Mr. 

'l'lw 111ni11 cln1.1nl'lr-1 .-,f dn.11(1111i11.1d fo>· 1~11)ic:nl odmi11i11t.rat.ion 
t.c) l.11,) 1111r ind111lc1 111111l1wi;ic:11, 111<, hm1ion1i11(1; 1111t.ihi,1ti1:is, •% 
11t10mydo; 1111d 11nl-i•inl'J11mmnt.1,1·y 111~1,nls, 014, 1;o1•1.i11.-me. 
'l'ho USP propntn1fon~ incl11clc Ant.i1>y1·in r 1111cl Bm,_imcninn 
Otfo Si>lnt.io11. '1'1111 Nr.omyr.in 1111d l'olymyxin H S11ll'tll-riij 
pnd Hy<11•1}1:ort,hmno Otic Solution~ cmll11i11 11p111·oprinl1, 
bufforn u11d dirip01'!m11I.::; 111mnlly in 1111 nq11,1ou~ 1111101.ion. 
'1'h(11m prn11111·atforn; h1cludn l,h11 m11i11 lyp1,11 of :mlv1.11ll,~ 1rn1icl, 
1111m.,ly l{lycl1rin or w11tc11·. 'l'ho vi1ic1>11:; l'ly~:iirin v1;hidc per•· 
111 ib1 tho d rnf'.( to romolt1 in tho 1,11r for n 10111( t:ime. Anhy· 
1lro11K 1:lyr.c1·in, b11ln1; hyl{rn111iopic, t.1,111111 t,o r(:movCJ moi~(.lll'l! 
from ii111Tmn1di11tr f.h11111011, Lh11~ n:<111c in11 HIVclling. Yillo:-m1,, 
liffllicls lihe i; l,VC(11fo ,.,,, pr1.1pylm1,... 1: lycc1l cil.h(rl' ,m• 1.1i,ud 11101111 
or' in 1iomhit111tiol1 \vil.h 11 n111•f111:t.11111. to ni<I in tl111 rnmovol of 
(:IJl'llllWII (tllll' WII~). 

In order 1.o p1•ovid1: m1ffi1:io111. Limo for :111u~ouu 1m:p111·u, 
t.imrn lo uct., it it; 11111:c11x11r,v for 1.he 111.11,ic:nl- to rnm,iin m> hin 
oidt) for 11 f1)\\I mi11111,1:r1 !HI 1,lw d1·op:1 do not. ru11 ,>ut. of llw 1ml'. 

OLk prnprm1t.iom1 11n: di11pl)n~od in n i:(1111,.1in,:i· \,•hid1 l'll l'·· 
miu, f.h<, nd111 i11h,1.rn1.io11 of drnpK, 

lrrloatlon Solutions 

. ' )'hmm ll1>htf.ion11 111·0 11:•od 1.o wn1d1 or 11111.hc: n11"lfit!t1I ind· 
ll 10ll !l, \l'O\IIH.lu or body \,lll!HI~~. Hc:c1111:u) l,h11y ,:0111,, 111 coll·· 
Incl. wit.It (ax!)•>~ml (.br~11<1, tlw~ ll\1.1111, m1,c1. ,,1.ri ngm11. ri,1g,i rn .. 
mcn\lJ for lnj11dici11u ol'\-h<i u:·W 1rnd1 (IK 1;1\c.i1•ilit.y, J.)1.11 '1,i,,u)ul.c 
m11U~1r nn<I t.lw r1:q\tiHillltHll~; of t,h,i Pyrng(:11 'J 'c.,111.. 'l'lw1it1 
prcldl1ol.l\ 11r11 w11p,11·,,d by dhmolvi111( Urn 111:f,ivc., iui:rvdit•nt in 
W11 t,1,1· for lnj1mtfo11, 'l'lwy 1.1m JJ1ick111r,cd in »i111(fo ·d<}xc., 11,m. 
l ,,lillllfll , 11r1,foriihly T ypo I OI' 'l'yf)~ IJ 11,1mm, 01' r111itnhl11 J)l111.ll.ic 
1,1mt.11i111:r~. 1,11Hl I.hon nt.nl'iliit!d. /,cc Chnt>l~11· 78 fC►I ' ~1:oril iz11 .. 
1.iou pro1i1,d11r1: H, /\ numl.11!1' of irl'ignt.ion~ nl'u dm,el'ihcd 111 
l,1111 USP: Acclil: Acid Jn·iw1t.ic)11 fur hhuld,:r irri1:ut.io11, 
Amin1)/1()1il:ic Acitl ll·ri11uf.iv11 I'm 11r1ithr11l >111r1tcry rmtl Sodi-
11m Chloridt: h ·1·iy.11l,ic.ll\ l1>t w1111hi111{ 1vou111 l~. Otlu:r drni;~ 
mwh 118 mnphot.1:ridli B nlHo muy hi: form11lati,d UK irriHi)--
1.iono). 

Swoal or Other Viscid Aq11eo119 So"1llom; 

Soh11.i1.1n8 whldi ilt'tl ,1w<id-<ll' vi1;dd ind11dl\;1y1·u1,1~. hom,y,., 
tllll(:i1111wfi 1111d j1:lli t1!:. /I 11 or u,n~(: llf(! l'i6C(.)\l!;I liq11idij (II' 

l!(!mi~olid,i. T he bm,ic; 11wou1. m· viHdrl HILl>111.,111<:M t\i\'i111( 
hody to UH1Ho l)t'CJ)111'11tio11~ 111'<• i11JJ:(1rH, 1mlyol~ ,u· p,>ly,1111,,.:Jw, 
l'idti~ (f{\lllll;). 

Syrups 

Hyl'111,, uni co111i1Hl\,rnh)d r<olu1,imlK of Kugnr nudt flij n111:rn~1• 
in wal\Jr <)t' ol.h1.1r 11111wc,u:1 liquid. Whm Pul'ifil.'rl Wi1u,1· 
nlone itt \li10d in nrnkinfl t.111) tio(111.io11 oJ' :mcro~<•, l,h c-: 11rnp11rn -
ti(111 ill lmown n~ 8,Yl'fl/1, (>1 .vimpl<i :1,v1·up. Ill ntldition l.n 
tt11Ct1>~(:, CNlain o\.lwr 1)oly0Jij, m1ch UH 1;1~•1:1:rin or 1lorhit.ol, 
mny ho 111lducl l.o nilur\l 1:t·yi:1.olli:rnt,ic.111 111' K111:rnuu OI' l.o in, 
crt:;1:11:. thll ~oluhility of mldml i11r,n,di(i11l,1. A lcloh, 11 oft.en i1:1 

incl11d1,d 1111 u p1·t111~YVl\(;iv11 uncl ul1:10 ll!l It Holv«nt. for fli1v•>r~; 
furl,hm' 1·1:s i11t.11111io l.o microhiul (ll.t,1ck c11n I.lo ollh11nc.aid hy 
i11(:(u'1>1}ritt.i tit,: iuHimir:rol>i,,I llf_(tml:{, Wh<m Uw >tqllt',tHI:< 

pr(1p1m1lfon l:ontuin~ N<.►llw oddctJ .. m1idi\!i111tl 2111 lmt.1111N1, I.Im 
"Yl'lll> iH coll<J<I 11 11wi/i1:ill {I(/ .~)'l'Uf). A /luvurc:1.l iiy1·u p i:- nm, 
whi<:h 1u.1111illy i~ 1101. mc,dir.11\cd, !Jul, whid1 ,~011b1in~ vm·i<HIK 
u1·om,1lk or plM11nn1.ly fl nvorell 1Jtil)Mt.01u:o,; 1\1111 i:1 hH.1m1.l1,d 
to bu us,,d 1111 11 vohid<, ,_11· fluvor li.,1· pr,m,:rlpl.ionn, 

J.o'lnvortid 11y1·1111:i offot· llll\l~uul npportunitim; n11 V(ihidti,; in 
cx l,t!ln fH>r111111mm <:0111po11ndh11{ ,md 1,rn u<:c1•11lod rMdilv by 
b11t,h childron and ndulte. B(H)11t111c Ul(ly 1:011t.t1h1 110, 01· vory 
Jiu,11,, 11lcohol t.111,y nrn vohiclcrn ol' d l()ku for n1ony ,,J' 01(' 
d 1·111111 thul. nni 1)t1•ot:l'ihed hy pctliu\,ridm1K. 'l'hci1· \adt of 
ulcohol 11111\w111,luma HUllt!l'JOI' 1mlv\mt,.1 f,.u· w11tt!t'-111:,luhli, 1mh-
11t1111m1u. lfow~v()r, 111.1t1·0Kc?•b11~<id 11111<l id 110~ cinntinnoul!ly 
,11lmini11l~:rcd C,o ch1 kfro11 1lJ>l11ltc)li1,ly ,:,1u1't> nn i111;rCNK(? In 
<lo11t~11 mri1111 1111£1 giniiiviti11; con5oquon0y, nl lm-nnt<.! fu1·m11-
l111fon11 of 1.ho drug t,i thcr untlwcctonod or 11wc!ll-(Hll?d with 
n1m1iari,ignni<: 1mh:it.uncc~ ulwultl bo l?OIIHidunitl. /\ ltnowl· 
1:tlgn ol' tltt? :m,;11r 1:11111,cnl, nf ll1111id mi:clicinc~ iH rnmful for 
pntfont~ who 1~m c)ll tl l'CNli'kt.od ,i11lo1·i1: it1 luk<i; t\ li::.t hn11 bu1111 
pr<1p11ro<l by Bctg1rn,1; 

Syntl)I! vos1w,11 1·1mu11·kublu nrnr, ldng propel'l.ie1.1 for bitfo1• 
or snlino druff~. Olyc)'l't'hiit1 ~Yl'llJJ hn11 hocn reco111111(111<l c:d 
f<)r ili~1:11itdn11 Um tttllty l •lllU: ,.,r b,·omi<l•lij, i•itlidl11J 1md d1lo·· 
J'id<u'!, Thh:1 Jm~ l>etm ottl'ihut11rl to if.11 <!1)1loid11l dto1·1ie1AJJ' 1111d 
ilii tlnuhlt~ llWc)\ltlWfiG·· -Lhe i111111t1di11t,n icw1,11t11o~i. of I.he s111;11 r 
1.111<1 t.!111 li1111orin1111wmit,ne1:11:1 uf t.h,i t(lyn'•'l'hi:1.in, 'l'hi11 ll,Yl'llP 
irJ 1111111 of vnl11CJ in 111t1~k1llf{ hit.l1:r11cm; in 1>n1p1u·ntfon,1 c,m· 
tnininti t.ho H 1;01nplox vit,m1 i1111. Ac1u:h1 Syl'IIJ) USP, bo· 
(,1wi1c of it.11 <:o\loid11I chnrncf.11r, i:; of J.>ltl'l.ic11l11r v11h11? u~ ll 

v,.,hk.lt! for mnsld111; th <: ,lh.1111(ri!cnlll~, lliMll of m111)y incidi1~11• 
1111 .. 111.1,, Hrmpbe1·ry Syrup PC i11 rnw of l,hu m,1,;I, 11ffici(111t 
rl11Vt>rin1z UfM11,q irnd i~ UNJl11ci11lly 11~<:J'ul in 111w;ld111r th,~ l11i;t.1, 
of bit.t.ur dnJW;, Muny foct.11r11, h111wv11r, 1mlm· 111to l-h<!. 
choke, of 11 11uit11hi11 11uvol'ln~ ,1111ml.. LilorllllJrl\ 1·1,p1>r l.1:1 l\l'a 
ufl.<,11 conl.rndicl()I'.\.' unt\ 1.he1·<: n pp1H1rij t.o b11110 ~1111~1.it.11t.1i for 
1.\w l.n~tc pm11?l. 'l'ho lit11rt1l.u1·<? 011 l,hi,; ,mbjt1,.:t. ho,; ho<m 
rnvkiwcd I,.v Mll~i1·,·1 11111.l t,hh rc.•fr,r,~11,:1-, ,111d Chnpt~ir Gil nhould 
b1, co,,~ult.ed for furlht?r infnrmul.itm on lhl) n11voriu1: of 
phar111n1~1utic11I:; ,rnd ~he.• pl'l\1)111·,,tion of u mm>bl)r of of fid11l 
11.vn1p~. A ~(!t'i(i~ (>f' 1i,11>c~m h,v S1:hu11rnch(?I' do,1IM wit.It i111 -
11r11ving tho 1111l11t,1.1hility ofh111Jc .. compo1111docl prndud,!J 11>1i111r 
flnvnl'inu and ~wNit,rni11111111cnt~,.~ 

In mam11'11d.uri111i 1.1yn1p~ 1.hti ,1tt(?t'1)f< <: nrn11t. I.ii, ,;1,1l,1c:t.1•d 
c1.11·ol\1lly 1111d 11 pul'ifiiit.1 wnUir, 1'1·<10 from l'orld1:n 1mhr.t 11n<:t),;, 
,rnd d <irm vNmol11 rwd rn11t.nim,1'ij m11~t- IN 11111.1d , ')'he opor,.1-
thm m1.11.1\. b1: co11t.lut:t.1,1I wil.h r:111·1, 1,1, 11w1ill M1ll 11 mi11nt.ion, if 
i:lie pr<•duct~ nn1 1.,1 h1, i,(11hl ,1, 

)(. jij ilnp111·t11n t; lhnt. I.hi: 1:n1won11·11t.ion of:-111cro,;111ippl'ond1 
b\11. nt)!, qoite r<!nd1 tho H11l.ur11l,ion pni11t.. In dihtt<: ,;<1lut,iclll!l 
~11<;1•0:,11 p1·ovido~ 1m 1ixc1•.llon t. 11ul.r i1mf. for 111oldi;, )'t•mH.,; 11111.l 
c)thc!I' mic:Mu1·1i11ni~11111. In r.011ni11tru(.iou,; of 11/i'lf, by Wt?ir<hl. 
or more, th11 :mlul.ion will l'(?t.tml the grO\VUl ol' :111d1 mi,irn,)r, 
11i111ikm'l, H,:,w•ive1·, 111<11t11r11t.<id ,;<.ilu1.io11 nuiy 11111d 1,0 c:ryal.nl• 
lhmtfo1111f 11 p11rl. of th<• 11u<:ro11111111<l(1r f,onditim1i; ,lf dmnrdnl{ 
l.(llll)llll'llt.lll'O, 

Wh,m hvut. it1 111md 111 1,hc p1·op1mt1.ion of ~yruptt, th11,•~1 iK 
:1hi1c>iit. !(c,rt1dn 1.0 ht• itn i11v1:mion of u ttli1;hl. ) ►()rt .ion of flw 
rm<:1'0'10. Su,.ww)o ,ml111.inrn1 ,u·c dexLrol'o t.111·y hilt., 11K hydrol)1-

11ir1 1>ro1:uodu, I.ho opt.icnl rol11Lio>l dl!(,i'umccm 1111,l btWf>IH(\/1 
IH!l.(11 1,iv,? wh1)n f.lw rnr.wt.icm i,; c.,1.>mploto, 'J'hiH 1·011et.io11 i~ 
\.tl l'liH!d i111!1,iwim1 hc:c:1n1~<! i,11)(!/'t lill/;111· (dt\~t.t·o~.-. phm IH\'11• 
Ir)~••> iii ro,·111N.I. '1"1111 !;()O<,d 1)f i11w1·11i(>11 iN in1:1'(ll\~(III J(l'C?lll.ly 
by tho prn~c.!t\\:ll or :1dd11; l.lw hydro11<1>1 iun 111'.l,H 1111 11 ,mtnlyst. 
in t.hiR hytlrolytic rnnct.ion, lnvcrl. ljU/;ltr i~ tlll)rc) mac.Ii ly 
form(111tJ1hl(., t,h11n ,m,:r1>sc ond ll!lldB to bu dnrln•r in color. 
N<-:v1, .. t.11olo~:1, ii$! l.wo 1·mh1cinf{ ff1tttm·11111·11 c1f vnh1<: in 1·1.?IJ11•fl. 

i1111 1,\ui oxidntion of ol,her t1ulu1t,a11ct.lH, 
(11./l(tl'(. Syru-,, is tl11s1:rih<1d in I.Ill! t•c, Ji,,~ l)r<!l)llrtid hy 

hydroly:.d1111, H1u:r,>HI~ with hydrnd1lori1.: acid 111 11! m111trn li:linn 
the 1101111.ion wit.h colcium or 1111dil1111 ('.(lrbonnf.o, 'l'lw m1c1·rnic 
i11 t.lw (ilS,7% w/m iwlution lll\lijl- he ,11. lno«t. $HI% invcrl.~<I. 
Tlw 111m111ir,rnph 11t11tc11 1-11111- i11l'crt. t1y1·11p, wlmn llli:,;utl in 
:;Oi1.nlilo pmpt1l'U<>ll~ with ,;yrup, p1'~\Vt1HIM t.! 111 1fopnnitiu11 of 
ci1·yHtul11 or 111.11a·ox1, 1111dc1r mo~t cu11di t.io11,1 of 111.01·1111,,, 

'l'lw 11:,·ul,.me form!!rl d11rit11~ invm:Mion iu ~wm•l.1,r 1.h1t11 1111-
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<i1·ose aod. 1:hurnfor(I, thfl rn~ull,ing uyrnp iB swc:iotr.r Umn t,h(I 
oriKhH1l :iyrup. '.l'lai r~l11t,ivu Hwootnoi,a of' l~1v11lo!!e, 1!\ICl'Oflc 

i\lld tloxt,1•0:ic ii,: in Llw rnUo of l ?:I; I 00:'l,1. 'l'l\\1111 illv{1r(: lJll!(llr 
i,, I/JOO (17:l + 7-l ) lh"' 1.,2:l l,i,no1111H i<Wo\lt ua 1111Cl'◊AC1, The 
Jov11lo~1• formed dlll'inr. I.lie hydrnlyllitt alijo if! rci;po1111iblc fol' 
1,,hc d1lrktmin,i of 11yr111), It, iii 11tm11itivc Lt> ho11t ond d11l'lwn~ 
1·01.1dily, purthmlt,rly in 11nl11tlo11. Wlwu ayrnp m· K11cr<,!!(1 in 
overheuted, it. c11rnmdl~.Q11. SM Ccmwwl (pugci 1290), Or.• 
r.1111 i<>1rnlly, it it1 np1mip1·i11te to ut10 11 ~ui(111•-froo liquid prop11• 
r11tion; 11 lillt of tho~<1 hoii been publi«hcd." 

Pr1it11n•ntion .. ·,, ·,$yrupB m·<• p1·111lfu•ed in v~riom1 wtlYM, U1a 
choice (1f thc propllr method dor)ondh11, on t,hc physi(:,0I one\ 
chumkt~I ch11rud~ir i11(,ir.K of Un, t111 b11LmlcCJ>l ilntorini,r int:o tho 
prnpnr11ti<m, 

$olullm1 wllh lloul,••·•-'l'hl• i,1 t.111, 11~11111 11wt.lwcl ,,r mnldnfl uyr111>ij 
wlwn \,ht, v(1h111hl1e ,,ou,11:umnl, i11 ud \hor· volnl.il(, w1r in,im~•cl hy h1111t , 111111 
wh<,n it i~ (l(,11lri1hlll t o mnh,., th(, 11,vrn1\ rnpicll,v. 'J'hc ~111:1·11~1, uKunlly in 
111l<lrnl lo c.l,1• 1111rin(•d w11 lor or uQ\IMIJij ~olnl.ion 111111 h,,ntod 1.mlll 11111111.ion 
IH d ft!l'h>d , th,, 11 ,11.rninml ,uul B\11lici~ •ll, 11tn•it'it!CI wull!I' l\ddtd In m11l,m l,IH1 
cl{ltllr•~l wd1:hl ,,r v,,lumu, Jr t.h(, 1<yrup i11 1t11Hl11 from Ml l111'11N11111, 11 
decor.I ion M ,,n m1111u111• uuhHi,111 c1\1\l/1inink nr1c1111i1, n\1ll.h1r, 11uch n~ 1111p 
l't(,m mnplu lru~11, it 11~111111,v ;,. pr,1p,)t 10 h(111t tlw KyrnJ) ti) 1.h~ hnilin11 
t11Jillt to ,im,11111111!• 1\lh11111ino11~ mAl.lvt'; m1l»1C11111ont-l)•, c.hiK i111w,,.11·111tid hy 
,,1.r1,ini11~, ff Uw 111lmn1h1 or c,Urnr l111p11ri!,ie~ IVl!r<' pi,rn,iUu1I f.n ,.,11,,1111 
in 1.h<• hy1·1111, furn,1111\t\lfon ,,,•oh11\ily w,>Uhl b(! 1t1<h1ce1l in wnrrn 1Y(1111hm, 
S,\m:hhn•>•wtor• 11re vuty \l61if11l in mnkia111,yru1111 h}' t,l,c, hol, pt 1•<-<•"• In 
t11111)~ w!111rn I.In, 11rop1•1· 11ptr;lt'ie f(l'UVil.~ ul' the lfo i•h~d 11v, 1111 i11 k1111w11 . 
Thoy nltlV h,i rl,mtod ln t.he 1;:,,ru1> whil• huilinH, ,md I.Im, t.lu, (1x11c\. di,111·1,I! 
11f 1:0111,onl.r11\.iu111lclor111i11(1(1 wilhon\. wnil.i•IK to ,:<tol I h(1 11y111p 11ml h<1V· 
i111: to he~f, ii. flHniu lu rn1m:t111l i1IH• II f111•tlw r. Wh,111 t.11kin11 11 tMdinK <>f 
tho Kpl•<:il'j,, nrnvily o!' p11, hot. •yrup, nll<>w1~1wu lllll•I: h~ mndc f~1·, t.h~ 
v11ri11ti,111 ll'lllll ,11., 11m.:ml 1(1)\ll)¢l'A\.llrn (~J)l'Clf),: ICYIWIIWJI " ' 1.h« US! l\r(I 

lnkun 11(. 2:1•), 
l•;x,,<•••iv<, hoatinR of •ynll>• tll, \h~ hvllin~ lml\J)Ol'r\1ll!t\ iH u11d1i$irnhlf 

"inr.e n\nro or lom• i,rv,u·Niun of ,he ttu<:roK\l ••Crt.'.lll'!C \\11th HO rncr<1flij(1d 
t1111do11,:~· lo forlll(llll. Syn1p11 ,,,11111,11 h<, alorlli,.etl In ~n nuh,dnv(, will,, 
oul. '"'"'" c,1rnmo1i1,11t.i1)11, Thi,, I,, i11ditnh1il h~• 11 yij]lmvl,h or hn1W111~h 
1a1lor 1·(1K11H.illll lh1111 lh<t formn1fo11 (of ,1nr1mml by \ho 11di1111 ,11' lolil\t. 11p(111 

•u~W~(•. , 
' l'ht• f1irmuln und vror.~durn 1:lv,111 for /11,11,,1,. Sy,·1111 (i111i;a 1:1t11) ilhl$· 

\.ru\vli I.h i• 1111,lhod of pr~p~rnt.iuu, 
Agllntlun wlt.h<)III lhlnl• ····'l'loi11 1m11\I•":' i(, 1111od in tit<~w (IMQ6 wlmrn 

hon\ w1111l,I """"'' the llJ~~ of v11hml,h,, vol,11.i111 c1111•lll.11011\~, Ill tn,1ki111: 
(t\ltllll,it ie, 1111 hi :moo 1111' th1, Rlll'.l'OHU Mhn11hl hi, ndd,,d 1•1 HIii ll(JU,1•,:11~• 
11olt1tl(111 i11 n hou.111 ,., 11h,m1, t,vlc<• \ho 1111.(1 ruqulri,d I,,,. Lht• ~)•ru1>, l 111• 
p,w111it 11 11<:t.lvi, 1111it.nt.i~•n 1111d rn11id ij11l11t i1,11, ::.11,pp1,l'i,1i: lh~ IJ(ll,tle iH 
in1t)'1rto111:, "" i1. \1r,,vont1• t:n1\l,1111i1111tim1 ulld l<>(IR ,lmillM 11111 pt<>N•~•
'l'ho l,ottl1\ ijh,ml< ho nllnwc(I to Iii, •Ill it« 11ido when 1101. luiini: nKih1h1tl. 
G] 111,,.,li11od lunlt11 wit.h moch1\11i<:nl 11uil nlrm1, ,,.:1wdnlly u1l11pt~d l<l di~• 
,111lvi111: 111' 1,11(:MH(I, 11w u,11d for 11111kh1r: Ky1·1111~ in l11r,r(, qunntit.itt~, 

'l'hiK nlOLhod ~ml 1.11111, pr1;vi,11111ly dc,,,(:l'llmcl ure 11~c<I for th~ J1fl•p(ll'(1· 
tin11 of II wid~ v11rlmy of pniJJ11rnl.im1• lhnl. 111'11 Jl\ll'lllntly \ll!Kcr1ln1d u, 
~YIIIJI~, Mor.I, ,,,,nl.(h n~l'lillK, for 1,K11m11le, <,1111tni1\ >)\1~1·0•0 .''"'I 11111, 11r 
1110,11 ut:t.iw inr,rcilii-11111. H11WC1VN', th1111~111!~ 1'.11111po~IL11111 ,;f Huch J)rvcl• 
1wl~ i~ 110\ 1cl\•1>11 on th(, inlrnl. l•\11·th~m1or11, """'" of lh,1111: p1'11tJ11,:li. lll'V 
IIKlotl in Lho USJ' h1.11, no dit1,~tlun• urn ,tiV(>il 11,r t,hcir 1>t<•l)llfa ti,>11, , ,l•',01' 
0,1111111!11, (i1111ifo1u,~l11 !)yr1111 \ISP (1:ly,,01·yl 1timl~""l11Lc ~ymJl) I~ olfm111I 
hut. the 110\y l,11t1wi\ inKI'(>( lt,nlff urc r,,111ifo1111Kin (Mly1:(11•yl ~11m,1Ml111<!) 
~111\ ut,h11119) (uol. h""' t.lt,111 :t% ur 11111ro Lh111i ~%). 

'l'hb PC, (Ill Lhc1 ot,hc1· h,11111, 1dv1111 11 nwlhml fur I.ho pr(•p,11·11tton ol' 
C11tl1!hlt• l'hu1111h11l.1! Hyrnp. ' l 'hi• i,ont11in~ c,,(l~in<> pl,111111\1111.,, (6 K), \VII· 
to,· fi)r prop11rn1,io11~ (Iii ml,), i:hl11r11f11rn1 t1piril. (?.(i ml,) nml H\tffl,;imll. 
i;vr1111 lo ni,,lw 1{)0() ml,. It <·1111 he, 11Httd for (.la,, ,,,;Hof <•f l'.mr~h, Atl<)ih~r 
Kynl]) fi>r t hi11 p,u•p,;,10 h1 Codulno t .lnd11• l'C. Thi• ia l'i-111,ly u 1110.<limU,,I 
11yr1111 wt11d1 ,,,.1,111<,i111,,11 1l1111111l,~111I, 11M11,c t.,11·1111t 11r 11c1ln11v11 Jtr<>~t•J't,1(\K, 
l.l111ilrn 1.hc, ,,yrus>, It. i111'11lored und fl11von1d, 'l'h1• for11111h1 for (.c)(.loin(, 
l,i111•IA1• t•(! i11: 

l)odulno Pl1uH1>hnt.(J . , , . • . , , , •. , , . . :I~ 
Compouml '1'111•11·111.intJ lfohttlon .. . . . , , , , • , , , 10 ml, 
B111w,◄>h, A<1icl Sol111i11 11 • , • , • • • , , • • • , , . .. •• , • l!O ml, 
ChH•••of<l~m 8 1111-11. , • , • • • , , • • • , , • • • •• , , • , . • • ZO ml, 
W1\1<1r for 1•1·01111rnl.l<11111 • , .. .. . •. • • . • •.••• • , 20 llll, 
l ,cmo11 S yrn11 , , . , . , . , ........• , • , .•.. • , • . , :1(10 111L 
S;vru11 , . , . . . . , , . . . , .. . , . . , .. , . , . , , . . , . , . . . lo 100~ ml, 

1)1.,olve 1h111:ml~illl! pho•t•h•ll~ in t.h(l \v11lcr, ndd t,1)1) ml , ,11' lh~ 11yr1111 
111111 n\i~. Adil th(, <>thnl' inl{rNli(1nl• ru\(I mrffi,,im,t. ¥)'Yllil It> producu 
11)00111\,. 

)•',1r 1)mll11tdc """• 200 rn 1, of U1i111i,1,,tuu I~ d 1111\Qd with riltffif.i(,n(. K1•ru t• 
u, mnke JC)llll 1111.. II' &llj(i\t' i• ~011t,r11ind l1~11,,,I 111 1Jw •li1,1,, D111ll(llit 
C(ld,ii1ui I , incl\1K t!11 1t ht, t1u1)d: 

Co11<,h1e l'ho•11hnl.o •• , •• , . • • , , • • , , • • . . . :) ,, 
Clirlt1 Adel mc11111hydr11lu , • •• , , , . . , , • • , , 6 I{ 

l,1\lllfJII S1>h·i1 .. • ' . ' . ' •. '' . • . '' ' • . ' ' . . . ... . . I i111, 
CuniJltHlil<l 'r11rll'll1.itrn S11l11!1011 , • • • , , , . . ... , HI ml , 
l!onv.ol<' Ad d Sol11tlun . , , • , • •• , . • • , .. ••• , . . 20 1111, 
Chl<or<>fnrm Sph•I( , , , , , , . • .•.. , .• , , , •• • . , , • ;10 ml, 
Wult>r ro,· l'r<itmrMionN • • '' . ' ' ' • • ''. ' • • '. . . zo mJ., 
Sorbltul S11h11,l1111 . , ...... , , • , . , . . , • , ••. , , . , 1,1 1000 1111, 

l)h1•olvo Ulo C(•foinc ph11aphnl.11 nud lho ('ilrli' 1wi1l 111 c.h~ wnl~r. add 
7r.ll m I., nf I hv 1tm·bi1ol m1lull,m ,mtl mlx. Add t.hc, nUwr hl1trt1cU1,nlH nnd 
riufliciont•othi l<>l ~1>h1lion lo prmlu<,., 1(111(\ 1\11,, 

Sr,rhi(.ol So!u\.11111 i~ lh(1 nW(>Oto11it1R ,i~ont u11d 1:11111ai11~ '/0% w/w uf \\>ltll 
~olld~. CI\IIHIKli1111 mni,11)· ,,r D•Korhltol, It lm• 111J,.,11l h,llf t.111! R\W(ll(•llillli 
poWlil' 11f•yrup. In the I.JS the, l,'l)A h, .. lm11111,(I t.lw u,10 ot' i::hlorn(t>r'1lr 111 
n1odid11i,n n11<I crn,111111.icK lluc1111,.,, ,1f 1~,por11,d wrci110~011kity i11 ,111imnls. 

H11~k 1'11rmul~1.iml• Cllll Im vnri111I ,111•ily lo product the hir.hly 11110,,,r• 
1.h,1,d ,ut ic:I(•• or cw11 m1•rc(1, T he 11rcKr.ri\1ti1111•1111ly 1h'u11 (c1.t, e.oddm• 
phufil>hnt1: 11r mot-l1111l1111d 1!11111(., ol' CIIIII'''."• 10 0111itttd fro)ll tho l~lfl)lllln-, 
t,l,m ml, 111111,rlnll, coonln~i;, ,;11d1 "" ( .muttfo, ,1 d~cncnuud qo1.111t:11,;, Ill 
cml111110 )il101111hnu1 i11 pormitlod ill (Ill ()'l'C tourch •Yfll )l, In mlclW,-.11 In 
1.ho iny.rudionl'- .,iwd 11r li,,\c,d hi J.111• vfridol ,,1111pomlin (11(., ll•hl. hqu,11 ,11· 
lp<1(iu11111111h11) , nmuy cm•~h •.vnc,>~ 1:1)11111111 n,1 011llhl•h11nu10. • . 

M11ny r•thH r(t:liv1• in1itndi1,111.11 (~11, <•1>h1,dri11v. ••1lft, tu, 11t,wcl,rn1mc 
hydrrn,'hlorld(~, chlo•·~ I h)0drnl11 "' d1J,·,1·11toi1111'l.h11, hydror.hloridu) ,,rt 
1111wltoh1d ,,., •vru1>•· l,ik1: cough HYnlJ>", l•h""<' 11ropllt'nt.!1111H 1rrc• flnvured, 
tl>lm·od 011111~11,1111\111u11dod in t hol\(1 inHl11111W1; wh,:r<, llw Jt111 ln11I 1,111111•1~ 
~w11l1ow \.hr: !lt,lid do6nr,(, form. 

Adlllllou of n MClclicntinJ{ l ,hl(lld to 8:,,1·11r,,, .. .'1'hiM m11th1,<I IA rnsnrt.• 
cd \.o in t.h•n•i• 1,,w,• 111 wl1id1 fl (lid(1,1.n11,t1:1, 1.incturn• or 111.lwr li1111hl• nw 
11dll1,1.t 11,.yrup to nu:,licnl.11 it. S:,,rn11J1111ml1• i11 lhlu wn:; uu\1111ly dcv~l"l' 
11rnci\1illlil'JI 11h1c·<• 11k 11h11I I• ol'tm, 1\11 l1111redi1,111 of l,h,, li,11111I• tl111n IIK(,c , 
1111<11 11• ru~iu111111 11 111l oily 1111t..c,111~t!l1 ditm11ll•c,II hy lh~ nh:ohnl 1m,,,l1>ll11u, 
whir" mtxP.d with 1.11,1 HyruJ), pro,l1.win1c 1111•it/hl.l)I 11r~p111·11\fo110, A n11,~l
fic11t lm1 of t-hlu prn"lll'", 1'1·(•<111~111.ly mlop\<:(1, ,,on•i•I• ( 1r mlxh1~ 1.hc 1111"1 · 
oxlrnd or Linct.11re wif.h th11 w11tu1·, 11llnwi1111 I.ho. mix hU·(• to .1,11111 1.11 
ponnll t ht, Hop11rntioo c,f i11Hol11hlo ,:011~t.i1.11mlt11, J'ih1,ri11g 1111d lho11 (liH• 
1)t1lvinl( t hr 11111:r1m(1 in 1.lw fl!(,r111~. It. i• ohY11)1111 thnt.t.hi• 11l'tw11d11n1 i• 11t.1~ 
p,,rml1tt1ihlc wlrnn tlw p r11cipi111to1I i11111·t•1li1•11t• 111'0 t.he ,,,.1t111hl(• m~di,,i, 
11111 n>,1111,... ' . . ' ' • • 

'1'1111 fon1111ln nllll t)i(>(,(l(IUrn «1ye11 lor Arnlllul,IC bn•Jlh,•l}'OI\ l;yrup 
USP (pnr,1• l 301) illmJ\1'111(• thi1t 111(11.hod '.~r lm!l)lll'lll,1(1\1, 

li,1r.,11l11tlon••·••III U1i11 J)rncud11r1•, l'"''1t1t1d will(•I', l)r Ctn 11111101111• ijulu• 
tion, iN pem\i\.1 111! 1111w•fi ,,lowly 1hrou~h n berl 11r cryH111Ulo~ u11,•1·11Ku, 1.hu• 
cl11,,1olvh1i; ii 11ml form iu~ ,1 "YIUI), A wt.loll 11l,..d1(N. i~ pl11r.1•d in lhl• 111.'tk 
ur t.110 Jllll'L<>lllt.ur 1111d 1.h1\ IY/11~1' or Jl(l\111()(1111<11h1l.ion ,11ld(:(\. Hy llll'IIIIK !'' 
,, ~11i1ohl~ 111\>)II'""~ Uw llow l• r,iguln1ml KU thn! 1lr(1JIH ""l'""r In 1·111>1d 
11t1t:111,1111lo11. I( 11,~:~~~11r1• . n porli1111 of tlw li<1nl1.l In rccydc< 1.hrn11KII 1h11 
1,11rc11lnt1>1 (.,, 1ll•K<1lvo ull (ho 1,ucm~o, l~i,1,1l1y, . ul'l'l ciMI. p1n·ifi,1d wnl••r 
iN p11~1;nrl thrn1111h th<• m,uon lo rnt1kc th(1 rn1111irod 1•11l11m11, . 

To b1\ 11\IC"(,8ffl'11l In 11sln11 \,]1111 Jlroc1••~, ''"' " 111 sov_ornl ,JHll'\1<:11IAr~ 111'.mt. 
1)(1 ••~orci~r.,1: (I) th<> porcol11U1t \lt<Od ,hould h11 c,yhndrw,11 <•r ~111111t·yh11-
dri(,nl (1t1d l'OIIU•Hhn111i1I 1111 II, non I'~ tho ]1iW(lr orifit~•; (:n 11 ,:011r11(> J(tlllllllllr 
•111111r n111r<1. b11 nH«tl. othr.rwi1•11 ,t. wiU c:n11lo~1:o lnlou cm11pm,t-mM•, ,vhl~h 
1-h<, li1111i(I tnlll\l\1. 111:r111Ml1e; (;l) tho 1)1.irifiod cut.1.1,11 1m,.1. b1, (11l.r11c\11crcl 
wiU1MN1. 

JI' pn)11•1,d ill ion l i11hU~, th~ mt\<)11 will ~101) (.I\(, 11rnc1!•M 11ffo(l\ \1tllly; if 
in~r•l' lt•rl loo 111,111111:,,, tho )111111<1 wrll J>••• Lhr•)llMh t.111• ,,-1um1 rnp1dly 1111d 
ch~ fill.l'fllC will 1)1! \Vllt•k nn<1 t11tbid (from imporfoH W1,rn1.lm1); It-•hould 
h11 h1111•rt.(1(l 1,,111111lol1<ly wit.bin th!! 11~r.h 11f l)w 11urcol11111r, oincr. u Jltolrod· 
i111: Nld, in,idv Uw 1>1o1x:olll(or, 11p IJl\'l)Ugh t.h~ Hll(.thKO, will, IH•rm,I~ lho lout, 
pnrt.ium, ,,11' w1,\N' tn JHu•• 1111\ ut t hu lti\VOI' (lrlf,co wllh<1111. d umnlvnut 1111 tho 
flllrronu. l•'1.1r •me(,ilk dirr.1,tim1~ •uij 8,1•1'<1 ,,. (p11uv I ;10 I). 'l'ho 1>rom!H• 11f 
p,,n :uht\i(ln i11 opplit,,I ,m II r.om1110rclRI ~cnlc for t.h1o 11111lcin11 (11' oft'idnl 
•Yl'UIIM u• wt,ll 11(;( LIH\ij\l for mu,f,11:t.11111111·,Y \l~(I. . 
· J111r<!ul11t.i,111 i11 the l>l'Oft••·r~d mo\.hod for \.ho IW(l()Cll'lltion <)f ::lyrnp llSP 

(po,to 1 ;'JOI.), '!'ho "'"'''0,10, h1 lhiM in•l,m,~◊, i~ 11l1w111I h1 tho li(1r,,ol(1lill', 
lfowuvcr, 11 •li1lhU:,, modifiNI n1,,11·rnwh m\lKI, bi, m«,cl if 11 drttK (,r v<11tl!l11• 
hlu orlglu la, u, 10 int·or,>ornlNI int o th1, 11yrup. 1~,,,, 11ic11111plo, •tlld d1crry 
hnr~ i• fa~t. p11r1,ol11\od with w~tor; tlw c11llocl-io11 voR•ol ,,111\lclulv Kll(<r<>~o 
(HOO M) 111ul 1rlyccrol (t,0 1111,). Wh,m 1,ho u,1.,11 V(ll1mw ie l(IOO mL, tlw 
1rnrcol11ll• iH 1111ltu1<1d to pruc.1 11◄:e Wild Ch(•rry li:,,r11p l'G, 

llocOl\ij\ it11th>ll···••ln ordo,· h\ improvu ,t11bility ,m<l mi,1i111i~.11 mi<•1:ohl• 
nl i,onlmninntl,m, d l'Y •yr11p fo111111l,;1l1111tt Mt\ Ix, 1m111nrotl no,1 1'111•1fo1d 
Wnl~or lJSI' nd{\ijd jllM, 1>1·i1.11· to d iR(IP1111i1111 1>1' OH~. l'nwd(lr mlK L\11'CA, 
wholly 1;tC11\\1l(lhltl p1•i,1lucl~ ,1111) p11rh11llv 1<rnoul~1cd pt•ochwt<o h11v1• l1111111 
h1V(ti<li1;nu1d for U,i~ 11111·p11~1\ by Hy<lor. 111 

' l'h,, 1,owrlc,;• nolxt11ro 1lr11p,11•111.io11 rn,1uit1•• 11,•• ,.,11,ip11111 11t, mul llllt l'Y,~• 
\o 1>rop11r1•. Chr.mi~(II utnhility prnhlt!mM nro 11\i11i111nl, ui111!11 11,1 h(•11t or 
1mlv(llllli nro uKed in tht• prr,cmo,, nnd ,1 l11w n11,i#\,111·~ conh•n\. 1,1111 I)(' 
11'11111111•11 i11 th,, fi11,1I pr<1d\lCl ; 1111forl111111\.nl;v, p,,wtlor mlittm~H nrn 1m111c., 
Lo l\(tl1lllJt<•1111l\.y vrohlorn•. bl 1.h(1 e/lKII ol' Lim wholl:,, 111•111111l11t11(\ 1wmlm•~ 
1111 (.he, il11(rotlim1l~ rim h1d11<INI 111 tho 111·11m1l11l.i1111,,1t1J!"- 'l'hc; (lrul( mny 
ht• 1th,vl'l)fll'nl.1!1l into 1-hc dry 111·,,rl uct h11f111· c• 1:1·n1llll11tJnn m· ,hs~ol~,,il r1r 
1111t11JcndNl in \.h,, w111111l11lill1t l\uld. Aflur fnr11111t.ion, 1.11\1 Mr.llllllu~ 11r.1 
,lrktl 1111d I.hon •cr11t11l(1d \o hn111k , luw11 nvotKiY.~ ll111·t idoi, 'l'h111\ll\'1111 , 
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Cm,w,; n( Kr,,nulnh•J uvvr IJlW,dt-r m ixl.t11c•• indudt, 1,t,t..L~•· 11 1,)pe111'JuH~, 
hcll,,r lh1w, l'<•W<!r 1•1111••11:ll li, 111 prohh:ffl :; 111111 I<' ~~ cl11•l dmi1111 1"'""'"•1111;. 
l'111•1,i11lly 1;r111111l11t1!cl 111 ixttm,1, ar.; nno,1 l,ll 1111in ,mow il th,, 1,clv1m(,111ic,,. 111' 
,:1'11n11 l11llu11 wil ho111.1.hoditi111lv111J1,11;1:i:, l.1111111II)• 1.h,! , lrun, 1111d 1,thi,r fitw 
111,rtfolo,, lll'O ini:l11(h1(1 1,1, 11111111•111111lot.i1111 ,1111:1!. pt!t'h,i1,,, wi1h "'""" 1Jih1-
u11(11 In imttti,vo tlow 1111<1 r<•.1111,:« :11,,11·,!1:nlion ,rnd ilu~I. M,11crinl,11wl,·,•( .. 
od for mixin11wh l1 1hr tlri11<l 11rr11111h:t, would iiwhul~ t~n,rn111l11l,il1• ;•~dpi• 
l'lll•, •Ul'h II~ llnvoo;, "'"' ' "'" n,,win~ 1111\l orinla, Hll<:h 0~ Allltnr, 

Prouc1·v1ttilm, ..... Syn1p:1 tih.ould ho mndo in q uo111.iti<!ll 
which c1111 bt• con~•Jmoc\ wiU1i11 H fow moutJ1i;, C\Kc11pl, i11 t.hrnl<J 
<:11ucl:I whu,·ti 8pcci1ll l'ol)i litiN1 1,un h1, omploy(l(J l'ol' t,hoir por
i;orv111.io11: n low t1i1npc,1·,1t11ro i:< I.ho hm1I. nwt.hocl. T he USJ'• 
i11dic;-nt.11H thnl, ~yrup11 nhouhl not. ho o~posu<l lo ma:ci;!livl! 
hMi. Concm1Lm(.ion without t<Ul)m'-1111f.11rntion ii; 11h10 u c:11n
<l it:io11 fllvornhlci (,o pn!llo1·v1~1.ion. 'l:'h<l lJSJ> ~t.,1!.<111 t.lu\ l 11yr-
11p:< 11'111.Y contain pn1fJC)l'Vu~ivu11 Lo 11r1w1,11t. hm\(,t?rinl 1111d mold 
~rowLh KIJCh 1111 1,l,vce1fo, mcl.l1yl1111rnlio11, l)m1:ott)k odd rmcl 
HOcliu111 h1J11wnto, pnrtieulnrl,v when I.ho c.oll<:c,11 rnLion of 
o\11c1·oso i111.hc ll,Yrup i~ low. Com1Ji11ut.i<,n.~ or ulk.YI MtA11·11 or 
,,-hydl'oxybo111.oic ndd llr1~ uffi.,clivii i11 hihitm·11 of y1:1>Ht11 
whkh hnvu lwcn implic11l.c.,r.l i11 t.lw 1:ont.mni111.11.icm t1f com .. 
mercinl 1Jyrup~. Any nttr.mp1, 1,1 nmLMo 8yt11pi:; i;poilt!d 
th1-oul{h fornw11 l•11.i1>11 hy lwat.in1! tlum1 1rnJ "wo,·k h,~ them 
ovor" iij ropr11h1111Hihlu. 

Tiu) ort'idal ayrurm ijhoulcl be.• J)rl!l!Ol'V0d in wc ll -,<1 ,•i(>d hot.
I.loll, prot11rnhly {.hose which huv11 hocm nt.(lri lhmcl. ' l'h1!111J 
hntt.lco uhoul<I not. holcl more l,'11111 i11 likuly to I.HJ rnquircd 
clming 4 to G w<!clluJ 1111<1 should btJ l'ill<'d C!<>mplot.cly, t<tllJ)· 
pored cnrofully und 111.m<td in 11 ,,tKII, d11rl, pl1\1J<l, 

8:rrnpx / ' 1'('J.}l)l'1,)d /mm ,Jnic:mi 

J31t1eld101·1·y, pinonpple and 1,Mowh1:lTY 1iy1·11ptt 1\1t1y hi! pro• 
parl!.d by l'ollowi111; (,h() dir(lc(.i,,nH in l<11Kplmrl'y $yl'\ll) PC. 
One volumr of Uw conuc)1t , a1.o<I roupl),:rry j11ko i~ tli lul.Ad 
with l l volumes or ~Yl'l)J>. Blilck Cumml, Syrup PC iM p ro
})llr(!d in n rlimilm· mnnncu• lrn1, ol:1<1 cnn be 1n·o11111•od from 
hlaclt c:11n•1mt11, wil,h corlniu modil'i<:11tionll. 'l.'hti pm:l.iu i11 
I-lie juk<i i~ do~trnycd wi l h J)cicl.iunuu. 'l'he ~YntJl ii! 1mipan:d 
from 700 tl of HUCro!St' 1111d ti60 mL 11f 11l11rificc! juic:u und ill 
f)t1~<.H·vod wit.h &11 lfnr1111H ucid or ,;odiulll m(ltohi~nlfi\~!. 'l'hc 
ndd H.l.011 c,( 11 dye is po1·111I U.od, providocl it compl i<!~ wi1.h Lh1i 
pHrLil1011t 1r,ov<1rnmcnt. 1·nu ul11 tl<>tll'1. Ch111·1·y Sy1·u1> USP i:i 
prc1p11r11d f t•<)ll) die;rry .)\!ICCl hy tho nddit.ion (11' 1ll,~1h1>I, 1111 , 

c1·w<11md wul-l:r (pugc 1:101 ). 

Honoys 
/Jo11ciys nrn \,hid< liqoid prnpnrnt.imm ~onwwhnt nllilld 1,o 

tlw 11yl'L1flH, ll ifforin(( in t.hi11, hmwy, im:t~md of Ky1·up, 111 u11Hd 
ui; ,i h,1~(1. 'l'hcy 11.t'Cl 1111im1Jtirt1rni n11 11 ch111s <>f' pr1ipn1·11l.i<mij 
totl l'ty hul n~ onr. Umci, hAfort! i;\IKHI' wn>1 uvnilabfo on<l h,n\c,v 
wos lho mt1llf. <1mn111 i111 KW(!<?t.onii11, 11,:1?nl., \hc,y wc1rc usocl 
widoly. PC liMf.N (,wc, pr111>m·M.ion111;(llll11ini111~ ho11oy. Tlw 
ffrttl,, Oxymol, or "1tdd ho11oy.'' ii, /1 mixt\11·11 of 111:11\fo nt:id 
(1/j() 111L), plll'ifiod w,i_l.Hl' (1.50 mL) 1rnd h(l1wy (~111'fidont. Lo 
prodoc:11 JOOO ml.. nl prntlucl). S1111ill Oxvmal c:011f~1in11 
8ql.lill, wul.<,r, nc:oLk nd cl nnd holl\!,V nod h1 i>rcp,1rocl hy n 
mocorot.ioo procoH:1, 

0 110 11onoffkinl prnpor,1t.i11n co11tnin1J bom~ ( JO.» g), glyc
oi·in (5.2/l i:) and m1fl'i<:ic.,nl. honc:y l.o rnolt{I 101)0 ,i, 11, h1u1 
h lll!/l iJ1diuul.od IJrnt thil:l ~ypo 111' prnclu(:t, c1111 r.nu"<: 1wrin1m 
boric acid i11t.oxic11t ion in hnbioll. lt ,1ho11lcl not ho ukod in 
ph1\l'llll)()({\Jf.ii:11I J)l'actiC(I. Thick nnd thi11 SU({lll' Jlll~tOti C\llJe 

l,nininl{ CoM,er $\11?i1r (very l'inn 1~rnn11lM 1\111{111'), ic:iny 1111g111· 
(lul11itivu-froo)1 polyothyh111<1 glycol 1100 nnd hyd1·011crn p,m,x•· 
id !! (in II fii111J c:011ccnt,rnt.ion of O. l 0'.11,) hove hlillll prC1 p111·cid 
a11d ~htl\\' 11 to he: hc:111:lkinl i11 thtl 1)1·ncw;ll Ill' wo11111I lw,,lin1(. 

Mucilages 
T ho oflfoi11l mucilngoH IU'(t ihicli , vi1«:id, adlw1;1iv1: liq11idt1, 

produ1:11d hy di8pur~i1111 1111111 in wnt.11r, or hy 11.l(t.rnctiny, I.hi: 

1111u:ili1t{i11,111K princi11lon from VH/(UIJ1hl<: 1111l111tn111:1ii; wit,h w11-
f:or. The m11eiln111::; ,1 11 Mu 111'(11\t; Lu 1forn1mpr>:;it,i11n, :;howh111, 
11pp,·1,1:i11hlo dc1crna!10 in vfaco~it.y ml 11t.m·n1(H; 1,IHiy :1hoold 
novcr 1.w nHHl\l iu q11e111titiott hll'f(tir t.han c u11 l.w Wli.!c.l im11111di--
11t.cly, unl<Jij>i 11 rn·muu·vol.ivo i11 uddc)d, A1:od,1 Jvh1<\il111w Nl•' 
Xll cunLoinM hc1mrnic ndd nod ' l'l'Hl!il ('Olll.h M11dln1(1! HPC 
(H)7:l) contuins 11lcohol und chl11rofo,·rn w11t.r.r, Chloroforni 
in mnn11f'1wt 11rt1d p>·oduct11 for inlAJrn11I 11111! ill lrnmwcl in >Jvmc: 
(:t)UtJl)'iM, 

Ac:1~dn Muc:i l,,1.,c) m,1,v l)(l p1•1,p1.1rNl h.v p l11ci1J11 :mo ,, of 
m•,1,.:in ln n ((r11cluntc,cl hoU.lc:, wnnhin1{ Lh1> tfn111 wilh c!old 
pul'ifi1!<I wutA1r, nllowint it M d1•11in 111HI ,ict,linl( 011ou1ch w,1m1 
)'HH'ifi,i(I wnl<H', in which 2 ff or h1i111.oit1 ndd hn~ bv,m diK
Nolved, ~o mulrn 1,liu prnducL mm.1~uJ·11 JOOO 1111... 'l'lw lw1.~l(! 
t,ho11 its 1JlJ11)pcH'ed, pl,ict1t.l on H.~ ,ii(lc, rolnt,1id 01:c:111,fo1111lly 
111111 t.lu: product. ~t.nliMti whm1 I.he 111::teiu 11111:1 di1;wolv1:cl , ' 

' l11·ag11<:1111th Mucilt\g<i HPC ( J !)'J:l) i:< p1·opflr(!d b.1• mi i,;i 111{ 
I :u, g or f.rnRn<:11nt.h wll h 2r, mL olc:ohnl (flO%) it111 dfy ho1.1.i.! 
1111<1 \,hen 1111ickl,v ndcl iii!( i,111'fidonf. chlomform w111.(11' l,O 100() 
mL ,md shnkin11. vi1tmo11Hly. '.l'hc 1111:ohol in w 1ud 1:0 diHpor11,, 
t.lw 11,1111 to pt•cvc,nl, um!lo11rn1·11l.im1 on 11ddilfo11 of' Uw wn((H', 

Muc:iloumc 11rt1 11:.iecl primnril;v lo uicl in ~11:1pcndin1: i1111ol<1• 
bit• 1111h1.11111:oi; in liq11id11; I.heir (·olloitlal 1:h11rm:l.1J1' nml visc11i;i . 
t.y help p1·1we111t. i1111rw1'liul,1! ~,1di1ncntul,io11. 1°:,rnmplui- ln
cl11du i;ulfur in loti1111H, r•l11in in mi x1.u1·11ij nud oil~ in i)lllll l · 
11 io,1it, Blll.h u·ng11c:Ant.h 11ml ,11:i1d11 ()ithcr nm pm·t.ie1lly or 
complt:l,{1ly in,wluhlti in nl<:ohol. 'l'rn1i111·n111.h i~ pr1:cipit.n!c1d 
from w luiion hy alcohol, hu~ acnc·in, rn1 tlm other h11nd, i~ 
Koluhlc in tlih1hitl ,ikoholic ~ofol ,ion~. /\ (i0% r,;i lution of 
,u:m:in m11,v I)(! pr(1i,arod wit,h :>.0% 1dcolwl and ,1 -1 % :.1i.1 ltll,i1.1n 
1,f ncuci11 m,w bc1 p r(i))tll'tl<f cw(111 wi l,h :i0% ulc;vht>I, 

T ho viHl\oKily ol' l.rf11;11r.11nt,h m1icilnl{c i,; n,il11cnd h,v ndd, 
11lk11li or m11li11m d1lol'ido, p1u·t.ii:11h1rly if 1.hn 11111c:i l11){11 i:1 
hcnLr.cl. fl. 1tlmw11 mnximum vi8c:1miLy nt, pl-I I>. A1·11ci1.1 i11 
hydroly:r.ed by dih1l,t1 minuml acid~ tv 11rul,i11n~o, 1:nln\:1.0:;t,, 
,llc.l 1►biMk and 1,wli)l:t.111·m1i1; ucidH. l J.$ vi.i;(:i1Hil-.Y iH low h1.l1, i~ 
m11int11i11ud c1v1w ,1 wid11 l)M r,rng11, 

llornnt. l'r.HMrt h <111 mucilnl{c~ ind11<lo~ l ho p1'(1p i1ru1,ion ,,f 
mucilngc fmm pl11n1 ,1i11 1111d f ho idon1.ifi1:11tlo11 of ih; All/llll% 
lhc 1m ip11rn l,io111111d 111u11.>011<li11g p1·op<1rt,i1:u of 1:111:0:1 /.turn, l h ti 
l)l'tlp11rnl.ii.111 of 11ly1:ori 11 oi11 l.111c111.~ ui;inri 11nl(n<.!i1il 1n11d!n11ti 
cmd I.he co1111idm·11t.ion of' v111'itH111 ,ium11 1111d 111t1cil1.1H1l11 ob, 
tuin(!d f1•om 111JV(1rnl lndiun plunl.11 (or J>l11.u·m11<:(!\1ti,ml ))111· .. 
J)(l80~. 

Sl!.wnil i;ynLlioUc mncilngti .. lilw aubHlnncc,, K11d1 n» polyui
nyl <1!1:cllwl, 111111,/,.y/c.,,,Uctlo~<e, c11tbvxym«thylw//u/o11i• 1.111d 
rnl11t.11d 1Jub:1l.1mc(iH, a~ dt1111:l'il.>licl in Chnp(.or 06, i•rn 11~ud 1w 
m11e:llog1,1 sub~t.ilul:rn,, 1HlltllHi(,vin1, ,md ~t1HJ)t!J1di1111 r11,v11t11. 
Mnthylc1,llulo110 (pug& 1!)06) i1111m:d widt\ly u~ o b\Jlk loxo \.ivo 
11incc ii abi;orhK wnWt uncl 3wcl111 l-0 11 hyd ro1,11I in t-h<l inLufc-
1.inu, in mudi t.hr,1 H>11lH• m1111ll1!r ni; p1;y/li11m or lu,r11,)'t1 1111.m. 
Mothyl<:dlulo~u Orol Soi11Urn1 i11 u fluvorod 110111!,iml or 1.hc 
01,1111I,. I\. mo.v ho prop11rnd hy 11dd i111t 1;lowly 1,lw nwt.hykoJ .. 
lulo~r. t,() nh0\11, ()ll(!eLh irtl Lh(' !111101111 (. of bolling W/1(.(l)', wit,h 
sLi1'l'in1{, uni.ii iL is t.horm11chly wcttccl. C\lld wa(,(w 1.hl)11 
9llC>uld l,c 11ddc1d unll l,ll(, w1:Ll.od mat.r.r i11 l 11llowoll t.o lli111mlvc 
whilt\ ,;Urri1111,. ''l'lw viN<:tmit.y of' I.ho llo l11tio11 will tfo]lollcl 
11pon Lh<l <!tlll(?(!ll~rot.icm 11111l l.lw ~111:dficnl.ion~ of 1,1)(11111)1.hy (. 
<lollulou<>. 'l'h(I (1y11Uwti(: ~11111i; 111·0 110111:lycn,::ern:Lic 1111cl ,nny 
hn u:mct ill Utt! 1ll'opurnt,ion of dinhot.i,: i1~•ntpH. Scwurnl for
n1ulno for 11111,h 11y1'\ttl~, hA..-1r.d on llr>di11m cMhoxymct,hykell11· 
111~0, huvu bmm Jll~1prnwd. 

Unifoi·rnly 11mo0Lh 11111cil11gu~ ,;omot.im(:ij 1i1·e cliffh.:11IL 1.,, 
prcmnr<t chill W Uw Utl<!Vl\ll w1it.t,i1111 nf' f,hc~ 1(11111~. In 1w1w1•i,I , 
it iu hc~I. Lo IIOl! fi11n J►llll'I p11rl.idl!11 nncl diHJltmm tlwm wil.h 
good 111: il11ti1111i1111 Ji LU,, !.15% olr.ohol or in cold wn(cr (cxC(! J>L 
for 111111.hykr.llulo .. o), 'l'liu up11ropti11L11 11111ou>iL o l' Wlllilr 
Urnll .-:1111 l.m n<l<lml wit.II 111m~t.unl. 1;(,irl'i1111,. /\ rol'iow 111' Lh,i 
11ho111 iH l,ry rmd p1•opc11-Cic111 ol' nc11d11 ,md otJ11w 1111 11111 111111 ho011 
prnpllfl)(l , I I 
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Jollies 

Jollie:.~ urc u dOijK or gol~ in which !,he s\.l'll(lturnl coh1mmt 
mnt.rix co11t11inn o hirth portion of liquid, u11uully wnl.<lr. 
'l'hoy nro llimilnr to mucilugei,, in ~hot Lhoy muy lio pwipnrccl 
1'1·om Himi111r 11,11m11, but thoy clif'for from the ln(.lor ii~ h11ving 11 
J<illy•liko cou~ir;lcmcy. /1. wholll g\lln <1f tho ho~\; q11ulily, 
mlhor th11n a powdered 1111111, id dcHi tublo in order lo oht.i1in n 
d c11r prupnrotion nru11iforn1 c:on6iH!.cncy. 'l'rngo.c11111.h ill tho 
!{Um uHocl io 1.ho prcpuration or Ji;1>l111ciri110 Sulfnt.o ,folly NI~ 
XII. While tlw »1>11ci(k 1:hiol1cni111: u1:ent. in I.ho USP jclliott 
l$ not indicuted, roforonto ,11n1111ly iH m11do in tho mono11rnph 
to 11 wuwr-solublo viHcmn1 l>t1Hu. 'l'hMo propnrnl.im1ij nl!io 
m,iy ho Corm11lo1.od with wl\l.llr rrom 11cndn, chondrnll, uoln
tin, (:1Hhox.v1nct.hylm1llulo~e nn<I 11imi101• 111thH(.1111,:()11. 

,follieti nr~ u~ucl 1\~ luhricrmt.~ for i111rgicr1I nl.ovo~. l:11t.hoLQ1·8 

and rncl.nl (:lwrmometcrt<. Liclocnino Hydrochlol'l<h1 ,lolly 
USP iR \ll!{!d nk 11 loJ)k11I 111w11tlwtic. 'l'hC1rnpo11 t.i1: vut;im1I 
JollicH nrc av11il11blc Md c:orlJ1in jolly-liko pnip11rul,ion11 nro 
u~cd for co11l.rnooptive ,,urprnK'fl, which ofton co111.i1in ~ur. 
l'111m,nc1.ivo ogonl.ll to cnhnncu t.ho 11purm11t.odd1.1l prop<1rt.io~ 
of •.ho jolly, ArnmuLica, ~uch OK mothyl Mlicylnu, ond cuca• 
lypi.ol, oft (!Jl uro c:u:ld<td to ((ive the prnp11rnt..im~ n douit·111Jlc 
odor. 

Jullic~ Aro p1·011e to mi(:l'ohinl contmnil1<1!,hm nnd (,h0ro1oro 
<11111lniu J)l'Otiorvntivcs, 11K, m~U1yl p,hydr11xyb1m1,(lt1io is m1od 
II~ I.\ 1>rn1.1crv11t,ivo in II bneo for mnclir.nC:od jollio1.1. 'l'hi11 hnHe 
cont.nins 11orli11m 11l11innt.o, 11lycorin, c11lcium 1ch1cc11111t.o und 
wntor. The <:nkium iom1 c1111Hu n cross-liokinK wit,h KOd ium 
nl1{iMtc to form II gol C>f fir•m•r eonHiMU111cy. A di~rnt1aio1l of 
1~0111 i11 prnvitlod l11L<,r in lho c:h1mt.<1 t·. 

Nonnquoous Solutions 

I(, irt cliffim1lt. t:o ov11lu11tc foirly th(I importnncc of 110111u~1W· 
ous IJolvonlM in phnrnrncuulfont procc1,'8c.\l. T lmt tlrny nru 
im))<>rWmt in the nu111ufoctur<1 nf ph1mnnccul,ic1d11 ii, on un, 
d<1rttl,nlmc:ml. Howovor, ph11rm1u:c111.i,"1 l p1·opnr11tion~, nnd, 
in purt.iculflt', thoirn int;onded for ii1l.<1rnlll w10, rurol:y c:onl~iin 
more thnn mh1or qonnt.il.icK of the or1wnic 111,lvent11 t.lu1t ara 
common to UJ<i mnnu(AcLuril\g or nn,1!~1tknl opt'rolion. Ji'or 
oxrunplu, inclu11try UtlM hl l'l:((t •}111mtitiett of chl.owform in 
>111llw oporntJ011e but. l,h<.1 uolv,ml, ii! c:,f only minor lmr,ort.1rnc<l 
wi!.h r11111>ocl (,() the fin11l prorh1<:l.. Otrn mL (lf chlrwoform 
d is~olv<iA in nbo111. 200 mL of wnter nnd t,hc !lolntion ~o 
fom1<id finch 1mnrn ~1111) 1\tl u vehide ((jOO t.h~ Kcclion 1m Aro
mati.c W<rt<!l's). Chloroform hn,, boon 1111 in1:rcdfonl. in 11 

1111111bo1· of wu"h gyrup11 hi tho pok\, hut it. huK bocn l.1nll'nc:d in 
t.ho OS by tho l~J)A in manufoctur(!d prod ucl..~ int.ondotl for 
in!,crnnl IIHO, St)lvonui 1mch 0.8 111:e(ono, hmw.a,10 1111<1 pcl.ro• 
lcthn ot.hor m111:t n<l l, hci inl(rodicnl,ll in 1>r(tpor,1tio11~ i111.011dcd 
ftw int:1.n·nnl use. 

Pl'llductJI of co01111orco mny conu:1111 :iolvcnls HtL(•.h 1411 

cthrowl, glycerin, propylene glycol, enrtnin oils 1111d li'lt1i<I 
pnrnrri11, Propt1rflt.lOM intonclccl fot cxtornul w10 muy c:nn
tuln <1t.h1111ol, oiot,lrnnol, iRopropyl 1tl(:11hol, poly1:l,hylonu !(IY• 
C<lla, Vt\rioua (lt,hcrs nn<l cortnin e11ler1;. A r,oocl oxompl11 of 
1>rep1u•11t.lonH of LhiM L.v1>u ar,, thll nilJ(lfoc:i<lllL ruhhin1, ulm,
hn)K. Huhbing Alcohol mu~t. bu monufor:turcd in 1l<:(:1>r• 
dnnc11 with Llw W(Jtiiroment~ of Uw B1ll'011u of Alcohol, 1',,. 
b1H:cc11md l1'i1·cui·mij, ll$ 'l'rM11111·y Dq1t, ,111in1t li'onnulrA ?.:3-H 
dcmat,urod alcohol. 'l'hi11 mixt.m·c cont11i,1t1 l\ pll1'b1 hy volume 
o( ncct.ono, J Jj p11rtl< by volumo of met.hyl iaobut.yl lrnt.<>110 
1rnd 100 1>nrt.s by vohun~ of othonol. B1i1.1ldo1i tho alcohol iii 
the R11hhil11.: Alcohol, Urn finnl proclucc. 11111111. 1i<mlilin wut~1r, 
:1ucro,w oc:tn11cot11l.t: or t\enlll,1)11i11111 bc:11:-.011tt: nnd mny con
t.11in colol' udcl it,iv11K, perfumo oils nnd a 1111itc.1blu 1M1hilizol'. 
'l'hc nlcohol <:ont.flnl., hy volumo, i~ not 101111 c.h,m BA.Ii% 111'1d 
not morn tlum '11.5%. 'l'ho i11opropyl nlcoh<,1 contrmt in 
l~optopyl Hu hi.ii 111: Alcohol rnn ,.,ory from (;6.0%, to 72.0% 11ml 
tho fini11hod 1>rnduc1. may <:011(.(lin c:fllor ndtllt.ivc,~, pol'fumc 
oils and ~11ilnhlu 11l11 hil!1.11ra. 

Althm111h iho Jin1111 hnl.W(!lll\ 11quoo11H 1111d nonnquoonij 
p101nm1tl(lllk tond to bll.r in Urntto c11i1cK where the 1Jolvcmt. in 
wnt<•r-i;olublo, it is poaeihlo t.o (:ntr,gorii.o 11 number of prncl " 
ucw 111.1 110M11ucou11. This ~cot.ion is, thorofo1•01 dovotcd to 
groups of nonoqucowi 1mlu1.ionK; tho nlr.oholi1: ur hydronlco
holic :mlutiOnl\ (<% olixir11 ull<I 1i1>irit.~), cthcrMI ~llh1tioi111 foli, 
c;ollodiontt), l{ly<i~irin ttol11Lion11 (011, 11lyccri1111), olull1lill()\11l ~o-
1\1t.im1t1 (c,,J, llnim11nl~~. oh1ovitnmh1ll Mid woc.hnch0 d1"<1pi.), 
i11 hulntiont1 rmd inhulnnl~. 

Althc.,ugh t,h i~ liKt i11 llelf-limitinH, n wide v<1ricty of solvc1ll,ll 
/\re 11111111 ill v,11'iouH J)harmoc0111,it:nl p1·cp1w11tionij, Solvl!nta 
!!lld1 ns 1(l:vc:c11•ol fornu,1, dimolhylt1cot.11micl<1 nnd 1;ly<:01•,,1 dl-

mcthyl11c\:11I hnvu b1H111 1·ccommond<:d for 1.n1rn.v p1•c1th1r.t,, 
procluccd l,y Uir h1dut1~ry. Howovcr, the toxicit.y of mru1y of 
thc~c nolvcm\s; iM nol woll•G11LnbllHhod t\nd, 1\)r I.hi~ rc1111M, 

1:,1rnful diuicnl Ktudicia f:lhou lcl be (:t1rricd out. <>n the form \t
lotcd pro<hu:L bc,foro it, ii! rclcnKcd I,<> Ow nlnrlrnlplncc. 

It. i~ oiq;o11ii11I thnc. c.ho toxicity of~olvont.11 ho t.ui;ictl upptu
printcly und 11p11rovud i11 order W ovoid p1~1blomA: for ox• 
mn11lt11 the,, trllf(i<: lo:-1! of life whf<:h occurred d\lrin~ HJ:J7 
whim dict.hylone gly1'.11I wl\ll \ll!t'Jd iii n11 olixirofsul fon ilnmid11. 
' r ho rm111lt o!' thi~ tragedy wn11 t.lrn HlM F<1d(\rtll l~ood, Dru11 
1111<1 Co~m11Uc Acl, which requh't!<I U1nt. 1m 1nuct11 he !-Ok~ed 
for both 1m!'11ty ~n cl cffoctivonci1s. 

Collodlon8 

()ollodionH &re li<iuicl prcpart:tli<Jnll confoini11g pyroxylin {II 
nitrocclluloao) in II mix.ttire of ethyl 11U1or nnd u!.ht\ Ml. 
Thoy ure npplicrl Lo tho eldn hy 11101111~ of ti ~ol't bru11h 01· nthor 
xuit.rihlc uppHcotor iwd, when \,11(1 othut cllld ol,h111\0l h11v11 
cvn))ornl~1d, louvc u film of pyroxylit1 1>11 i.lH1 1mrl'1u:c. The 
(1f1'icinl 111ecl i,:1tt(ld collodion, ::iulicylic Acid Collodiot\ USP, 
t'.Olll.ninH 10% 111/11 of 11olicylic ncid 111 Flexil,lo Col101lion USP 
nnd i~ 1u;ed ,~., 11 lrnrnl,olyWi ll(t<m1. in Uw t.rontmon~ of cm·nM 
1md wnrl,s. Ct1llodiou OSJ> ond Ploxihlo Collodiou USP (lro 
w11 toM·c11ollcm1. prole1,t lYP.R for minor cut.A 11nd llCr11tcho~. 
C11llodion ill mudc flexible hy Urn ndditi1111 of C'l\ijtor oil ond 
tiamphor. C111lo1.lim1 hnK bcM \l 8(lrl l:o r<;tiu1:o or <iliminntc 
the ~id(i effor.~ of fh101·our11<lil \J•cntment of Nolar lc(lnllO"C!~. 
Vohit:lctt other thun flexihlo 1:oll1ldio11, llllCh m1 n polyn\!l'ylic: 
h,11111, hnvc been u,wd t.o incor1>ornl,(l 1111licylic udd for t.ho 
l.rontmont. of wL11·U1 with less irril.ntion, 

Elhdrs 

mlxirtt ure cloar, plonntmt.Jy fl11vored , 11weo(.onod hydr<>ul• 
1:oholic liglllda int.ondcd for or,\I uoo. Thoy nro uHod 011 
fl1wo1·11 cmd vohidoR such 0.11 Aromntk I1)1ildr (pogo 1302) for 
drng !f\1()stnn1:<u1 011d, when such suhatn11c<!~ nm inco1·po1•aied 
into the Rpocificd 11olvonts, IJ1oy nro clns11ifi<1d 11,l m<i<llcnl.cd 
olixh·u, cg, Dexnn1eU1n11cmn J;:Ji1dr USP nnd Phl)Mb11rhil~,1 
Ti!lb<ir USP. The mnin in111·odiont11 in olixir11 nt·o o~hnnol nnd 
wutur but. glycorin, sorbit.ol, prop:ylcrHJ glycol, flnvorin11 
ugou(.s, prm!Oi:v11tivc11 and syrupa oflon nro mwcl i1\ tho prepn
raUon of tlrn fhrnl produci. 

' l'hc diMtim:tion l)11twt1tlll (j(ll\\(I of Uw mcdir.1~wcl 11yt:111)1) 
n11d elixirs •~ tltJ(, t1hv11y11 d11111\ Por CKIUllJl)C, Rpho,Mno 
Sulfott: Syrup USP conlninH hotwoon 20 und '10 mt or olc11-
hol in 1()00 ml. ol' prodm:l. F,phodrino rnlixir PC conl,nin~ 
8y1·11p nn<I 100 mL of (lt.hnnol in tha ~nmo f'inul volumo. 
Dofinil'.iortk 11r<1, lhi:rcfor(I, inco1111if,t,mi l. a11d1 in 11omc 111-
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11t:nnc.,,k, not. 1.00 im1.101•(,1m(. with rt!11pucl (,11 Uw 1111111in11 of tht! 
111'1.idc11 of 1:oi\1ll11.,r1;u, ')'Jl(! ti)mcl, compollition m1111t, how11v• 
or, he known if t.110 1Wllll(1ll(:(1 (1r ulmm<:<, of ,m ingrtidion\. fo1{, 
KUlWOHC) iu of U1orupo11!.lc >1ignilfo1mcc or whim ,m ndclil.ion11I 
inwudit•n\. 1111ml, l.,u incorporulod in the prod,ict. 

!Wxim cont.uh, nl,hyl olcohol. Howeve1', tho akioholi<:con• 
l<mt will vm·y l.(rout.ly, from olixir11 t•oJ1t~1i11i11f; only 1.1 11m11II 
qmrntity IA> (,hem(! thuf, t)()lllJlill 11 ,1,11>1!idtll'~lhlc pmtion i:111 11 
111lcoi;~1u•y ui<l lo ttoluhility. l•'or· ox,rn1plo, A1•om11lfo ~!lixil' 
USP c11nt1.1Jw~ lU l1) 2:J% of tlkohol; Com1u)U>HI Bonr.nldH• 
hyrlo Elixir, on \.he ot.hor 1111ml, cont.nine, :l to 5%. 

Ji;Jixh·>111hjo m1.1y COll~lil\ i:rl:vccriu und 11y1·t1p, 'l'ho~o nmy 
hu 11dclctl l.o i11cro11u(, I.he>. ~n1ubility 11r Uw mcdidlllll ,wmt. (11' 

f,,r l!IY(\11tt111i1~1: purpo:11,1:t. Som() di:i:irll 1>01ll:11i11 propylf.lll~: 
/{lyc:ol. Clnimt1 h.uv1i hmm nwdo fM t,hill i;olvon\. nH 111111iiufoc-
t~i1·y R11 lmt.it11t.c fol' both glyli<1ri11 nnd alcohol. Stmmor, ii in 
hiH 1>1111cr on l.()rpin hydrntQ J>rnpnml.lmik, 1mm11111rizml t,hc 
11dv11n t.111{cs 1111cl di11r.1dvin1t1l(/1'11 (If (:hi, :ullvcnL 1111<1 s111,m1J:;(.ml 
~~worn I formul11t:io11~ with thornp1mlic: dinn1c:toriut.i<:1111i11luri• 
or (,o U1c>iic1 of the elixir rfo!lt;r ihtid i11 Nii' Xlll. 

Ono 111m11I tlrn,o of tho tili:Kir (f> ml.,) conl.uin~ H!i 11111 of 
t.\lrpin hydr1\llt. '!'hill subatnnc:c iH uHod iu brond1it-i1:1 in 
doo,111 of I '.Mi (,/1 :l()f) 11111. W! nu cxpcct1>1·not·.. Thel'()fo1·<1, t.ho 
11lix11· i11 i11(!1'f\wt.iv<1 for Uw \.1·tint.1twn1. of lmm<ehi1,i~. H(lw11v 
,,r, it i1t HHod {\l:l 11 V<:hidt1 for 1,lu: dn11;~ in J\wn:v r.om1n1-1rd1.1lly 
11v11ll1\hlti couf!h 1iyrup11, Tbc1Hc muy co1\l,11in dextro11wl-hm•-· 
l)htm hydrohr·omido •;o<loin(1 pho,mhnln, r.h)l)rphcnirn11~il11i 
mnh,1'1\.(!, J>yt iliunilw ornlontc, 1)mm1miom d1lori1lo, crf.ll)Hf.ll,11 
11ud II wiclo vnriel,y of' ol.ho1· drugH with ox1H1<ctornnc. 111111 
until,IIHlliV(I Jll'ClJ)f;l'ti(Jtl, 

Ono c,1!' I.ho l'our limm1l11t.ion~ dmwrihod in S11m11or'11 p11p11r 
hi rdv"n below; 

'l'<wa>ln Hyd1·111.0 , , . , , .. .. . .. .... .. .... , 
Or11111:o Oil . , . , .. . ... . . , .. ... , . , , . 
lk11:mldohy1h, , . , . .. . • . . . . .. . ... .. . .. . 
Rurhitol S,>1111.iun lJSJ' . .. .... . .. .. . . , , . 
l:'1·1111ylc11o (~IYMI ... , , , , .•. , .. , .. , , , , , 
Alcohol • , , . • . ....... , • . , , . , , , , , .. , ... 
J.>uril'icd Wnl.m·, 11 uufficltn\. (tU(tn• 

1.it,y, to mnlw .. , , ••.• .. . .• , , • , , . ••• , , , 

1\,01( 
0.1 ml, 

0.001> ml, 
10.0ml, 
,rn,o ml, 
<1:.1.oml, 

lt)l),I) ml. 

Dl~11ol11e 1hc (mpin h)•dr,1L,, ill I.ht\ pto11yh,n<• l{ly1:ol nnd Morhit~,I 
11oluti1m which lmw hmm hm1Wd lo !io•. A,Jcl l.lrn. nil ,wd l-l1r. l><11W,I\I· 
dchydti c~, 1-hll nlt,oh..,) ond mi• wi,.h 1.ho u)rpln hydrnt<: 1,oh1ti,111 nl 
l!b'', Mid :1oflkim1I puril'iod w11l(i1· C.o m,ik<l th11 11ro1h11:~ lllMijllrfl 
11)()1111 •• 

'l'h0 <!lixir cont.nhtH :JOO HIJI of t.f!r1>i11 hydr11tc/li ml,, u 
ml11lm1ll (Jt11111t.i(;y of 11lcol11)l 1uid 1111v1)rin1t 111ton1.11 which udu
qunt.ul:v 1nn,;k the tn11t,o of pn,pyl<,m, gly<:ol. 

Altll()ugh nk<•lwl i\l rm t1X<:1,lliint 11<1lvcnt for 11<11l10 clru1t11, it, 
do111; 1.1.ccm1tu11(,11 1.ho ii111i11c t,Mto of lll'omidos nnd ~imilnr 
nnltu. It oft.cm ;,. do11ir11hh:, t.h1mifm·o, to 1mbu~it11tc K<lllW 
0Lhc1· 11olvo11t t.lm t. iH mt>l'O offocl,iv(J in m11ski111I 1mch t1mtt1s 
1<1r p111·t. of Uw uh:ohol in tho forn1ul«. In ((l!norill, if tt1Htu i1:111 
t1om.idor1\ti<111, (.ho fonnulotor i,, morn proml l.o 11111, n :-iyrul) 
1·othor 1.h1111 n hydtonlcoholk vehi(:lc. 

An ~lbdr uwy Nll(.11in wntm·• iuul nlc:ohol•1mluhlc in1{1·mli
cmt.r1. If 1.mch i,i tlw (:cwi, (,he followin11 p1·oct1dure i1.1 inclicn1: .. 
ocl: 

DiHH1Jlv11 t:ho w11Lnr-f;1JJ11hlfl in.:redim1\11 i,, 11111•1, of 1.lui wnlflr, Add 
nnrl HOll1blll~.c Lhc KOCJ'<l"" i11 Lh~ n<IU<!o11H l:l1.1lu1.io11 . l'rcp,1rc 1111 
nh\oh,,lfo 1111h11fon eontoininl{ tho ot.hm· in1:1·ctlio1lln. Add l,hc, m1u11• 
uUij 1>h11Mc to tho 11looholi1: ~olution, filtQI' 11ull mnk11 t.o vohune with 
w11t-or. 

Su1;rn:m incrnnaoll vi11co11il,y 1111<1 d1\cro11:101; tho f!<Jh1bili:r.i111~ 
pi·op(!l'tio~ of wntor Md BO mu,.. I: be mldcd nft.cl' primnry 
imlulion hu,_. hlicn offo<eU!d, A hi1{h 1IIMhoHt! coul:<m(. i~ 
m11int11i11ed <foril)f! pr~p11rntir.m by 11ddinrJ t:ho nqucou11 phu~o 
to (:he 1tlcoholi() 1mlutim1. IWxin111Jw11ya 11hould h<i lltillinnt
ly d(IUl', 'l'hoy nu1y be, 11tr11iued or Wt.ered 11ml, if no<itia~Hry, 

ijubjcctcd t<~ t,hll dul'i(ving act.ion of pul'iflod l.lllc or nilicoom1 
(!Ol'th. 

Om:i of tho fon1wr 1>ffl(:lr1l (11i1drij , J.110 -Al(\oholit: F;lixir NI•' 
XV (p111fo 1.328), mtunlly i11 11 ~<>mbin11tio11 or lwo ,mluLiM11, 
ono cont.nining 8 v., Hl% t1tl11111ol 1mcl UH! other 1;<mt11inin11 n 
(.o '18%. lt i1111110d 01) 11 vohid<i for vur101111 mcdicmnon1,!I thnt 
rnquiro ijolwnt"I ()f clifforont nlcoholh\ 11trongtlrn. l•'oi- cxmn· 
1)1<1, the ukoholic ,..,,rcn1,t th of the t\lixir t.u IJll u1111d wil,h 11 
11il)1~lo liquid (IO)(!J) icul i11 111>prnximntcly tho 11nme 11w thut of 
(,ho 1(nlr.>1li1,11I. Whf.lll diff(,r(lnt ttlcoholic ~t.rc:n~th~ 11ro m\1 
ployed in I.Im ttOI\IO prM1:riptim1, tlw t11ixir to ho 11uC1CI ill Uw 
one !,Im(, 1m1dm:011 (:lio UMt- ,;vlt1tio11. 'l.'hi11 i11 wmnlly Uu, 
1\Vo1·u11e of the 111<:oholic: nt1·c,11uthR of thn 11ov11rul in1trcrlicmt'~. 
Ji'or noncxt,1·11ctivc :ml.1ttl111)c:<111, t.ho low(lijt. 111,::oh() liti 11trnn1'Lh 
of t!lixir thu(, will produce n dlll)r 11ol11tion 11ho11ld ho ll<>kitilod. 

'l'ho formula fo1· Hitth-Alcoholit, lWxlr i11: 

Cm111)(,im1l Ornnt;(l $11il'it . . .. .. ....... , , 
9M1,1h11rir1 .••• . .•• ... • ... . , . . , . 
Glycurili . . . .. . .. . , . , , , , , , . , , , , , , , , , , .. 
Alcohol,,, :n1ffidc>1I, 11u1111li L)I, lo 11rnlw , , . , 

4ml, 
:11( 

200111I, 
10110 111l, 

Thin elixir, ,md m1111y other li<t11id prnpnrntionM int.ondml 
for intcmiul u11ci CoK, the di11b0Lic llyrup,; ~hidrn11od witJ1 no< li·· 
um c11rboxymc1thylcollulo:;() or simill1r 11uhKt.1mce~) conl~iin 
1111c:chnri11. D1Jring l.h<i pn111. fow y1lnr1;1, l!!Ji<,nti,i(.i hnvc ul,ud· 
iod t:hc, tmdc cffocti; of l,hi~ RW001.1:11i1t({ ogont 1111d of t.ll(: 
(wdom11t<1B, The cyi:l,mrnt.c 11t.mlim1 ,..Jww<1d t.h,1t t-hc 1<wcltlt.• 
onor could p1·mhu:o coll(~:!' in 11nim11l11 1111<1, 1111 n r<11111H., thi~ 
1111lmt11ncc w1.11i rnm11v1-,1I l'rnm II widci v11rit1Ly of product». 
Simi Im· stud it!l! huw hoM c1,11Ticd ollL 011111H:(:ht1rin. 

Cvc:l1im11t.oa 1111(1 M<:dwrin hnve b(1c11 btlllll (iu in ij1lll1e 
cou~t.riu« 011 i111.:l'<1dl1mt,; i11 m«1111fol'.l,urc1d prod11<:t.11, Muc:h 
J'etmrch hoij hl.!<)11 dmrn l.o find 11 ,info ay111.i1(1t.lc 1;11br;tit11l,c for 
,;ucrv~I). A~ 11 T\l$\tll, u11p11rtmnc (lllcUlyl N(•-L-,.t--1umorl.yl). 
l,·•))h(lllyl11lanin11l,o), which i1l uhoul 200 1:inrn1111wccte1· tlum 
:-iucr·o~o. ia b<1in 1_1 u;;cd 110w in nrnny 1.so111nw1·cit1l prupur,,tion~ 
IHI l,ho HW11tll.(1ninl( 1)gont. Jt iR 1,puri111dY gohtblc>. in ,vri(.e.r 1111d 
it1 most ~t uhlo 111. 1\ llli of' 4.:i. 'l'hin conlp<11111d lilwly will hi: 
tilled in I\ munh(ir ol' ph11rm11<:cut.ic:nl formnlo.ti<)llfl in (.h<; 
ful,tm1, u 

ln<1011n>ot.ibllttll.'11!-··•Sh1c<1 clixh·~ co11tt1ill 111\'.ohol, incom .. 
put.ibilit,io1J nf thill aolv<llll, 111·,: nn importnnc. ~c)l1>1iclornHc111 
during for11rnl11lict11. Alc:ohol pi·odpi(,111kt~ t rnt{tlCt\nt.h, nc11ci11 
and 11111u· fron1uquuol11111ohnionn. Simil111·ly, it will prndpi• 
t.11tt1 mony inor~(u1ic ~11lt.11 from 11imilur 11c1lut.io1in. 'J.'hc. imr>li• 
c11t.io11 hHro is thill, audl ,111b1JttlJ1(:l1t1 ~hould h(i 1,hHonl. from 
t.lJO uqllMtUl phnf!o or prc,Rout 111 ,,ueb C(1111:<mtrntimrn Lhnt 
thcro in no <111111,tlr of prccipitution 01\ 01.,rndi111~. 

lf llll nqCOUI! f)(l)\ltion i:i odclc<l to1m olbdl' , U pnrt.iol prMi))i• 
tntion of ingrcdicmt11 ,1u1y oct'.m, T hitl ii, do.,(:,, th<• l'C)ducod 
11lcoholk co11t.e1\t, of tha fined pro1>11rnU011. U,rnnlly, how~v
or, tlw 11lcolwHc Clllll!Jn1; or t,ho 111ix1.urti it1 not Httffic:i1111Uy 
dccrc11111irl (.o tilUflO sop11r11tion. A11 vohiclC?t< for t.in1:Lt1rcf1; ,md 
t1uidcxt.rnc:tr;, t.ho olixiu geMrnlly c:011110 n t<OJ)1wutfo11 of (IX• 
t1·1\tt:.iw mutt11r from U1t1~e )Wodttcl!! d11~ t,o n roduct.ion of tho 
alcoholic coutcut. 

M1flly of ihe illMll'll)lltihilil:i\l~ bctwcmn r.llxin1, 1.u1d the 
flUh8l,11ncca (:ombiMcl wit.h thom, 111·0 <hui to th(: dHJmicnl 
clrni11f.t,m·i11\.ic,, of the elixir p,w ,oc1, or of the ingtediunt"' i11 t.ho 
finul prop111'11(;ion, 'l'h\lll, certain clixirn 111·() m:id in reo(:(.io11 
while othorll may ho ullmline und will, l,hoi·c•f<n(!, bQllllvo 
nc:c:orclinrtlv, 

Glycerlns 

Glyce.l'iJ)1;1 or f~lyc:orit1it1 uro t1olution11 or mi)(tUl'llU of med id, 
nlll 11oh11t-1lMC:1 in 1101, fom1 (,bun 60% l,y wdgh(. nf glycerin. 
Mortl.of U1c 11l.vc1i.ri11H llrl! ux(.1·11moly vi~C0\131111<1 ,iom(111rc of 11 
joJly .. Jikci (;Qlllji(jl,Cll<ly, Ji'ow of th<1m ll>'o Ul\O<I oxto11iiiv1:ly. 
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Gly<ml'in i11 11 v11h1nbl(I ph11rm1\coutfo11l tiolvent. f'ormi1111 
pm·m,mcmt 1111<.I conc1mtr11Wd 11oh1Uo1\11 ML othorwi~e obt.ain• 
11hl<1. Somo of l,hol:'1111ioluti1m11 ure u1-1od II\ t.ht)it- originol form 
t111 m~diciuul 111{<mfA:1 whllo o\.hor11 or(1 U!l(id l.o rn·111>11rr.11q11no11~ 
irnd ulcoholic dilul:ion~ of' ,iubB L{l n(:o~ which 1m1 not rc11dily 
t1oluhlo in wnt(ir or 11kohol. A1\tipyri110 And Bommcnino O1,i<: 
Soh1t.inn t.JSP Wtlll dis<iue~od 1mwi(ll1Hly uudor ()f:ic So/u .. 
t.io1111, Ono of 1.ho ~ly,iorink, Plumol Gly1:ori11 PC iN ililul~trl 
with ,ilycerin l,ll form tho phr.11·moco\1\,i(:11I prnpur11Lion, Phc• 
llol J.•~11r-Dr,,ps PC, 

l'h,mol Glyeo1·h1 PC 

PlumtJI . , ...... . ... . ... . ........... , . . . . . 1611 ll 
Glyucl'ill , , •• , , , , , , , , , , , , , •• , , , •• , , , • , , • , • A~P r: 

Dieuolvo ~ho plwn,,1 in I.ho 1:lyc111-in. 

Pllunol Eur-DrOJIH re 
l'houol Hlyut1rln . ... . ••.•• , , , • , • , • • • • • • • 1(1 ml, 
Olyu(irh1, 11 H11ffit:iu111. <1111111til.y, 

I<> m11ko . , , . , .. , , , .. , , , , . . . . . . . . . . . . . . I 00 ml. 

Wutor mu11t: not. ho mhl(ld to thi:1 prt•1>m·111.io11. J-1. l'li llclil 
with the phcnQI to J>l"od~l<:O 11 p1•cp111'1tlio11 which iB t.lluij1,lc 
nml, c:01rncquently1 dnmnging t.o tho Rl'lln of 1tpplicnt;im1, 
'l'hi"' J>r<>duct no longer i11 rMommc1Hlod bticuusc of tlm l}Ol!iji• 

bili{.y of n<wro11i11 und pc1rfomtio11 or the~ 1.ym1>1rnic rnem
brnno. Ari no~od ~mdor 0/.ic Solutio11s, glycoriil nh)rn1 fo l1M1d 
to nid in the rcmovol of clmmrnu. 

Sodium Bicnrbonnl-0 Bnr•-Dropii J>C mny be u~cd ifwnx i~ 
t.o ho rmnovod from the onr. 'l'hiM proparation c:outnhm 
~odium bi(:Qrbonotn (5 g), glycerin (:)0 mL) mid lllll'ified 
wotcr {n ,n1fficil111t quantity t.o mnko IOO ml,), A glycerin 
b11so wni; choacn ,u; Lh<• optimum 11olv1mt for on ,,tic pro1>i1r11-
ti1,m i11 (I ~(.1~dy involvinl{ Lhll ~IJ1hility nml nnt.irnicrnbinl 
,wt.ivit,y or k,rnnmycin a11lfott1 otic drnp11. 

St,u•ch Gly,mrin, nn omollic,nt:, ,i,mt11i11H Kl11rch (100 g), 
berw.:oic ndd (l! t,t), purified wnt,llr (200 mL) 1l11d glycerill (700 
mL). 

Glyc:erlns 11r(1 hy~rori,i<111h: ,md uhould he ~to1·ocl in UrthtJy 
clo,uid ,:on\.oinori;. 

Inhalations and Inhalants 
Jnlwllltim111 

'l'hl.}ae l)l:<tJ>llrntionll 11ro no used or d(Jlli~nod t.h1\t t.he drug 
i11 c,irriod iot.o l,hll 1e>1pirntory trno of tho pntfonl.. 1'hl'I v11por 
or mi~t ronchea th1i oJ.'fllCltl<l ,ue11 1111d give~ prompt rolifif 
fr()lll th,, 11ympJ.oml.'t of lmmchiol nnd 11t1Hul congestion. Tim 
USP djjfino~ lnhnll1tiona in th<! foll<>wini:i wuy: 

J11hnl111.i,m1< ,we dron11111· ~ol11ti110• 11f 11>·11f:• ,1,lmiuiRlm·cd h)• 1.lui ntt•nl 
m· ornl reH1>i111tOl'y r,Htltl for locnl or HYAl◄1mic eff1!r.l.. l~xu1t11>IO!< hi t.hi1, 
P111m1111top1eln nr1i l~pi111t11ltri110 h1h11l,1tlon on<I l1JOJ>ro\-<H0011,1I Hydw
d,lorido lt,hnl,11.111,1, N1•lm lir.ur• nro ••Jil,1bh1 f•>r Lhu 11dmini•tmllv11 •ii' 
l11hnlntio11 ~nh11.io11~ ,mly If th<>y t:iv~ 1lroplco ~uffidQ>1th• fine ,111.t uni 
fnrtl\ hi 1d1.11 11,1 thoL th~ miHt, rur.h,iK th<• brm1chlolc~. 

A11,,tht1r 1u·u11Jl of 111·oth11,t~, olH<• kt1<1w11 "" iuhnl,1ti,111•, 1rnd Komc,tim11H 
c:nl11,d iu~11(fi111.ion•, mnuinlH ol' l111oly powdcrnd 11r lh111i<i <lt111(11 th,tt 111•11 
(:11rrlml 111to t,lw 1·0,ioirnt•1ry irn~HRflOH by th11 UHi! of HJ)ttdn l rlolivory ~y,;, 
tMlij, ~11<:h ,,~ plrnrm11t:t>\1l.it:11 i1cro~1)lti, \,h/1\, h•>III ,-~c,lution or HUijpm1aion 
nt tht• drng iu c, ll1111t1fiQ(I 1:1111 11r<>l)ullut1t (M<•o i\~rn•ols). Wh~o r<,l<oo~~cl 
lhnn,Kh 1\ 11ul t11hlo vnl vo 1111d oml 11!111111.w, ,, 11111101·1,d tl,,aa o( tho i11hnl11 , 
tfon iH pro\rnllod in~o cho ruHpirnt<,l'}' l,rncl of !,hi, J)PC,i(1111 , Powd(11·~ 11lrsv 
1111~v h<: 111 111t11iatarcd h;y ,1111d11U1hit1I dovicoR t.11111. 1·11q11ia·11 o m1.11i\111ll}• 
ptml111:otl pr1trll\Ul'O or II ducp i11a11ir11Lio11 hy tl11, 1111ti<,11t., CH, Cl'(111wl,1•11 
Smlium, 

s,,h11.im1a mny l)o 1111hulii"<I h!I une 0!'11iort,:nR<1H, NobulirA\d •oluti,>1IN 
mnv h11 hr1111l,IH<1l llit1,,1tJy frnm l.11<! nolmlb.<ir, or (.h~ ncbl>li1.(,r 111,~v h,, 
~tti1('11r,d ti> (1 11l~Hl.i1, f1wi: ,1111t1it, l(,nt. or il1t~rt11iu.,,11t. po•it.ivO•tJt(•••11n1 
hro11lhi111i (ll'l'H) 11•nd1i11~. 

Af.l iJt:ol(ld int.ho tJSP, purtida isir.o ia of m,tjor import,11ncc 
in t,hti odminiHtr111,io11 of t,hlf.l 1.ypo ,>f r,rn1>11r11ti11n. Th<l vt1ri-
011H muchnnir.nl 1fovicoa thrlt 1trc oaod in co11j~uw~ion wlth 
inhul11tion111\1:e c.le11crH\1MI in /!()1110 do(J1il in Ch11pt"1' 104. It. 

h11A hncm ro1),,r1.,,d 1.hot. U1l1 opt.immn pnrf.ic:111 1ii-u, for 1>e11c• 
trotion into the 1>11lmo1111ty •:rlvil,y it1 of the orclor of 0.6 t\l 'l 
µm. Finu miHtM 11ro producod by premmrfaccl 11crm1oh\ ood 
honco t)OHllOl!k butiic udvnnl~lKCH ov1i1· U11~ olde1· 11eb11lh:cm1: In 
nrlrlition, nwt.01·Clil 11c1·ot1ol~ deliver mo,•11 uniform doncitt. Sell 
Ch11ptor 92. 

'l'bc torm Jnhalnti.1111 ill 1111t1cl commonly hy Urn lnym,rn 1.0 
rc;i>roHollt 1>1·up11rutio11» intondod t.o bt• vup,.11'11.cd wH.11 t.lHi 11id 
of hont., 11u111llly t1lc111111 und inhnlod. H1,,1r.oin lnhnl.11t.ion PC 
cont.11i11H ho111.oi11, 11!.tlrnx nnd nlcohol. The vll)l(>l't1 from n 
prnpumticm contnining I tcnspoonful of tho 1:inc:tur:c, ,rnd l qt 
of boiling w11t~r m11y ho i11h,1lod. Tho davico lrnown 111! ti 
(lltJ)Ol'fae1· iR u11od with ll nnmh(tt' of commcrc:inlly 11vnilnblc 
pnmnrution11 of thi11 ~ypc. 

Et>in<1phri1w fohulntion 11111'1 lsoprot.or,mol l·Jytll'o<;hloridc1 
lnh11lnti<m ar<• d1111<:rihcd in tho USP. 

lnJwfrmt11 

'l'ho USP d(,rino~ inh11l1111t1111s follows: 

/I ~))llcinl d11NK ,,r i11lrnl11L\1m11 l.\ll'lll</tl "h1h11l(IY>!11" .-,11.iut .• of tlr11~11 or 
~omhinufiunK or clrugR 1-llllt, h.v virlun nf llmir hi1:h v111mrinoRH11r11 , 1:BII h1: 
N,niod hy rm nir cnrrc,111. i11Lo \h1, 1•11MI 1H1tl\•il1(1J whr.11•111111,y ox~1·t. tlu,it· 
,,ffoct. '111111 confoinur from whi<:h \,ho i11h11l11ntis nd111initil<•r1,d I~ 1111,)Wll 
"" H\\ irlhnldt. 

Prnpylhexodrino I nh11l11 11 t und Tuumi11ohcpt.i:111ci ll\hlll11.nt. 
<;on11il\t of c:ylimlricol 1·olll! of ~11itnhl11 fihrou« m11t11ri11l i111-
pro10111t1id with pror>ylhexorll'in1;1 or t~1uminohoptnno (ns cm• 
bomit,C!), U~IH•IIY 111·om11thi:cd, ond conl.ninod in 11 suit11hl<1 
inlll1ler. Pt1)1>yll11:ixodr inc is tho 11c~ivo in,~rc<liMt in the 
widnly uaod ll<miodr<!x Inhulor. Both of 1.ho1111 <lrng!i 11r() 
vnt1l)r.~m~ttir.torll 11a(1d to rdilM1 un1111l congoalion. lnhnlorll 
which C(>r'rlO in conta~t. wi th I.he mouth or 1111a11l 1>MJ8fll<()II 
beC::Ollll! l:Ontmnin11tod by bf11:toritl, th~111, thuy 11hould he ro
i:11.rl<:tcd t.o per~1m1)! 11~0. 

Anothor i11hnln11l iH Amyl Nitrlt.e USP whkh ia very flum .. 
mnhlo ~nd ijhould nol: ho \lsed whore lt, m11y b<i il{nit<td. It iH 
p11Ckol{od in Hcnlocl Klo~s viols in II pt()t\l\l\:lvo g1n1v.o. Upon 
broRlcing t.110 viul, the "!\m:e !\lmorb11 l,h<1 drnf.( which i1.1 lhcm 
in holed for t.ho tro111,ITiellt of angl1111l J)ulu. Soo pn1,:o 843. 

Llnlmenls 

Linimelltoll nm ~olt•tl•mt'I or mlx~ure1.< ,,r vn ri<J111111ubsUll\<:Cis 
h\ oil, nlcoholic ,olution" of 1.10111> 01· emul11io111', 'l'hoy uro 
int~ind<id for external apJ)lit.at.1011 nnd 1,h(lul.d bo t10 lnhnlc,d. 
Thoy nr(I rubbed onto the nffect<id 11tM tmd, bac!l.Ul:lC ol' tbi11, 
were 011(:(l cnllod em/11•ocia1.ion~. Donll1l linimimt~. which urt, 
l)O lonl{cr officinl, ore 110Jutiou11 o( ucUv1i ~ub11tno,,(,o nnd 111·<1 
l'Ubb{ld into the g11m11. M<>Kt.<IMtM.ll quc11t.ion t.lwir u~c11\1J 
u<1t1t:t 1111<l1 con~equcntly, t.hiH typo()( 1>reJ)urntion i11 rolnLivcly 
unhl\J)<W~mt llll n ph1mnncm1ticol form. 

Liniments 11su1.1lly uro nppliod wH.h t'ri(:Llo11 @d 1:ul.,bing of 
t.lw 1:1kl11, t,hc oil or 110,tp b11110 pr()vidi1111 for l!llllt) of npplication 
11nd mussagr.. Alc()holic linimontl;I nre ll~!Jd lt(11U.ni1Jly for 
t.h11ir r11befo,:im1t., cc>1111icrirriumt, mildly m1tl'i111<ont. ond 
pt:not1·11til1K effoct.~. Such lh1im<mt.M p(111~t.rnle the 11kit1 more 
readily t,hno do thooo with 110 oil bm1c1. 1'1w oily linimunt11, 
Lhereforo, nro mildor in thoi r &ct.iol) hut. Mo more useful 
wh<•n DlrmsnRC iA r(,quirod, Dopondlnr; on t.ll<iir ini;Mdim1t.111 

rmc:h linimontll m11y fundion uol0ly na 1>rotcct,ivc 1:011!-i llgH. 
J,ini1n!111L11 11hould not, b<, oppliod t.o ~ki11 1.h11!, i8 IH"uim,cl or 
brol11m. 

Mnny of Uio murketcd "whito" linimont.~ nrl\ b111jed on !:ho 
formul11tion lmlow or vnri11f:loi111 thcr1:1,,f. 

Whi.t.o Llnlmonl PC 

J\miuunlum Chloride . ..... .. ... , .. . .. . 
l)ihih• ,\111m1ml11 SoluU011 .• , , , •.. . •. . •. 
()fol.: l\vM . , .. , , , .. .......... . . .. .. , , . 

12.li~ 
,ii, ml. 
1111 ml, 
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'l'ur1•◄"'1h111 Oil . ... . • . .. . .. • . • , . • ... . , 
WM1ir fct,· l'1'('11lllt'1\lfonH .. . ..• . . . . .. ••.• 

!>.!ill ml , 
(12/i 1111. 

Mix tho ol«it, nd<I wi1.h Uw htrp1!nl.i1111 oil. Add 1,111\ ,lil,11t, i1mm11-
11i11 ~,,lut.inn miM:cl wil.h ,111 ,,11. <'if 111·1wioosly wnn1w1I w11t11r 1111<1 
11hr1kc. l)ir,111,Jv~ c.lw mmnonilllil d1lol'icl(! in t.h1' 1·r:m<1h1<l<•1· of l,ho 
WIil or,"'"',.., t-ht\ C',ll)U)Nil,ltl (111d mi ~. 

Oth,i,· li,1imo11t:1 conl11in 1mt.i1>rnl'it.ii::1, m,1.rin1:ent.~. mnoJ .. 
liouts 01' m1ull!tmkH 1.111d 11rc dai;!lifi,itl on (.ht, b11:1l11 of t.ht!ir 
u<:t.iv1, in11r1idim1t. 1\11 vwmph! iH; 

C1►11111011nd C1ll11111 in,1 A.111,H1,11du11 PC 
(Cnmpmmd Cnl11m ii1c/ l,ii•i111m1t.) 

C,1l11111it1et .• .. • .. ••.. •.. ••. . .. • . •. 
Zhu: Oxld11 • • •. ... • . • • •• ••••• •• •••. •. . , ..• 
Wo(II J-'111 .• • •• • ••• •• ••• • •. • , , •• •• . 
Zin.: ~ t-llllrflh> . .. . , . • , . . •. •• . •• . • . . • , , • , , . 
Y1!llc►w Soft P11rnfri11 • ... •. .. , . . . ••. . . , • . . . 
l..lc1nld l'11 l'llffh1 ••••••.•••••.•••• , , • , , , . • • 

100 g 
J\O II' 
:.mtt 
?.r. J: 

2r.o 1t 
~:\II I'/ 

Tht• ))owdurn un, t.ril.urnlc:d l.o (I 111111101.h p1111l1\ with Komt M I.hi• 
li,;uid p111·1,m11 (l.i,111id l'ult'olul.u,11) . 'l'lw. wont fut., 1.i,1c t,l.(ICIMfo 
1111cl ynllow H,,fl. p,irnffin (1)01.rnlat.um) ,.,.,.. nltlllod, n1i~c?<I with~"""' 
vf th<i li1111lll 1mrnfri11, thl• mi~um, i11t'.•>l'Ji<•wtc1I with I.Im t,ri 1.111·01,,1t 
pow,l(,n, untl tho ri,nt. n( Uu, li1111icl pn rnffin 11rhh11I with mixi1111, 

Durm1i1·.nlo1:iulH prc:i;cri lm pmducln oJ' I.hi» ~ypc but ,ml~• 
t,hok(! (:011l.1)i11illf! t.ho r11h1,focionf.u 111·0 mlV(!l'l.iti<•il ()xh,1111i1111ly 
111111 11~0<1 hy con1,11mN:. for 1.r1111th11,: min, ir nH1Hc11ln1· nclw:1 
1uul pai11n. 

B <1<\c.111Ht1 of t.ho <:<mf11~io11 of <:1m11>hornt.ud oil (cnmphor 
li 11111w11(.) with c11,1to1· oil, whi()h hH11 r n11ull,tld i,1 i111(•<8l,iu11 
111ul1 1)1.11·h11p~, to pvieumln,t, i:1nnp►wruh:d oil hm1 b<,011 
b1,1n,)(l(I from ~h11 m11rlwl. If. i~ c~senf.i11l t.h11l. t.l1cij<• npplk11-
tion~ h<) mnl'kcd dc:,irls fol' cxt,mml 1u11, <lilly. (CnmJ>hornt-
1!11 Oil prc1:111nt.J:v h1 r.lnri~ifiod m• u ,ww dr111.: hy 1.h,~ l•'DA.) 

OleovltamblG 

Ol1mvitnminu ,,m fitih -li11(1r oih1 dilut,1,d with cdihlo vr.i.otu, 
hlo oil 01· ij(►ht(.ivn~ o( 1.lw imlim1kd vitnmino 01• vitmuln 
conc(n\1.rat.(m (u:H111lly 1•it111nin A 11ml D) in 1'iah -livl)r oil. 'l'lw 
dMi1,i1.k,11 ic; lmllld «n1.1111th t.o 1i,1:h11fo 11 wiclo v,uiol.~• of mm·• 
lwtA.1d prnduct.~-

Ofoovit,111111) A 111111 n i~ offidol; vil-111nin I) llH1y lw p1'0>111111. 
1.1i. cr1;oculcifornl or d1ol<:<:11ldl'crnl oht11i111:d by t.h,• ud.iv11t.icm 
of or1~0Mlmol or 'i--dnh;vclro1:lwlot1t,r.t(1l c)r 111,1y b,1 ,,bt,11i11od 
from 1111(,111·111 Hout,l<!fi. 8y11t.lrn1.ic vit11mi11 /\, or 11 1-·onc<m• 
t.t•ut-t•, muy bv 11Hod l.n p1·1,1pnro oluovit.nmln A. 'J'hn ijt,111•1·.i111t 
nrntcl'iol for tlu, c1111c!llll,rnt<i ii1 11 fi~h .. Jiv1ir oil, tho .flctiw 
in1p·(1dicnt. h11int~ iijl)h1tnll by molf)C.:Oll)r 1lifltill11t.ion or by 11 
811ponlficnl.ion 1111d cxl.ri11il.lon procodur,1. 'l'ho l11t.\,(ir proc(1• 
dur11 i11 c.lo6Criho<l iu d11t11il iu Uu: mmw,irnph for ConC(mtri.11.
od Vit11mili A Solutio11 PC. 

'l'ho~o vlt.11mim; ur11 u1111hiblc i11 l,lw 1m:111m~o of 1·,rncid oil~ 
,rnd, tht11·ofor(1, (.)l(tl!fl preprirnt.lonc111tHI, in p11rt.kular , Ol<lnvi
tl1miu A, uho11ld Im 11L11r<!d in t1111t1II, ti1;ht. cont11ine.1'M, preforu
hly unclllr w11\uun1 ,u· u11d<11· 1111 a tmo~11hon, of 111\ imH'I- 1:ni-, 
p1·11(~cL<!d fnim li11ht. 

Spirits 

S))il'if.11, 11opuln1·l:v lmow11 ,111 e11Mmt'.(11:\, 11rc, ,1koholk llr hy,
dr<111lcoholic ttohu.iom1 of volnt.ilr. 1n1hM1111cuH. Liko I.ho uru· 
mniic wnC,Ol'll, t.ho 1\div11 i11«1•1~clit,11l. in I.ho i;1>irit mi1y Im 11 
l!olid, liquid m· 1(11~. The 1;<mm1lo1{i(,ol I.I'll(, for t,hiH cl111m •>f 
prnpn1·11l.iol\ll ho1~i1111 with 1.ht di11tingui,1ht1d p11ir (1f prod11di11 

Bmttdy (,SJ)irir.11~ Vitti Vit:ill) nnd Whi~l<y (8piri1is Pm· 
m,m1.i), 1111<1 cmd11 with a wid 11 vol'icl.y <>f' p1·od111:h1 !.1111~ 1~1111ply 
with the dofin ili()ll 1Jiv1m nhov,,. Phyiiidnn» llllW dllhn(.ed 

l,hc Uwnlp1n1t.i.-; voh11, of t.h11 f,mn<JI' prnth11:l,ti ,mcl thc:11(, nr1! 
no lo111{ot om1;inl in Urn compc111(f iu. 

SoJ\11\ nf c.hm1<1 9pirit~, m·u rnmd internally for t.lwir mo<lki· 
1111I voluc, n fow m11dici,,nlly hy 111hul11U,m 1,11d ,1 lc.11wi mn11· 
hol' 1w fl11voril1i: I\B<illtN. 'l'hc lnucr "rnup f>l'<>viric,; ,i eot\Yit· 
nl<i111. 1111d l'(~ndy t1H,1m!\ oi' oht11ini11;: f.lto vol,1<.ill! oil i1l t.h1: 
p1•(1pu1· q11n111,it.y. J•'•>r exmnpl;,, 11 ijpil'iL 01· ,,piriHlhr. 1m:1111• 
ml.ion moy b(i ui;ed in \.ho J'ormul,it.ion of ,,roml\l.ic w11kl'II c)t' 
nt.\wr 1)ho1·1111.11:(!1.ll,ic:nlt1 t.hnt. 1'(1q11frc 11 diHtinr.t.iv<: fl11v111•. 

Spil'it" "lwuld be: i.torccl in l.i1tht, li1cht,-n:ai11tu11t. con1nl11cr11 
1n1d in o cool plnr.c. Th i11 pr(lv()ltlH 1iv11po1·1~t.im1 ,u,d vc.,lnti l· 
iv.utfon of 1iit.l1t•r. l,h<t 11lc:1>h ol ur t.he 11div11 pl'i1u;iplc. 

Prnp1u·11t,ior1-- · ' !'hon~ ore fou1· dnu~k mot.hod~ of p1·cpnl'1t• 
tii►ll: 

8111111111 Soh1Jl,m .... , 'l'hi• i• tlll' nw1lwJ hy whkh Chi; httliool'il.)' lll'to111t·lr,1 
,1n.1 pr;tourt.d. ' l'h,1 r'htrnul:• mul l)L'(u~Nluw uh·,,n J~.r t\.♦orHHlk An,uHn)in 
Spirlt. IJ1-:)' llhr•lrnlc• u,;,. ,m,lhud of 1n,•p11r,1li1m. 

Ammooholl Curhcmnto. in 1ran•l11• 
l~i1nt )tiC'l\~(llt , , , , . , . • , . . . , . •. • • , , . • • . • • 

Strontf A111111011i11 Solurlt•n . •...• . . •.... . 
IA,011,-..1011 . • .... ,, •.. • .. • • • • . ,, . 
IA1v,u11lcr Oil ... . , , . . .... , . , . , . , , . , , .. 
Nnl n11,1: OU . ... .. , . , . . .. .. , . , . , •. , , , .. , , , 
1\11'.ohol • • . . . •• . .. . . . .. .. . . . . .. . ... , • , , , , 
t•11~lfh!II Wnl.<,>\ n m11'1'i<'in11l. 11u11ntil.y 

w mnl<c, • . . .... . .... . .. . . • . . . . . , . 

~1 I{ 

au ml, 
Hl ml, 
1ml, 
'1111, 

700t11J.. 

IUIIU lh l. 

Di,.11olv~1 th<~ unu1wnlum \'!{1rhvm1C,t h, t.h~! .ill'(~,1K 1hntnut1lu ht,h11hm 
,mil 1% ml, I)(' 1•11rifi1,cl w,1f(;r 1,y ~011tlc, 111:iu,ti,,11 11111111lluw Um •olt1li111, 
1,1 .1111111 ror Ii hllllf•. l)i,s1)lv1, 1trn 1,il,1 in the, nleohol, ,·,111l11i11,:,l i,111 
1;>'11!111,,11,d hottfo or ,•yUc1<111t, nn<I 1:1•11cl cwlly mid c he, 11mmoni11m c11rlm11-
n1A1 nnlut i.u, ,md tmou,~h pul'ifir.d '"n(N 1.v m,,I<.(! th,-' 1u•odu,~t. tnl\ll>illm 
,onn mt,.. Sr,L th\~ n1lxt,1, ... , J\ui,tt• in II ,~1)1.,I p li1t:;t f()t :~ii hm1rt1, n1:C{lkio1rntly 
:11~itnl,in1< ii., Lh,m filh;r, \h1i,11{ " ,:c)Vi!i'(•tl rum",L 

'J'h(, 11ph'lt i6 o u,11pir11tory 111.i,mcliml. 1nul i,, 1ul mini•1,,r,.-d by i11lrnlr11 i,>11 
of 1he v1111111· ll~ l'(tC411irl•d. It i• nmdwtml in ,,11il11h l11 f l1cl,1, linht-,~i~i,ll,tnl 
,,,,11t 11111or~ h111. hi 111 .. 111vi,it,1hlu in 11 •in(Cl"•du~e 111110• vlnl wr111 1p111I in u 
Hol'I ~(ltl<>n M1Vc•hlJJ11. 'l'h11 ,•h•I I,; h1•<1k,,11 <:,11,ity; 111<• c,,11,m ,.i,1, "" " 
~1rn1111c! for 1-lt1>c•11i1h. ' 

At1Hlhmh1m t:nrhm1n1,~ i" u m~XUII'(: ~.11' nnunonhm• l1kurh1mni1: 111,d 
,1111111,,uium e11rb,111111h! ( NlhCOONII.,). 'l'lw rnl'l111rll1•lo rn1«:I• with W!I· 
(t•r tc, fotm th(~ ,~nr·ho111'1(~. An ,u1nh,minm carh•)nnl,, i:totutlon it1, tlH,c'4J· 
f'onr, u mthU.ltm c,f 1um\wuhun hlt~,u•h1mttl,,> s,1ul nm1\J(l-l-i\Jrn c111'h11n(1lf, in 
\WtCttr, 1-tt)\v,~V\:r, a ,l,H::1)rnpomlN in w,u .. ,, •• tth~ .t,w,~1 u1w:•i(im1 ,w,uhu:(N 
lwlllt,;: tunnum iu , <~ur\Ji>O ,Uo>d•f•~ mld wt1C,or. ' l'ht.~ r\tnhBity or tlni 1\l)irll i~ 
i)Ol)i'uvcri hy thf:\ 11ddHtm1 ,,J' J;tn,11,1-: uunno1tio ,u,1hHio11. ' fhi1t n•1•n•~i-u11 
lhll hyclroly~iH of nmmcmhcm carl>tmuk n111I, hi lhi11 w,1y, cl1:rrc•111•t•:• lh~ 
hl•~ .if dl1m(1lw,tl 1:0111,11. 

l-lolutlo11 wieh M111 .. :1·t1fhm-- ,-h1 thiM 1•rnrAHh1rt,, l.lw J.,111•,,11 uf ,1 drui: 
llrt! lll(U';('fU[.t.>(I In 1>ndfiml ,v'nUH' ,,.1 ,,~,,.,,d. wr,,..,,•,,u)l,>bh1 11\nt l\,t. 'l'h1w 
11rr. r.kpr0••11d ,111<1 I h11 muiM, 1>l11c<1rnw1I IM1v,,., 111'<! nd•focl t,1 n 1m•1;11rih111 I 
111111111.H,v ,,r 11kf1h11I. ' 1'1111 v,,t,,t.il(• ,,ii iu ,,,ld"tl l•I lhti lili<ol'•d liqnill. 
l>11ppo,rn1i11t. SpkiC. llSl' I~ m,ufo hy !hi, prrn:11,,11. P,,1i1u,rmi1tl S11il'i1 l'C 
<li(fon, from 1.1,,, ,,f'lfoi,,I 11•·•1(h t~L in ll1111i1.i11111ml11tion ,,f lh~ 1-01111 flo oil in 
nl,:t'>lwl cml:,,. The 1•011ccml.rnl111n of vol111i1,, nil in 11\~ fin11I pr,,dtM. i~ 
~ho11l Che! Milin b uL lhC'! ntfic:iol pr11pcu•J1l.lo11 p1,n~c111,t,~ 1q:r.1u11,·,,l,,r. 'l'lu> 
1'1111(11111v11il~bilil,.I' ,,f ~,,lnhlu chl•irnpl1)•II 111111 ,,t.lwt· 1'.1llMi1>~ ,1f;('II I• h,1d 
l~,I to th,> li·oq1w,11 ~•1111:~1,U1111 1l1nt 11 1111u•t, 1111if,11•t11 ))t111lud c1111ld IK> 
11bh.,(t11.,,I tlu.'O\IKh t.l1uir Ul'O, Hm\'C\'(tr, Cht\tt\i ••mrnltt \!IIIH)•>1 b t! ~'"'~'' ir, 
1m11>11ri11r1 lhn 1)ffi,1i,1l m·1lclP, 

Th<• fon1111lr1 ,m(I 1,r,,cochu·1• t'or l' ~pparmilll i;pirit Uilf> (p111:c W~l 
ilh1Hl,rnl.ll 1.hi• Jllc,th,.,cl ,11' prn11m·,,Ui,11. 

Cl11m1lonl lloucllu" -- · No offi1,i11I nph'it,, '*' )l t(ll)m'11cl h>• thi,, p1·,11:c•g•. 
1~:1 hyl 1111-riH• i1• 1>111d~ h:,, !ht• 1w1.ion of sodium 11Hrill' ou <1 mixt.uri, 111' 
nlcohvl 1111d Q1tlfm·ie 111'i,I i,1 r.hc< ('t>lil. 'l'hi;, 1111b.r.111<:t• 1-111\11 It, 11•111.I tu 
wv11mn Jt:l,hyl Nitrit.<• Splril, 11 t>r,,clud no lmw11· 11ffid ,1l. 

l)IKtillado11 .... ,Bf11111I)· 1111,I Wlli~ky 11,n •1•li<l11 hy dittl.ill,11foc1. 'l'h<• 
lt•IIN i• d,,ril•,,11 (l'<m1 1.1111 forronmtr,d rnr,wh of wholly or ruulinll:,, 1(m-111i· 

111111111 mllllocl 1a1rc,1l r:rnhw m><l lht, fornrnr from t.h11 r,,n1,,m111d jnk1t ,,( 
ri 1m HfnJ•<~. 

h\cOtlllUlUhillt.ioK .. ----81lirlt.r1 11ro, for Uw moat 11,n•f., l)l'CJ)ll· 

r(.ltiontt of hi 1th alcnhnlic 1,(.ron11,l,h ati<l clo nlll lt:nd 1.ho1111u1lvc,1 
w,,,11 LO <lih1(,ic)I\ with \\(J\ll!Clll~ ~()luLion~ OI' liquid11 or Ill\\' 
1111:clholi<: i;ontont. 'l'lw 111.ldition 111' 1md1 u iiolution hwuri-· 
11bly c1\\11<C)i, 11cp11mf.ion t.1f 11om<: vf Lhl) mnt.orial dil'Molwi<I iii 
t.ho 11piril .• civid111wed liy u turhhlit.y whid1, i11 1.inw, n1oy 
di~nppcllr /l.l; di11t.ind li1yt1rin1: 01:c11r1:1. f:;1111.,; mn;v h(l l)l'(ldlli• 
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\.at.od from thoir 1111110011111:1oh11.iou~ by 1;hc, 1lclditivn (1f Rpirit:~ 
(1111,1 to t,hcil' lm18M 1ic)l11hili~y In 11kl)holir. lit1uida, 

Some 111>irit.s Mhow i11c:omp11tihilit,i1:~ cht\rMLoriutic or t,lw 
ingrmlicntii tll(ly cont11in, l~OI' cxm\ll)l<i, Arom11tic Ammoniu 
Spirit. c11nnot hn mixed with m1tuiot1~ p1·cpurn1.ion~ c:onl:11in
i11g BlkuloidH (c1g, ,11Jd6i1rn 1>h(>llJ)h11tB), An Mid,.f)lmc i:m1<:•• 
tion (ummoni1l•pho11pl111t.o) 0,:1:UI'" und, if tho nlr.ohol cont.ont 
of the finnl mixtnro iA I.no low, <1<1doi1H1 will J')l'ccipit1.1t.o. 

Toothache Drops 

'l'oothnchc dmpH aro i>l'()pnrut.i(Jn~ uuod for Lorn1)01·11ry re
liof of toothucho by IIJlpHc11.tion of n sunnll pl11d1,11t of lJOU.011 
Hl\tumwd with Uw prodm~t Into tho tooth <,nvil,y. AnoKl.hul.-

ic ,:o,np,mnd11 in<ll\ldO (ll(lvo oil, 0111:unol or be11y,111a1ino; 0U1t1r 
i11grodim1l.11 i1wludo comphor, crcon()tc, m<1nU\Ol nnd 11lcohol. 

'l'hoKo 1uo1>nr1lt.io1111 no lo111{c1· urc recogni11od officinlly. 
:i;'ul'thormore, dc11Lit1l-a do not roCt)ln)llOIICl (;hr. uRc of tooth-
11chc d1·op11 if U1c pnt.iont h1111 roody 11cco11s tq 11doquntc denl,11I 
11m·vieou. 'l'ho p1•01>tu·ntion8 mny domuf(O Urn gums nnd !)l'O
d\1<:(l com1>liMU01\11 more »cvern Uum 1.he orir,in11I toot-ho.t.h(I, 
Howr.vor, m1my 11rc1111 do 1101. hove 11dequ0.to dcntlll sr.rvi<:11~ 
nnd U1c pharm1u::i~t. will, of 110<:0Mflity, h11ndlc thti:ic prcpnrn
tions, nml he 11h(1uld w111·n l;ho puUon1, of pmrnihlu lul'1.t1rds 
1\tlllociat<,d wit.Ii thoil· Uflfl, 

'l'oot.hncho Drnp~ NP XI co11 tllhl11 2& U of c}1lorobul.1:mol in 
i,11ffidcnt clove oil t<> m11ko tho pn1duct tn(;l\$lll'O 1.00 ml.,. 
Another formulntion co11t11i111/ ¢>'()01101-0, dovo oil, bon11oc11i11() 
,md ulcohol in 11 {'11/ldbl(I colloclion bmm. 

Emulsions 
An <mmMon 111 a two-ph11u.;, t1yslom 111·111H11•(1<I hy r.oml.1ini111; 

1:W(I i1111ni~cihle li(IUida, ono of which i:i clittpcr,.<!d uniformly 
UH'll\lKhou\. t:h11 ot.l,M ,md r.onaiKt,'I of globtlllll.l Ui(ll hnvo 
dininof,erij oqunl t,o or t(•'<int(:r ihnn tho~c oft.he ltttf!Wlt ,1olloi
d11I pnrticlO!I. The 11lohulo 11i11.(1 ill crit.fot1I, of \':Ollr'l'!Ci, smd muKt 
b<l such thni the sytsttHl\ nthiovoe m11xim111ll i;1,nbility. How, 
cv<:r, ovon un<lor the bc~t. c;ondit.ione, 1101>or·11Uot1 of tho two 
phll"<iil will oiwur uul~l:lij (I f.hird Ruhst.1111co , nn <!nUtli1,:fyit1N 
(1j/ent., fa in(:on >ornt.c<I. Th11 h111Ji11 emufaion mllf!t, 1.lwr,ifol'o, 
contain t;l1rce con11>or1011111, hut. l.lw prodm:t,ir (11' <)011lmorc(1 
may co111:1iat of II nmn.btir of th,m1poutic 111(01\tli dil\Aolvod in 
olt.hor of tho two phMt•ij. 

M,,~t omul:1ion8 i11corporlllo 1111 11q,1(io11~ phoR!\ into ll mm,. 
11q\10o11~ ph11Ac (Ill' vic11 v11r.va). HowllV(!I', it iH po~~ihle (-<J 
J)rnp1ir<1 omu1!4ion~ th11t ore h,mi<:lllly 111)no<111oouM. J•'or ei<
umpl<,, invei.tiw1tim1I! of tho om11lsifyi1115 tiffoct:1 of anionic 
t\nd cntionic Hllrf11ctfn1ts (>ll l,\l() nonuqu,,11111< immlHdblo 1:1yt1-
ton1, 1(lycmfo 1\t\d oliv(, oil, hnve shown thnt, 1:cl'I-Oil\ 1rn1h1<u1 
mid thrne r.nl,ioni1: 11i;cml,11 prnduct1d 11tnblo emulRions. 'l'hi11 
broodoninri of U10 h1111i1: dofinit.ion fo1' tlw term <•mulsi.un ia 
rocognizorl iu tho USP, 

An 1,11111l•io11 iH II t.wo· Jiho~r! •\V•tom in whidi orlc ll911id ,i~ diHp,l•ru111I in 
tho r<,rtn uf ~rn11II dro11l1il11 1.hrm1Kh<•Ul• ,u1111J1<11· llq111d. I h~ d1apn1·Kerl 
liq11ltl I" l<111lW 1) 11t 1.h!, l11t.r,runt or diH1:m1lill1«11111 phu~o, wlwrr•n~ I h<• 
lll~p,w~iim m,1,limn i,1 k11ow11 rlo< th1! oxlr!nrnl or t:<11H.im11J111, ph,,.n. 
Wh,,n, oil i~ thu ,lfot)~t~Ml ph,11<1\ 1md 1111 nc1ll~c111• rlolulfon iu U10 Cllllth111 , 
(I\IA J>h11110, (ht1 uyot.0111 i~ d1,uiKn1tl.t1tl n• nn oil•in•w11l~1· ((.)/WJ 011111l•i•Jll 
1111<1 c~ll ht <lilofocl mwily 1111d \lllil',,rmly with w11lcr. Gonwrstly. wh1,re. 
w11tor, or t\1111q1u>o11~ Hflh1t.i<>n iH l,hu clin11ufm:1I 11h11~0, ,md oil, or olon!(i• 
11 0111, 11111t11r111l, iK Llio 1:1mf.h111<11111 ph~•c. lhn •Y•h•m iH dP•l10 11111,tl 1111 ,, 
w11tur-i11-•1il (W/0) omut-1,111. 

Mony (11m1hlifyh1f.( nttontll (ol' enn1lelfl<ira) Ar<'! ,wnilnblc, 
(lll\Olllt them U1c followintt: 

J'fol11rnl J;:mulnlfylu" Agcrnb•--'l'hct•O •11h~tonr.1t• m11y 111, d11tiv,;,1 
ft<tlll oilhor 11 11im11l or Vl!f(P.l,11hlt1 1111urr.~11. l•:xnm11l1,11 Ill' thnRI! 11ht11i11ud 
(r,,111 th1, ron1101· Hour~u ,11·~ i:cl11ti11, 01:1; 11o!k, ~A~~i!l , ,vo,il fni <1nh11l1mu1r
ol. Ar.111:in, t.rnl(11C1111(,h, d11111tlru• or po,,lili 111·,) rtl)1'¢11(,n!Atlv,, ol' 1.h•>•<• 
ohtninod l'rom w11of.11hl~ Nmir(:1•~. V(ll'lm111 ,:,1,llulo,w do1·lv111,ivr.•, 011, 
n11•~hylcolh1l0Mu 1111d ~1u·boxymothylc11llulo11(1, 11r<> 1111011 f.o i11<1l'(IM<I 1.h1! 
viHCo~itv or 1.h~ 111111111m,1 phu,11, 111ul 1.horohy <>1ihm11:c e1\i\llijio11 Kl~hi lit.y, 

llh1oiy l}j\>ldc,d Solidr, ..... 1,;x1111111lim ,1,·o h!mlollif.o, 111111(1\Mlllm hy• 
drnxi,Jc,, ,;\umhllllll hydt•oxld(, (II' lll/lf(ll~Ki\1 111 t,ri~m,,,111,, 

8ynll11.•f.le JC11111IHlf.vh1,c AIC~lll~•·--'l'hiH 1:n111p 11111:,, hu B11br.livl1lo,l n11·• 
f,h\11• i11lu llw onionic, cnt.ionic or nollimlir. 111,!(IIIIK. l~x111111>I(<>) 1\Y(I, In 
ordol' of 11ronc1\l11tl1)\1, •odium lmll'yl knl(nl~, bo11Mll<u11!11111 clllorhl11 or 
polyr.tltylttnu ~lycol 400 11111nonlrr1\111C.1,. 

Mn)):v of t.ho11c umul11ifyi11g ,1gonta 11r<i deH11rihod in 11rnnto1: 
dotnil in Chnpl,(,r 00. 

fo Nli' Xlll ii: w11n 1111v;1,<i~tod thot only O/ W emulkion~ nro 
11uitable for ornl uRo h11cnu11(t thrnm ntt• w11t,1w-mit;cihlo cm(I 
UI\U! th(lil' oilincsH iH mmslrncl. 'J'hi11 <:oll\l)<mdium ijliVC 11pc
dfic dh•ucliom1 for U1~ propomtion of u1m1h1io1m using gelutill 
1111 tm omulnifying 1\g(•Ut. 'J'ho~e J)!XiJ)t1r,1ti()tl>:1 at·<, haHml 011 
(il(,hor l.yr)o A Ol' l.y1>0 H gol11tin. 

'J'ypo A (folol.in i11 pt1)(lill'(1d by ndd•lrC!ltod p1•00111·11orn 1mcl 
ia UHDd at n pH of uhout. :l.2. lt, i~ i111:oll\J)llt.lhl(I with nnionic 
omul11i!'yi11g 111(Clll11 ttllch u~ tht1 V01:f(:t11bln 1.cuni11. ' l'IHi follow 
i111i l'or11111l11 w11111·oc01nm1111clod: 

G<!lnliu ('l'y11,1 A) ............ ........ . 
'1'111•tnrlo i\cid .. , , . ... . . , . , .. . , . ... .. . 
J•'lnvor tiff cl<•i<I rod , . , • .. ....•• .• ..... . . 
Al<1ohol .. , ................. , .. .. .. . . 
OIi .. ... ... ... . ..... , . , . . .. .... ... .. . 
P11rifio1I W111.or, In m11k,1 • • .•• •• • , •••• • 

GO ml, 
r,011 1111, 

IOOO 111'J, 

Add th(I 1(<,lt1t.i111111d the t.11rC11rit: ndl! C,o 11h1lut. :1()0 ml, of 1111rirlnd 
w11te1r, 11ll<,w u1 Kt1111d fut 11 l'llw mi1111t-Ox, h1mt 1111t.il lho 11ol11tl11 111 
tliK~olVtld, thou r11i"o tlw tm1w1>1'11u1ro to obout 9ij" und m"int.nhl f,hh< 
tompcmllir(! for 11h1111f, 20 11111;. Cool t.11 fo(l0

, mid tho nnvo1·, t,h<! 
ukolivl uml n11rlidonf. vurifi,!d w11U1f tc, 111111<~ &UO ml,. Add t.hti 1111, 
1111it11t,, th,11ni x1.m·o l.h11roughly nnd \JIIHH it 1.hro11(dl ll hr,11,011onii1,r or 
11 colloid mlll until Um oll i,, 1liHPoruod com1>l<'lt. ly 111111 u11irorml>•· 

ThiH 1!mlllHlm1 t~111111ot b~ Jm!pnrml hy l,rit1m\tli11i or hy tho \l~O of 
tho 11•11111 Ht.lt·rintr d1+vict1H. 

'l'ype B r~eJat.in i11 pmpnrnd fnlm 11llrnli-t,1·Ml.<,d 1>rocunor,; 
111ul ill u~od at 11 pH of nboill, 8,0. It. mny h<) 1111~d with oU\(H' 
unlol\ic <:m11Jgifying llflltnts but ia incompnt.lhlo with cuLiMi(; 
t.ypo11. ff tho cmul~ilJJ) c(lot.ninf! 50% oil, !i K of 1'yp<: D 
golntin. Z.5 IC of 1mdi11m bi()lirhonal.ti t1nd t!llffi<:icmt. tr111,• 
ar.nnth or 1\1!1\r ~ho11ld 1)(1 )J\Oorpcm1lml inl,() t.lw IIQUCOl18 

ph11ae to yiold moo mL of f>l'(l(l\l()(, of (,ho l'(t(ll,lirod Vll!CO~it.y. 
The omuloion type (0/W <ir W/0) i11 of lei•"~t ,1i1(nifk11ncc, 

if tho fin1,l prop11rnt:io11 i11 to b1~ npplic:d to t,h1: ~ki11. If tl1<1r<1 
nro no hr11nl1~ in Lht1 ~ldn, 11 W /0 omulHion c,m b<• ,wpliod 
mo1·e evenly 11h1(:(.1 Urn ~kin i~ coV1Jrod with a thin t'ilm of 
Holmm. The lt,t.t.er ~u b11t,111we fnvorn I.ho oily phneo ,md (:on• 
tribut<•K tA:> tlw oo~e of Bpplk11til11\. 'Pho ch<>it.o M omulaion 
typo will, howover, clcp,md Ol~ ll'IIIIIY othor fm:tortt. '!'hill 
par\.i(l11lnl'ly ii! f.1·110 !'or t.holl<i propnmiionK which huvo b11gic; 
co&motir. chnrm:t.ori~ti(ll/. U 11\u,Y bn nclv,:mt.u1t1JOU6 to fornm
lato nn O/ W cn111laion if 011Ho of r<Jmovul i~ on impOl'tnnt 
l',Qnuidomtion Lo ~lrn J)/\1:iont. 

Au enrnh1i(ll1 t.hnt mny he prnp1m1d by the, mm·tor 11nd 
po11Uo mothml in U11i t'ollowing MiJ)ernl Oil Ermilei<>n lJSJ), 

MhH0'/11 011 . .. .. . .. ........ . , . ... . . ' . . 
./1.cndc,, 111 wry f'iue llllwd111· • •• •••• •• .•• • • 
ff~rll)I , , , , , , , , , , , , , , , , , , , , , , . , , , , , , , .. 
Vonlllln ....... , ... . .. ......... , , , ... . 
Afoohol . .... , , .. , ..... , ....... . , ..... . 
P11rlfl(1cl Wotui·, n Hufl'idont, 111111,;1.i Ly ...•. 

IIII0111J, 
l:tr► g 
IIJOml, 
~(Im~ 
6<1 ml, 

1000 inl , 

'l'ho m i1111rul oll mid 1.1cnd<> 11 ro mix<,!l il1 II 1\ry W11cl1Jwuud mm·i.ur. 
W11 tor(rl!IO ml.) l~11clll1!d 1md Ille 111i~t11rn tri1.ur1>1A!d vi11m·ouHly until 
ml ~m111\•io11 i• l'orn1t1d. /I mixl,111'11 of tlw l!>Yrll)l, (i(l ml. of 1mrifiod 
w11l~1· 1111d th11 vn11i\ll11 din~olvod in nkohol iN c1ddod in divid111l 
portiottk wi\.h tri◄m11t.ion; 1111ffit1i,)llt p1u•ifi<1d w11Wr ill thun 11<ldnd to 
!,ho pr111mr v,1hm1t•, c.hc mixt\11·11 mlxe.d woll nnd hmno11011i't,(1(1, 
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$()1.lJTIONS, 1:MUI.SIONS, Sl/Sl'l~NSJONH AND EXTBAOTIVf.S 11>3<1 

Very fuw omoh1i@:1 i:irc indmfod uow io t.iw 11f(ici,1l ,:om, 
pondi1.1. ')'h(, PC r1111ml1~ls t.liut. th(1 Wr:111 "omulKion" be-: rn• 
11h'ictod to proporntiorn1, 111m11lly 0/W, hll.(mdcd for int.crnnl 
uHo nnd <:<mb)inK tho followin(/: Liquid P,m1ffi11 l~muluion, 
Liquid Pm•uffin nnd Mognc11i11m l·lydroliid(t li!m11l11ion, Li<1· 
uicl P(1r1,ff'in ,md Phonolphthnloin J•:m11h1io11 mid Concon• 
tmtod P(lpp1m11int. l•:muli!ion. 

'l'hi11, howaw,r, 11houlcl not. laod (,lw rnndor t.o 010 r,ond11-
11io11 thol omuloion8 ani /\ 1·d11t.ivoly unllllporlont do:m of 
11h11rm1w1,11tic11h1. While it i6 Ll'tw 1.11111. fow 11ro1,11 r11t.ionH 
c,m·y t.h<i tilnn emulsion in I.heir t.ilfon, Urny nn• of 1:ro11t 
8i((tli l'icm1 c1, OH b,1anH for ol.hm· iyJ)e11 of pmpnrnt.ion~, r,11r(.ic:11• 
lro·ly t:o tho dom1owlo1.cit:ul ,ind <'OH111dic urea~. A<!1Hlemic1il
ly, thoy i1111au·nte 1:h,:1 im1>r>fl,1111c:o of (.he 1't!lnl,ionllhip bot,Wll(t11 
thu t,h<10tY ,md priu:tfo(i M umul,;ion (,f:(,h11olo11.v 01111, pn1c1,i
(:t1lly, Uw:v J)ot!!1011~ n mm,lH!I' of importan(: o<lv11ntn1fM ilVM 
tither liquid form11. Thr.m: 11111.y ht, t11unmorir.ccl in U1e foll.ow· 
i1,g w,1y: 

I. In 1111 muu l•ion, t.l11.1 Uwr;1pc1u1.i,, 1m•p1,1tl1)0111111 the, 11prt,11<li1111 11 hili-
1,y of'·"" 1:11n~1.il11l>ll1 ~ (tr(: iur.n•UK<!CI. ' 

?.. Th~ unplmm101t. lo,1W 1>1' ,i(J,)r of 1111 11il (Wl (i(, mmlki:cl 1,111·1-illlly 11r 
wholly, hy r,m11t. lffot1 lion, So1><>11rlnr,v 1t1H11kin11 l11d111i91111u n1·c n,•1til11bl,, 
!n 1h11 fu,1111)l1)U,r b11\ \.ho.Ht! tnll•I· hi! u,11,d wi! h .:111,1io11, I( 1'1 11\'rlrn olld 
~w~denit,11 Cll(l!nl• ,,,·~ 11<l1fod h • lhb <;H111l11ion, ouly 111111in111l 1111101111!,. 
1,hv11hl hi, tlH\•d In order lo pi·m•(;tll, t.lw 11,111ttt1tt ot· i:n~t-ri<' 1liNI rn~~ 1.11111 
t'Cffllh~ OIi i1111,1,,1.i111\ ,1r lor11111· IJllfll lt.itfo,; of tll!'X(!, 

:). 'J'h1, 11h~orpl.io11 nn<J l)cmulmti•m of 111,.cli1•J1ml!t1lh 11n, 1•mll .-nlh"I 
mort• t•~uily if they llrt\ in,:c,rporntl\cl i111.1111t1 1•11111lkl1m. 

4, l~m11IKi1111 ,,1,tlc,11 Is 1irulutlJl~d 1111d tl111 ;1molli;~nt 1• l'f1:f!. i,, 1C1•111111:I' 
\.hnn tl1111. uhKt'.J'VQcl whit <'lllllpctl'llhlll pn•parnt.ionK, 

ti, \\'olor irt JU\ int!XJ><,na,ivt! ,Hhu:n1. mul u n•kld 1u1lvcu, f(\f lhC 1t\lH~~· 
,tr,,,,. fllHI n,wn•~ u,,, 1. 11r11 itl(,i)l'f)(lfOtcd into Ull \'llllll~i nn. 

Tho offocut of vill<:O~ity, 1rnrfucc tllllttion, ~oh1bility, pnrt.i
chi ,ii~o, CQmplcxut,i,)11 Md oxd pfot1t,i; on t,h(: hi11ovnilt1hility 
()f orul :m!lpon11ionM tHHI umul~ioua hnve bel!!n cli!l<!U1;~1id i11 

clotnil hy lfol.tig. 1·1 
'l'ho 11quoou11 phas<! of I.he 1Hnul~ioo fo11UrH \,ho l;'l'OWl.h of 

ini1:rc,orl(1111i111118 1111d, hccuo:te of t.hitt, 11 p1•1.morv11tivo 11!1\lillly 
i11 addml t.o tho produd. Some of 01<! pr<:~t>rv11tivc)>1 1.lrnt 
have bcon \Jl!(ld inelud(• chl(1ro1:1·o»ol, chlorobut,anol, morco· 
rinl prepnrnt.io11~, 11nlic:ylic. nd<l, t,ho 0111.1,rl!, M J)-hydtoxyhu11-
zoic ,acid, honzoic ncicl , 11ocli11m b<i11lm11f.<1 01· ttorbic odd. ' l"lu) 
prt1Rorv11tiw Mhould he ~r.lr.ct:ed with rr.gnrd for 1.ho t1lt.lnrnt.c1 
1u10 of 1,ho 1>rop11mtion nncl poa~ihl<i il1<:on\pct\;ibllltfon b(:
(.wcicm tho p1•mmrv11tivc 11ml the ingruclicrnls in the 1!muli1i,i1,, 
<ig, bindin,r bct.wiwn 1,h t111urf11(:t!· Uc~iw t\gt:nt nnd l.lrn 1>r(uJftt-
vol.ivo. Low pH vnl11011 of(► \.o (l umi low 1~111cc11t.r11tfom1 of 
w11wr ore clrnractcrinl.i~A 11!~0 lilrnly t.o i11hihif. microbiolo1ti
('.III grnwl.h in omulllionH. 

M1>t1t e111ulsionM co11Hi>1t u!' a 11011aqurwu11 (m· oil rn· lipid) 
ph11se ulld an lifluv,miN (or wai.or) phm1c, thu~ ~omc of Urn 
1millerv11t.ivo mny pn,is int.o Lho oil plrnse 11ml be removed 
fl-om th() aqueous phnS10. H in in Urn 11ql1t1ouM plu111e l.11111, 
microor,11111iijm11 tend to 1;1·ow. Au o ro1111lt, wt1k1•,1wluble 
prcllcrvuUvc,11 uro more offoct.ivo Rinco I.ho concnnl.rnl.ion of 
the lmbmmd prnsorvnt.ive in tho 11quoou11 phnAc 111111umc11 n 
i;rot\t, deal of importllnco in i11hibiting thn micmhinl growt:h. 
Rt1t~1n1 of p-hydroxyhommk 11cid tll> t)onr to be the mo11t :,nt.in-, 
fl)1.:\.1)1'y t11·or.orv~t.ivoK for r.mull!ion~. Mnny m11 l.homutic1d 
modol~ hovo boon rn1od to delormino t,h(i ovoilc\hilil,y <lf' lll'O•· 
1101·v1u,ivi,1:1 ill om11l11ifil1<I ll,Yl!lmn:i. l-fowevor, b11(:11 11tlt' c.•f tho 
number of f111:t:11r~ whicih 1•odu,:e I.he cft'cctivencAtt of the. pro• 
f!orvntivc, 11 fin1:1l microhiologicnl ,w11luntio11 of the emulsion 
1dm11ld b1J (l<irformed. 

Whilc, l\ntph1.111il! concorniui; prca<,rv11C.io11 of omtth1io111-1 
d@lM wit-h t-ho n qHO<lUf.l phase, mic1·(mr1{m1iij,11~ <1(\11 rc,~llido 
olNo in Uw lipid ph11uo. Cou~equcnUy, it. hM boen 1·ecom• 
mended th11l {lltirn of pro1-1orv111.iv,,i; he 111wcl to 0119111•,i nd<:• 
qunt.e c:011contn1 ti(ln i11 bot.h t>h,1111111. l~r;t.1:irs of p .. hydroxy, 
bu111~1ic ncid cnn be 111111d to ~mH111·1-i 111>1~1·opd11t{I concenl,ra• 
tfonH in both ph1111M bocnm1c of t.Jwi1• diff(11·1111l'.<! in oil nii<l 

w111.1>I' 1mlubilit;io1;1, 

i\n 011ml11i<J11 cnn Im dll11l.11<I with Un, liqoid t h 11I. <,tm11t.i-, 
~utcll, or i~ mi11cibll\ wit.Ji, 1,l1c, c:x t.orn,11 phn:.o. '.l'h<) dilut.1111{ 
liquid, how\!Ver, will d1!t'l'tlllll<! 1:lu, vi:mllli ty of IJw )ll'I\Jllll'II· 
Li(ln ,md, in 1:<1rl.oil1 i1111t.1lllc~1ij, invmt Lh(I ,,r1111l11io11. Tho 
Intl.Hr pll(\not\mnn nul,Y oc(!tt l· if the emul1\iffor-i11-w111,,.11· 
m1i(.hod (iie<, hr:low) i~ ~mr.,rl tu prn111.1,·t• l-11<! ~,1m1 l~io11. 

Preparallon 

'l'h() thoory of 1)mt1IHio11 p1·<11 11.11·11tio11 i11 rt bcu!1~1!d in Chnp· 
t<•I' HI. 1l1hc l'ollvwi111~ pro(:cdurmi nro 1.ho,m :lllffl{Clt<t.cd hy 
Griffin l!l 1,t.1'• 

Thu form11l 11l.1>r mn~& !'ir:,t. dct-crmin,i tlw 1>hy11icul t1nd 
dwmical (:h111·m:t,,ri11t.i(:H of' 1.hu 111:l.ivo i111{rn(li,.,11 t.. I-h1 m1111t. 
know t.11<: J'ollowin11: · 

J. S1.r,11'.U1r,1l C.w11111l11 
~. Mi,l1.ii1R poi11\. 
~- Hc,l11hili1.y 
4. litnl►ilitv 
!.1. 1)01111 . 
C) , $ 1••Tific~ d11~1ni,:nl iiu·,,,n1u•lii,iliti 1!K 

It 11h10 i,1 tl!Wil~11111·y, 11 1. thi:1 i;l,agc:, 1.0 d<:cidu ill\ th(! \.ypo ()f 
CJlilll~ion rnquirnd. W1rnhahln cmuli1ion:1 am ,,f (,h11 0/W 
t.ypc; n11nwo:-.h,1hlo, tho W/O l,ypt,. In gtm<irnl, 0/W ()111111, 
11i<.Jl)8 t1.mtai11 ov<,r 70% w:)(.Qr. W /0 timulsio.n~ u:mnllv wi ll 
<:011(.nin h itth(!r e<ll1(,(mt.nl t.ion1; ,,f oili ,md w11xc$. T he ,;rcipa, 
rut.ion of 1:n101n 1111d 11i11t.mont rim11h;im1l-l I'm t.opicul 1w11 hi 
l(ivn11 iu Chupkr U7. 

i',xpt!time»tnl fotm11l11t.in1111 mt1y he prnp11rnd hy Uw fol, 
lmvi111{ pn1t!t\(h1tt•: 

J.. \J rm)I) (hn i1111tccllm1f,c ,m f.h, , b11tii• e,f 1-ll!:ir m,11,hilil-lrn i,1 th,: 
m11wonK and nomu11wm1" 1>hm,~t,1,. 

?.. Dnt<>rmhw the, 1y111.1 Ill' mn11l,i1)n rn1111ircd 110<1 cnk11lnh11111 1.1mm••· 
1111111,, IJl, ll (h_,•1l1•11phlt1>·llt►ophi1<, b1il11t11,N ~«lt111 , 

:1. Hlcnd n low l·ILB emulHifi!•r 11ml n hi1;h 111 ,11 vmu1Hi1for \,, 1111• 
cnh!~tlutml vnh tc!. lt',\ I' ,~X}il~t·h't'n,!•)tt,1 for•)•~il,u.iuo1:, u1i,~ l'I hi1:lwr ,,,,u,:,!u• 
I.mt.ion of c,m11lHilfor (1% 10 ,., :.Ill'~. oft ht1 oil phn~11) 11 11111 llu,I rnquin,. J l u 
111·1wh11:1, 11 11,,1.lnfo,,1,wy 1u·1,,h11:t.. Vimul11ific)l'1111111,11111, in ;;1:n,:rnl, be, ~,,,bl,, 
d1c•mii,11ll;v, 1111111.u~i\: i111cl 1milnhl~· l\>W in mlur. <lllur 11111( !1ml.(,. Th,, 
emul11i tfor i• fit!l,,.·i.,cl nil 11t,, h11.i11 or 11111•,1 c:lmrndori~1i1·,. th,•,,.,.,, of 
1~c1t1ipm,;11t hcin~~ \>n,~1.1 1•• h)t~,,d l.lnt i ,1,crmli,1111n ,tnd th,! ,dnhUi l y ,~hnrn,~•· 
l'~r i11licK •if I.ht• Jitutl pn11foct. );)111tt l~i11J1~ ~h•mlil 1111! ••n11 hm1:11111 t<lull• 
u,m11r:Tl(frn•1,,, Wh\11\ f'roi.,,H 1111<1 lh11wrnl ,·,,p1,awnl~• <1r ~, r.11•,·nll"l (;,m-
1)(:rt<Ulr<l:, nf uf1 l-o /►t)''. M,idtnnical N1111'/IY 1111111 1- l'M im, wilh t lw 1.,\'I'(• uf 
,!(1ui1mwnc ut.rnl lo r,rnpnn? l.hc, r.mulMion, ~l\hc• moon\ c ho <11,vn:Y ln1>ut, 
t.h,• lt:.t, 1.h,, dc•n11111t.l Ill\ !h•• <!IIIUl11IJfo1•. Jl1'1fh pru,:PJiS .mcl r,m11nlnli1111 
vm·i11hll•N cml nl'fo<:1- Urn ulnhilit., or m, 1•11111lni11n. 

1. n;11,u,l\'t1 tlw ,1l1-11oluhl1; it1f: t·t!1lir;11!11 nnil JIU' 1'1t111luif'inr11 in 1.lw 11il. 
H~ut . if nui'l(Jl{~HI',\', lo npproximntt•I~· !,'I' tn 10" n\ftH' f.ht: mt~l1inu puh1(. u l' 
lh,: h iV,hl!hl m!!l lillr( in11rr.rlic:111 ot' "'11 m .i ximllt\ • 1\•h\l)(ll'H(\ln• ,,f '/0° lo 
~o•. 

ti, Di~•olv<, l-ltr, W<lt\\t•1111l 11hlt' int1m1Hmlln {l!xi:(,1Jt 111,i1h;111ul w1lfal in 11 

~11ffir.i1.•llt. ()ll~t\!i\.y 1)1' Wttl\11', 
Ii. l-lc,nt.1.11~ nq111101111 ph11,11• trt II t.(1111pc,m1111·1, wh id1 i~ :J" 1,, h" hi1:h1•1· 

l-hn111.h,11. of' th•) nll 11hww. 
7. Add 1111.1 1111m1111 m pluum tu th<, o!l,v plt11M wilh 11nil11hl,:, ,i1:il11lion. 
ij, tr {1(,id~ 1or 1n1lh: 1tr1111mplo1·cd, tll,m,1lv,: lht•m in wnh•1· mod 111M 1-hCJ 

,,,.1l11ti(•11111 1.lw mid l•11ml~io11. 
11. l!)nmint, tho um11l11io11 1111<1 )ll(ll!C ••<l,\111,t11tN1hl i1t the, fnrtnulnti,111 if 

lhi• ,)n•d1td -•• c11111l11l,l11. It ,i,11y l,(1 lt(11'.(111:111ry Co 1td(l 11111r,1 ,im11l,1lJfor, lo 
ch111111c• to cm umulflific1r wil,h o 1di11h li)' hi11l1111· or 11,wc•r lll,ll volu1• nr (.o 
tl•w nil c1t111cl11ifl1,i· with cHl'l'l•n,1\1 d 1~,mk11l ,,lrnrm:l11ri11th'l<, 

'J'ho lu,:hniquo of mm,l!lifi,,1.11.ion of ()hmmucout.ical prcpn• 
ruUonu h1111 hmm doi;cl'ibcd by Whil.1~. Ill 'l'ht• p1·e1n11:1.1tio11 of 
,m ,,1111,1IHio11 roquiroH wol'I< lo l'l)duc<: the in l.urnnl phmw inlo 
!lllll\ll droplt1b1 11111! d hq>cmo t.hem through t.ltc~ oxl~)mul 
phl\i1(1. 'l'hiR c11n lw U-c<,ompli:dl!1d by 11 mnrtnr nnd p<mt.ln nr n 
hi11h-01>0,1<I cm.11hlit'tm·. 'l'ho 11ddilfo11 of t,nrnlttifyin,i 111im1k, 
1101. only 1·<1dun•I! \,hi;; work but. a]ijo $lnbiliw!! Um fini,I emul
i;io11, J:t:mol~ioflll m ny 1.w PrtlpDrcd hy !'our 1n'inciplc 11wU1-
od11. 

Acldlti1111 oJ' l1111n·1111I l'h1rn1, \.11 t1:x11w11,1l l' llf1t1l•---'l' hi11 i11111,uullv 1h11 
mun1-t1nti~l'm:lo r.v nwl.hml t'or l)l'i!Jlm'in1( mnuliiio11tl uinc:c: llwr<, iit ,1l~,•r1s:1 
nn t; k(:(!k~ of tho mdc~i·u,,1 ,)h,ut(\ 1•t·t;11tul(, wllidt urmn<,lt;n Uh! f❖'J)t~ ,,r 
4,muluion ilm,in~d. It' Uw w~f.(!fn"I phmut i1, wil1•ll' 111~d lht: inl.c!rnl ,,Imm: iw 
,iii, 1 h•! w11l111'•11<1l11bl~ ,1uhHl-1111,,1!M ,11·c, 11i1<1t11lv,,d in Uw 11'<1!1»· nml t.11(1 ,.,ii -
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1111ltthl1, •11h~''"""'" lllix,itl 1horuu11hly 111 llw oil. 'I'll,·, ,iii mlx1.111·1• i11 ,11ltl1,,I 
111 11orHom• l.u !lw 11t111,,ou11 11~.,,,,m1r.ln11 with 111(i1,-1in11. S,►1,1111.ima,;, in 
11rc itl' lo J,tlvo co lit•l 1(,r • lii,otrj111( 111:f l@ clurl.11, f.h;, /H•IJlnrnl irm, 1111 ,ii' tht• 
wt,1•~r i1.1 oot mi•vd i.\JU.h , , 11, nruoh.ifylnftt•rlmtl ,m1 i t.11,, (Himnr~ muult1i1>t1 
with U1•1 nll j,. fnr1111,,l; 11uhru11111<1111ly, 1,h., rom11it1<I<» 01'1.h,, w,11,w i• ,11h'lutl, 
A1111um1pl~ 11wi11111111l11lin 'l'y110 /I b 1tivoo 11l111vc, 

Addhion uf llii: r~111,,..nnl P lut •r• to Urn 11111:~uul l'lmdt> .. -l.l~ion 1111 
0/W 1:n111 l•1011 11• 1111 <•xnm11lo, Uw mlditio11 11( U111 wo1nr (l,x t~r>\ 111 1•11111111) 
lu the, 1til (i11lc,rn11I 11hnn1,) will pro,111,11• t.ll!' fornrntion of II W/01m111l~im1 
<1110 to I.he 1m1J1<1111t1,ro11,:1: ol'\.ho •>II ph11He. Aflt•r f'ur tl11•1· nthliUon ol'f ht• 
wnU1t. tl h1111t: hiv,irniun In 1111 0/W n11mM011 .. 111111111 lnlw p l,1r,1:. Thi,; 
nwl11(>(1 N1111,1,i11lly I• 11t1tflll ond ,,111:t1;•~f11I wh1111 hydrwhlll<: rlj(clll• Huth 
"" 11t•11d11, l.l'nu111:r1111h ot 11111th\'lc~,ll,d<>1<1, un• rirt1I. mi~nd wit.h th(, ,111. 
nffc,:f. irltt 1ii•p111-.io11 wif.11,,111 w;,U.in!(. W11IN i• 11d<h•d 111lrl , t•vMUl/111~·. 
,m 0/W ,,mul~ion fa formod. 'l'hi• "cir:,, 11um" wd111h1m, i• 11 rn11icl 
me,ll11HI for 111·~11,ll'iilK ,11w,II e,u,mliti,,. ,,r mm1l~ion. Tht! mti11 •I 1)111'111 or 
nil,?. rmrln uf wrltt~r 111\11 I oorl (1f gmu ,uovidr.11 m,udnnun rihtu1rlnH ,u~1.ion 
1\11 I.bu ,,ii tt,,11)l1hii. l11 1hu 11l(>rlt,r. '1'1111 m tU)lril1m U,mi ,1r1ll ln; clll11C ml 1llld 
l.riCon1(ud wHh wntur to thu 111►JWnt1riuht c1.,1 ,,:ontn1{~01u,. 'l'hu pn,1mri,, 
lfon of Mi11crol Oil l1!m11lwi1111 tl, .. r.rihr.tl 111,,iv,, i• 1111 ux11111pl1:, 

Ml~hlfl Dolh l 'h nH1!H llftor Wnrmlt1fi l~ud1 • .:t'hi1; 111L1f.11ocl i11 t1M11II 
wh(!l) wnx(ul o l' u(h(!f hUhhlot\t;(lh whkh rt .. 1uil'i\ 11wldu4,t uro llrit!d. 

1rht1 
11il-soh.1hl<• «11111b.<lfyi111: ~1((111t:, , oil• 111ul w11KO• ,, ro 111111\(!(( trnd mlxi,11 
t.horvtl(lhlY, T h\1 w11h1r .,.,il11hl11 i1111r1,dfonh• di1m1lve1I ill lh(t W/;IM "'" 
wnrm~tl lo n lomr,L,rnltm> Hl ighll)1 hi11lim 1111111 1.11,, oil 11h11~1•. 'l'h,, 1w11 
phm«•• 1111,11 orr• mixd 111111 •iirn•tl 11111il 1\111d. l•'or ('r>11,·1•11iN11~1•, 1ml llol 
rniconHit..!,'. tho MJ\wou,1 noluU,m ••• Btldml to HmoU mixt.urc~. "'f'ttin uw1.horl 
t'tmthttHl,ly i., \htf~( I ;11 t)u~ IHl?l)aration 1)f <)iHUH1:1Htt und (:l'1!rlH\,1, 

Altcrn11t 11 A,lilil l,111 <.lf 11,., ' l'w11 l'l1111ll!11 1,1 111,, l>!u111 IMlf,vh•ll' 
/\1(11111 .. -.. 11 J)nrtion ,,r Ow ,,ii, if 1m 0/W 1,01111l11iu11 i~ ,....,;,,,, !ll'ltl)llr;,11, i~ 
,11l1lod I•> oil or llw c,i l-sol\lblt ""'11lsilyi1111 ui;i,n1• with 111iai11,:, I hm1 1111 
11(111(11 q111111Uty nf wnwr t•,111M ini11r: nll 1.h1, m,,,,r.~olnblt, 1,111ul~H:,,i111t 
1•~(1111,, I• 1111tl1•cl wilh 8Lini11~ 11111-il lht• 11111ul8ion i11 for111c,d. l•'11r'1lwr 
111•rl.lu11a c,f 1h11 oil 1111,11v1,1 1,r 1, n, 11clcl1:<l 11hor11,1t1,l,v 1111111 t t,., fi11,1I prmtn,,1. 
i11 f111•11111d. 'l'lw hhtlt cilll~Mlr11(1,111 11f 111., ,,11111l1dfyl111t 111/1\llL h1 tht, 
urir.innl 1111ml• io11 11mh«11 t.ho (11111111 1111111l•ifi,,ut lo11 ,1u,r,, lik<1Jy ~1\Cl U11, 
hlt;h vi.,,,,.hy prnvi,I,,,, ,,ffo,,1 iw •h1tnrl111:m,1.i1m l1•11f.l i1111 lo ""'"II <lt'l111l,,1~ 
in lilt! 011111l~io11 . Thict m,,1h1Kl ol'tc•n i• 111<11cl s11,·ta·11~follr with 8tmpP, 

MultiJtlc l~m111t!lon1, ..... ,A ro<:(ml, i,movnlion in emuh.ion 
1.ochnolo11Y i~ Uw dcv<1lop11umt. of' mull.iplo 0111111:;ionti. Tlw 
1liuporKod phnsc o( t-h11Mo (tmul11ion11 <:onl~1hlij 1,ve11 1nnalk1r 
drn1>lul,~ which om mi11«ibk with llw cont.inuo11,1 pht,~u. 
'l'h1111, 1.hc mult.iplo mn11ll!im1 11111y bo 0/W /0 wht•r<1 U1r, 11q,1(1-
ouK pho!4o i11 b<>tlYc,cn t.wo oil r,hn,,el!, or W /0/W whoro tlH: 
intl•r1111l 1111d 11x1.11rnnl ll<JlWO\HI phu~(tij 111·c •111111r1,tod by 1m oil 
ph11ijo, 111 (.ho11t, Ky~t.mns lwt-h hydrophohie and hydrnphilil: 
<1nwh1ifior11 nrt• 11e1Nl 11nd bo\.h huw ,rn cffc\~t1.m I.ho yiold 1mcl 
stohil il.y, t\ij 1101.od h,v ••1oronct1 ,md Whil,11h ill.l'I 

ft upp<!orn thlll: 0/W/0 (!fllOlili1J1u1 11r1, formod btt:ter by 
lipophilic, nonionic 1mrfo,:L1U\IS llilin,i gum IH~t1t:itH)m11l1:1ified 
t1h111>lr. ttysU1m11, whilo W/0/W mulUplo 1m1ul6ion~ worti 
f1mni,d lx1tl-0r by nmiionic 1:1u1•fn,:t.1t1ll.l\ in 11 I.WO•l\(.flf(I! <11m1l11i 

fic11t.io11 prococluru. A 11))01:ific fonnulntfon for ti W /0/W 
<m111Me)1l m11y h<• pro1>11rncl hy formin1; tho primory (W /0) 
tm\ulaion J'tdm iaoprop,vl mydat.t\t1> (,a 'f.(\%), 11orbit~n mono· 
<>IMt.o (i.0%) nml d i11l,ill1,1d wuu:r (JOO%). Thi11 pl'lmory 
1111\\llijion (50%) i1:< 11ddcd t.o II pol,vo~yel,hy1<1iw 1111rhil1rn 
mouoolcotc (2% w/11) 11olutfon in wi\t,or. While, Uw todrnit1110 
of pn•1>11rinH thcsu (llllllh:1ioua i~ more colllplic11t.cd1 1·0111:1\l'dl 
indic11t.011 r>oUmtiul ui.,i ,)f thowo cm1d~ionij for 1>tolQ111:cd oc
t.ion, i1111t.11-m11t1kinl(, mor11. cffocl,iv<• do~111~0 for m11, 1>11 rc11tornl 
pt<1p11rntiom11 protodion ng11in~t th1) 1\XLomul ,111virn111n1ml, 
mid cniymn ontn1pmo,1L. 

Micr()omulrJionH .... .'l'ho c:o111·1ic phnnnntX\llti,a.i l mocro .. 
omul11iona 11pp1:nr whlt.11 nnd t1md l.o 11op11rnt:o on ,itondinl{. 
Mlm·11omult1i111111 nm l.rnn~lucunt or trn11KJ)11rm1I,, do not·, H<!j)I\· 
rnt.o 1md huvo 1.1 drnplet 1U11motcr in U1<1 11ur1o m1tf.11r uizc 
r11111{0. 'l'h<1 micromn11laionr, 11rc1 not ulwny~ di6tin1:ui~hnhlc 
frtllll mi1:tllll\r 11oluU011>1. 

Hoth O/W und W /0 l,ypat1 ,m, pouftiblo Md m 11)' ha con .. 
v11rwd, (11w tll tho oth11r, hy 11ddin1, moro of tho inlcrnul 
phuHll l)r hy 1.11t~,rillK tho Lyp11 of emulnifior. A~ t.-ho int.t!rnnl 
i,houo 111 mldtid, t ho l)m11l11io11 will 1>na~ i.hrmrith Ii vie~o,ilMUi: 
11d a1.,1ut1; wil.h l\1r\.lio1· mldition, ,m omul~ion of t.hci 01>po~it.(I 
iyr>c will occ11r. 

Tho mus\, obvio11~ bonofit of microc1m1IIKiun11 iB t.hoir ""U• 
hility, thtrn provid111111hl110 uniformity. U1111ally, tho 1m1,1h1i,. 

fiur ~hould ho io 10 :.10•~, ol' Lhe woit(hi. or Uw oil IIHll(l. '!'he 
W /0 ~y~ t.(1m~ ,m, prnput'cd h.v hlcndintt t.lw c)il ,rnd 1:m11h1ificr 
with II Iii.Uc hol\t., if rcquit•od, 1111(1 tlum ,1ddi11" 1,ho w11tor. 
'J'hc 1m lm· (1f mix!uri lill' 0/W ay,1lcim!I iij mot t! f'loxiblo. Ono 
of Ow 11i1n1>lo111. mct,hodN i11 lo 1,101111 t,hl) oil 1111d tho r.mulHin11r 
,rnd 1mm· t.lii~ inl.o wnt.m· wi (,h u lit.tlo Htirrinp,. In no cull(t c1111 
1l mic1·ot111111l11ion bti l'otmNl unit\:!~ I.hero i~ 11 m,,tch h~twc1m 
!,ho oil tllld om11l,:ifi ~1r. 

If I.he um11l~ificr hns htiun 1wl1u~t.1::d fll'nporly, mic,·om1111l11i• 
lfon1.ion will ocl;ur 11hl11.11;t. "po11f.111wo111.1ly, IC>aclin,; ~,, 111111 t i,i. 
fm:lo;·y 11111I 11t(1lil() prop11t11ti1111. The dot11lh1 of vario11t1 prup, 
a1·111fot18 ,rnd lhc rolnUonNhip IHll.wo<Hl mit:rom1111leion1:1 1111d 
micollor nolu t·,io1\ij h11v11 l)(tl)ll rnviowod by Prin<:o et al.•~ 
Microt1n111h1ion~ (mlltnin in" hydrnnorl,iKOJlll h11v11 hl!<m 1>ro• 
1mn1d. 

Equipment 

Wlu.m cmuloioirn nr1: prnpnrod, 1:11m·1iY 11111111. b,, ox1>m11lcd 
to fon11 1111 lntcrfncc h\11,wcen I.he oily ond nqucouij phoKcll. 
l~mulaifil:nt.iem 11qoipmont. i11c:lud11~. th1!1'111'tll'(!, o wido vnri1:1.y 
of c111it111.or11, ho111og1,nizor11, coll<1id mill,1, .it•t. mixllrn und ui
trn1J11nic dcvi1:o~. Cdffin ttl• 11/, 11' B1ichcrt11 nnd Pock el, !ll/0 

hnvn 11v11hwt,cd (,ho 1im11l11ificMio11 cq11ip1nt1111. u~NI hy 1)hnr-
111111:i11I~ ,11111 drng 1111rn11fo<;l.11r1m,. 'l'h<>IJtl puhlit•nt.ionll, nloni.: 
with jounwlri ~11d1 1\ff P/1m·1111m•11Ut.<il '/'(!ch1u,l,)/!.Y, 1<ho11ld 
h,~ cm.1H11lt(ld for furt.hcl'(l1it 1.1ils oil U1ti 11~a of 11uch 11ppnml,uH. 

'l'ho prt11>nrnLio11 of um11l11i<,nH 1111 n h1r11<1 i!Mlo 1111111\lly 
r<1q11irN: t.h<: cxpmHliwrn of t•on~idcrohl r1 ,1mo1111t.~ of uno1·1iY 
for hon l;inr, nmt mixinr,. Cnroflll r.orn1idcrnLion of Uwttc prn• 
(:ONk/1;; h1l~ llld to tlw dtw1:lo1>1111111l of )()\V-CulMl{,Y mnolsit'i<:n .. 
t.ion by llffinr, nn ,1pprnpri11tu cmulsifim1tio11 t.umpornl.uro 11nd 
solectivc hont.ing ofUi<t inl{rr.dicntK. Thi~ procos!l, dr.~r.ri11t;d 
hy r.,i,1/1 lnvolvo11 (.he~ jll'llJll.ll'l\l,io1) of 110 ()11)\llaimt CilllC<.!11· 
Lr11t.o i:oh11uq111H1Uy dil111.<,tl wii.h Lhu uldAltl\01 phoi:c ut. rrHllll 

lom1>ornt11ro. 
Aglll\torH•- "Ordinm·y u1<H,11t.ion 01• 11h,1ldng n111y 1.w l11;1111I tr> 

1>rt•p1ll'l' !,he cmulttinn. ''I'h iA mot.hod fn ,qmmUy Jij e 11111loyi,d 
by Uui phnrmo<:illL, port.ic11llll'ly in t.hc (illlUh1ificulfon of cnHi• 
l,Y ilt11pN·1111d, low,vi1m>~it.y oil~. U11dor certuin c,mditi\lll", 
inl.crmittunl. Bh11kin11 IH conal1lornhly moro olfor.Liv11 t.hnn or• 
dinury <~olltinur>\J~ 11h11ldng. Conti,111011~ Hht1kinu ll,ndH to 
hnmlt up not only the ph11Nt1 to ho d i11p 01'A<id but nltto the 
tli,1pornion modimn ,u,d, in tl ,io, wny, impnir~ tho (!nMO of 
cm\1lc<lfknl.ion. L,1b1>r1Jto1·y 11h11ki111I devicoH 11111y bo u«ml for 
ijlll1tll•111:11l<) t)roduct.ion. 

'J'ho 111orlm 1111d p,mLl(i 1.1re IIHo<l wid,,1.v by t l111 pr1mc:dpLion 
11hurn1nciHL in the clltlll\\))\ll'llllllO\lij prnpnnlt,lon t)f 0111111• 
iji<)ll!l, 'l'hi11 o<iuipmcnt lum vo1·y dtifin iho li111it11tio11,1 bocnutte 
ii.ti 1111cfuh101111 dc,pcnd1;1 hw1.{ol.v /)fl t.ho vil,1:idity of tho tlmulHi· 
lying 11110111.. A inorl1tr (111d 1>0111.lo 111111111,t, ho \Jij(:d l.o prc11>11rti 
u11 011111J~ion if tho mnulMifyhttl lll(Cl\t lm:kr1 vii:idtl it,y fog, 
l~l)lut,in ~ol11tio11s). 1l'hm11i 611111!11i(yhlf:( 111(1:111.u will p1·od1J<W 
HIJ1blo (lmul11ionH o,ily ii' ot.hor ~Y)llll'I of cquipmm,1. nr<, u1;1<1d to 
mix l,h(I illt,tl'\ldl<,nl.a ,111d tho agcnL l.ogo\.11et . 

Smnll uloctrk mixcn:1 IIHlY he \lo,(id to 1mJr,iiro cmul11io1111 ul, 
tho 1>rcHcl'ipt.ion <:ou11(,1,r, 'l'hoy will suvo l.ime u 11d 1111orJ!y 
011d ()l'OdU~() 11111.i11foctol'y 1:111ulsio11a whon th1i (1111ultlifyinr. 
n1:t111,t ift 11c1\ci11 or R1~11r. ll.ow11v1w, t.ho mix1,rH 1:011110\. Im 11Hnd 
ii' t.1111 m1111laifyin1( 11g1mt iij [(Ulutio. 

'J'h,, r.un11l\(1rd1\lly 11v11ih1hlo W11ri111,1 H/1m1for di11p\:r~c,; cf• 
/'ici1mtly hy meo1111 of tho nhc,.11·in1; 11C:ffo11 or rnpi,lly rotntinu 
blodos. I l t.rn,rnfors l11r1,10 mllOllllt:i 111' ,.n1crt(Y tllld i11(;01f)O· 
rnt.ft!! nir in t.o t.11,, (it11ul«io11. lf nn m11ul~ion firKt i~ prod111iod 
by ui;inl{ I\ hlondor of this typo, t.11(1 fornrnln t.or m11~t l'(lmom• 
bor thnl: Uio cm11l11io11 d1t11·u1it.ori11tk~ oht.ui1\ed in th(• lnho1·,1• 
tory will !lot- b(t cl1111lientud 11t1cu~nnrily by t.lw prod11c1.ion• 
11i,10 lit!i tol.llrll. 

Prnd11ctfo11._.ii,o UJ(•lllt,urH indudu hi11h .. ,H,w\iri,d lll't)IJ1illc1·-
11h11ft. ijl,in·o1·11 immamid ln ii l.nnk or 11olf-1:1111h1intd uni(i, \vit.h 
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Flu 03-2. Slurnlnrd :-1lurfy-•l)'()O dlr,pc,raall ciil~o, wllh vmwd•rOIOf 
"rlllWh)O'' Ol<llllOll1 lll'ld (\l(lti(-)d r.lrt;ft-1111>0 clfcu1tlll1,o olM101\l 
(CO\Jrlohy, AbllO 1:,111)), 

,. . .. ' . . " ,. ' .. .. . ... 
.. ff . 
• t ... 

., "~ .. . .. " *' ....... .... ,,_ .. ,, 
:=m::. := = ... ,.,.-. . .... . .. - .. . ..... ... .. 

N,t ◄n,• 

-•H-UflW•WoHU!+l+I•~~-----.•• •••••• • • ••• 

~!~~;;~~: .. ;;::;:;;~i::;;;%;~i;;'.;;;,~'.:~~;;;l~;::;,;::~l;:~:;~;;;1:;;~;,;;;~1;:;;; 
(GO\Ul<III}', Abb(I l:o!I), 

1n·opoll~:I' 111u.l 1>11<td l!1 11y~t.,im:1. Tho lnU.m· wm1111y 11ro 1:<lll· 
nt.rud.od ~o (.h11 I. Uw c:cllll-•~-llfa 11f OH~ 1,,mk t!it,h\\1' nu1y hn 
l1<ml.t1d 01· cooled 1.h11-in11 U11l l)t'ml11c1.io11 procc1111. B11ffh!11 
offon 111·<1 huill, inl,(1 (t ~nnk and 1.hm1<1 l11crcn811 Uw 11ffic:icu1<:;v of 
or:it·.11l.ion, 'l'wo mixcm; mun11ft1<:t11r11d hy I.ho 11,1m1! c:nmprmy 
,mi ~how11 in Fi1n11:1:1 .. 2 ,md t~:l,a. 

Colloid MillM-•·•Tlw pri•wipli: of opt.ml.ion of t.hc colloid 
mi ll i111·.he pmmnJte oft.lw ,nixed ph111.w1,c of nn 1,1nml11ion fornl\l· 
l11 bul·.wut:.n u 11tutor nnd n high-111)<H,d 1·01.ot l't!Vnlvi111: 111. 
1<p11i,1IN of ?.000 to l H,000 rplll, 'l'h1l dt\111·,1111:t1 bdwr.ttn Uu,, 
rolot oll(I 1,hr: :•t.11t,,)I' hi 11dj11rd,11hlc, 11s1111lly fl-om 0.001 in 
upWtll'(I. Tlw c:mul«iou mixt.1.11·c, h1 1.1•1~1:1i111~ h11t.w1,1111 1-IH) 
mlllf 1111<! 111.111.01·, h1 ~11h,i11cl,cid t1,1 11 h·1:m1m,lo11:; 11l1<1t11-in11 ,u; .. 

~--······ ·• 

JII~~:~J ·•iii~l;;Ji;:i;;:: :; :;;;~;? , ·- · ....... .., .......... .., ... ··:::;::.::;~~~~;:: ... ,., . . .. 

o-tn •-to• . •·····- · ·• ·•- .. ·• .... , 11,_ .. , ......... ,. 

: -~f:i!~lj l!;J 
:~::::[ ~;;;:~:~ . E~!!f. 
~; i•n,,,-K;,. Mihl 

............. 

,,.,,,, 
IHt
HH• 

.,,. . .. ., . ..... 
IHI 
1111• 
OU• .. ~ 
OH• 

HIJ. 
110 ., .. . ,_ .. _ .... . 

rto U3•4, A colloid mill allDwn In c,·oi,~ 1,octlon (cour1c,r,y, Tri-Homo), 

Flo 03•!i , 'l'ypo9 ol rotor~ usod 111 1:ollOid mll ls. 'l'hono niny llo 
,mootll (for mot11 omull\lonot, 11ormtocl (l(.lr o1n1,11r>r\t1,; ,.,l,,I 11(1ry 11i,:;<:01m 

pr•oduct~l or or vlldllM GIOrlO (IOI lho 1)ulnti; Md plwnonl dlwor:ll011!1) 
1cou110:.y, Tri-Hoono), 

1.ion which <:ffo-cl-~ n fino di11pt_,riji1)n. A col111icl n,ill 11nd 
v,11fo11,, 1:c,l.ot11 r•tri 11hown in Fi11~ H:l -4 ,rnd 8:Hi. Tlw (1pornt.•· 
in11 ptinc:iph! i11 t.ho NllllW fc,r ,1ll, but 011d1 m111\11foi:t.11re11· 
inc() t'pomtl/a 11pc11:ific foatur~s wllid1 r11~1JII, ill <;h,rn1,c1u in 
opcmth11{ 11fficioncy. 'l"'hl/ 1:1hMrini; fc,u·1:(111 <1J11>liocl i11 1.h ,1 
coll,litl mill mny n1tt11h, in II wmp(,rOt.lll'O h1<:1·lll!Ao wit.hin th ti 
mmtl~io11. It m11y be: 11Q1:0HM11ry, l,hc:1•ufo1•ti, lo <:ool 1.lw 1,1(111ip, 
11wnt. whr.n Urn umulsi,m is b,ii11u- prod11cud. 

Homoirc11l:1,<,rlj 1111cl Vi11Mli:i:cn,-····•fn t.lm:a: l,wo l,ypc• of 
0<111ipnrnr1t t.h11 mixed phllflliH 111'0 f)lll!lllt(f b11(,wo<m n f11wly 
1:rmmd vtilvo n1ul ~<•tll under hii:h fJl'\!ijij\U'c}, 'l'hi11, in C!l'focl., 
prudw:111.< 1111 11tomi1.ut.ic)n which fo 1111111111<:od hy tlw imp11,1t. 
re<:eivcicl hy the utoxni-zcd mixtut·1! 1111 i i. 111.1'ik1!11 tlw v11lv<>. hon<I, 
'J'hey Ol)lll'lll,e II~ prOMlll'l!II of 1000 l,a :,non ()lli 1111d p1·ocl11c\! 
anm o of U1c fi11c11~t dii1p111·,1i<,1111 ohl.ninuhlo in 1,n mm1l11in11. 

B o111or.<miY-orM mny be: 1111ml ill 0110 of' 1-\'to w1.1y,;: 

I. Th•• i1111tu1ti,,111 ~ 111 Ch~ l!lillll~ion orn 111ix1•d oml (11101 1l11,1111,cl 
thrnul(h l-lw hnmn1:,,11iic,r 111r11•<11luc1, lht fi,101 pruducl .. 

:I. An ,,mul11io11 i• pnl(uw«I ,11 ,11,111, 1,tl,111· w«y 01111 lh1111 !)llij~t•<l 
1.hrol11,h n h,1111,111oni,.r, fot I 1111 purwm,• ,,J' cl1,,,rn,lKi111t I In, j)nrl id~ 11iY.t1 ,rncl 
oh111iroilt(! o 1:n•11l-~1· dH1:n111 nfuniliirmit~• rttu.1 •t11hlllt-~. 

'l'wo•iltn(lc hvmogcmiz,l,r~ uru comitructud ~o U111t the) nrn11J , 
~ion, oft.er troatmmll, in 1.he fil•ttt, volvl.\ ~y11wm, i11 conduc:t.<-:d 
dircdly t.v 11110Uwr whol'I! ii-•·tlt:01v11~ n >lO(:OIHl l,rcot.111011(;, A 
~inr.h homor,t!1llzntio11 m11y prel(h1<:o 1m omul.»ion whii:h, 11l-
t.ho1.11ih iin p1u-l.iclc 11i1.c in 1m1111l, h1111 1\ ttmd,;oc;,v to t:lump or 
form clm1l,tl\l';!, li~m.ultti01111 of thill (,Y1H1 u)(hihit i11e!l't•rm,cl 
r.rMming t,c11d<mdc1J. Thi11 i,1 Mfl'(\1:t(Jcl hy 111i~Mi111; th(i cmH1l-
11io11 thrm•r.h Ow l'ir11(. !!l.tlt~ll of h1m10l(enir,11tio11 nt. 11 hif.th 
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1n'()88\lr<J (<% :lO()() to 5000 l>ili) und then ihrou1ch tho liowml 
l!t11ge at 11 gl'eat,ly rochlctld pr<W1\1rc (og, 1000 p80, 'l'hin 
brcoke down lln:V <,h,ttt~,r~ fonno<I In tho firRt ~tf:lp. 

For Hltt1\ll ,flc11lo OXl,ClnJ)OMnt!\)\111 pro))orotion of emul-
1,ionll, tlw hlOXJ>On&ivo lw,~rl ht>t11()JlC!11i:rn1· (uvuil!lble from 
Med 'J'imc.~) ill pnrt:ieulnrly \l<JClful, It iij 1>rohnbl.v tho most 
efficient emt1h1if,Yillll' nppurutm1 avnilnblo tot.ho proucriptiml 
1>h11rrt1ndflt. 'I'he t.wo ()hn111~11, p1•oviou!!ly mixod in o bot.tit, 
11ro h1111d pumped throu«h Uie ttppnr11tu11. Hocirculntion of 
Ulll omulKi(111 l,hr,n•ah tbo opp1u•11(,110, will improve it11 qunlity, 

A hom()goni~ol' (looa not h1comornto air int,> tho fil111I 
product. Air mny mill ml <lmulalon bect1Uile t.hf! <H'J'lO)ilifyil\K 
11gm1t. itt ndaorbed prdo1·eutfolly nt: 1.bo olr/wnt.or intorfnco, 
followod by 1111 irrevernibl<i 1mi<:ipi1:11tio11 t.orm,id den<1t11ri:w
tion. Th111 in purticul11rly prone to decor with protoin omul-
11ifying ngnntn. 

Homogonizntion moy apoil 1\1\ cmul~ion if the cm1co111.rn• 
f:icu1 ,11· t.lw omu!Hifyinu 111,Conl in tho fm·mu!al.ion is le~8 than 
t.h1lt r<1quirod Lc.l l11ko cnro of tho i11crci1mll in surfoce 111•cu 
produc<,d by iho proco11tl. 

Tho t.omporoh11·,, riko dm'ing homogoni:1.11Lfon i8 not: wry 
hll'Kll, Howcvor, tomp1:rnl.11ro dooM ploy nn importnnt ml,i in 
t.lio om11loifi<:ntioll J>r<>coa~. An inc1·011n1, in tompornturc will 
rcduco 1,ht: vi111:011ity nnd, in MrUtin i1111tnnc1111, the interfocinl 
t.cll8ion h1\t,woon tho oil ond the wal.¢1·. 'l'horc nrc, however, 
many i1111l,1u)(:(111, purli1llll11rly in tho mnnufoctul'ing of COM• 

1Ml.ic c1'<>11ma ,md oiotmolltH, whoro the ingrodi,:mt.a will foil 
t,o m)lltlllify p1·ope.rly ii' i.ho,y l1ro prot1<>H11od 111. tr,o high 11 
t.ompornt.11r<1. Emuh1ion& of U1i11 t.ypo 11ro proocn~(ld first. nt 
1111 0lcv11t.od t<1)llJ111ro1.111·0 11nd UlOll hm110,ionil'.ocl 111. 11 Lmn• 
puruLurn not, excuuding 40°. 

Ji'igure SH-6 Kh<>wl:I t.Jw fl<>W t,hr<)U(!h t.he h<>rrtol(oniv.inK 
vnlvc, thll hoart o( the hi1(h-pro~Hm·1i APV Gnulin ho1t1(1~1il· 
ni1.or. The l)l'Oduct ent:cr~ U)(l vl)lvo flM(, nt. hif{h pro1:1:<:111ro, 
f1ow8 thl'Ough (,he l'llKi@ betwilun tho vnlvu 1111d t,ho ~ML 1l.L 
high velocity with 11 rnpld pte&illr(i chop niul I.hon iu dill• 
ch!ll'gud ns II hom<>f{01\i1.od product,. It- ill po1;1t,11l1\l,11d t.hnL 
drcult\tion und tul'bulcnco llrtl 1'(:Kl) (1llHiblc mninly for thii 
hom()gonixut.ion tlmt tnlms pln<:o, l)iffN'<1111. vnlvt! t\tu;em
blioa, t.wo 1't111~l' v11lve ttHSemblie~ nnd 111J11ipm<111t wit.h o wid(, 
rnn1to of cnpndtio~ 11r,111vnil11ble. 

'l'he Mncro I•'l1iw-Mn11t.01• }(011,-l>i-11ato,· &1l1J)l\ly11111u1111h0t· 
of difforcnt nctions, c11c:h of whidl tokes the in,;mdi1mti; 11 

Iit,Uc further Along in the p1·<>1;P.1111 of ,mbdividing <lroplE!t11, 
until complete hornogenizntion tm1ull,t1, 'l'he HHHibill(l ia 
equimiod with c\ pump which ci1rrit111 th~ hqul<l th1·,m1rh th11 
vurimu1 st.ngoH of t:h<• 1>1·oco11~. 1 n lhi: fir11t. 11t111,(o, th<• illL!l'OOi
(lllhl ore forced hctwcen two apenlally de.si1zned roto,·~ (go11n1) 
whi\!11 uhool the liquid in OJ>i>Ollitt, dircct.io11t1 iu 11 11mull 
chm11b<11· und, it1 thi11 wr,.y, nm mixod thol'oughly. These 
ro tor:1 nli!o ~ot up u 11wirlin,i /let.ion in tlrn ,wxt ch11111ber intt• 

"" . , ... ,, ! l~tl:iNl.l;I) j I 

vAiiil: . ~ 

""' ,,,,,,. ,;;;.;,·,· : '~::~~.l'.~'f.l ... , J 
1:10 63,6. Opl)Ylltlon Ol lh& l\omooonl:1.0, v11loo 1\i!Gomuly (Cour1cuw 
APVOnulln). 

which tho liquid is forced t1t1d Hwirllld bnck 1111d forth in 
eddies nnd croR~<:u1·1·onts. '!'he 11cconcl 11tn1io i11 u pulsinK or 
vibrnting 11ction ,1t r111>id fr11<1uency. 'rho r>roduct then 
l<111v0H thi~ chnmhor, 1,tooM l,ltro111<h II limull vnlvo op<mi111i ,md 
i11 du11hod ng11inst the woll of tho hom,>gunizing chnmber. 
Pre111;111ro i1111pplied, hut it iH not. nu gro111. 1111 thnt u~od in other 
types of homogonizora, PrORam·o i11 cont.rolfod 11<:<:11rs1tnly by 
ndju11t;ing device~ C>ll U111 front of tho mn(:hine, and l~mtporn• 
ttlt<l i~ 1:01Hrollod by pnA11inK 1:011!,ml.ll through 1,11(! lll:11 Lor11. 

Ulb'ilHtml<: nevico11--1'ho 1>1·oporntio11 of omulAionH by 
the u5o of ultrM011i(: vib1•ntionij nl,:;o i~ l)1)1miblc. An oscilln• 
t,or of high frn<11rnncy (10() t.o fl()O Hfa) iij com\ocl.od to Lwo 
ole1tmdo11 bel,wc1:ll whi1:h hi plMod II pi ,w.oolod.l'it: qnort.i 
))late. 'I'he quurt~ 1>l11fo ,md ,1lilctrodoA 11r<l imm(lr11ocl in nn 
oil bnt.h tmd, whau t.hc oudllutor i~ opm·11ti11!', high,frtirtuom:y 
w11vos fl()W throo((h t.he t1uid. l!!mul11il'icut ion iR ncr.om .. 
plislrnd by 11h11ply immersing 1\ 1.ube contnining I.ho omulHion 
ingredienta int.o thill oil bnth. Coni:1id<i.rt1bk1 1•1~1i<mrch h11s 
boon dono on 11ltrn11onic a,i1uli;it'ic11ti<m, J>ill't,iculnrly with 
r0Kt1rd to ~he mechnni11m of om111!,ion fonnaU(ln by thiM 
mothod. Limitod dnta indicnlo thllt thMo devic-01; will !)l'O• 
duel) ~tilbl-0 <nm1l11iona Ollly wltJ1 li<1uld11 of low vi1<r.oaity. 
'l'ho mothod i11 not: 1>r11r.1.lcnl, however, for l11ri:0·11c11lo 1m>duc• 
lion of emul&ionl'.. 

Spociul tcchniq1111R nnd cqui1>mont ln corw)in iJ11jt1111co11, 
will 1>roduce Huperior cm11l11i<m11, lucluding rnpid cooling, 
rocl11r.l.ion in 1>nrticle ~iic or ull,rmmnk dovicea. A wid11 so• 
loct;ion of oq1ti1)meni fo1• proces11ing bot,h omu!f1ion11 nnd Sill\• 
pomiionR hllM bot1n <1011<:l'ibod by Ei1tborg.2i A 11umbcr ()f 
improvoments hav() bc(ln mode to mtiko (,he vl\rio1•" proee1111-
0Y more effective nnd onorfly•offit:itmt. 

Goncrnl mcthodu rire 11v11ilnhl11 for t.<,~l.lnu tho inl!tnhilit.y of 
omul~iona i11cl11ding bulk chnnl{eN, <:onttifu«nl 1111d ultrnccn• 
trifug1d titudio11, di(lloct,1·ic me11Ht1reme11t., 1:1urfo<:o•nre11 moo• 
111m11il0nt 1111d nccelomtod,-motfon 1>Ludie11. I.,{)W•·ah011r rhcO• 
Joiiicnl utudie11 mcasurill(f vi~coelnel.iclty are aug,icaood l\H tho 
optimnl nwUwd of ~t11hility t,oi.l:il\f/. 

Suspensions 
'J'ho phy~i<,111 chomi11t. dofinM tho W(lt'd "i!u1.1pen~l()ll" us a 

two-ph11tt11 H)'llt(;I\) con11iatillg of 1i finely dividocl 1.1olid dill• 
porllo<l in II s1llid. liquid or g,u,, 'l'hc ph1u·ml1d11t; MCOJ)l.fj this 
definition and <:till show t:hot II vnriH.y of do:mr,o form» foll 
wit,hin the 3<,or>e <lf the p1·oc11ding 111.ntomont.. 'l'h.ere iii, how
ov<ir, u l'uh1ct1rn<:o \;() be l\ll-inch1Hivo, 1md it i(I for thi~ rcnson 
thot. th<1 mnin cmphtllllll is J)IMaid on ttolidH disperf!ed in 
liqold~. ln llddition, ond b<•cnu(1(1 t:hurc i11 11 1100d for more 
llpocific t,mninolog;I', (;ho phnrm1.1cout.i1:ul Hciuntit1t diffc1·en
t.il\tOH betwoon ~uch pto1rnr11tiotlll 1111 l!\1ttf)cn11ionl!, mixl,urcll, 
m11gmu11, golll ond lotions. In II l{lH\<irill ~(~)Ille, e11ch of t:hoHo 
pr()po.t·t1tiom, ropro1:1011ts II ttllll))Oll>1i(1n, hut t.ho sl~\tll of Hnhdi
vh1io11 oft.ho in11olublo solid v11rfo1.1 from p11rt,icloM which (IC(:tl<i 
grndu111ly on 1.1tol\ndi11g to pt1rtfolcl'! which M<• colloi<lnl h1 
nnturc. 'l'hci lower limit. ol' J>Article siie if! ,11>1>r<1xinrnl.(1ly ().1 

iun, 1111d it. ill the prc,pnraU@~ <:1mt:11ining diMperHed solid11 of 
thi11 l'nnl{uiu1do or ((rontor thnl, urn dofiiwd J)h11tmuceuticolly 
u~ ~w11><maio1111. 

Certain nuLhorc; ul"o include linim()ntfl, 111\d tho nuwor 
11uflt11lued-releaae 'IUHJ)OUl:\i()1111, in 11ny di11cuR11io1\ of thi111>111·• 
ticnlnr $1.lbjoct.. 'l'ho former pr<lf)11rntiOn6 now Ul'!\11\lly tll'c 
c.1,nttidorod na aolut.iolla 11lt.lw\1l(h 11 11umber of oldor lini
menl~ w11to, lu foci., 1,w11>onsion8. 'fla<i f!1111tnino<l•rolc~110 
auapenaionil ,·cipro11ont, 11 vory a1>ocio!i;:ed cl11~11 c>f' J>ropnrntion 
and, tlij Stich, ,mi diHcu>111od in more detnil in Chnptcr 01. 
Somo in~olublc drug~ 11lij<> nrll 1uJmi11i11torod ii\ Mr<lMol form; 
ono ox11mplc ie dex~lm<1thn~o11<1 J>h()~J>huto flllf!l)t>ndod in a 
propl)llnnt. mixluro of fluoroc:hlorocMbons. Moro dotnil on 
noro11ob, in nvnilnhle in Chupt;1ir ()9.. 

Su$p<111Hio11 rormulution mid \:ontrol iM h11110<1 on t,hc p1'in• 
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c:iplt111011~1in11d iu Chnpt,Ol'll l fl 11n<l ',W, l•'orruulul,ilin involve, 
11101·n Lhha 1111Hpc111liog o 11oli cl in u lh1uhl. /1. lwuwlod~c vi' 
t.lir. lmhnvim· of purt.idm1 in Jiquidi;, (If 11u~J)l!l1Clii111 IIJ(tmlH nn<l 
of l'hlvoril 011tl m l1ml ii. 1·,:tJttiH1d l.11 1mid11cc a 1111tillf11d.ory 
~U~J)(i ll~il/li , 

Btic,fly, the prep111·ntion qf II lltllbki ,io11pc1111i11n dc))cml11 
upon l,hc, 111>prc)J)t'i1tl,o cli~J)l:lJ'l:lion of 1.lic drc111 in l,hu ew1pond
in1~ mocl ium. 'l\l rn11111ro lhnl, (.hQ p1.uticlt1~ 1.<rn wul.(,cd hy 1,h<i 
diHptW~ion m1,11liu m, " 11urfm:o-w.tivt1 11gm1t t<ho1.1ld ho 111,<:d , 
t1~1.Jl!C:iolly if 1,lw di11po1·11ocl phri~,\ i11 hydrophobic. 'l'hu ~1.111-
1mmlinu ,1~·!11L in thn n,1u<:ou~ mmli11111 U1tin c.!1111 ho oddud. 
Al1.01'1111tivoly, L)w clry ~u11pt1J1<linc111it<:nl, ,:1111 be mixod U10r
ou1~hly wi~h Uui dl'Ug pnrLideii nnd thcrn 1.i·ium1t<1tl wit.h th(I 
dilucn1,, OUwr upp1·wwho:, Lo s11t1Jlcn,;io11 prnpnrn1,i1)n in
c!mhi \.ho formnl,ion of n flocculnt.od :.11111>cn11iun nnd 1)lijO n 
rloc,cl1 lt)(,ctf llro1>.1r111,fon inn fi11 >1Jl<111dinu vd,it-1('. l)c1~1i l,.1 of 
tho11c proccdm·uH uru HiVon i11 Ch11plur l!l, 

Thr. mm1l.nffid1mt, t1Hll,fwtl ,,r 11md1H:in1( fin<' 1i:11•Uc•lci~ in hy 
dry millin1t prior t,o t11,111po1111ion. 81111pun~ion (!(l\1ipmc11t. 
m1ch 11111:olloicl millK or homot:ti11iv.m·11 normolly ttrc; lll!nd iJ\ 
wot•milli111t finiAhcd ~u:1pmmio11H l.u 1°1Hl11t:1, p,11•1,idt n1rnlom 
orilt<'.ll- 'l'ho110 machiuc~ (l"ig 8;1-4) 11111111 ll,v hnvo rl 11~1t.or nnd 
11 rotor whid, pfft1tH11 Lho dil!pcrsion net.ion. 81)V1!rnl 111111,hod~ 
l)f proclll(:in>i 1Hll11 ll uni l'c.11·111 dry pnrtidt!H r.u·c micrnpulvr.riz:1 , 
1.1011 J'luid -oncrH.V 1;,·indi111r,, 11p1•11;v•d1•y11·111111\d <:ontrnllud pre,
cipilut iou wil,h 1.111.m~mmcl u~ clcrncl'ihcid \Jy N11~hl 11 

'l'ho !'11oic!o of' r111 111,1n·opl'iot.c HU:if>en<lin.: ug(:nt d<lfl\!Jl/lij 
11pon tho 11t1ti <>f f.hu prud11Ctll {(:xtcrnul or int.omni), fndliiir.11 
f'or prcpllrutfon nncl tJrn durntiun of Ht.01'0/W· 

Prepitt:\l,ion~ m11di: u~(:c,mpmwrn,mf!ly for int,,mlul 11~1! 
mny indudc, l1>l iiuup(m<liJ)I( 11go11 t 11, uc11ci,1, mcf,hylc<ilh1loijfl 
or o\.h1:r eollulo~c del'i vn1,ivl)1:1, 11odi111n 11l1ci11nto m· t.rn1(1.WonLh. 

Ji;xt11mporn11com1 Pl'C))lll'llliO.llti of IIUHl)Ol\l;ion11 for in(,<!l'Jlfll 
\l61J f!howill1; good 11ow nml 1nu;pemliui; p1•opc1·tfou 111'1/ provid
ocl by oodium 1:urhc1xymol,hykulh1l1,1:111 2.:lft,, l,rngac1111l,h 
l.2/i% tmd f(utlr f,!IIO'I 0.1}%. Aviccl HC,l,!H , 1, <:op1·t1cipil.ul,l' of 
micr(lc:ryttLullino cclh1lo8c 1md ~odhm1 1:nrho1'ymoU1ykclh1-
l~e Ml.nhilbmd wllh hyclroxypropyl u1<1thyl1~11ll11lo~r:, huK 
been U1$0rl /IN n 1•11~pon,ling vchicfo for J)tQpranolol nncl or 
phonodrinc hydr(lchlol'idc, di~,w~iji1ma p1·1~1>arnd l'rom fob 
lotn. It. 1lh10 may 1;101·vc M 11 1~(;1\llr11l--p111·pono MrnptmdinK 
111,\'tml,. Cnrl>opol !l:H, <J.:l% m· 1:nml.ul·, wm1 11 »o t,i11focw,•y 
aUk)>rrndi111; t\((t!1\I. {'cir 1111 lf'omt1l,ha'l,ino 10%, n111i11t.nl11i11g a 
J)l½l'll\llll<lll t lll lllJ'>ellHilll\ for more tJum 6 mont.h11. 

AgC111t,K ~11ittJhlll fc)r 01' temnl u~ci incfmlr. bm1t,onit.c. 
11H1thylccllul<1f:I<! or othor t:t!lhdo"o 1.hll'ivativc:11, aodium r.1l,,;i -
1rnto m· l,rl\(!f•tr.1nU1. Ar!!l lltK which mny rnquir<: hi11h-s1Mid 
oq\1ipmt)11t ,md whkh 111'<l !!Uit:nhh-1 for int.01·11111 or <1xUu'iH1l 
uae inr.ludn uluminwn n111µncsiul\l 11llic111,e1; nnrJ ,:n!'l.1on\or,24 

Prcpllrntioni; ~uch 11r1 t.hose mtmt iouucl n l l(JVO poor.c~A cor
tnin ndv1mLl1JiO~ ovtw ot.lrnr do~11g<1 ft,IJ' ll) ij, Somo drt11!~ nrc 
i,moluhlo iu ull 11ccc,p\~1hlo mmlin 1111d, thorofol'o, mu~L be 
1l(lmini1-1t(ll'<ltl M 11 uolid, rnm11olu!.ion 1!01111110 rom, (tuhl(it,, 
c/lJ)Aulo, ate). 1)1' m, n HlJijJ)ti11sion. l)1icm1ijl/ (\I' i\.1.1 lic1nid r.hnr
acl.ar, tho l/\~t prnp,1r11 t.lo11 lnaurilll some uniformi(.y of drn1/\/W 
b\11, doc11 present 110111 c, prohlomf! ill m~ininininrt n consist.onL 
tlc>irngo regimen. l)ir11ir,tcc!l1hlt\ t.,,k1,0e <:1111 bn c:ovr.rnd liy t18 • 
in(f, 11 11uu1.10111:1ion of tho dru1{ 01· 11 <hll'ivotivo or· tho drntt, ,111 
mrnm1>l<• t>I' l,h\1 111(,(.()l' hoing chlor11mpl1111ii1:ol p11l mil.ut.\1. 
Su1111nn11i1mK 1>rf* 1u·ocl from ion-(lxchu1111e r~ijin,; contLlilli llfl' 
l\ll ionic <lrun rnm ho \l!iC\d uoL only to minimiu1 t.ho tn11t.() of 
l,ho drug liut 11foo t<l prod1rnu n prolo11god-nc:tfon prnd11c~. 
tth1co Uw druu iij exoh1\ll((()<l r:ilmv l.v for otlrnr i011u within tho 
1,oHtrointoHUnnl i.rnot. 

Sw11>m\Nio111;1 11IRC> /\r<l clwmicnlly mor,,: tl1J1blo t.1,nn @lu
(.fo11s. ThiH pnrtic11l11rly i11 impol'lm1L witJ1 cor1 11i 11 mll,ihiolr 
ics, nnd th~, phnr11111ui11L on.011 iu c11Uud 011 to prnp11ru 1md1 u 
lllHlflCn11il'.ln ,iu111. prior t.o di11pC111uin11 t,IH• 111<.ldic11t.io11. In add i
i.ion, 11 1:1\lM)l0ll11ion iH 1m ilfoul do~n1,o form fr>r p11t,iont~ wlw 
h11vo difl'ic:1111.y swullowin1: 1.,Jblot.R rn· 1:111)11111!:!I, which ia pni·• 

tkulnrly irnp,1r1011t. in 11d111i11i111.0rinl'. dru,c:1 lu child l'(:11 , An 
nliornatc muth1)d !11 cm htrn<i<) com11linnc:c iucl1.1ilm, 1'111,•urocl 
nytttuLill "poJ)11ir.loH" which 1:nn bu p,·01mrn<I by l'l'ct:l,in1( n 
:111Mpu11t1ioo (If th<1 drn1r 110 t:hnt f.h!, t11~te iii i111p1·ov1:d d111fo11 
t.hn l,rn11l.1111>11t r,f' m·ul c:amtidi111,i1,. 

8 11spon~io111111hould J>(l!ll:l()ijll e<;rt11ii1 h:rnk prnpP.1'Lirn.. 'l'lrn 
disper1K1d 1>h1)1\t ~houhl ll(,l.(.lc1 :!lowly u11d h<i nidi«JH:rtwd 
rondHy on 1;1li11ld111f, 'l'hi:.v 11hm11d 1101. 1111ko (►11 i;(iUlinl( 1111d 
l,ho vitl1;oijl1.y 1:1ho11fd lw 111u:h ~hot. 1,lio 11rn1,1n1•,11.ion p<>l li'N 011►.: i 
ly. Ai; wif,h ull clouuiic fonn1.1, l,lH11·,i >eho1ild lio nu q111111tion ai; 
to I.Im cht:miMI 111.uhifily 111' till' s11spe;n~i1111. t\ppmpri11IJ1 
pronr.n111fjvc1l! 11h1111ld ho incot1)m·11f.otl in hl'd,:r to mi11imir.1~ 
mh:rohiologic1d c.:011t11minnt.ion. 'l'hc !lus11c11:1ion must ht: 
11t:c:op t11 l>lo iv thi, potim\t. on 1,hu li1mi11 of it11 ln!\t.u, color nnd 
1:o~nwLi<: q1mll1,i1,11 (olOIJ'IIIH:o), Urn luttur \.wo fn,:1.orn 1Join1: of 
1:►artfo11l11r im1.>m'IJ11\c·e; in pr(lJ>IU'lll,ionij int.()11dr.d for ox1t,rn11I 
\1~0-

Gol6 

PhMmocmit:ir;nJ to1·minolo1:y i~. 1)\, hr.~t, !",oni\111im< 11t1d 110 
Lwo 011fJ1orN will dmmify 1t(•l11, j(!lliou, mn1:mm1, mill1~ •IIHI 
111 lxturc11 in IJHi ~lt.1\1P. wny. T he NI•' d,1:11:l'ihod noh, 11s r1 

111wd11l dut;K of' ph11rmiwc11tit:11I pnipru·11t.io1m h11I, 1:rlllkid,)rod 
,follio11 11ndm· t,1\11 iu1nw h11udin1:, 'l'lw lnlt(H' r,r1:1111l·11tin1111 
llKlllllly (l<mt.nin wut,ct-uoluhlc twt.ivt! in{(l'Odionl.!, nnd, th1,i1·11-, 
fhrn, al'(! <:cmnidurcd in 1111ot.lw1· pul'\, 11!' lhis 1:h11ptur. '1'1111 
I ll.iP <hifinitiou for Gcli, ia 

Oi:111 urr. 11rimiA111i1I 1sy•h•11111 ut' ui1h;ir Hll"ll""•inns mndc 11 p or 11111,111 
iou,r11n11k 1111,·(.id1,~ or l11r,t1• 11r111111it rn11l1,,:11l,,11 lnl,(•1•pc,11,,<1·111111l lo;v 11 li•t · 
1.1id, Who1·c• 1-111111,11 mu•• 1·c111HiHIH ol 1111~1.w .. rh 01· (11111111 cli,1:1· .. 11, 111111.i11l1•11, 
1.h~ 1(11] fo t'!,1,,~ilfocl n~ n 1w11,11h,1111• 1w11hu1, l1·11. Al11111in11m B)·1lr11~il.l<• 
Cul). 1, , ,, < wv,11h11He 1,y~lem, if I h<• (Jl11'lit lc• ,,i111,,r11111 cli~,,.,,.,.,"1 ph,1•1• iH 
rt•l111 iv('l,v l11r1:~, llu: nnl """'~ l•lm u~imc,,, I~ rnforl'1.:d lo ftS 11 ""'ff"'" lc>Jl 
llc,111onik M111tmn), l! nl.h 1t1•I• 11 111111u~;nm1111111)' IJ,, I hix,,l.r»pit\ fur1nin1 : 
um11i,,11lid,1 m1~1m1di11111md hcr.11mi111: liq11irl ,m 111d1ntiu11. 'l'lu•y Hhouhl 
l,11 Hlmlm 11 l111fo1•,, 111111 111 L<1\1111r,1 hr,111111:1'111>ity 111111 ,<1;11111<1 ht• l11li1,l1,1I ,n 
1111,1 ~ffoc:I.. 

Si1111lo-11l111k~ i;ul~ (:11111,inl. 1)1' ,1r1{11nh: m11vtomol111:11l1111 ,liutril.>ulu<I 11111-
forml)' ~ht•l'.lldlf►tl1 n ri11oicl in ,:ud; ~ m~nnnr llrn l 110 N'l►•N•n( lwnnul• 
,,r,11• nKiRl lll'twc•o11 IIK· 1li@pt,r1.r•1 I 111~ r.rmm~1•1•11h•1< mlcl tho lh1nifl. Hin, 
irlc, ,phn•" '"'')' ho 11111111• rr(>lll ~y,11hcCi~ mni,m111 c1l,11•11l,1n (N:, Curl11111111r) 
ur fr11111 11nt11rnl 1("'11" C111:, 'l'rn1t11~11111h). 'l'h,1111111,r prr1,,u•n(.ic,11,1 »IHII nn, 
,:nllc,(I 111~1dh111•••· Alc.11001:h 1,11,,,.,, 1wl" nr(, ,,.111,11111111.v .,,,,m,.,,,~. 111t!1,hol 
onrl ,)ii,; 11111.1• he, 11hml 11n tlw 1:0111.i,mnuA phn,1~. J!11rox1111111r1,, 111i111,,·,,t ,iii 
1'1111 1,.-, r.nmhiuotl wit.II" 1mly11l l1y ll1111• 1·1:,1i11 1.,, form rm ul1·11t1in1111t ,,i 11t -
111 nn1 huo.,. 

'!'ho USP 11t.11tt18 ~hut <11ich 100 l{ of Al11mln11m Hyrl,·oxid,1 
Gui <:onte1i1u; t,hc, uq11 iv11 l1)11\, or 1101. lo:m t.hon :to nml 1101. morn 
Ll11.11) 4,11{ of 11l11mimm1 oxid(.1 (AJ,,.0 :1), in l,)rn form of uhm1i• 
1111111 hyd1·oxicle mid hydr0Lc1d uxid,,, 1rnd it. nH\Y 1:t>nl.oin 
Vlll'yiJ\~ 1111antiti<:ll or hnt!ic uhonin11111 m1rho1111 t(! 1rnd bicnr
lm11111.1,, 'l'hc Ji<ll it~ulf Uij\11.dly ir, _l)l'<lpnrnd h.Y (,h11 in1,on111tion 
of II uo.luht,., 11f11minum iJu lt, 111wh 1111 n c:hlOl'idnm· 111 1Jf'ul.o, with 
1111111\oni,i noh1l,io11, 110,li1.1m (;/ll'bon11to or hicnrbonal.o. 'l'lil• 
retlCLi<,nr; which occur clurinii 1.!w prcp11rntl1m :mi 

:1CO;s2' + :tlliO ·• :Jl,JCO~ .. + :!OH-

[ AlO·li))6la' ·I· :w...--- ··• IAIO-ll>)a(Ol-1):,1 ·1· aH:P 

2HCO:i' ' ···• CO/ ➔· Hi) ➔· CO:! 

'l'hc p hyHicul tmd chcinit:111 propcrti1111 of 1J111 gt•f IVill he nf
r,i(i1,ml hy 1,hti urdttl' or t1dciition nf rnnott1111:x, pH of 1)1'/!d))h,n 

tion, 1.ompnr11t,1u·t! of pror:iJ)il.ot,ion, concm1tm(:i(l11 of' tJ1(! 1'(111!!· 
~,rnt:1, Urn 1·c11r.tnnt.~ 1,111111 1111cl thti condi1.io11M of 1.11{i111c or t:hc 
prccipitntccl 1rr.l. 

Aluminum H,vdroxicl<1 Cini iu ~(,luhlo in 11cidic (or vary 
11Lr1m1;~y b1mi,:J nwdi1t. 'l'lw n1 nch1111iio\l 11111cidii: nwcl iu iH 

AJu rni1111m Hydoxid<:1 Gol + :.11-11,0 · ·► IAl(Hl)):i(Ol·l)i' 

IAl(H20):,l11 + H:iO I -- •· IAHl·l10),,(0M):1I I ., H~() 
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IAl(H2()),(0H)J1 + H:,0 1 ... ~ IAl(H1:0)11(0l-W1 + Hz() 
fAIOil))i;((>H))H + H:.<>~ .... IAHH20)n"·1• + 1-120 

H. i8 unlik1:ly t:h11t tho lm,t,re1\C\;io11 niven procO(\dfl I,(> l':omph," 
Hon. Since (.ho n<:f.ivit.y of 1.1\(l ,rul jij t!t\tll,roll<►.d by it~ iMoh1-
hilit.y (ooluhiliiy will clc:cro11Nc wit.h /Ill in<:t•u,uu, in t.ho pH of 
1-111: 1.11111t:ri,: m1-1dit1), thoro iH no :1cid r11l.muml. l-'urllt(,r, ninco 
11 <:t•rt:11i11 quuntity of inHolublc gel 11lw11y11 i~ lWnil11bl<,, tho 
1\<rnl,rnli;$ht1t l'l1\l)1ibility of I.lie 1:el oxtcu<la OV(lr n c1ml\idor11blc 
j)()tiod of thll<i. 

Al11mi11oin hyclrnxiclc goln 11IK0 mny contnil1 1wppormint 
oil, g)yc;orin, ijOrbitnl, fillcro~c, sncchnl'in nml v11rin1.11< 1>1·011cr• 
vntives. Sorhitol improvc11 the llcitl,commmin,: 1:npncity, 
ttppnrcntly by iuhibitin11 11 1lct,011tll\ry 1>olymedr.ntfon Lhnl. 
l,11ka11 plt,ce on 11gi11tt- fn 1u.ldil.ion, (lolyols 1mch 118 mannitol, 
1mrbil.ol und inoidt.ol luwo bo(m 1,hnwn 1.0 imprnvo \.11<1 >itobil
ity of 11h.1m111u1i1 hy<ll'oxidi\ 1m<I 11l11mim1m hydroxyr.11rho11, 
(ltO "<:hi. 

Aluuiluu1•1 llydroxidn untl B1,lhnlo111m r.nxhWl• PC 

Uollndom111 'l 'luctm:e . . .. . , .. , , .. , .. .. , . . , . 
Cbl11.-ofm·m S11h·I~ , .. . , .. , , , , , .. , .. , , , , , , , . 
Alun1inm11 llydt·llxldo Gol 1,o ••• •• , •• , , , • , , , , 

10(1 ml, 
llUml, 

1Q(l(lmf, 

It Rho11l~l ~10 !IIIU!d, howcvcr, t.l111t, 1,ho 11<lditfon <>f' 01.her druj~ij 
fott, 1111l,lh11H,IC:k) Ii> t,hC! t~el ma,v 1·csult in (I l1)1111 of tho 11ctivily 
nn~ici,,11tcd for l,Jmt. m:1-ivc i111p·11diont. 

Gen<lrully, if lr,f1. 1uidi,.1trn·Jml for somo l,imo, 1.wh, muy 
bc<:om~ 11cmit10lid or 1ic,lnl.inmm. With gomo u0I~, ~mall 
r1mo1111t1:11.,f w1U-e1· mny l!t:pm'ol~, on 8t11nding. · 

'l'h<f ~i11glo,phuse gtils urn h<iing 11tJ11d morn J'rnquontly (n 
pht1rm11cy and 1,o~mctic~ bcenu~o of ~ev¢rul 1>roporcic1J: 
11cmisolid st.nto, hi1;h dogrcu of dority, cn~o (>f 11J)l>li<111tim1 
und ow;c of rnmovnl nnd 11110. The gtilH oft on provide o f.11~(,\!r 
r<1lc1wo of dn11r llUbKtonr.a, indopondout. ol'tho w11tor ~<>ll1hili-
1,y of U1(1 dnt/1, 1lfl compurnd to (1rn1.1tn1i 1rnd oinLm<mf.i,. Some 
clrngM 11Hod in medk:i1t,i<,n gelk indudo mc11, h;vdror~on porol!.• 
idc, c1>hcd1-inci ttulph1ite, orythromydn 1111d povicionc-iodirn:. 

Gel~ may h11 IIKOd 1111 lubl'icunLu fol' catheter~, hm1e11 for 
p11tch teal-in((, sodium c:hloridfl ir<tlti fM oloctro1:11rdiogrt1J)h;v, 
fhl()l'iclo gola for lt>))it\l\l (i(il11t,al 11~ci ,rnd r,,,. intrL\vaginnl ad
minist.1·111-lon {!)l'(lf/f,llglnndin-E i gel). 

Gol~ cnn hll prllf)nt<1d li·om n nurnbilt' of phnl'nl0()(1Ut,ic:11I 
11i,:cnt11 such 11:1 t,m1(1w111it.h 2 to f1%1 Rodi um 11lginnt.c: 2 t.o l.0%, 
1iolnti11 2 to 15%, mct,hyh:ollulo~c 2 to il'Yo, Kc>dium e11rboxy
ll\O~hyl,(,ellt1loec ?, ll> r,%, ()flrho11u11· o.a to 5% ()l ' polyvinyl 
11koholu lO 1.\) 2o<J11> M noted by Cortm·.ir, Otho1· 1~cllhl/f 
ugt,nt~ inclu,fo 1)11.11,hylhyd1·oxycithyl <10llllloj\01 poly<>xytll,h• 
ylclllt•pol;voxyJ)ropyhu111, hydroxyothyl r.ollu]QllC nnd gclntfo. 
Gol11 prer>arcd from 1101\[>()lllf m11toriul11 Htwh 11K mngnm1i11m 
1mnp-hydrocurhon 11nd b.,v<h:01:utbonu 11ro being invc:itigotccl. 

'l'htt pnr<:(11\ tOteli nbov(, indi<:at<i th(.I coui:l!utrntion rnllgctt 
of the til• llin1.t nucot. 'l'he lowcr-1)c,r1xml.ligtl 1m,por1.1(,im1t1 
mny be u1,(1d M l11b1•icn1,t.!l 1111d t,hc hi1{ho1·-porcenl~1~1) propo .. 
r11limu1 n,:; d,mnnl.olor,ir.nl hMI.\H, Some 1>f tho gelling ogr,nti, 
om nvuilflblo in diffu~cnt: itm<l@H intii1m\.lng tho viuco11il.y nt. n 
definite C(ll\Ctllltrnc.ion, ln l{(.!llt)ml. hil{h-vi11cosity l(rllclc» rc--
111.1lt in ~0l1111t lowor c,mcent.rnt.ion~, 

Golij rocont,ly h1.1vo lwon 1>rt1p11rcd in 11dheijivo form in 
ordor t,) inc1·etll{t:i the, conl.1111~ I.Imo ,,r tho Ml,ivo ingrndi<mt11, 
c111ch 1.1n immlin with t;ho orol ,1nd l\01'111 mucOMl, IC)11di11g t:o n 
docront10 in phit1IM glur.oi.o. 'l'hi11 11yHfa1m 11IM<) hoa hC!Clll in• 
vo11t;ignt:m.l 1111 n VH({innl do~11go forni for c<1rvi1:11I c1111ccr 1.1nd u 
topicnl d<l~11ga form for 1tphthorn1 9tomaLii.ia. 

Prn!lcrvntivo1111ho111d be i11t:01·po1•4l(!d into tho 1~0!1:11 ou1><l• 
cit11ly l,hosc J}l'OJ)1tr(1d from nnl,11r1d t10111·co11. Appropl'i11t,11 
proK~>rvntlvo~. dopondillg upon 1111c 11nd Lhe l{ollinK 1.1,:enl, 
i1101t1,fo t.h(l 11nrnb1111a ol. nhcmt, 0.2%, boM.oi<: 11<:id O.:!% (if l,ho 
prod11ct it1 11cidi<:) und chl01·01:1•cii<>l O.I'Yc,. 

'l'bij Jmmornt.ion of 11 lttw 11el l>nttoa ia givon ])(,low; 

Aodl11m /\111'h1ato {~ol 01160 

Sv,lh,ni Al,th11Uc, , , , , , , , , , . , , , , , , , . , . , , , , , , 
Glyccrl11 , , , , , , , .................. , . , . , , , , , 
Moth)•l llydr11x,vh<Jn~.011to, . , , , , , , . , , , , , ... , . 

R ,mlulllo oulclum 8&ll 
(onlolmn or 1flllC1e►n11t.c) •• , ••. , , •• , , , , •.. , . 

Puriril:id Wntor, Lo 11111110 •••.•••. .... •• , • • ••• 

2 ·10f 
7. ... JI) II' 

(1,21( 

(I.Ii If 
100 ml, 

The ~O(tllllU ,,1,(1111111, ,. wvt.u,11 Ill 1\ IIIOl'lnr wlU, ltlvcMln, whMI 11111k th<• 
<li111>t•rlllml, Th~ pruAorv11t.iw, i11 (liRHolv~d ii i nhoni 110 mT, of wnl-111· wiLh 
l,ht 11ld or h1111t, 11U11w~d l<• C<)ul ,mt.I \.he t.11lci11m •1111, 1111<1,ltl, whld• will 
incrc11•0 111(1 vi•t·n~i!.y of lllll 1irup11rnLio11. 'l'hiH ~111111,ion i• 11ti1·r~d in 11 

hiirh •p11od,HL\rror ~nrl I.ho ~odiUIII 11l1thlllt!J"/()ycori11 llli~Uil'I! 11<1,tod IJl()W, 
ly ,~lnlo Mt.irr11\j(, ontll l,ho J.11<11>11rnl1on i~ humonc111no11H, 'l'h,, 1,wp,1r11 • 
1Jo11 Khoulcl Im Klornd in ~ 1.ir:l1Uy .,,,llod c:outoinM iu a wld<, m1111t.h j,,r or 
l.tlhfl, 

Cul>11mor ,Jolly 

C11rbo1ml 113-1 . . .. , . , , , , , , . . .. , , .. , ... . .. .. . . 
•rriothu11ul11ml110 .. , , . , . .. , , .. , , . , , , , , , . , , .. 
l'tnRbon" . .. ...... . , . .. .. . , . ... . ...... . ... . 
Purified WM01·, to m,11<1,,..,..,,..,, .. ,.., .. . 

2 ff 
1,00ml. 
o.z IC 
100,111, 

'l'hc 1>nrnoon6 11ro ,li~11o!v~d 111 !If, ml, of wnLor with tlu, nirl ,.11' h11111. ,mcl 
,,l)owc><t 1,, (,. ... ,1. 'l'h<.t Cnrb,)l)(•I 0:14, 111:1111111,nrd,11 ~>·n,le 1.11' t.11rho1m1r, iK 
mhlo.d in 11111~1l m11011>1IH lo tho Kolulion t1Ni111c II hi~h 111i~otl htirror ,mtl, 
11l'(N II R!ll()fi\h <li~pur~iou i,1 ohl~ ill(lfl, th,, ,,r1,11nrali{1tl i$ olli1w~(1 '·" Kl1ll)d 
p11rmlUh1v. ~m.r1111p1:il nlr to ttop11rnt11, ' l'hon t.hc, 1collln~ 1\j!c111., t.ri11lh11-
nolnminn, It, ,ulclMI, llropwiKo1 ,11.irring wit.h 11 1,l11sLi,: 111,r1tul11 lo nvoid 
1,)1t.rnnpi111: nir 11ml t.h,, rmnniui111: w,u.,r h1cor1)vl'1llcd. Ol11~r c:onmmtni• 
lioM of c11rhomor 1·1111 ho u•oil lo 1>r<•11111'(, 1wl~. ;:1·01unH or ~11Hpo11•im1H, 

'!'he USP li11t11 n numbor of tt<tlK: f.lodimn l?luoricfn Bnd 
Pl1<111phoric Acid Gol for opplicntion to the teeth lo reduce 
cnviUm1, Bctnmethoacmo Bmnonto Gnl ond l•'luocinoniclc 
Gel, nnti-iiin(l1lrn111Lory e01·ticofftm·r>id~, ' P<>l111ift11t,o Ge-I, 1.1n 
nnt,ifungnl ll!J<!llt ond 'l'rotiMin G11l for the (,IMl.tnj)nt ol' 
acne. Hofo1· ti'> Lh<: l!l)Cil(Jifi~i mono,~rnpht• in Lhi11 t,0x1, for m,mi 
illfol'ln11t.im1. 

Lotions 

LotiollH llklllilly nro liquid 1:1u11pc►.nMim1~ m· diijporeio11t1 in
t.undl.ltl for 0>1.tom11l npplicntion Lo tho body, Thoy lll!IY ho 
prcp.nro<l hl,' Lriturntinf:{ tho ingrodicntl) ti'> n :nnooth J)t\~t<• 
,md th<m tHlding lho rom1.1ining liquid ph11t10 cn11 t.!011"ly. 
Hlgh•fll)OOd mi>((,rfl or homogonizou produce bctttir di11p11r, 
~,01111 mid, 1.horefore, nre Uw t o())11 of choico in Ll1e prnptlra· 
Lion of lol'gor qu1.1110tioa of lot.ion. Cnlnmino Lotion USP i11 
I.he clli1111ic 1tl<.11m1>lo of lhi6 typo of prop11rntion 11nd 1~oni;l,:1t,; 
of finely powdorcd, insol11blo i101ids held in moro or lr.ij:; 
pormnnaut au1Jr><m1Jil)t1 by tho prc11cncc of s1111pcncfing 11/J(lll\.lJ 
rmd/or aurl't1c<i-l\Ct.ive Af(<lnt.11. M1my invostigutors hove 
11ta1diod Col1lnih10 Lotior\ nnd this hr.11:1 l<ld to U1e 1>ublic11tic>11 
of m1my form11l11tion8, onch pO!lijQ$~ing cortnin 11dvnnt.ngas 
ove( Uiti 11thera hu t; 11,mo 1111Uafying the r.olloctivc ncccl11 of 1111 
dormllt<,logi~l.tl. 

Pho1v,l11ted Ct1lt11niM Lotion USP co11t111116 10 ml. of liq, 
111\fiod ))l)(mOI in auftlci<1nte-t1l11min(! lotion to mukc the prod, 
uc:t. mm111ur1J 1000 mL. l~ormtllfltfona <:1mt,~ining Aviccl H 
(hyd1·t\f.()d mi<:r<Wyffr.ollillO colluloao, FMC) ond <:nrbllxY• 
met,byl<:ullolo11c, 8eU:l<, lclll:I 1.hon i,ho (1t1'icinl propl.\mt.io1lH, 

(J11l111nin(I T.oth,11 

Cnl11111lno , , . ... . . , .. .. . , . .. .. .. . , ...... , . , . , . 
Zinc Oxlllo . . ... . ... .. .... ... . .. .. .... , .. . ... . 
Gly<i(lri11 . , . , .. , , , , , , , . , .•............ , .. . ... . 
Avlcvl lt Gui ... ,,,,, , .. , , . , , , . , .. . , . , . , .. . ... . 
Cnrbow.y111ethylcolh1l0Hc, , , , , , , , , . , , , ... .. . ... , 
Cnldum Hydrmd,fo f10l11tlo11, 11 Hnffi• 

81t 
ll1t 
2ml, 
:'I.It 
21( 

cinnL(tlmnti~y, to lllnk~ , , , , , , , , , , , , , , , , , . , , , • , 1(10 1111, 

MiK 1r, n •tf l\vi1,,,1 I( with :I~ I! of w1\lor with 11,111jh1hlo oloctrlc mi~or. 
'l'hi~ KOi i• 11~cd in tho pr111>urntl,.1n 111' th~ t:1\l11mi11u lot.ion, Mi• U111 
t.~l~mhi(.: ~1111 th~ ii111, (1l1id~ wit.I\ ii," ~lyeorln, the ~cl nud (.h11 ,·11 rhox.r
nwthylt!t1ll1tl1m1 . .t\dd ~11ffidom,c11ldum h.vdro~hl<• •11h,t io11 tu mnk~ I.he 
prr.rlnr.l monKm~ JO() ml ... 
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'l'o prnpm·e Plrnnolul,r.d Cnl11mi11c '1.01.io11 udd I ml. of 
J ,iqudiNI Ph(,nol ,1 \ll'illl{ (,he;, mixinft lll',tlJ~fL 

SuNp1m1-1io11H 11h11) n1uy 1)(1 fo1·nl(id by dwmiml intm·ncl.ion 
in 1',lw liquid . Whil;O I ,olfon h, ,m 1.,x11mple. 

Whlt11 Lol.icm 

Zi,w 1>1.trnw •• ••.. , •.• , , , . • • • , , , •• .• • , . . • • • 10 1( 
B11lr11ruhl(l Pol 11t1h ... .. . •.. , •• , , •• •• . . , 41l 1( 
Puriffod Wn1<1r, 11 c,11ffido11t. quilf1t.i1.y 

(o molco , . , , , . , , , , , , . , , , , • , , , , , • , , , • . , •. , lCJIIO ml. 

lli,111oh•,, t-lu, iinc mllf11l,11 111111 1.hu ""lf'urnt.c•d 1>ot11«h ""l>ILl'llf!!I~. ml<'h i11 
,11,0 ml, 11( ,>MiCfoil w,>1.i:t' ,mcl fihnr 1•111,h ,,.,1111.ion. A<l,J ,lo1Vly lllt, 
,1111f11r(llt(I pol,11,h ""lo,li,111 t.n 1,hc 1.i111• sulfnfo ,:vh11fan with ,,v,ml 11111 
:,1.ir1'hlr,. Thon (ldcl 1-h,! •·1,c1ui1·,,cl 11111011111 nr p11d lk d wnl.1\1·, nn.-1 mix, 

8ulfuru\,(J(I pol.m1h ik tt 11olid of v,11'i11hlll com1>o~it.ion h11t 
u:rnnlly ii; d(!;;(!t·ibtid nr, R,.8:i•l\,.1-\:10,1. 'J'ho dwmi,ic.,1 rc,11wtinn 
whidl IH!t:111·r:, who11 n11l t'111·1Jit1d po1.111<li 1ml11tion ;,. 111hh!d le) t.h<i 
ilim:1mlf111.1,ii1 

Zn80,1 • 7Hi) ·l l<:,13:e · )<){:J):, · •· 7.11S + S:1 

+ l{/lO,, + l(l:i/):, + 'lH.i<) 

Thi:i Joti<m m11i11. hc.l J)1'<lf)(1r0d frnNh mul dou11 lloL 1:11111,1i11 11 

~ll!:ll)C1Hlin1: 1.11{mll.. Hcmt.ci11if ,◄: Ma11m11 hnN hecn 1umd in HOHJI! 

l'orm11lutio1111. Coffman mid H11yd,:,; i11dmh111 c.let11ile<I di11, 
cn,1:;ion of' th(i cl1(ullit1tl'y und Uw prnhlmnu involv<!d in t.ll\l 
1wopnral.ion of n 1.1u1lublc J)r()d11ct .. 

'l'ho USP r,!t:O/~l\i:.m,; 1\ :1N:cmd type of lot.ion. 'l'hoNtl 111'<: 
emuhlion:i of f,hc O/W \.y,)o ,;t.nhiliiccl by II mll'fnc1H1r.tiv1i 
,,gent,. BcnY,yl lfo1mint.t1 Lot.ion i~ 1111 nx11mplt,. Some lo
fJon:i 1m) elem· 1mlut.iom1 a11d, i11 fo1:f,, Llw 1wl,iv<1 in1~redi1ml, of 
mH1 officinl lot,ic.111 , l)j,11tt,hi1,oquin l·lydro<:hl<1ride l.,otio11 
USP XX itc 11 w11IA!l'•Molubl(1 i;~1l.1;;tc.mcc. Howrivor, 011<, ~•110ffi 
dol fom111lnt.io11 fm• Lhi11 llJ(,ion \ii;f.:i dimot.hirmquin hydro .. 
c:hlor iclc, mcnt:hol 11ml 1,iuc uxi,h! 011 ,1ctivc ingredicnh, and 
I.he 11rc.p11r11Lio11 1,hui; 1.accom<m 11 11111<poiisio11. 8cwernl lot.io11R 
1ll'(! li>1l.1id in Uw USP and c:1111h1i11, foi· (litnrnplo, 1,ntibioticn, 
i;t.,~roidi;, k(:rntolyt.i(l!:I rmd >i(:ilbidd(i,;. 

A ror1m1l11 fol' hyiJtrn:01·t.ioo111: Joi.ion is 1~iv1m in 1.h1: l'C. 
H:,,1h·,.1cn rllo,111<: I .ol i<m 

Jlyth.•oc.~o,•f hiOHc, •n ullrul'im.~ puw,lrn• . • ,. , , .. , , , , , . 
Chhu•oc1rm,<ll, . . , , , , , , , , , , ,, ., , . , ,., , . . . • , , , .. . 
S,,lf•o11l\1l~lf)•ll1,1 mou1>1<H>111·l11 • , , , ••• , , , , •• , , , , , 
Hlyom·ul . . . .. , . , . , , , .. , . , . , .. . . , . . , .. . .. . , , . . . 
P,,riri,•cl wuw,·, (l'Mhly hoill'll 111111 uuolt·d 10111111«> ., 

111.U I( 

o,r.11 
,lft.f)I( 
G:S.O K 

'"""·" ~ 
·r,. ,,rt.•JHtl't, lint h1,m~, UHi .~Murrn;J'rn:\1)1 ill ttio~ulvrnl tu ,.,t~o mL t•f' 

w11t1:1· wiU1 t.h1• 11icl t>f f'.OHII<> h.,1,1., thtl ~df•Oltt\1b,it:,·it1n 1110111m, 
1mu·i11 i11 "'lclc:cl nncl Uw miKl.lll't! h1111lt!tl lo Hll'' wit.I, ,,tirri111: m,W 
.,,m111h1hlly di111>or><ud. 'l'lm h~·drouorti1<unu i,1 t 1·il\1r11tt1d wllh llw 
r_:l:,>,w<JI ,rnd 1,hr. c.,·it.urnliim i11 1,lwn in"vrimmU11I. wil-11 1;l.irri1111, 
lnlo Uw w1ml1 l>~••I. alhiwc:d h, \'oul while, ttl,ir>•it,,;. thc\n ndcl~d llw 
t(,11rnind\•I' uf t.lw w11l1•1· 11111111>ix,,1I, 

J ,0Liom1 usu oily ur(! 11r,pli~1e.i wit.ho 111, IH1:t,io11, l•:vc11 ~o, t.hc 
iosolubl,i rn11f.t.cr should ho divid(id vr,ry finc:ly. Pntl.iclm, 
i1ppronchin1( colloi<lnl dimm111iom, nr·e mor(\ ,;oot,hin11, to in• 
tlomc!I \lrco11 nnrl nffol!(.ivo in c:ont.uct. with i11focl.<1d is11rfiu:m1. 
II wido v1.1l'io1,y of i111Jnidit-nl.~ rn11:v he ,1ddod w the r,rnp,u•,l .. 
tioll to prnducc btll,t1Jr dii,pornirm~ or U111tlcont11nt(, iLq coo\. 
inl(, Hoothiug, drying or pro1.c<:t.ive prc>pfirt,i~. H1:11t.011i1:1t is 11 
t(O(>d 1ix1m1plc of u 1m11t)1J1lding n1:c11t. wmd in U1t11n·11pt11·11tio11 
(if lotionn. Mt1l.hykollulo,1c o,· :sodium ,11H·hnxy11111thyk1il111, 
le>~<: will locnli'l.C nnd hold I.Im nd.ivu i11gr(1dir)ll(, in <:<mk1c:\. 
wiih t.llC! 11ffocl~i1l !!itli. A fonnulllt:ion ,:1>nl.1iini111; 1~l;vtiori11 
will Jwc,p I.he uldu moint for 11 r.oni1i<lornhl,, pci1·iod of Limo. 
''l'h(t clr;vin1: nnrl cooli1111 <>ffuct 1111.w I.Hi m:cr.ntu,1iod by 11ddin!{ 
i.ll(1t)hol f,o Urn f()rmul11. 

Dormut,nlo11i11t,11 l'r<1q~1(11l1.ly J)l'<Jij(:1·ib~1 lol:io1111 1ionl.11ini11g 
une~thet,ic:H, 1111(.ipruriti,:11, t111tis1ipl.icl:l, n,;(.r1nmmts, 1~e1·mi-
ddmi. 1>rol.nd.ive:~ (u- scrrnminJI 111tonf;i, Lo hi: w,l'?d i11 l,rMt,i11,c 
m· provu11ti1111 varioun t.ypo:i or i.Jdn di,;1,111.11:11 ,rnd dm·nu11.i(.k 

A11t.ihist.,1111inoM, lwm:ocainc, cnl11mi1111, r••i11rn·d11, 11IA1rnidH, 
11lM1ir, :,,i1l11 e·,:iddc. h~1t.nnlOLhtu,u>1H• 1forivnf.iv1:1<, imlkylir ;1dd, 
,m1Tlowo1· (Iii, mino)(idil 1111d v,i ,.cn11ium o>-ide ur(! in1in,iiil'l11.,, 
1!01111110 11 in 111111ffici1.1I lof.im1,;, t,1 nu111v i11!;(.111H;C\!< {.hti \!O~· 

1)\1)1,ici 1111JH1Ch! of th1i h1l,iot1111·11 or 1;r1i11f.
0

impm·l11111:1). M1111y 
loti11H~ 1:r,11111111·<1 hmlly with eo~m,it.ii-, 1>r•:1.1:,11•11l,iun,c <if u 1.imi· 
Jill' Jll\turn. Tho m111111fMtu1·,i of nu,~ h)t,101111 1.0 mot,I, f.h(.I 
,-,pcdoli9.cd nr.ed,, vf t.h,, tl,n·m111.olo1(i:;l, p1·ovideii, t.1111 phnrmll · 
diJt wlt.h 111111xccllentop1ll.lrl.\111i1.;y t.,1 d1111H111,;1,mt.e hi:; pl'nlb-
1.1io1111l c~om1wl.1:1w1\, lfoc()11I. oxfJ)l\:{ive :1ti11ii<111 on lot.ion~. 11,; 
d<111e:rihod hy \·lnrh/ 1 will 1\ij,-;1~1. 1.h<: r1h,1r111ad,it. 1.o nU-oin I.hi,; 
1101tL 

Lc)(,ic)ut11,(mcl to 1wpru·n(.c, or i.lrat.ify on lu111i 11l.andin1~. nnd 
1Jwy l'cquir(: ,1 lnhel dir(t(:l:i111; 1.h11t. 1.lu,,v ho :;h11lct!ll wt,Jl bdorr, 
each wrci, /Ill lot.i1111t111hould be lt1l.l\!l11d "Fn1· Ji:xt.,11•11111 1.1>1•1 
Only." 

Microoq(1U1i1;11l)IJ 1rll1,Y f(l'1,1w iu rC1ri11in !111.i()n:i if mi pn1~nr-
vn\.ivt1 ill ir1ch11hid. Cor<., ,;houlc:l h(, t-uknn !.o nvoicl co11l.11mi• 
11,il,in1( t,hl\ lnl.io11 dmin1: p1·••pnrnl.ion, (!Vtm if u prn,a1rv1.1(,ivt\ i,; 
1>rrnwnt .. 

Maomas and Milks 

l\fo1imo~ IHHI rnillrn nrc mjll(!11111i 1,u:.pmn1io1111 ol' i11,ml11hl1:1 

inorwmic d1·1,g,; ,md diffo1· fmm 1:<1l~ mni11ly i11 l-hut. 1.h<i Ht1:1-
pcmh;<I p11rlidt,11 nrc, lm·l(er. Wlwn J)l'l'PIJl'i'ld, 1.hey ru·ti t.11ick 
and vist:011:; nnd, hcJ<mw;c of 1.hi11, thi11'1l iii no lll\(l(I 1.1, ,ulcl 11 

:nmpcn<I i 111; HJ!lm I.. 
Hcnl.1111il1l Mo~rno IJ8P lfi preprn'<!d h,v 11implu hy<irnti,m. 

'l\vo 1n·cH\O(h11·()~ lll'O given in I.lie coll1p<J11di11m for tlw pr(1pf.1• 
ml.ion of 1;hiij pl'Otl11<:t. 

M111p».11t: ol.io 11111;11 bl, prup1u·11d by drnmknl 1'cin<:l,io11. 
Mnl(nc~imn hydt'o,..idt• i11 pn'1>11r1,d hy I.ht> hydml.ion of rnng-
ncllhun ox.fdc. 

Milli C)f MagnMili USP is 11 1•u~p1io~i1111 of mn11,m,;;it111\ h~1
-

clrnxhlc, c(mtuininH 7.0--8.11% MV,((H·lh l1. h1111 cm 1111plcilll\· 
11111., allwli11e i.:11:l.1• whi<:h rnn bn 0111$1!1,d wil.h ().'l % cit,,•i,~ ndrl 
(1Al rccl11cc nllrnlinit.y) ,md O.OWR, ,,r II vtll111ilc oil or u hlH11d of 
volltlil,i oils. · 

Milk of 13i~nml,h c<ml-ui,m bi~111ut.h hydrox idc 1111c.l hi,;1111.11,h 
,:uhw11·hon11Lu in ij\11\1)1:!liSinn i11 w,11.<:r. 'l'h t! M11gll\a iij pm .. 
po1·1:1I by rtn1c\,lr11; hii;rnot.h $llhni1.rnt.o wit.Ii nit,ric i1(:id ,.md 
rm11n1111i11m cm·h1)Jl;\io wil.h ,11111n,mi11!lol11iio111111d t.111!n 1r1ix -• 
in1i I.Ju) rn:mltinfl (.wo »11h11.im111. 

il'h,, following rml<:l,in)l>l 1ic<:11r duriul( Liu·> rm•1mrc,t,itm uf 
Uw m,,nm11 . 

(Nl--14)i;0:1 · • 1.NH,1
1 + CO/"' 

NH:i + Ill) .. NH,,'+ 01-l" 

?.Hi<}'· + co/·.. • (BiOli<X>:1 

HiO' + ou·· .... BiO(Ol·I) 

If I.JI() in:1oh1 hlc m1h~1.111lco iH pr1,1:i pit.11t.od l'nmh by mi~illf{ 
hot, clil11Lo 11olulio11s, there ia only Hli1(hl. tttirlimcn(,nl,ion on 
~t1111dinf!. ']'hi~ du.1ra<:l(idi,(.i(: (,t' rnn1r.1110,1 :<imnnt.imtul i" 1in
h1u1<;<id b.v po~Min11 1-h<i pi·odud , 1.hn1wih r, coll<tid 111ill. 

For t.ho mnst. pnrt., mr11{m11R 1u1d mill1e m·c in1.e11dt1d ror 
intornol mm, nlt.houµh B1in(,(ntil,t1 M111{lllu i~ \lijt•<l p1•imority lit, 
1.1 1n111lH)l1< li11g 111:cnt for in,:;oloblu 11~1hf;l,1rnc,1~ <>tt, Millt or Mng-
11<•~i,.1 I.ISP ,111d Dihyclrully Ah1111i11~nn Ami11,111c1il,11t1, M1111m,1 
lJSP, 1iit.lu:r for 101)111 1111pli<:1il.ion or for int.11r11nl 1-1»(! , All 
m11r,m1m rnc111ini n "~huko Well'' laheJ. l•'rc:01. i1111 111w,1. h(1 
,.woidcd. 

!:fovcr,il 11111.irni(irohinl prn1.1(irvnt.iw1\ hMt b1ie1,1 u,~1.,,d in 
litJuid 1rnt1wid pr1:pornU011~ for 1.hni1' ,.t.,1hility ,rnd (•l'foct.ive, 
nmu.1, mwh 11:: b(llli\Oic add , c:hlol'l11ndcli1rn, nwl.hylpnrnhcin, 
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propylp,1r,,bon, aorhic: 11<:id, pro1lylenc glycol 1)1' oth1u10J. It, 
wu1;1 found th11l II combi1111tion of mct,hylJ)l\rllhon 1111d Morhic 
ncid w11K nuptirior to the purohnno 11lmw, 

Mhcluros 

'l'hc of!idul mixt,ur(,11 urn nqucoua, liquid p1·cpC11·oti<m~ 
which contain 5111Npcndcid, irniolubl(I, 1:tolid 1mht1tllm~(1s nnd 
11rc ii1hmded for inte1·111il Uflf\, 'rhc in111►luhlll 1mb11tnrlc6 <lMsi 
!101; m11ko tho mixture vory viaco1111, nnd UHl port.idllK muy llll 
h(lld in 1111111>on11ion by ~11:1h11.1 ~uiL11ble sut1pending or thir.lrnn• 
ing 11gonti,. ' l'hiH clnKM wu11 i11Lrndu<'.Cd origh1nlly to :iccurC! 
uniformity in tho fm·m1dm1 of cm'l11in w111l,lm11w111111d lorgely 
unod pl'(l)l1U'1ltio1111. l•'requcntly, tho t.cl'll' mi.xtur'<! iM upplied 
looiju)y IA, J\{Juootm p1•epurntil)ne of ovcry dc1laipt.io11. Tho 
IAmn shah,: mi.Y.Wrn i11 u11t)(I (1'1:1m for liquid prepar1.1tions 
which contnin irn!oluhlo in1~rodion l.8 nnd, thet·eforo. m1u11: he 
11h1lkc11 befo1•e 1111e. '!'ho 0$1' do11>.1 not rocognlz<►• i.ha torm. 
'l'ho l~mn 1,-w1p1111sion 1\ow is Ufli:ld t.o do~c:ribo 11 numhel' of 
aill\ilnr Jlropnrnt.i<>nK. The PC U~(la t.hc t.cl'm mfatur,!.~ and 
indurloN t1UNl)t➔Ut1font1 in ihiH c/11.(1{/0l'Y, for ex11mplc: 

A111111onh1111 Chlorido Mixturo PC 

A11un1111ium Ctilo1·ldc . . . .. .... ........ . 
Aro11mti1: Am111onhl Sol11tlon , • ... .. .• , , , ••.• 
Llquoa·lcc J,lqnid F:xt.r11(1t , .......... •• •• •• • • 
Wntm·, l<>r prepnrntionff to . , • . , •• • ..... .. .. . . 

It. Hlumld h,, prnp111·~d tu1:0110y. 

100 II' 
!iO m\. 

100 ml, 
!000 m.L 

'l'lm ~01·m mhiun·e occurs ln. t.h~~ oxprr.BRion ,lry mixt.uro, 
whid1 m11y bci uBcd t.o dcucribe mo.ny USP producoo, in pn,•, 
ticulnr, ont.ibiot.ic pow(hm1 fot or(1I eolution" whi(l)I 11 ro do• 
11cl'ibod on pnge 1627. 

'l'h~ pocth\ 1md tho trng11r.nnt;h i11 lfoolin Mlxturo wiLh 
P111)t:i11 (p11ue 7%) QCt ns H11t1pimditig 11f(tmt~. An 11llcr11t1t1~ 
formuln, bneod 011 Vo<11{um (Vand<irbilt) 11nrl wdium corbox• 
ymi!t..hylcollulmm, hl\ff hllon !)r0))(11<(1d by Knlish.,.tt 

lt11ul111 Mlxtur<> whh f>r.r,tin 

V.:10,l(um •• •• • , • ••••• • , , •• , , , •• , , •• • , • .• .• • , • 
$()di11m C11rboxy111othylctilllllO~C , , , , , , , , , , , , • 
Purltied Wntor ......... , ... , ... . , . . ,, ,,,,,,. 
l(l\ulin . .. , , , , .. . , .. . •• •• , , . • , , , , , , , , , • , , • • , 
P<ietin .• ... . .. . . . ......... . , . , , . , , . , , , . , , . .. 
HAc,:J111rh1 , • • .•• .. •• . • ...... .•.•• , . •• .. • . •.• 
Gly~l)rin , .• ... • . •. • •• , , , , , • , , . . ...... . .. . , , 

0.88" 
0.22 If 

79. 17- ft 
17.fj(I" 
o.-t4 g 
o.oo I( 
J,Hlf 

11«.l<I t,1111Vo1>11u1111111<1 tho ,,oclium cnrh1l~ymet,h:,,lr.«ll11h>•1l 1,, 1ho wtthir 
with ~olll,inu,1111111t.irri111f, Add , wlt,h mixi1111, t.h~ kth>lh1 . Mix Urn pucti11, 
,~1r.d111ri11 1111<1 Rly1:t,rh1 ,mcl 11dd tu tho 1m1,pc1111i,m. fl 111·n,11rv11t.iw 111HI 
Onvnrh11: 1111ont. mny hn 11dd,1d to 1hr. prmht<:l. 

' l'ho inuoluhlc m11t,1,~rinl in mixtur11~ 1rt1111(. IHI in II V(•>'Y finely 
divillod Htn1;o nod uniformly distributed t,hrooghout the 
prcp1J.rnl:io11. 'l'hiH i11 ,u11:ompli11hed with colloid mill", 11p<l• 
dnl m<,t.hods of pr<•cipitllli(m nnd KllHponding ugcnlh. 'l'hern 
nro Umiu main roaa(llls for hnvi11g tho inAoluhlc ~ubritnnccR in 
me filw 11 11 u1to ol'l!ubclivision nK po~Hihlti. 

l. ' l' lm mo1·1, ntot•l.v 1.h<l L~illoiclnl 11tnt.o f,1 ,1pprnnch•,d by p1·<•le1,tivoM, 
•\tch Ac• l111oli11, 111n1,(1)11~l1m1 (riHilim\1• or mn11n0Hilllrt ph,>xph,1lfl , t h(I mor~ 
11ttlv<1 t,hny l11«•Jlll(1 n• 11dnorh@t~ mid 11ro1.cr.t.ivcH who,> it1 (.(lttl.nr.l ,~11,h 
l11l11111H,d ~1u·liu:cw. 

;a. lli1l(II)' tllvltl~d 1>1utld<1R (It'~ ijt1~pt111lerl mora nwllly 1rntl HOc.t,1<1 (Ill ~ 
mm•h m,m, • lnwl)I (111111 l11r11,1 1111rL!1ito,1, iltt.t6 m111blint1 lh<• 1>ul,iQ11t 1,1 
<1hlltln m111'onn do•e• ohu•p1111docl •uh,tru1 r.oo. l·lomo1101\e1111r. lllixt11r~R 
rm, do11i1·ohlt1 MJ)Oeinlly who11 odmlni~t.11rin11 mr.dicnlfo11 t11 r,m11 nn ctl'Oll· 
ly dfotribu1.<,d, pr◊t,,ct.ivfl ,1,mtln11 1m lh(I f:,A~troh1u,ijtitrnl lmct. 

:l. 'J'hu pnl1111,bl liLy of m1,uy 1>rnpM111.101111 Ir, 011h,1111:1,1I hy th,, \I~(• 1,r 
c11llu1d11I H1t•l)Olldi111( liKIIUtH, 

Mixtur1JM conLuining 1JURpcnded moLi!l'iol Mhm1l<I hnvo 11 
"8h!\ko Wllll" l11hol offht<id to tho co11t,1inor in which thoy nro 
dh11,enaocl. 

Mixturo«, including SU8llCneiom1, 11r.e lillbjolil. l,o co11Lt1mi, 
nntion l.)y microor(ltiniMmn thrat rcmo.i11 vi(d)lo nnd 11r1> n po• 
tcntiol ho£1lt:h hninrd tiuring t.ho p<wiod of ll8U of th<, l)ro<I· 
ucts. Survivnl tim<111 of 01·1.:11ni~rn11 depend on l,ho prnRorv11• 
1-!vo uHnd. A k!iolin pcdintric mi,iturll thnt {'.t\llt.rlillR bom.oic 
111:id killH ol'((l\lli~tll /:1 mpidly, wluirMi, 01·1(0ni~mt111m·vivod for 
more 1.hnn II w1,<1k in n m1111nMium ll'i11ilicnlo mixt.11ro lhtll, 
cont.11in(ld no mo1•,, th11n II trn1'.V of po11pe.rmi11l- oil, ,u:1 11otocl 
by Wentwood.:w 

Occ1111iont1lly, ii. is noco111111ry to 1m:,P1\l'C 11111!p(,n11ions from 
or\ll:lhed tnhlot.$. A gcncrnl formulo for 1.hin pm·pvHo io1 ~iv· 
en.2'1 

M11thyh1ollnlo,;u 20 . .. .. ... . . . .. . , ... . .. .. , . . . . 
P1trnbcm6 .. . .. . ...... . . , . .. .. ... , , . . , . , . , . . .. . 
P11rirlod Wfllor .....•. ... . .... .... .. , . . .. .. .. . 
f>i•()11yfono Glycol . . .. .... . . . .. , , . . . ... . . ..... . 
8im1>lo l::ly1·1111, (.o mnlw , • • .• •. , . • • ...• , , •. • . . ... 

0.'/6 
0,1 

li0,11 
2.0 

100.0 

An t1xt.cmpor11noou~ 11uapeniiio11 of c,i1m-1t.idin11 t11bl(lti, 
whir.h rr.tr1iMd it.ft poU.1ncy 11t 40° ovm· 14 d11y11 i,,: 

CbMUdlntl :100-mg t11hlut11 , •• .. ••. , •• • •• , , 
(lly{:orin . , , . . . , . .. ..... .. •.. . .. .. . . , .. , , 
8hn11lo Hyrup, t.o mulco .. •• , . , ..••.. , •... .. 

2~ ('1.2 K'l 
10 ml, 

120 m l. 

Th11 tobl11t>1 om t,l'it,urntllcl to 11 fine powdor 111:1i ng n mm-t11r, 
the mixt,\\re ji., lovi1.cntorl with thl' "lycerin, !limplo Ryrup 11dJ• 
od, mixecl woll, plncod iu II blendm· u)ltil ijtnooth one.I then 
r(1fri1t<:l'll L<1d, 311 

Snti~flwtory 1illt1pun11i1,m1 havo hcan c<>m110u1Hlt,d froni di
,w.opom 1.nhlot.11 1111d propn111olol hydrochlorido t.nhloti,, 1111<1 
lhoy pol1Hli8ij (l)i(lmir.ol ,!ttJ.hilit.y J'or (10 d11yl.i ,md ii n1 ,mlhH, 
r<:11pcctively, 111: room tomp11r11(.uro 01· \llld<i•· rnfri,:ornt.io11. 
Ji'1·oq11ont.ly, i,incc the drug m11y bi:! 1111luhl<1, it. iN lhc m,dpi-
011(,>1 which 1.1ro hoini: 6UHf)CJ\d(;d. 

A comprohuu~ivo clwckH1.1t. of au11po1rnion form1.1J,i1.in11,, h1111 
boen roportod in 1.lw lit.cn1t.llrn by 8cheeri11 

Offlclel Suspensions 

'l.'ho USP () lnn111 p11rt.itullu· emphn::iia m1 the torm 1111HtH•n• 

11iun by 1>rovidii\l( 1!1)11dl'k dofinitior\>'! for II v111•it,ty vf Mnl, 
1>tw1mt<1rul nml or~hthnlmfo 1m1p11rnti1111a formulnted in AUch 
n wny thnt u11 im1ol11blc Kuhiit,11n110 i1i i11m1)m\ilod it\ n liquid al, 
r,,<>rne Ht1t1(11 of the mum>fo(:{:urinl( or <li111)1mui111~ 1mJt ll11H. 'l'he 
USP <fofinlt.lon bc1ti111, m; t'ollowH: 

::l1111pon~lon• nru pr!IJ)llt11~l•m• of l'i11oly dividr1d , t111di~»olvod, dntf(I• 
d irlJlllr~eil i11 liquid V\lhiclt1H, J>,>wdr.r~ for Hllijp{l)l~i(,11 (11'~ 11rn111•tnt1t>Jt• of 
finuly ))(1wdr.rr.cl rlrl,l!" i>lt1md~d fn~ •11111f,m 111l1111 i11 ll<rttld vchideH, /\l> 
1,x1m11>l11 of thti r11111ly ,(.o,1111c t,yp~ iij 'l'riRu//1111.1•1•im icli111m 0ml 811Npt·n
sfo11, tn whi(:h tlu, I.hr,~, Kulf111>Ytl11i t<lino~ UNI 11lro11dy HIIHl>P11d,1d i,1 11 
liquid nc1Vorod vehidt) inn f,,t111 •uilnhl11 for 1tl'III 11dmi11i,.,tr(,t,im1. 'l'elt 11• 
i,y¢li111• {t>r Oru/ 811~pe11Rirm i~ finely clivicltill w1.r111:y\!li110 mlK(:d wkh 
Hua11e1iJi11y. 1111,I cll111)•r11h1~ nuN1l,1. H Ii• 11\1(,uclml t.o bt• co11~t.il\tt.1•1I wi!.11 
tho pr~•criboll v11h11Y1~ nf'putlfl11d wolor 111111 mi•111l hof'm•~ it hi dl~)lt!nHocl 
by t.h~ 11h11rm11d,t. for orol 1ulminiHLr11t.lot.1 I{, !,l,n 11111.io,it, 

Neithar U1i11 dofinit.io1) nor the monograph!! f!ivo 11podfic 
diroction11 for t.)1(1 prnpnmt,icm of Lhe aoepom;ion, 1llt,hll\tr,h 
phorm11copui11fl uaually permit lhci 11cldltfo11 of oultnblc fin• 
voring 111.tollO~, 11oapcmdin1~ t1f(l)Jlt1:11 prM01•vutiv1111 nnd c:,il'ti• 
t'iod C<>lm· mldlt.ivo,i. Oue p toMdmc for lfa~ p1·opn,•1ti:io11 of 
the commonly 111<od 'I'ri1ndfllpyl'imidil1eij Orn\ Sn~pMMloi1 ill 
given below. 

'1'1·l1111lfn1>YrlmiillnoH Or11l Snijp1111Hll111 

V11111(ull\,, .... .. . .. , . , , .. ,,, , .. ,,, .. .. " · .. .. 
Syruu USl' . . . , , . , , , . , , .. , , , .. , , , . · · • , , · · , , , , 
Ho<ll11111 Citr1lto , ..... . , , .. . .. . . . •.... , . , .. , , . 
S11H11dl11zln11 , • • , ••••.. • •.• •• .. ••. . •. . . . •• ... 
811lf11mc1·1ur.l11n .. . ...• , • .• • • • . .. , , , • •• . • , • • ••. 
Sulf1111111th11zl110 . .•• • •...• • • , • •. •• ... • . •• , . •• . 

l.001( 
!}O.<IOlf 
· o.1h 
?.,54 I( 
2.5<1jt 
;.t,r,., If 
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J\ctd th<' V11,:i;1111>, 11!11wl,,· 1111<1 w11 h ,:rn1~i1111•11111 111,irl'in,:, ••1 Lh•l "yn,p . 
ll•1x,r1wro1,, clw 111111i•u11 dcrnt., i111,; the V1ro1:11m•H~n•p 111i~l11ri,, 1•1•11n1ix 
11111111•lf11 (h'l•~K, nrlct lo l,hl· •W•"ll• u•.i•· ,uul hlll1hl/(t,nir.,;, (\(\ti ~ .. m,,1,,11• 
li'Jf,drri,:ocifl Iii 11tlJ11n•. tlw 11H M'll•1, J>trnhu:l lo f,,ll. A 1m•11111•1•1•I ivll 111111 
II n,,1101'11111 llj((O\I, may 11(1 otlllr,d \11 I.ho prndu,•(, 

M11t)rnd11o( pl'l\p111·11Lio11 for Lhoso fon11ul11tim11; which cx111 , 
w1in tllJVlll'III 11,:tivo in1~rcdionh; and 111•1• pro<.hm11I in l11 ri1,1• 
q111111t,itfo:1 lcnd (.() bo mm·o r.ompltix Urnn l,h,1(, l{iWn tlhovo. 

Muny fom111lnt.ion~ for rm11ptm11it111u 01•,i r,civ1111 in tlw PC 
uno1,,· Mix/./J./'i>!I, 

A prnpol'ly proJ)M<:11 r1u•1pc11~io11 hoi: o 1111111hor ,11' duKimblc 
prop-0rties: 

L 'l'h,111111,p,,1ul<1cl m11•.~riul ~lumlcl 1101,11111 011 rnpi,Jly. 

· ~. l'ntl i<'lm, l,hnt d1• •ctU,, shm1hl 11,,1 l'ori11 11 111ml ~•kl nnd ,,,,.;•)' 
•hm,l!I he, n:ut1111•v1111<,1• 1111 ir,1rrnly ,m ~hn kinr,. 

:I. Th,, ~1111v1,11uio11 ,.h,,uld l'"'ll' l'r,•t•ly Ihm, tlrn ronlni,1111·. 

lnHolubhi powdnm thnt. do nol dbp1n':lo <1vm1ly ~l11·11111r.h11ul. 
(.hu m1t11>1mdinri m(trlimn, who11 11hoknn, ~ho11ld be ()owd11r<1d 
f'inuly u11d lc,vi1cnto<I with 11 :un11ll 11mo111)l. of un ur,eni ~11ch 11~ 
l{lycorin, nlcuhul m· ,., 1><>r\.iun of I.ho di11po•·kk,11 of the ~Iii,· 
pc,mdin~ 111(1111t.. 'l'lui other i111~ttt-d i1mt,1 oni i111:oq ie11·01.cd nn<I 
the: rmnnindt!r of t.lw diu1w1·11ion of Uw :m11p1111di11J( 11gu11t, i11 
i11corpornled 11rl)(l11nlly hy t·,rit.111•otion to prnduc:,: Urn 11p1iro .. 
priot.-0 vohnm:. 

Sw1pontli<111R inl.()ndod for p1mmtcr1.1I or opMhnlmic 111111 
nll!c) nrc dm,c:rih,id in lhc USP. )?or n cliijCUl'~ioll of t.l1Cfft1 
11ue1>c:nijionH, Boe Chup(.cii· IH mul IIG, 

Extracts 
Extraction 

ExLmclivn. mi I.ho Lorn1 h11tll(1d ph11rmu1:t~Ul-k.1-1 lly. h1volvoA 
Lho ll<)pnrul,icm of nwdidnnll,v 111:livc 111)ttion~ of f) lnnL nr 
rmim11l t.i~i;\1(1ij from t.llP. i111wt.iv11 01· inc1'1. comp<>11011t.~ hy 
1111ing 1!(1h\C:1:ivo kOlvontJ1 in nl~ mdlltd 1-:x l,1·1wtio11 pi·ocodmoK. 

'!'ho prodttt:\H M> ohL11hrnd from pl11nt~ uro rdotiV(\ly im
pt1r(i li<111id~, scmi,mlid,1 or pow<krs inlentkd 0111,v 1'111' ornl or 
1:xtorn11I u~o. 'l'lu!i;e ind udc clnAH11H o /' ,,repura~ioni, known 
,i~ tlm101:Liorn1, illfuuionh, l1 11icl1,xu·,1c (:1, tfocl,or,1~, pilulor 
(r;~,miijolicl) oxl,rn1:h1 und p11wdt1rod oxl.rnc:t.~. 8ud1 prc1>111·u-
1.iona pop11l111'1y h11v11 lrnon <:11lh1d 1ltll<ml11nl:1, 11fl ,fft (;111tm, Uw 
2nd cent.ury Greek phy11ici11n. )i'or lldrl itionnl inform,11:ion 
CtlllCCJ'11in1( o.itraGLion 11ncl <1xl rncLi Vll1J, i:ec RPS l!i, Ch,1111.ar 
11(1. 

J,:xt rm:IJ0111:1111ti111rn~ 111 lh1 ,if 1:nn~id1,1•~[1lo i11torn~l. In onl11r 1111)ht11ln 
i111111·ov~d yiold1i of dn11:• ,,l,wiv,1,I l'ru111 1)111111. 111111 1,nim11I ~1111rn11~. 1;'111· 
oxnmplc, i11111ro,,.,,.1 oxt.rnt•t iull ,,r tlil(il ,11i,, 11l)••·1111i11to,, h,1., h11N1 l't\rl' il'tl 1111(, 
11..l.1,: • 1>11l1<11tin•:· p1trfor,1(1ul, h,1111ml 1:uh111111. OU1cr 1edmi1111101< l110:h11le 
11llrKso1Ji"1l, rotm:,-film u,·1111or11t1,rr., li<111id "'"' • '•••nn:ri1i,~1I r,1rhun 1li• 
11xid,i. h,\~lro,Ji•lilluti.)11, llq11hl ~hrv•n11l11f:Ytl1>h~·. 1nplfi1••• .. ... 1v .. 111 1,x, 
•tt1tt i1111, 1:01111l11rn\1rn•11 I ,1~••111:ti,111 111Hl 11n1v!tMio11 dy11«111i<'1<, 

In thi• ,l(,.,:1111Hio11 w11 11m 1,m,'.'l, m,,d pl'i111nril.v wir h h11Ki1, 11x•rni'lio11 
prncc,durn~ f1,r 1:,•,11h1dru,:11 1,, ol,111it11-1•1• ll11ir1111~111i,,,olh• 1.l~•lr,1hl11 fllll'· 

l.ln11 111111 <•limiuu(u (,1111 iuo,·• 1111111,rifll l)y ll'Ml,nwnl with 11 ''"l11cliw, 
uolvcnt., ~""'"" ;1~ th~ m1m:olr\1um. lsxh·n.•1in11 1Jllfo r11 •rnm ,1oh11 i,m iu 
l h111 1hc pl"\IN'lll' I' or i1111ol11hh1 llmllc r iu in111li11\I in •hn (ur,11111 11111<:,:,,s. 
'l'lu, v1t11d1)11l 111111hn1I,: "' r,XI ,n,:1.iu n lll'l' 1111u·1: r11•fou , lll,l'r.11l11 li,111, 11irw•· 
1.liln, inf1111i1111 ,111tl 1liicoclfon, 'l 'h,.11111ulir,,v 111' th,, (i 11iolw1l 1>tvd1,cl, (:1111 hr,, 
ij11h1111,:(,r.l hy •li11nlM1l iii1111111·im11ry oxl.rm:\111111\I ,:11ri·yi11•: ,11.11 11 11111~1.knl 
11hhll)'fl dutillt! pm1h1ci.inn •••• i.111• rnw m111mfol~. i11lt1rm111li11l11 p,•,11111,,•u 
m•cl ni~1111r.1•:W1•li111 pro,:mh11·01<, 

The p r<>C(1~MO/l of pmtituli1r i1111,ort.1mce, inuofnr n~ Lh~ 
US]) ii1 c:om101·1111d1 nrc 1.ho~o of m11<1c:r111,i,m ,rnd pcrcoluLi<m, 
Mo~\. pbl.\rmncopoiuu 1·ofor (( > 11uch J)l'()Ct11mo11 for ox I.ruction of 
(l(:t.ivti pt'inciplon ftom cnulu dl'Ufl,8. 

Mucnrn•lun•. Ill ihi• 1m •W1<11 U•n :1<tli,I i,1~rt.;llc111u 11no µl1tcc•d i11 /\ 
1toppcr<id C<Jlll fl inQr witJ, U1<1 who1lu •~· llw solw ut un<l 11ll11w1•l tu •1•1md 
rur n poriud vi 111 l(,i11,t. ;1 <hw11, wi tlt lh11111~11• n~il.alion, nn•il •11h1hl,, 
uml-lvt fo cli1rnn lvocl. 'l'h,, mixum, 1,h1:11 i• • lru,n~•I, r.h~ 111111·,· (thu dump 
• olid nmt1,rl11I) 11tM1,1,d 11ml c.hot:muhin(,d li11ulrlM olnriffod h~· fllc,,·111ion or 
hy (11,,,,11111111011, nfkt 1•l~111cli1111, 

l'c.rcvl"llou -'l'hiM ia thr: pr111•u•l•u'1: nun! •1m11 t 11'\"lWl\lly Co Hirn,:•. 
1.hu nLiivu in•rrt•tl iMl" in <h~ p1,1pntuliun of 1.inct11rn,1 n111I 1'111hl11~1.t,,~1 • . 
C11rttti11 •pndfk prncodurnl ,1~i11l111 11,~ 1m,vltlr,d j11 tho 111-ll' , which 
Hhould hu t!Ol\11111\NI fo1· 11111:h i11f\lrm11l.ion, In 1.lw l'C 111111or11I Pl'IJ~i,tlu rn, 
,1 1111r11ol11wr (n 1111r1·ow, r.11110 ,Hlm1)t11I Vtl~Mol •>t>Hn ,11. 1),11,h ,m,h,J h, 111w1l, 
'l'ho ••1lid l11111·mllm11.(H) urn mol11t1H111d wir.l, ,m 111111n:•11tl11h, 11111111111\. of' 1.h,1 
wpot:itiml n>,,11 .. 1111111,1 n>ul ,1llow~d '" ~1mul for nppru, imnlcl)I •I hr 111 1) 

v.'(11!,d11Mt•<I contoinur, nf'1,1•1· whi.-h 11\11 1h·11,i mru,t i• 1>1•c•~,I inti, Urn 
1><-rt:0111(,>t. Hufnciuni menHW'lllllll ih 11d,IN( l llllflll1ntlu l.l1t: 111"1•~ 1111(1 the 
\Ill) (1(1hr. por,·nl111u, 111 ;-111111?11. Whcu tlH! li1111kl ,~ 1111111,~ ,.., tlip rr11111 1h<: 
11ock (l10U.oml of tlrn pl'l'1<t>l11101·, •.hn m>\,l1,t i» 1•l11•111l, A,lilir 11m11l m1•11• 
,,,,m,)11\ i• ,11lclt11l W uivr, 1\ Hh11ll1111• lu}'Cl' nllM11 lhl) 11\i>UH, 11ml l,l,11 mlXl.\llh 
i~ Allow111I 111 11111tt,l'IIC.1 111 U111 ~lo~~tl 111,rt:olntm• f11.- ?.4 h1•, 'l'h,, u11lfo t. 111' 
1 h,, 1>11r1:olc1tm l-ht111 i~ u11•111,,,1,111d 1.t.11 litit•ltl ci1111oh1(,\.I t-h1•1·ol1111ll1.11wd t,, 
drip 11!uwly, 11t1rliHonnl nw11u(.t1111m •wtn1: nddcd M n111>•il'Nl. 1111\i l Uw 

1wr1:11h1lo, 1111,irn>ll'''" nhout. thrc1(,··<•llMll•n• ,If t ho ,,,quil'l•d w,lurno ,,r 1111: 
fini$1wd prudur.l , '1'1111 11uu·,, i11 wc,r111M mid I.ht, nxpr1•••1•il li1111i1I i111111d1id 
to 1111• l'l•f1:11lncc. ~uffid,•111. nwlllllJ'lllll ll I. o,lrlo1I lo pmrlnm lh,• ru, 
,1uir,~l vt~n11111, ~1111 t h,, 111i~('(l li1111i,I dnriri~I hy f111-r,1tlm1 or Ii)• olluwi,111 
,i to 1,hli11i 11nd !hon 1lnr.11111 i11g, 

l>l11~11t.lo11 -.. .'l~1iij inn foml of 1l111 t:c,r,11iu11 i,1 \vhlch 1w11dt• /1r•11/ h• 11,u,d 
d11rin1: l-h1) pnu:1.1x1• 111' (:~1roct.ion, It i,, 1111ml 11'111111 •11111.lm'nhily Ql1,vnttd 
ltlmporuh1r,, lu 11,1t ,1hjod.in1111•1111 ,mil •-111, ,olv1111t iorrid~nr.,v 11( 1111, 1111•11 • 
,,1.r11u111 i• i11cro1111(,d lh(•rc,1,v. 

fnfu n!o,, ... ,J\11 l11fu,lon f, 11 (lilu\P. Holul.,io n of' 111,, rr•11dil~· ""•~•hlo con, 
n•lllt~n•ft of ~rud~ d rv1it1- ►'r1•~h inl\1•1011~ ""' pn•IJ(l<~d h,• rnnL..,,tnt-1111: 
1.1111 ilrn11n for It ~hrn•I, 1iorivd ,11'1.ir\11• wi•.h ~ith1>r <'< ••r• or 1~,ilillk w,;t~r. l I~ 
orrid ,11 cmn111u11lin h11w n11t.i11cl u,Jo,(I l11ln~i1111~ ror ~1111111 li mo, An 11)1,m• 
11h• i,1 C•>nc1,nt.rnh11I Co111,11,un<I (lij11 ti1111 lof11.iim HP 10'1!1, 

l)m:01,1t11.1• .... 'J1hi. rn,e1•,•i►o1111lm· 1>1~11:1•1•11 .,~••·•• .. 1,. wJ11cr,golul,l<1 111111 
h11bl,•F!h1bll: e.n,1111 it11co11I• fr<,m 1•rnclo dror:~ 11,1• hnili1111 in wolN· 11\r Iii mill. 
~..,,oli11J(, olrai11in11 nntl 11111 .. i••1t .urtid,,1111•(1h1 w,t111r •hr<11 1uh l h•• 1lru1: lo 
p rudU t'<> 1ho 1(ll1ulrctl volimw. 

Extractivo Pi•epar~tlons 

/\lfor II uol111,l1rn nr tho ,11:Livo cmm!.i~111u1 t.~ of :,1 (Jrudn drn1~ 
b ob(J1i111><l l)y m111':(Jrnt io11 m· pcrr.ulnl.inu, it m11_y I.lo rM<ly for· 
11~1i 111;111111odi1·i11,1I ,1r,(:11I., ns with ccrt.u.hl iinct111·011 or fluiclcx , 
l,ru r.l,~. ur it. mity )l(l prn1:eii~cd further to procluco ,i riolid or 
•1c111i1;11,1lid c>:1.1·1u1t .. 

l•'ol' u di~()11~~h'/ll of re.~1:m m11l o/eore.~ind 11b(,11i,wd by Ho! .. 
vent 1l)(trn1:t.ion or plont ox11dut<w HtW Gh 11pt,(H' l!:J, u111for 
Pim~ J?nulat11.~. 

1'i11ut,UT111l · .. 'l'hrnturcu •m: dcfim:d in (,ho tl::il' M hnin,c 
11lcoholic or hyrlro11lc:-oholic t10lutio11s prcp11rod from vc1ictn'. 
hlti n111(,u1·iol1, 1,ir from ,:homi1111I 1111bt)l,mlccitt, ml Q)(amplo ort.h,: 
l11\,\,c11· l>oh,11 Iodine Tinct.urn. TrndiLimmlly, tim:l,\lr<lH of 
pot.fl11t v11got11hlo d1•1•:.:~ csRentittlly rop~(u1t tltc nctivity or 
10 g of J,lm dl'IIH in 1.1111:h I no mf, of t..i11ct.uru, llw pot-011,iy lrnin,t 
mlju1.1l,ud follnwin1( lll!Mtty, Moijt ot,h,:r l,in1:~u rm1 of vui,:ot11lilll 
dn1u·~ rnpret}UIII, th t1 ox1.1·1wl,ivu 1'1'1.1111 20 u <•I' 1,h11 dn11~ in JOO 
1111 .• ortinct-ure. 

Tho USP 11poc;lffonlly clc::1cribn:1 two iicmol'III proC'.c1.sw1 for 
propnrinff ti11ct.ur11a, one hy porcolntion d<laiu11olocl ru; )>ro• 
cc~i. P, ,mtl t.ho othor by m11ccmtion, nc, Prn<:0~11 M. 'l'hc:1tt. 
ut.ilhm the m11\,lwd11 dc:1mrilrnd under /'!::r:&m1,:l.fon . 

Pro(:\i~ij P i1l(:ludo11 11 modificnt.ion ~o t.laut. 1.iu1:I.Ul'<;11 (,hot, 
ruqufr11 11oimy for ocljm1tmcnt: 1(1111>ocifiNI p11l,011cy IJm~ m11y 
he tc~t.cd boro1·<! cl ilution to finnl vnhmll1. A tincture pro• 
pnrcd hy Pr<11:ek11 J> ,rn modifi11d for llMMl'IYOcl tincture:, i~ 
Bcllndonnu Th1ct\t1'0. 

Exmnplc~ of tinduni11 p1•(1pm·ci.l by J.>1•1JC(1iJ1; M 1U'H Com, 
pound Ben:tol11 'l 'inct.urc 11ncl 8wcc~ Or1U\{(O Pcol 'l'lll(:t,u1·<, 
(Uic 111\.1,1.lr (!Olll,11i11t1 the <ixll'lli:1.iv(• from f>O g of llwoc(. Ol'nlll(O 
pn•:I in I 00 111 I. of linr.Lure), 

l•'lui11oit1.r11ut11• .... •'l'lw U8P dr.finu11 llliirh1xlJ·1u:t.i\ 41:1 boin(( 
li11uid J)f\ll>Un ,Uont! of vcnt11.t1hlu dn11(i:., c,mt.11inin1111l1,(1hul !Ill 
11110Lv<int M M 11 p1·01wrvul,ivc.>., or hoth, kt) mndo th11t tmch lllL 
cmit.ninK the thm·npcuiic 1;011111.it.1101\I.~ of l 1; of thr. i1l,11111lnrcl 
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druf( 1.11111. iL t<1pro11u11L~. Whilo Um OSP 111!1t<:n t.hl\t plumnn-
1:opoiAI fluid<:i<fr11ct6 nro mndc by r,<1rcol11tlon, tho officiul 
compcmdh1 provimlHly hovo dOllcrlbed ({Onr.rnl 1,rocf)durm1 f<),· 
threo pcrcoll\l.ion mot.hod1111Kcd ln mnking tluid1.1xtniet:K. 

Pror,,•H• /I i11 11 p11rc1,l111,ion mcU,o(I th11t ~1111 ho moclifl(,d for nu,<11,x• 
t,rnclR thnt m,1ui be /lffR~yu1l. 

J>ror.en• H i• 1111 ,1lt()mativ~ fol' l'rt,~(,RM A ill wbld1 p01'(,l))tl\lo11 iH 
;:onclur.tud (Ill II t11h1n111 ,,r druu- much fll'U11te1· i11 lcn/1th tl111,1 in diu11111w1·. 

11ror.aaa I) is ur111(( r,)r pr11pnrinM noiduxt.rMl.n wi\ 1 hoilin,: wutor "" t.lm 
mon•ln11u11, nh:11hnl hcln~ n1lclod nH 11 1>fM(1,v,Hivo 1.11 lh-> co11ccnh·11ttd 
percolnto; thiff in \ha 1iroe(1dur,1 uKud for pt'Ol)tlrinl( Cnftr.11111 S1111r111ln 
l'h11tl~xHnc1. 

'l'ho BP nncl PC o~o tho dMi!(lllltion l ,ic1u.frl P~xtrm:t.~ for 
OuidoxtrncLtt. 

Extr11ctt, .. ,-ri;xt:rnct,R nrc defined in t.ho USP o" concon• 
trotml pro1>nrnti<>ll~ ofvcgctnhlc <>r nnimol dr1)l(~ ohtninnd by 
1·omovt'II (1f thci ndivo c<mutilt1onl,1j of the r.<iap(lct.ivo dl'IIIJ~ 
wiLh suitable menstn1n, 1!v111iorntion of 11II ot nMrly illl of Uu~ 
t!olvcnt 1md ndjustm<mtofl.ho rMidunl mnm:11m or powclcni Lo 
the pr<1~1:rihu<l 11ltll\dorda. 

'l'hrcc forms of oxt:r1\CtA nrc 1·eco1~11i1.Qd: 11nmiliquid11 or 
liquids ofaympy con11i11ttmcy, p h11jti(: OlOAf:IOA (lcnow•l Mpilu• 
la.I' 01· 1wlid e~•.tl'm:t~) nml dry powd<1)'~ (lmown u11 po111d<,Jred 
uxll'acts). l~xtrncts, 1111 concc,ntrnt.\ld forms of 1.ho dru1tt1 
from which thoy urc prcf)ttrod, nrc 11Hcid in ,i v1niol;y 1)r R()lid or 
e(lmiaolid do11ngo form~. 'I'hc USP 11tr1to1.1 t.hnt pilulor ox, 
troct:ii and 1>owd1m1d oxtrn1:t11 of' any @(l drug 11ro iot~u•, 
d11u1go1.1hlc modicinolly, hut 111wh 11111! il,ti vwn pharmncouti• 
(:o.l 11dvm1lt\gee. Pilulnr <)xt.r11cl111 110,callod hocnuMe Lhey aro 
of II c<>1111ist.oncy to be 111,ed in pill m11111m:i 1111d m11dc lnto pillR, 
ttril 1mit.od c1JJ)ocl11lly tor uae 111 oinlmMtr! u11d lllll)J>OHit:ori(IR. 
Powderocl oxt.m1:tB ,m: HUit.(ld bottnr for incor.porl\t.ioll iJ1to 11 
dry forimtl11tio11, o~ in c11pl!11lc,,i, powdcr11 m· tnhl11b1. Semi• 
li(l11id oxtm<:Ltt, or fix l.1·act.1;1 of n 11y1·111>Y <:on11i11u11u:y, inny b(i 

11iiod ill the miumfoct.urr. of tton10 phnrm11c11utiml 1>r(<l)lll'll
tio1111, 

Moat. oxtrMt~ ,ire propfm1d hy oxtrnctinl( t.ho drng hy 
porcolntion, 'l'hc pcir<:olnt.<i i11 1:onccnlratod, f!OHm·nll:,, hy 
dlatillntion under rciha:ocl pro>1,mrc, ')'he uije of html, ii, 
uv()idod where 1>oe~iblo ho,;,u1i1B or pot.ont:iol injurimtK cffMi 
ml 11<:l,ivc 1:@111,it.urmtli. PowdoJ'cd cxt.1•1uit11 which are mndn 
fr<1m druf(M t.lm!: 1:ont11in i110.cl.ivr. oily or foU:y 11111U.cr mny 
htwc \.() bo defoU,(,d or pr<iJllll'Od from <lefotl.<ld drug. l•\1t 
dUu<1nl.8 thnt rn1\y hli \uwcl ~n 11djuKI, 1m ellJracl. t:o prn11crilwcl 
Htrmd,mlij, see the USP. 

Puro Glycyr1•hlr.11 Rxtrnct USP iH nn cixnmplo or 1.1 pilul11r 
oxtt·nct; Bcllnclmm11 Ext.r1.1cl USP o.nd Hyoacynm1111 ri~xlrnct. 
PC orn r,x.11mple" nf pnwdoretl extru<:tll (l,h<1 formoi· i11 r>r<i
porod 1111:10 111:1 « f)ilulnr QXl,r11ct. ,md Uw Intl.er 1111 o li<111i<I 
('IXlmcl). 
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CHAPTER 64 

Parenteral Preparations 

l(enneth I Avis, DSc 
f.momu, P1ofo~101. l>ho1moc<>u1lc, 
CoSlogc, of Phcmtn)<:Y 
UnI•onI1y of l<1nno1,oo, M .. mpllh 
Tho 11001111 Scion«, C&nt♦I • 
Momphll, ,~ :,\(11~3 

Dosage fo1·m11 of dru((6 ure dc;iil!llt!d t ,) mnko it possible to 
introduce o drug into th11 body of II hnmnn Ol' nnimnl pot.ient. 
Sinco Lhc wcll-hcing, Ol' even l,hc life, of U1(, p11timif. IM}' h11 
1\ffocu1d1 the doi.nr,e form must. bo dc!!igned ,uid f)tf!parf:d in 
o tM1111~1· int,,ndcd to promote the safety of Uu:1 J)t1tfon1~ 
Coum.1rnmtly, it i11 enaential th,it U10 do:mKe form ('.Ompli
menl, or (mh11nr.o t)l(l Uwl'npeut.ic cffoctivenes11 oft.lie dr.ui;. 

f>llreuterol (Gk, para en.t.e1•0,1. ""b08icfo the intestine} is the 
route of 11dmini~Lmtio11 of drugai by injection under or 
thl'ough one or more l!lyera of. the l)]dn or mucous mcm
hrnnos. Since thill rm1tc circumvent.~ thoac highly offici(mt 
protecLivc barriers of the hml'Hln b,>dy, axco1>LioMI purity of 
tho do1111ge form mu8t be achieved, 'l'lw proce6aO!I 111,ed in 
prcpnring it must embody good rn1,ni1fo(:t1.11-ing p1·0(:tic0K 
that will produce nnd maintain !,he toquirod qu1tlit;y of tho 
product. Now devclopmenta in pl'ocea8 t:echuoloa.v ,md 
quilli ty contl'<,l Hhould be adopted a1111oon ui; tl111ir v11lue and 
reli1ibili1.y htwo bGon Clltablished as a met1n1:1 fol' further im
provitig Lh0 <111nlity of tho product. 

Hl&tory1 

Ono of the 11>08l i'li1;niffo1m L cvo11t.<1 in the be1:innintt1:1 tif 
pnrt~nt~!rUI therupy wu1, tho first 1·oco1·clcd injection of drug~ 
into th<< v<•in11 ( 11' living 11nirn11ls;, in nbout 1657, by the archi
tect. Sir Chrhitophor Wren. From such a very crude begin• 
ning, 1;ln+ t111:lmiquo for inl.raveno\1$ injection and knowledge 
of the implicut;iona Lhoroof dovolopcd slowly durlnl( the next 
cm1tury and ti holl'. In 1855 Dr Aloxnnder Wood of [tdin
burgh dc!!cribed whot WOR probnl>ly tho firaf: 3Ubt11tnnoou11 
injection of drugEi for thor11tlCUtic purpoaai:i using n t.1·110 hy
podermic syrillgo. 

The latter half of the 19th century brought increo.~ing 
concern for enfety ii\ the administration of pnrent.(Jral solu• 
tions, lnl'gely bec1mse of the work of Hobert Koch t1nd Louis 
Pasteur. While C11nrlce Chumbel'land was developing both 
hot-oh- and 11~1,rn 11terili.,,ution tccbnique11 nud the firHt bac
terin-rotoining filtel' (made of unglazed porcelnin), Stania• 
!nus Limousin wtl~ developing u. 11uit.nhlo container, the t1l1· 
glass nmpul. In t:ho middle 192011 Dr l~lm·encc Seibert 1>r.o
vided pl'oof that the disturbing chill8 1md fever which often 
f1)llowod the intmveno\l~ injection of drugs wos caused by 
potont products of microhinl growth, pyrog<mn, which could 
bo olimin11t11d from wowr by diatillotion o.nd from fllassware 
by hoo,tiug ot elevated te,nporaturoR. 

Of the recent dcvelopm(ml.ll tht\L h,wo C(>ntributed t<> tho 
high qm\lity atl.rndarde c1u-r(mtly nchievfll>lc in 1.ho p1·opnrn• 
tion of pnrcnteral dosa,ie forms, tho two that ht1ve pi:ob11bly 
contributed most arc the d~volopmorit of l-H~PA•filtered 
laminar airflow and the dcvclopmont t)f lllcmbr,rno mi1ir<>fil
tr0tiim for ijo)utions. The former mude it 1>0JJt1iblo Lo 
a.r.hicvc ultmclttnn environmcntnl condition~ for pn.ico.!lsin~ 
literilc prndu(:i.s, 11nd the latter m11de it poaiiiblo t<> romovc 
from solutilmi; by filtratfo,, both vinblc nnd 11onvi0blc pnrti 00 

cles of microbiol uizc: 1111d JJmul1(1r. However, mony other 
dev<,lopm<lnt11 in rc,c(mt yMrn hnve procluccd 1;111 im1>roaeive 
adv,mco in tho technoloi;y 111:1Jjoci«ted with the ttnfo und ttiH
ahl,, preporntion of p,11·@1.l.!rnl dosugc forma. 'l'hc following 
lit;t ide11tifio11 i1 fow <)f th<~ (!Vlmts which hflve contl'ibutt>tl l,o 
that devrt.lopnHml.. 
W26-·· P,m,nttir11h; w11re 11(:copt:,,d for inclm1ivo in the fifth 

odition of tho Nati(IIW/ Jt'1Jr11w.lary. 
19:i:l--•-'l'hc prncUc1:d applictct,ion of frooze-dryint1 tl1 dinicul 

mote rials was accompli>,hed by o team of scientiE:l.ll at 
the University of Penrniylvnnia. 

.1.938-'I'ho fl'ood, Druri mid Co~mctic Act was p!lt.1Sed by 
CougresA, estnblishing the Food And Drug Admini6• 
trat,ion (l<'DA). 

1914-'J'he atorilnnt othylone oxide wnti discovered. 
Ul40--'l'he Pt:lnmt:<m1l Dru~ Associntion wns organized. 
J.961,---The C<>llC(ipt oflnmium· .oirflow wo~ dovelopod by WJ 

Whit.field. 
1962"~-The fJ)A Wtl$ ~u,thorir.od by Con,irnsH t.o e~t11hliKb 

current i;ood 1Mnufoctul'inii practices (CGMP) t'cgu· 
li1ti◊111:1. 

1966,=,Totnl pnrenternl nutrition ('l'PN) wo~ developed by 
S,J Dmlrick. 

1972~,.,Thc Limulu1:1 Ainebo1:yl,c Ly1:111t.e te1:1f: for pyroge1m in 
pnrenternl product;'! waa cfovoloped by ,IF Coopr.r. 

Ad minis tr allon 

ln,ioctiorn, moy bo clnesified in five irenerttl cnhir,orie8: 

I. Solutions r~udy fur injoc\iou, 
2. l>tY, ~Ol\rlll<• l)f(l(luet• rMdy lo ho combined will, 11 ~olv~nl. j11,t 

pri<ll' tou•~. 
3. S11~pe,1~io11ij r~ndy fol' i11jt1ctio11. 
4. Ory, in•olul.,I" 1,roduclH l'Ot\d)' to b(, ,:tJmbint-il wiU1 11 whicl~. j u~l 

prior to Ute. 
5. l~mulKioms, 

These injections tnay l,e 1,dminilitel'od by 1111d1 routc1c1 as 
intravenous, subcutnnoous, in1,rudom1nl. inL1'11muHcular, in
troarticular 1u\.d intrutbu1:t1I. 'l'be MlUl'O of UHi prnduct will 
determine the l)flrticulur rout~ of Hdmilli6t:rt1tion that inny 
lxl employed. Converi,ely, the de&ired ro11te (1f ndminisLl'!i· 
tion will placo requirements <m the form\ilutiori. Por ex.nm· 
pie, 11u11pcnBionR would not he ndmi11ist;cr.lid din,ctly into the 
blood lltraum bcc11u11c of the dcmr,:er of illsol\lhle po.l't:iclc~ 
bl<,cking copillories. Solutions to be ndminii,torcd subcutn• 
ll(!OU~ly roquiro atrict attention to tonicity 11djustmen(;, oLh• 
erwiee irritation of the plentiful Bupply or norvc t•ndings in 
this onntomiMI uroo would ~ive l'isc to vronounccd llllin. 
{)ljectiona intnndod for i11truocul11r, int:fl)Apinnl, int.radater
niil 11nd intrntl1ocnl ndministrntion require the highest puri
ty titnndnrda hecouse of the sensitivity or nerve tieauo u, 
irritant nnd to.xic 11ubstonce8. 

When comporcd with other do11oae forms, inj<'lctions pos• 
1101111 select advantages. If immccliatc t>hysiololl'icul uction it; 
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1wodod from o drug, it u14unlly c11n be ,.,nwid~d by r;ho intr11• 
Vt!ll()tlfi inJoction of nn 11qucmrn !!olutioll, M11diri<:11 tio11 of 
tlrn formulation or 11nother rnute of i11jt1(:(.ion crm ho 11s!ld to 
sl(IW ih<• (111uet. 1111d prolong tho net.ion of l.hlJ drn~. 'l'hc 
thornpou~ic rcsponae oft\ drug i1i controlled morc rendily hy 
par1mt<,rnl ochniniatrntion since, the irreguli1riti\1~ i>f in t<-.,d.i
MI ubaorption arc circumvented. Alao, ~b)ce 1:ho d1·u1{ nor
mally ill administorod by ll profcsi1io1mlly trnined ))/lt'l'iOII, it 
confidently 1niiy be expected thot tl1e do11e wa6 u<:tunlly 1md 
accurately o.dmini1itered. Dl'llgH con he ,~dmini$tercd pu1·en
terally when they cannot, be given orolly bectmae of tht.! 
uncom1cious or uncoopcrntiw 11tat,o of tho p11Licnt, or becuuae 
t)f inw::tivotion or l11d1 of nJ.lijOq)l,io11 in tho inlestinol tract. 
Among the di~ndvont.ogeH of thi1:, dvl;lll!lO form ,ire the rn-• 
1juir(.l1i1ont of wwr>nill llt mlmini~t.ri.ti,,n, U10 l'i~k ol' l.ill..'l\Hl 
toxicit . .y from loc11l irritation, t:l1li reul or p1:1ychological pain 
factor and U1e difficulty in corl'ccting cm err<,r, ahould on<i ho 
mode. In thtl lllt(er 11it11otion, unloRR o dirccL pht1rm11cologi
c11l ontogoniBt iij im•Mdiatoly ovniloble, corrccti.011 of an er
ror moy be impossibl<i, Ono othor dilmdvont11ge h~ thut daUy 
or froquent ndrni.,,i~tration pose!! d ifficultics,-cither for the 
patient to visit n 11tofeijai1mally tri1inr.,d pornon or Lo learn to 
itijoct oneself. 

Parentoral Combinations 

Si11<:e th~ne ia n degree of discomfott for the pntiont with 
Meh injucti,m, n phyi;icion frnquenUy will tttll!k 1.0 redu1:(i thi11 
hy cmnbi)ling more than one drug in 011e inje(:1:ioo. 'l'hia i~ 
cneountA.if(id lllOflt commonly whon thernpcutic lll(cnL~ are 
added to l11 ru11-vol\lm(1 J:\11lution:1 of 11lccl,1·olytcH OJ' nutdcml:i:I, 
commonly c11lhid "IV odditivcs," during intrnvcuous ndmin
iutmtion. Sim,u l,h\l,;1i orr., uq111,1\ms Aolutions, thClrc is a high 
potcntiul for chemicnl 011d phyaicnl intomct ion~. Sec Chup•· 
tcr 86. The pht1rm11dat. i~ the pr()fo~8i(mal best quolified to 
cope with these incompatibili t:ioe. However, in the p11st, 
thcs<i hnvc been handled largely uL the 1n11;icnr11 bedRidc by 
the nurAe and physkinn. 011ly recently ho~ it boon rocog• 
nizod thot this professional 1m:u ill thc proper f\Jnctiou of 11 
ph.i:rmiici$l and hos been so i;tuted by th\l ,)<>ill 1, CQmmiaRion 
,m Accrnditlltion ofHospitals,i,:i 

Aa pho.1·nH1ci~ts huve ossmned incre111!11l8 rnspcmsibility in 
this aroa, 11wo1·cneHs h11s developed grndtu\lly (if tho wid..i 
spread 01:currcMc, of visiblo, 011 well an invieible, ph.vllical., 
chemic11l and th<m(JWUtic incompatibilitica when cerl:«ill 
dn11;6 11ro combill1id or nddcd to intl'avenou~ fluid!!, 

'l'he d(;v1,l1ipm011t hf ll procipitiiLCI or II colol' r,hu1111e whim 
prep11rution~ M(i cnmbinod i~ 11n immediotc worning t,hut, 1w 
ulL<ir.ation hmi QC<,:t.1rrnd. Sueh II combination Hhould not be 
adminiHtcred to tho p11t,i1m(. ht.!cullllf.i the i;olid pmtidcll mny 
O(:c;lod<1 l,he blood ve1:11:1eh1, the Uwn1p1ml.ic 11gont. mny not he 
av11ilnbl\l for ubij(1rptivn or th1i (b'l.11' lllll.Y hove bo(ln deffrndcd 
int,<> 1.oxi(: ~ob11t,uneca, Moreover, in otlrnr inf\tonco8, 
chung118 oot: viiniully u1>parcnt, m11y h1wo occmrad whicli 
could b(, (~(1uolly 01· more d1mgeroua to 1.he well'nr<il of thC'I 
patient. 

'rhc olmost innumornble potentinl cornbinnUoi111 p1•ea@L 11 
complex situ11tion evM for tho phormnci8t. To nitl him in 
1ni1king rnpid docit'lion~ C(lncerning 1>ctential probfom11, ,1 
m.u»her of cho.rbl h1w~ been com1>ilcd based on the vi~il.ilo 
chatl{(O$ thnt may be oh11(11•ved when two 01· mo1·e prep1.11·a· 
ti<ma are combined. Howover, the oclvont of data storllj!\l 
and rotrievt1I isy11tcmB \lljiilg <:◊mputer11 hns provided LI mllt\\\fl 
to org11nir,o nud ic11in rnpi<l 11ec11l!!l ra11dily to such i11fom1a
tion. Tho valu() of such io!'orm11iion is limited l.)y 11ucb 
fuctori:1 as froquonl cluinl(tl6 in commC1rdal p1·oduct.~; vm·i11-
t i(lll8 in ordor of mixin" or 1,110 J)roportions in tho mlxt,ure, 
difforo1w1M1 in concontro!:iou of <1nd1 ingredient or vutiut,ion~ 
in the pcl'iod of time tllll~ tho <:ombinat iou ill held beforo uaa. 

A11 11tuclio11 hove been undcrtoken ond more info:rmution 
h11R been gnincd, it Ima bce11 Bhown U111t .knowledge ()I' v11ri
nhlo fnctor11 Ruch o.s pH und the ionic t,hiut.11:tot I)!' 1,hc activ<:, 
conatituonta oids substantially in tmderstanding a11d pre
dicting potm1tinl incompotihilities. l{inctic 11tudietl of rMc
iicm r11tc11 may be used to describe or predict the exte11t of 
d(lgn1dotio11, Ultimately, n thorough atudy should be un
dc,t· tokcn ()f e11d1 thcropcutic ogent in oombin11tion with ot,h
~r drugi; o.nd TV fluid!!, not only of generic but of commercial 
pr1ipara~i(lnij, from the physical, chcmicnl and thetapeutic 
a1:1pects. 

Idenlly, no pare1,1:er11l (:ombiMtiou ehould ho odminis, 
tcr·od tmlou11 it haa beN~ llh1died t.ho1·0\1 l{hly (:o dolonnino its 
effect on the ther.up~\•ti<: v11l\1e ,md thn 1111foty of the combi
nol,ion. Hc,wewr, l!\l(~h tlD id1111l t.1it,u11tion dQ(IR not and may 
never exit-It. 'l'hcrefore, it i~ the roap(lnaibility of the phor• 
mnciRt l:o bo ,1~ familiar as [)oijsiblc with thr. phy$ito.l, chomi• 
c11l 1md tlrnrupeutic a11pccts of parenternl combillnt:i(lll$ and 
to excrciac th<• bcHt possiblo judgment a~ to whether or 1wt 
t:he 11pecific t(>mbinnti(m oxtcmporaneoutlly prcBcr ibed is 
1;1uituble for \1$(1 in a p~ticml. A lH1rvice to pharmacists hi1s 
been provided through teview11 of this $Ubjoct.4 

General Roqulrements 

An iuheumt roquirmn011t for parenteral preparntion6 i11 
tlrnl, t,hey he of tho vory ho9t quality 1111d provide ~he mux.i 
mum 1111foLy for Uw p>1lionl.. 'l'horoforo, the phurmuci1.1t, 
hoing respon~ibl\J for t.h1ii1· prOJ>Mlltion, mu:;t UfiC his H)dll~ 
und re:10\ll'Ctif1dnH1:1S ot th<, high(11,t. l,.vol of ofl'icitmcy to 
nchicvo this end. Among th1.1 1,rM$ 1•equiring dedieuted ot• 
t1mtion nrc the followio1c 

I. J>o&"ORRion und npplimtion of hiuh mornl u11d profo~~ion~I ethics. 
l~Vfl1l I.he thl'.>iJ(lhl ,,r o,iog iliforicw tcchniqu~a or i1111rodiu11ta inn mnn\t• 
focturing proc<••~ mu,t 11ot lJt1 cm111lti1u111ced. 1'hr. pr1,11e1· bllitude of thQ 
l)c..,.011 MRpon~ihl« fo1• th11 p1-.i1mrntion of I.he proch1ct iH 1(6 mo•I-vi!ttl 
i11~rcdi~nt. 

2. 'l'lw ph11rmnceuticn l lrRin ing received must b11 uslld lo lhQ fullcijl, 
mou~m<>, The chnll\11\llcv lo thi• knowlotl1/¢ bnnl1 will b~ m1my Mel 
v,;ric,d. 

~. Sp\,ci1\ll~cd l.(lchniq,,ci will t,11 r,,((11irnfl for t.lw m11m1(11cl.1.1rv of 
Nl~rilo propnrnliona, \1111ployii11.c !hum with ul\1rt111:~•l 1111(1 ,;ou111l j111l.:· 
111t111t. Tho~e m11~t l>e NUbi(<~tod 1.1, cm1tin11ou6 ,:riticnl rovfow for fnult,1, 
omit1~iv11v n1ul »m1,nwon1un<AJ, 

~. ln1irc,d ic,11t,i ,1f th" hi.:lw~t. 11u11lit~· oht11innblc mllKI ho u~ctl. /It 
limos, i111cru1liu11ls 11u1i rn11uiro 1lpcdt1I 1>urlfic,1tfon b1!y111,(.I l,h11C <,f IJ11) 
('.l)l'>lrll<!rci~I Hupply. 'I his normally will ro,1uiro thul ,,iiHl foctor~ be ijiVull 
Hoc:v11d plnco in importmu:c. 

r,. 'I l11i •1"11bilit;y and crfo~tivonotiY of the proLluet. muut hr. e~H1hli~b(1<l 
with 111•b~t,111tl,1l.i111\ dntn, ~ith<!r from ori11inn! m· puh!i~hod Kmm:oK, 
'l'hiM must !ulvJ int,, 1wcm111t. prucw~ vurintimlu um! diffor1:il(:~\K In 111,ir(\· 
di~11L K))ncific11tion• ll·om CJII(). procludion Hit(! 1.0 1111othc,1•. 

!i. /I well-defined 1111d cont.rolfci<l pror,rnn• ,v,m,t. bo <:~t.nhli•h1,d 1.0 
11:;;1\ll'C Lh~ q11111ity of t.hn )ir<Klnct .11111.l l,hn l'tlp~tition of w,!icl pr-oduction 
procc1lurCJJ. 'l'hi11 itwolvc~ t.hc, 1wnluntio11 of 1111 ii>l{rcdfont~, vir,ilnnt 
o,nC-rol• or nil •f.np• i11 t,hn p1·mh1ctio11 proceduroK 1md cnrcful ~v11h,ut.io1.1 
orthe l'h>hhNI protlm,t, 

lnjci(:tforia or oth1:1r sterile product$ raroly 111·c proporccl in 
the 1~ommunit;y pharmncy becauae of the hHik of odoqunto 
facilities and trained petllOllnlll Mccllflury oo prepare a roli
ttble and snfe pl'oduct. 

In some hospital phormocie:i injection11 aro propar<id from 
raw mnterinla for reuoarch purposes or in tho ourly ph1uio1:1 of 
clinicfll studies. In mo11t hospital pharm,ide~ t1Be1>1,ic pro
C<l8king ofton is used for adding conuuercially av11ilabl11 par
cuterlll drug p1·oducls to JV Rolutiom1 for a1, individ11ul f>ll· 
tient, Increnllingly, hospital phorim\Cltiij or indepemlcnt 
\mitll aro diapenaing porcntornhi for the homt1 cure of J)a· 
ti<,nta. SinclO thB pl'odur,tu cliupensod moat frequcnLly url' to 
prnvido the totr,I p,nont,m1l nutritio1t (TPN) J't\q1_1i1•1;111(1111,t;1 
of n p11ticnt, nnd tho9o ore excellellt nutrition11l pnipuraticl)lt< 
for mic:rool'g11nisma 1m wtill, ijf,dct. n•quir1,inMw f111· iltorili t;y 
muut be met in prcpurntion 11nd 1md<t1•;it11,. 
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The JJl'OJ>1U1lt.ion of the vn~t. mojority of injectnblo prod
\1CU. uaed clinicnlly occur!! in tho hil(hly tochnolw;<i<lully nd
vttn<:od plllnt-~ of the pharm nr.outic;ol industry. 'l'he t)poro
tiom1 nro ~ubj(,ct to the (1vonite of ~he J•'ood and OrUIJ Ad
minit1(,n11:ion WDA) through th<➔ opplicul,ion of t.h\1 0\lrl'\)nt 
Good Man11f11ctu ril1g Procticea (CGM])s) Reg\ilaUons.6 

Thoae rc1~11l11tions are dh1culja~d l'Mre fully in Ch11pt.l)r 1.07. 
While tho ovor11itc by the J•'l)A hms cncournged ijtrongly Urn 
achievin1~ <>f the cssenti11l hi(th quulit.y of' p1mmterult1 1-od11y, 
the pareiitornl industry h11t1 iuken the leadership and initin• 
t ive in t.be oxte1wivc technological development and im
provement. iu tho quality, Rnfcty, offor.tivcuo11s ond admh1iij
trntivc ptvfici<mcy of parenter,11 do>11lge rr.mn11 in recent 
yo11r11. 

Goncral Process 
'l'he prepsirotion of II purentcrnl prc1duct IMY ho C(llll!id

cred to encompn11s fol1r general nrens ns folloW\\: 

PARENTERAL Pl,EPARI\TIONS 1547 

I. l'l'Qcurc,ment flll<l lKllo..'i.i<m of 011, Gl•~•vcmc11u, ,ind cont~ine1•1,, 
2. l'rud111:tlo11 r(l(:ilitio• 1111(! pr~~<~luroH, 
3. Control of qlmlity. 
~, J>11.-:k11gi11111111d l1Auoli11f', 

'l'ho compornmts of the product to l.i1,1 J>rocururl im;JudP. 
vehlcl<1a, 11olutcs, containel'II and clusure.'l. 'l'lw stcJps com1ti
tuting production include n111intaini11g fucilitiC?11 ond equip
ment, J)roparing and co11trollix18 the <mvironmoni, clenning 
tlrn co11tninor11 and equipment. r,reparillg thli pmcluct, filter · 
iJ\g tht\ t¥olution, fillin11 co11~11i11ort1 with U1t111roduct, sonling 
the 00111.aiMr& 1md 11torilizi11g the product.. The cont.re,! of 
qu111ity inclvdoij tho ovoluntion of ~he components, volido
iicm of eq uipmoni t1nd procl'~<isc/l, determi1111ifo11 thot tho 
production hBa 1;1)(11\ <IXMutnd within pre.~cdbcd requiro
montK, cmd purform1111,:\i of n<1<:o~n01·y cvaluutive te~ts on the 
finished product. 'l'ha final nrcn of poekoginr, 1111d labclini: 
includea nil steps nece1s,•11u·y to identify the finiahed product 
und onclose il in 11uch manner thut. it is ~afoly ond proporly 
prepnrnd for Hale nnd delivery to the user. 

Components and Containers 
E,itnblishin~ fll)Mific11ticmk to immro the C,1uo.lity of each of 

thR componont~ c,i' lln injection is an essential firl!t step. 
' l'h~sci apocil'icotions will he coordinated with the l'Cquire• 
mant.11 or t.hr. spocific formulation and necessarily will not be 
ldonticol for a particular component if used in 9everal differ
imt fomrn lnt ions. 

'l'he moat1jl,ringcmtroql1frcmonts normo.lly will be e11col111• 
te1:ed wH:h aquctottA AolutionA, pnrticulnrly if the product is to 
be titerilized 11\ nn <llevot1.1d tomporo.turo whoro reaction rote., 
will be accel1:1rn1.ed grciu tly. Modi!'icoiion of nquoouK vohi• 
clcs to inclmh, a Klyr.ol. or roplt1c\1mont wit.h 1) non,1queou~ 
vehicle, ,mu(ll~y wlJJ J'~1d 1.1c1l r<JM;t,ion rnttiR. Dry propnrnti,mil 
pose relatively few rtlactfon proull\mis hut tllllY 1·,,quire cl<ifin
itive 1>hysical specificRt.ionl! for i11gr!!d ic11~ \,hat muet hllvo 
cortnin solution 01· di~pcr11i1111 ch1m1ctmi11ti1:1< when e vohiclci 
ia added. 

Containers and <:losmt111 m·1! in prolon1~od, i11(.imau~ contt\Ct 
with the product nn<l m11y rri l1i11ee l!\1IH1tt1nlJC!l'I or romovR 
in11rndients from Lhe product .. Whilti )'1(1\. \t~ui'llly conl!id<!rod 
a pnrt. of a conl.ainllr, admini11trution device/! t,ro n pnri of o 
,:m,Li1incr Hystcm 1111d tJ1eb· cffoct upon the produc~ 1mu1t be 
1\1,1$1';(-liJed even thou11h the contnct. period i~ \11;1oa lly hrlef. 

Since mo11t liquid injectiom, arc quite dilute, tlw compo
nent prese11t in the hi1~hcst proportion i11 1.he vehicle. A 
vehicle normally hos no th.ero1>eul.ic activit.y imd is no11toxic. 
However, it 111 of grout import.uncc in the formvlatio1t since ii 
presents to bo<lv !,issues the form of the octJve co1uiti1,U()l\l 
for obsorptfon, · Absorpii\111 normally occurs mo.st rapidly 
n11d completoly whon u drug is proncmtcd as nn nquaour, 
aolution. Modification of the vehicle, with wntcr .. mincible 
liquids or suh11titulci<I)) with woler-immiaciblo liquids uor
tnlllly dec;J'eOAOR the ml.O of ab~ol'ptioii. AbAorption from 11 
t1ll8J)(msio11 mny be nffect,ed by such fnct.ors 11s the vfocoaity 
of Lh& vohicla, it.11 cnp11ci1.y for wetting Urn uolicl particle~, tl1c 
t:10Jobility Aquilihrium producod by tho vohidc nnd the d ia• 
t,ribution coofficient b (1tw (i('ln t he vchiclo 1md oqucou!<I body 
11y1l(,0ms. 

'l'he vohicle of ,,'CL\test imporlanc(j for ptmmtcrnl prnd
uctl! iFJ wutcr. Wnter of suitoblc quality for 1iort1nt-crnl ad• 
mi)tiatrntion mm;t be pn~p11nid ciihor hy distillation or by 
r,,w.ri1e o~tnO(ji1;1. Only by l,h<l~e m c <lll1$ i" it poosibfo to "lll)f.l· 
rote 11clequal,(1ly vorio\tlj liquid, 1rai. nnd 1,,\1lid con\;nmh\ut-ing 
KUb&tt1ncoH from w;1tor. 

Pr(!pamti.on. of WoLl!I' 

111 ffe11eral, tt co11vont.io1111\ st.ill consi1,l.ll of 11 boll<ir (ovnpo•, 
rotor) coota\t1Ulf( row wnter (di11t.illrmcl), 11 ,murce of heuL tu · 
v11porize the Wi'll;er in the cvnporafi)r, n hc111h1pncc 11b<>vf1 I.he, 
lovol <>f dil!tillnud with eondenaing a\lt'l'l.l(':OA fo1· refluxing the 
vapor nnd t-hereb:v ri:f:urning nonvol11Lile impuriti<Jis Lo t.ho 
dibtilland, a meAn11 (or l'.lliminating vol.t1t-ile impurities bcfo~c 
tho hot water vur,v1· is r.ondonsed and a 1,011denfl"r for re.mov
ing tho hoot of vap(1riz11tio11 1 thereby converting the water 
vapor lo a liquid dlstill1,to. 

'l'hc., specific coMtrncti<m fMtu l'cs <1f a 11till and the proce~~ 
llf)Ocificotiom1 m11rkedly will nffect the qut1lity of distill11te 
obt.Ainc,d from n ~till. Those roquhcd for pi•odvcing hilfh• 
puril,y wntcr, B\lch 1111 Wator for ll1jcction USP (WFI), m ust 
be conaidorably more t1~ti11110nt than those reqoirocl for Puri, 
ffod Water USP. Am<mg tho f11cto1'!-I th11t, m1i1:1t b~i consid .. 
ernd ar<1: · 

J. ' l'h~ qu11li~y of tho ruw ,..,aLor wm nrraci the qunlit.y oi' Lhu dlot.ill111,1. 
It mny oo ncc=ry tl111L Lho row wnter Ile fiN!I $OrtcnNf, d~ionr1,()d ur 
tr~oL<KI by ""'CU<> 0Kmo1iK ,., <Jbl,.lr, ,, rtn11I cliKlillnto of ndm1\lntc quolity. 

z. 'l'hP slto o( Urn (1v1111oro1or will offcct Um ,:fflt!foncy. lL Nhoiilcl Ix, 
lnr((c \Hl(>IJKh to prnvid(l II low Vi\l)r>r volod1.y, tlmK rcd\leillr, l.lui <!llLl'llin , 
ment of tlw di~1.il11111tl e!tJ1N· M n film 011 vupor buhhlnK oi· n• Ncp11r111,,, 
droplot~. 

3. 'l'ho l1ufClc,, (<X>t\denaing surfn01.'II) determine the cl'fecu,•oi1ci.s of 
roflt1xh1R, 'I'hcy aho11ld be de,ignod lo romovo ofridunLly the enkllin
mon t nl. optimal vt,por vol<x;iLy, collC(lh1« 01,d roturnh1g I.he hc~vu,r 
drvplot• coutomin11tud wi1J1 th<! diMtillnnd, 

1. Hudi~r,c,Jvi11g volntilo impuritio~ j,1 t.ho ,li,.i illntc rcclucus lb 1>urity. 
'l'h~r,,furo, lh<.>y Mho\lhl be ~Cl>Omlod omcionlly frvm th~ hot wat.cr v111>or 
nnd oli111111,11<.11l hy uipimHna t.huu1 to tho droin or vcn\111K tl•cm 111 tht1 

~I m0t,pl1Airo. 
5. Contnmination uf the v~l)M ond diMtillnt.c. from lhc ,nt lol ports 11f 

the, still cun oceu,•, l'l'OKont etondnnlf for hiz(h-purit.v ft til11 MO thnt all 
purt~ ~tml.m:totl h)' tho viw<11' or diktillnto should bo QOJl~lr\tt.tecl of1t1t,LKI 
couLod with pure: ~in, !l01 or 316 ntololc~u b\<tcl or r.ho111ic<1ll.~ r~K•Klmll. 
~IJ.\~~-

'l'ho doeign fcature.i of a ~till also influence its, efficiency of 
c,pcrotion, rclntive !hiedom from mnintcnancc problems or 
oxtont of outom1.1tlc oporntion. Stills may ho co1•~tructed of 
v11ryh1g oh:o, ratod 11<:t:M<ling to tho \'Olllmc of di1Stillnte that 
con be produced pur hour of operation under optimum con• 
dit,ions. Only stilltl dr,aignocl to prodm:c high-purity wnt,or 
moy be conBidered fot lll$8 in the p1·oductio11 of Wl•'T. 

CcmvcmU01111l commorciol 11tilltl dosi11ned foJ' tho prod\tC· 
tie►n of high-puril.y wotc~r, Huch a~ showll i1\ l~iti 84-1, aro 
av11ilablc fr<>m ~ov11ml ~up1,fairi,; (A MSCO, J~arnstead, Cor
nin11, Pi.nn.-A9w1,, Vaponics). 
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Flo o~-1. Hl1Jh·p111·Ity i:1111 ond ~oolod wutor-atomuo :;ystom. A: 
ovoporator; B: hlgh•I)urlly b111110 lll1il; 0: con(l,:,,naor: D: stomoe 
1.:i,11< with 1lltr1.1violot ti1mp; £: control panel (courtesy. Clt>o-Goi(Jy}. 

Cornr11·0s11ion Dii;t:i)lution----'l'hc vnpol'•<:ompr1:ssion 
stil.l, prim11i-ily dc~igr\c<l f,:,,r tho production of lat1<<• volummi 
of high•1~urit.y dit1tillale with low 1:on:mmpt.ion of cm!riiY 1i11d 
woter, i~ illoatrntod diagramnu1tic,11ly in Fig 84·?.. 'l'o 1:1forl1 

the feed water ifi heated in th(! (;Vi\porntor t.o boilinn. 'l'he 
vnpor pJ'odu<:1,d in the tubel.i a,; l!1,pfin1ted from the entruinod 
distillimd in the sepnrn.tor and cmivoyod t.o a ,:ompra~S<)I' 
w)1ich <:ompr<!~ije~ the vapor 1111d n1i~cs iti: tcmpernt•ire r.o 
111>proxim11l:cly 224''F. It t.he11 fl<1w11 to the 8te11m 1:h<lat 
where it c.:ondc.H1f!oR on the outer $I.Ufn11<16 of ~he tubes col)· 
t~1ini11" the diij1:illt111d; thereby the vu1>01· ik <i<,ndcnscd nnd 
drnwn off ms 11 dir,ti11~1tc while givi111; up it~ ho11t to bring UH~ 
cli11tilln11d in l,he t.\lho~ to the boilin11 point. 

Vo1)m• .. compni11l!iun 11tills 11re av11il11ula in (:npncitics from 
f>O to 28001~ul/lrr (llqtt(1--Chem., l:Ja1mitead, M,u:o). 

MullJ.plc~mtocL SUll11---'l'he mull.iphHiffod 1.1till 11lso ii, 
,l,,lli1:11ccl to c:on:sc.!rvll (?t11)rfcv and watm· u~u{(c.,, Iii principle, 

~ . 
Fl!! 84-2. vnpor-comprosslon stlll, 

it is A imply n aoria11 of singlc-cffoct titillij running at <lifferh1R 
prnlls11rc.1$. A !:!1lrioa of\1p f,o sevc11 effo(:tH may be used, with 
the fil'f!t cffoct. opllmt.ed nt the highcr;t prr.@urc and UH, lo~t 
effect at,. atmospheric preiisute. Steom from nn externul 
somce i1:1 \U1ed in 1;he fiut effect l:o gc,ncratc Btemn umhir 
pressur<, li·om ruw wo.ter; it is Ullt'!<l na tho power source to 
drive the aecond Qffoct. The Hte1im llll<.ld to drive the second 
effect comienseH 1\8 it i:ives up il:lt heflt. of vaporhmtiou nnd 
forma 1i di:1tillato. 'l'hil! pro1:c.ie~ continues until t.he lt\tit 
effet:t when the Atenm is at ntmosphel'ic: pressure und mu6t 
bo etmde11A<ld in II ho11tcxclumgor. 

'rhe cap1inity of. u multiplo-cffoct :1till cun bti incronsed by 
11dding offocts. Tho quality of the disUllattl al,:;o will be 
affoctod hy t.he ill illt!lwom prcllliurc; thus, u 6OO-gul/hr unit 
d~i,:;i~nod hl opernte af. 1J Ii, pHig ~too.m J>re~~m·o c:ould h0 run 
at oppr<>1,imuUily 5!> 1mi1111nd would deliver llUout: 100 gnl/hr. 
'l'hll$0 lltilh.1 h'1VC no moving 1>1)rlll ond operul.e quieU.y. '!'hoy 
nre nvniloble in c11µ11ciUe~ from nhout. r,O Lo '7000 gul/hr 
(AMSCO, I3arru;te.acl, Vi,m-Aq(w, Vhr111nics). 

Reverse O~mo1d11-.. Hcvc,mc 08rnot1ia hull hmm ndded by 
llm USP ns a ,ruith()d suitable for p,·cpf.lrinr: w1;•1. As the , 
name auggcst.'I, the 11nt11ml process of 1:1ehH:Livc pormcotion of 
molo1;11l(1a through o amnipcrme11ble membi·111w ilap11rnti111.1 
two •lq\11wu~ solutfona of cliffcront conccnt.r1ltiona ill re• 
vcri;<.'d. l>n1~llure, u8uHll:V betwocn 200 t111d 100 ps,ii::, iR np• 
plied Lo ovorcomc oemol,i(: pre1111uro 1111d force punl w1\t<ll' to 
petmeutu through the membrnne. Membrnnea, u1mally 
compo~ed of celltdose eBt(!tll <>r pc,lylllnide.~, nre 8elc<:tod to 
provide on l\f'ficiont rejectio,, of c:ontnmin11nt mol~)(111l1,i1 in 
rnw w11t.lll', 'l'ho molcrnlcs mol!tdifficult to remoV(! tin! $m11II 
inorganiti Oll08 such 011 so<liutn chloride. Passage tl1rough 
two membr11111)$ in aoric.:s is aomc.~Li,irne uaod to increaae the 
<:ffi(iicmcy of rl\movnl of tlivs11 1m1ull molccule11 nnd Lo do
c.1rMM> the risk of11t..roclurnl foilure of11 mmnbrane to nimovc 
otb(li' co11tnminunl.1;1, 11uch a8 bncter.i,i ,rnd PYl'OIJt!lll!, l•'or 
t1dditio11nl informution, HCO Reu<!l'~<i 011mosi.~ in Chi1pter 77 
(ind1tding Fig 77-14) ond Wale,· in Ci111ptom fi(i und 8~l. 

Cm·t·cntly, r:xt,enniw v11lid11tion is continlliti~ to <lo f.ormine 
whuthcr, in fact, thi11 mol,hod is capo hie of com1ii;l.ontly pro• 
d1.u;ing high-purity w«Uir of 11 Qu11lity cqtttll <JI' ~111>erior l.o 
t,hot producible by diijt'11111tio11. Reverse o~mor;is Aystcms 
1\l'll 1,v11 iloblo inn r«llKtl ,,f. J)f(l(h1ction si¼cs. (AMHCO, Aqua• 
Chem, J.'im1-Aquu , Mcco, Millipore, etc). 

Wawr fm· lnjedi<m USP 

'!'his ia a high-purity wutcr inUindod to ho 11110<1 n811 vehicle 
for inj<,c~b)() propor11tiorn;. Stl!X·il<J Wnttir for Injection USP 
{SWl?l) is de~cril>od iii" S(!J)t\rnte monogrnph nnd diffon1 in 
t.ha◄. It, i1;1 int:ondcd ns a paclmged 1:1nd 111~,riliiccl produ<:t, 

Sto:ragc---lf Wl~I cannot he used imm11dintcly ufter it is 
produced, the USP ponnitll stornge nt ro11m l;(,mpm:nt.ure foi: 
a period uot cxc.:eeding 24 hr or for longt!t 1>eriods at II tom• 
pernturc too high or too low for microbial gmwth to occur. 
Thcrnforc, wtrI uimally i~ collected directly from the re" 
ve1·se-osmo~is unit: or a still in II closed 1,1_y$tem designed to 
prev0n~ rncontaminution ~lf the water 1md to hold it ot a 
conattint tcmporat.ure of 60 t(I 8O°C. The r;ystcmi rnay nrnge 
from fl rnlntivcly smull lli1.11~lo atorogc tt\ltk with a (\l'nwoff 
»po1.11; Wig 81 .. J.) too vel'y large ~yi,tcm holding !lever{\) thou• 
11ao<l gnllo1111 of wat.cr. '1'1!(1 1,t1)inlcss-11tcel tl\nk in (IUdl t\ 

1:1y11u;m 1,Jijunlly is connectod l e) o welded 1:1tainlcs!!·lit1~11l dis• 
tribut.io11 loop nupplying tlH1 v,1rious use sitett wit:11 ti conLinu• 
ouHly circ1.1hiting wawi· t1UJ)l>I.Y, The tank is µrovided with o 
hydrophohir. memlmme vent filter ct11mblc of <ixc.:luding lrnc• 
torin ttttd nonvioblc p11rt11\ok,to 1n11Ltnr. Such u venl, filt~u ii; 
nc(:Mi1<1ry to pormit. clu111geH in pni~:il\Jl'tl during filli,111 irnd 
emptying. 'l'he conHLruction mnt.orinl for t.hc Lnok ,md con
noctin~ lines is usoolly oloct.rnpolishcd amt, HIJ1inlmi.~ :1tecl 
with hclinrc weJc.11,d pipo. 'l'h!\ tnnl<H nlso rn,i,v h<l lined wiUi 
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glMs or II cooling of pure tin. So<:h systeJ\'lij ut'/.l VAt'Y corol'ul• 
ly desir,ned 1111d conat:ructed ,md often constitute the moat 
costly hmtnllatioo wit:hin Uio plnnt. 

When the water c11nnot be U8ll<l nt 80°, hMt <:llchongel'.s 
must be instttllcd to reduce OH~ tempornl:lll"G IIL tho point of 
use. Bacterial ri.lt<•ritive t'iltel:\l ijhould not ho inatallod in 
such syst.cms becaU!le of tho ri1:1k of bacterial buildup on tho 
filters and the CollKliquentinl rclouso of l>)•r1)f.\'(llli11 e,1b
stnnces. 

Pnrity- 'I'he USP monographs ))rovitfo stnndal'ds of pu
rity for WPl nncl SW14'1. A few of thuRe 11tand11rds rnq11i1·0 
comment, 

SWFI muiit mMt tho requirom(mtli of the OSP Sterility 
'fest, but Wl~l noed not ainco it i(I to bo u11ed in a product 
which will btt 1:1t11tili1.od. R1llh muij1, meot the re,,uir~m<mt:11 
of the USP Pyrogen '!'(lal (pngo 492). 

'l'h<l limil-6 for tut:111 Mlid~ vori,,a in the tw1.1 m4.mo1{rt1ph9. 
'I'he largor the "urfoco «niu (>( the l(l.Ma contt1i11er per uuit 
volume of witl,ur, t.lJ(l grt1«tcr the amount of g-lnss cons ti tuen tll 
thot mny be let\Cbed iiH:o the water, p11rticulorly durinr, t.he 
olevoted temparnture of stenm st.erili1.t1ti<111. 

'!;Im WFI monogra1)h stipulot:cll n maxinnm1 ,,f 10 ppm of 
totnl 1101id:i. This is gonernlly considered to bo much too 
hir:h to 1.1.aAure n quality of water thnt permit& th<1 FJt.abl,, 
formulation of 1nt111y drugs. A rolutivoly few met11llic ions 
prMeut oft,Hl (:an ren<lor u fol'lnul.ition unstable. There-

. fore, it: )ij common pr11ctice to 11et a limit of 0.1 ppm or le81c1 of 
ionic C()lltnminnntll Ollprosued M sodium chloride. 

Ionic conu.mintmt lovol is not the same as tot11l solids; the 
former h; a measure of only the ionic content, while the latw~ 
is a met111ure of the \mdil;l!ocintod ('.()nictitucntii ns well. The 
ionic cont.ent of w11wr 1:an ba mMsurod vory cusily by mc:nns 
of II conductivity mettl1· which fr<,<111ontly i~ uacd os un lmJi .. 
Mtor of the purity. 'l'he te11ult.a fir(, c1:iqmi~Aod in ono of three 
torms: as sodium chlorid<i iona, m1 rnAiAt.imcc in ohmH 01· 

mol'ohms or 1111 conduct.itncll in mi<:t1m1h1lil. Ohms ond mhoi; 
hnvo a reci1nocal relationship lo 0/1(:h othor, hut thay lll'f. 

rol11t<id to ppm sodium chlori(lo l.,y nn oxp(,rimontnlly d(.!tcr
n1ir1ed <mrvc. To give one poinl, of (:omp11riaon, 0.1 p1>m 
110,Iinm chloriclc is equal to opproxitnutely 1.01 mogohm11 
1111d 0.99 mi<'.romhos. It 11hould be m~ntfon"d th,lt cm1cluc
Uvit,y mooBm·cmcnts give no dirod i11dkntio11 of pyr(>{(OJJ 
w11t.cmt 1since pyrof',enB are undis110(:iatod organi<: com• 
poimde. 

Wfo'I tnl'IY not contoin an 11dded eub!!tm1ce. SWlrl mi1y 
contoin a bacteriostntic nuent when in contniner:; of 30-mL 
capadty <•r l<l&B, This restriction is dcsi1111ed to prevent tho 
udtnini1Jtl'atio11 of o lnrJ(l quantity of n hactoriost.ofa: a1{cnt 
that rm,bably would he t-Ollic in the accumulated omountofa 
forge voh1me of ~olution, ovon though tho concentration was 
low. 

'l '.1pcs of V chicles 

A<Jm~ou1:1 Vehicle1i-C11rt.ui11 uqucom1 vchides t11·e 1·ecog
nized officially becnusr.: of \:heir Vil.lid uae in pnrentornh,. 
Ofton thoy are ueed 011 i111.ltonie Vllhid<l~ to which rJ drug mny 
ho ncldod ut the t,imu of admilliattation. Tho odrlitimml 
oiunotic effcci of th0 drug mil)' l\01, be onouirh to produce ony 
diKcmnforL wh(~11 itdminist~rad. ''l'h(lllt\ Vllhicfo" incluclo So
d imn Chloride Jnjo(,i.ion, Ringor'8 foj11ction, D1ixt:roae Jnjcc• 
I.ion, D<:!x{.r(>8(:! ur1d $,)tlium Chlorid1, lnjoct,i011 1md L11ctnted 
Ri11g(!r'1;1 lnj(i(:l.ion. 

Wntel'•Mil'lciblo Vehiclc1:1- A nu1nbot of 1:1olvent11 Umt 
ure milidhlo wH.h wutm· have bl.loll UM<l us n 1,ortion of the 
vohicle in l,ho. form\1lntion of par1,ntor11h1. Tlle1:10 f!Olvontll 
are u8ed primm-ily t:o 0ffoct lfoi 11olubil it,y of certnin drngn 
and to rodu<:c hydrolyllil!. Th(, moKI. impo1•t:nnt solvents in 
~hi~ gr{>V)) 11ro ethyl nlcohol, polyothylcnc clycol of the liqllid 
s1,~iM t\ltd propylene 1:lycol. 1,:uwl nkohol i& ueecl particu• 
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lnrly in the prep11rnt.ion (lf ijolutions of cardinc gly<;()liidoa ulld 
the gly◊ol~ in Knh1ti011B ofhnrbitumtes, certain idkaloida 1u1d 
certain nnt.ibio(.icl!, Such p1·cp111·otionll ueually nre {(ivon i11-
tl'11musculnrly. 

TheHo solv<mt:11, M w<>.11 m; n(11HtqueouH vr.hiclc11, have, h"cn 
reviewed by Spi<•1~et 11nd NoMiwm-th.y.6 

NonuqucouH V,,ldeloi;.,..,!fho moat impm·t1m1. grouJI of 
nonu.queous V4~hiclcs lire the fi,rnd oils. The USP provides 
11pocificatio11B for a1,1(:h Vl1hiclcs, inclkntinr, that Uu, fixed <)ilt.1 
1mmt be of vegel:l1hle origi11 f!O th11t th11y will he mctu.boliz11d, 
will he liquid nt t'•><m1 tempeirnturt> and will noL b<•<:()rne 
roncicl t'Mdily. 'l'ho USP 11lao apecil'ioll limit11 for lhe degree 
<>f 1111~nl:11rotion nnd ftee fot.t:y Mid content. 'l'hc oils n10,;t 
1:omrnonly used nro 1!0rn nil, cntt1mKced oil, 1>cinn11t oil 1111d 
11c11amo oil. It should bo notc,d th11L the ofl'iciol monographs 
for i,omo of these oilR pl'ovide for 1irontcr latitudr. Uum the 
1Jpccific11ti,)n11 1·oquirod for Lim uKe of tho oil M a vohicle for o 
parcllternl. 

llixed oil1:1 nre uaod purUculnrly us v1.1h iclcs for C<Wtain 
hormone ptep11r11tio111;. These ond other lll>llltqucoutt vHhi
dca, tmch ns ethyl olMt.e, i~opropyl myrfat11(.1~, nnd lmn1.yl 
ben1.onte, mii.y be 1,1ij1id provided they are ~ofo in the volumtt 
11elmi11istcrcd nnd do 1)01, in1.1~rfore with the \.hor,wcutic ol'fi
c11<:y of the prcpnmtion ◊t with its rcHpon8e to pr<>.sc1·ihC1d 
uaaiJ}'il find lr.8t:i. The lubcl nlHo mu!!t ~tnte the 1111nit1 of th<i 
vehidc ~o that the ,1ser 1m1y bcw111·c in c11se of krniwn aonsi• 
Llvit,y 1)1' ot.h111· rcmction!! to it .. 

Solutes 

'fhe rcquirl!mtml;a for purity of the mc.dici11t1I compo1.md 
used in 1.111 h\jcetio,, ofton mnke it neccii~11ry Lo undcrtt1k1i 
s1>ccinl purific11tio11 of Orn uimal chemical rrrnde av11ilabfo, 
In a few i111:1t!H)C<,~. 11 apcicinl pnrcmternl grnclc of o compou11d 
i1111ve.ilable, for exumplo, 11s<;<>t·bic acid frc,od from nil trtlC<.'18 
ot copper cont11mhrntio11, Aa n geuornl 1·11le, the best d1omi
C11I grodo obtainable Bhould bo U$ed, It ~houkl be obvious 
that. if n fow ppm of ionic (:(>Jll,111n ino111.s! in WFI mny CUllij(/ 
atnbility problems, a similar level of 1:0111:1.;minotion in Uw 
i,oluLc, its1pJf m11y, lilu~wi11e, ,~\111:le t!l~\bili ty problems, M1!\.al
li(: ct.1tl!lyHil! of chcmicol rn11ctiou11 iH one which ia CJ1e<1u,1-
t(!l'(1d frequently. 

Other f11ctori1 to be c<>nllidcrcd wi~li r()l'IJ)Clct to l,hc (ltmlil,y 
ot ~vlut.c~ indudo the level nf mk1•oblol (11·1d 1>yrogcni(: con·· 
twnirHttfon, ~olubiliLy du11·11cto1•i1j(.i<;s 1t!J c.ktomiined hy IJw 
chomicnl or phy11icnl fol'm of the co1npound tmd f1·1111(ic.11-n 

from iroaii dirt. 
Addtid 8ub111:a11ce11-.Thc USP i11cl1.1do1, in this c11l;u1;ory 

all 8llb~t.1\11cel! ndcled to n prcpomtion to improve or 11nfo
gu11rd its qual ity. An ndd<-id i:uh8tnncc m11_y 

Bffcci ~<>lt1bili1.y, ~• ""'"' ,odium bonl'.011to in C11ffcin~ uml !:,,,11\i1nl) 
11~111.ont~ lnjocliou. 

l'n,vldc l>lllient (X,mf<,rt·, n~ !lo aubKl1111c<m nd1)1,1I lO mnlw •• •11lu1.io11 
)8t)1.( Hlic, 

l.~11h,111cc Lh<'! diemic,il •t11biliL~ or 11 ¥1.>lutiv,1, ,,. do nnlioxiifon la, inert 
1:nKuH, chul11Uni: 111;u11\ij m,,t 1>,11'for.. 

l' tMtrYI! 11 1irnp11r11tion n1iui11al, th11 ~rvw(,11 ,,f micn11,ru,u1iKm~. 'l'llc 
l~r·m "prosurvntivu" •0111,,r.i,r,(,1: iK I.\Jlpliod m,ly to tho~c1,ub~l111w41~ whil\11 

l>rvv,;nt. U1t1 ~rmvtli of microorr,u11i~1n6 ill c, J)l'\:J)llrutiv11. H,1wever, ~u"11 
imitod 111R1 iu li1c111pr,11,rl~t•). ])oing hou.er UKt•d r<•t· e1ll •uh6t~,11,~i~ 1:h,,t met 

lo rcln1·d or pr~vont the chcmfonl, pby,;ic11I ,,r hiolu1:lt:11l ch,r;md11ho11 of 11 
prcJ)urRI ion, 

Whilo uddod Huhst1mcc11 m1ty pruvont, 11 1)(ll'l.1)i11 l'(lllction 
from tukini; 1,lnco, they m11y imhrco othcn1, Not only 11my 
vhiiblo h1(~)mpulihililicll occur, lwt hydl()lya ia, com11lex-
1tti(1n, 1)llid1\(:io11 11nd other inviijibl,.) 1·eudiom1 may decom · 
po~o 01· otb0rwil)c innct.ivnte t.he t.hcrupeu1.ic ugen1.. Thc>•(;
l'ote, nddod $Ubstonccl! mm1t: bo 8!llucl:1nl wit.Ii due consider· 
111.ion 1111d inve~tir,utiou of t;lmi r d'fcct <>ll (,hi! t.otul formuh•· 
tion. 

I 
' l 
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Ant.hnlcrobinl A11ontll• .... .'J'ho USP states that 1.mtimicro
bi11l agcml.s4 in bnctcrim1t.at.i<: or fungiatatic conc<mtrntions 
muHI, i10 11ddod to prep11r11tio1111 contained in multiplf1-dose 
containora. They must be proscnl: in adequllte concentrn• 
lion 1n 1.ho lime of u11e to l)r(Mlllf. the nmltiplicolfon of 
mic.ttiO)'g,mi1nn11 inndverwut.ly i11t1·(,d11ced into thti pr(lpnrn• 
tion whilti withcll'uwiug II por~ion of the coutt'lnl~ with 11 
hypodcmnic needle (Ind 11yrin1.;11. Among th~ COl)lP~>l.llldfi 
mo~t truqucntly employed, wit,h 1.h<>. concentrnt.1011 lm111. pre• 
~crih(1d by the, USP, 11rc: 

Ph<111ylmnrmric nitrnte nncl thh11\,rOs~l 0.01%. 
B<1m,<'thcmiurn r.hlorid(> u1)(1 hP.nznllm11iulll d,torfrli, 0.01%, 
Jlhenl'II ,ir crP.si,I 0.1;%. 
Ghlorobu\l\llr,1 O.~%. 

The 11bove limiL i,; rn1·cly Uijed for ph{lnylnrnl'c:uric nitrate, 
most frequently baing employed in A concontration of 
0.002'it,. Mothyl p -hyd1·oxyhmw.011tc 0.18% und l)l'(Jpyl p .. 
hydtt>xybr-:nioato 0.02% in 1x,mbinati<_>n, aud btm!t.yl _nlf.C>hol 
2% uh,o 11re um:d fn,quent)y, In olMgmous p rel)1mlt101111, no 
unt,ibi-,u;tMinl ngcnt com111ouly omployed nppca,•a to b(l ijf!'oc .. 
tive. Howt!vcr, it h111:1 hu1m ropnrtod thut hexyln,ij\l\'(!11101 
0.5% tuul plwnylmcrc11ric bc,n:t.v11tc (1.11.1'0 arc moderntely IJ(IC:• 

tericid1\l, 
Antimicrobinl ngents mu11~ be l!!,uc:lil,d with rell1>cct to com

patibility with nil othel' com.pon<1nl;l?. of tho formuln. ln 
addition, t.heir ;)c:tivir.y must be evnlm,l,1!d in Urn total formu 
ln. It is 1wt 1uwomm(111 to find t.hat !I pH'l'i;i(:ulnr ol{ont will be 
offoctive in one formulation hut ineffective in 1rnother. Thle 
mny be due to t,be el'fect of vm·ious component:8 ol' tho formu• 
lo. on the biologi(:11) {H:iivity or nvDilubilit.y of tho compound; 
fol' oxnmple, the binding nnd inactivation of eet<,r11 of P· 
hydroxybenzoic acid by mM:romolecule~ sut;h mi Poly!lorh.~lc 
80 ()r thci reduction of 1>h1111ylmcrcunc mt.rate by aulhde 
r1:111id11<11i in rubber doi,ur<l(I, A physical rcuction 1.mcoun• 
ten~d i(I that bacl.eri01:1ta1.ic n1ronti, oomctime11 urt1 remov<id 
from r;olution hy rubber cJ()JlUl'(, 8, 

HuC(or11 ore used primarily to atubilizc o llolution agtti11at 
the (:hemk1~l dogrudntion thl\t. mir,hto(l(:ur if the pH cluu11re1; 
appr<iciohly. Buffer systemH empJoy?d s~ould normally 
huve mi low 1l huff el' c:apt\cit.y ,lk 11111111 hlo III order uol, to 
dit1turb i.il{1\ifim111Uy Urn body buffln• i:;ystcms when injected, 
In nddi\,ion, the buffer rangt\ Md offa<:t. on the activity of tha 
prod~l(:1, ,nm,t ho evuluuted carol'ully. 'l'h1) 11cld 1mltl! moat 
frequently employed ns buffet$ ore dt1•11l~11, nectntes on<l 
phosplmtell, 

Antioxidul1ts ill'<! required frequently to prcRc1·ve prod
uct.s becl.l\lBl; of (;ho Mac, with which many drng~ rm1 oxidized. 
Sodium bisulfite 0.1% iii uned mo~t frequ1mtly. 'l'he use of 
sulfite11 httiJ been roviowed by Schroeter''. Acotono 11odium 
bisulfite, sodium formnld(lhydc Eulfoxylat.e und thiou1·eD 
1ilso arc used 11om.etimoa, 'l'ho 11odium salt of cthyl(medi
ominetctrancetic acid hau b<1im found t:-0 enhance th(l uctivity 
of antfo,cicfont>J iu sOm(I <:111,ai:;, oppnrontly by chel11ti11g mo• 
t:nllic icm8 !;hut would otherwia(I cnt11lyzc the oxid11tion r011c• 
tion, 

Pyrogens 

Pyrogen~ 111,1y ha ontidpoted conwmin1mte in crude 
drng~, !<!Ucb u~ ,111tibioticf. (lWdll(!ed by fermentation, or they 
mny be prn11ellt M 1111cxpcct1>cl imd \H\Wllllt!ld conltjminonts 
in a finfohed 1.wodu1:t 1w u l'c~ult of in11<htei•t<int contnmino.• 
tiou dtninf.{ r>r0<!(10~ing. The formor mw,t be elhninotod 
during the pmific11tfon ~tepu of the drtig. 'l'he latter (:nn be 
oliminate<I best by pr<wonting their introdu(:ti<in 01· duvc,lop
ment during the pr0<:11$~. In gcnoraJ, Uic proAoiw~ of pyro
gcn8 in 11 finished p1·orh1ot iR indicntiv(! of prcpnrntion undar 
inadequutnly controllod clcnu co1\ditfon1:1. 
Pyr◊gen1:1 c1n1ao t\ fobrile rouction in humon bllingi,. Other 

eym1>tom11 include chills, paioa in tho bndt ond logR and 
mnlai,w. While pyrogenij nro rarely fot11I, thoy produce 6ig• 
11ificont diRcomfort for t;he pntient. On tho othor hand, 
pyrogens hove been ahown 1:0 induce a gcncrnl nonApecific 
roaiatunco to microorguni1:1m1:1 nnd, <>11 thif! hasiH, h11vo been 
uuod thompoutir.ally. Recent findilll,l'ij indfooto that bact.cri• 
f.l.l pyrogo11u, whc,n h1ti:od\llled info t.hn hody, ~timulnt.c the 
production of' nn endogtinoua (loukocyt:ic) 1>yrogcn thut 
MUAO!I tho fo.milinl' phy1:1iologit:l:\l rAfll)(Jnl'j<-iM, 

Pyrr,1,1011a 1,1·1, produc~ of the, ,;rowth of microor,;11nh1ma. 
'l'ha m(11:1t po\;~nt pyrogenic i,ullllttmceij urQ proclucod by 
Grum•11AKl.ltivc! hnctorin (endotoximl), but, Grin,i-po~itivc 
b11dt1rin nn<l fungi o )90 produce pyrogcmic: auhal~nco11 of l08n• 
er po!,{11>cy. Ch(:rnir.nlly onrlotoxins have l>el!ll ~hown to be n 
1,hol!plwlipid attoched ton poly11acchoride c11tl'ler. 

Pyrogens can bo dOR trnyccl by honting at. high tempera
tures. The recommended proc<:clmc for depyrogcnt\t.ion (>{ 
gln8Bwore nnd cquipm<mt. ie h4oating nta temperature of ?.50° 
for 45 min. It lmtt li(!on report.cd thot <s5(>0 for ·1 min (1r rnnv 
for 4 hr likcwi3c will dootroy pyrogcns. The ut1u11l aulioclov
inr, cycle1 will not do ijQ, Hen ting with Rtrong ulkuli or (1xidi11,• 
ing solutiouo will dellt;roy pyrol{cne. It hos bocu cloimed that 
thorough waHhinJ( wi\.h dotor!{tmt will render f,llls~WllN> pyro
gen-frce if protected dttl'ing mo.nufoctul'o and storttKt' from 
h(itWY pyrogouic contominut.fon, Likewise, pla~~ic contnil~· 
e.ra n11d devicoA muHt be protecl:<:d l'rom pyrogemc contanu
n11tio1i during manufacture irnd atoragc einco known wuya 1,, 
dcat.-roy 1>Yt<)l{ons will nffect t.he r,lnatic ndversoly. It hatt 
beE!ll report<1d that anion-exchimge rli$inii will adsorb pyr(>· 
gem~ from wut.ci· and rcveJ·11e ◊~moale will nliminatc them. 
However, the moHt rcliahle method for theil' oliminatioi, 
from water ia distillo.tioll. 

A method that hoij heon uimd for the remov!II of p)'i:o,ieus 
from solut.ion8 ii. ad~orvtion on adsol'J)tive age1itfl, Howov• 
or, since Lhe ttdBorptlon phonomonon ulijo may c1H161l aoloe• 
tive rcmovul of d 1t\rnic1il ,;ubstonccs from Clll~ 11ol0Lion and 
t.he filtrate n1ay be contnminot.od with the al,(ent, thia moth• 
(J(} hoH limited 11pplk11ti1.1n, 01,her in-process mct,hodt1 for 
their clostruction t.ir elimination indude ,iclect:ive l\)(\;ructim1 
pror.udurc8 nnd cnreful hMting with dilute: alkali, di1111;<1 r,dd 
~w mild oxidizinff 11gcr1ts, Jn co.ch inBtnncc, the met.hod mw,t. 
be AtucliC1cl thorot111h~v tv be aure it. will not. have (Ill t1dver~1i 
~~ffcct on the conBt.ituenf.a of the product. New develop
mont!l in ultrnfiltrnlfon now ml\ko pOA!liblc J>yrogM separ11• 
tioi1 on f.l. molcculor weight. ha~h:1 and tho process of tnnRell· 
tit1l flow inercnsingly is makiug lurt(O·l:lclllc processing a 1·eali· 
t,y. 

Sourcos of Pyrog~n8- Pytogcns mny ontor n pre1)111:a
tion by 1my mcnnB th11t will h1t.ro<l\1cc, living or doacl microor· 
ganiB~~. Porho.ps the gre11test poleutial Murce of such coll· 
t111ni1mt.fo11 is the wotcr used in proces!!illK, Ah.hough prop
er db1\:ill11tion will prnviclo pyrogen-free wator, ~torage 
conditi1)lla muet be eueh that microorg1mi11ma a,e not intro .. 
duood 1111d (l\1b1w1.uenf: growth is prevented. 

Another potential sou1·co of contamination i11 <~q\1iµment. 
Pyrogenic m1t~ri11le ndharn 11tro11gly to nh1"111111d 1>ther aur• 
faces , ReKidue11 of solutionfi in unod equipment, oft.on ho .. 
coma hnctcrial cuJturM with auhaoquont pyrogcnic contt11ni
n11li11n. Rvcn wnshed equipm1mt loft wet nod cxpot1ed to Uui 
iltmosphorc may contt\irl 1:1ufficicmt nutrients for mi1'.l'oor-
1.1'tmi11m w1·owth. Since dryini< d\l\iN not: <fost,roy pyrog<in", 
they mny romllin in equipm<int t'or long periods. Adequnl:<{ 
wnRhing 1Crcntly will reduc0 1111d $\lhflequent dry-hN1t tr<itif:. 
mont will rondcr contomlnotod oquipment Kuitnble for uso, 

'l'ho smlute moy be a sourc11 of pyro!l"mlM. Solutes rnu:v b(i 

cry11tnllil',Od or p;ecipitated fr()m .nquoou11 liquid~ cont1iinir11; 
pyrogcnic contnmination, In the proceus, pyrogetla lnl:IY bo 
t1•opped within the parUch1 lnyors. In such co.lle8 tho iioluto 
must he purified by re1~r.veti.lliv.ntion, pi:er.ipitate WllQhing or 
other mcnnll of <1Jlminnting pyrogcns. 
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The m1mufacturinr, proc<illll mual, be c1trriod out with .l(roat 
cnrc and RI! r111>idly "" J)Ott~ihlc 1.,, minimize the l'isk <>f n1icro
binl co11u11ninatio)1. Profori1bly, no m<>l'e J>l'Oduct should he 
1,ropured tht1n can ht, pt(>C~acd Completely within 011c work
il)ll dtty, includin1; !l\.li1·iti1.(ltio11. 

Containers 

Cont11i11er.s ure t1n lntegrul J)ur t of the formulntion of on 
injection nnd may be comsidenid o compo11ellt,, f<>r there, i~ t1(1 

contoiner thot. is totally iniJolublo m· doo.s 11ot in 11ome way 
affect the liquid it containn, p11rli(1ulnrly if the llqltid ii; 
(lfJUOc1us. 'l'horofol'e, the scloction ol' n c:ontainer for II par· 
ticulnr injection must he hn~cd 011 11 couoidemtion of the 
c<,m1>oeit.ion (){ the cont11ino1·, 11& wc,11 111; of tho solution, and 
the trc,atm<m~ to which it will be ttubjt1(:t.iid. 

'l'able r 1mwidea a g<meruliied compf.lriAon of the tlu:ou 
comp11tihility propol'Lie1:1•·· lenchin11, petrnMt.ion ond odsol'p, 
tion•-···Of contt1i))(?r m1\t.erinhl most, likely to h11 involvod in tho 
f1mnulntion of oquoous porontornla. l•'or\.hcr , the integri ty 
of (.he contoincr/clos11rn 11y11tom depend1;1 UJ)/.\11 /J. ~oriM of 
eht1rnctori11ties which dotorminc the effcctivcnee~ with 
which it ad1ievo& ij;~ role. 'l'hC!AC considerations htW(i bCH!II 
r<:viewed by Morton.8 

f'lastic 

'l'humwplMtic polymers hnve been c11tabli11hcd as puckn~· 
ing matori11lf! for 11torilo preparations such 1111 liuge•volumc 
parent<.wulii, ophthalmic Kolutiom1 und, i11cre1111ingly, for 
tt1l1all-w,lume parcmUlrals. For such u11e to be ,u:ceptuble 11 

thorough m1dl)ratnnding of the charnctei:i11tic,111 poteutfal 
1>robleme and ildv1:mtAga11 fol' U!\O must be dovoloped. Ono 
thorough rnvicw of th1i~c foctors relative to phnrin1~ccutlrnl1;t 
huij bee:,n p,•e1>ll.1'(1d by Autinn.0 He stnied thnt three princi• 
pal prohhm, 11rcae cidat in uaing thel\c motcri11!11; namely, 

-----···········-"·"•·"· .. ...... ·················-···-······ 
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J, r>crmoation vf vnpon, ,111<1 oUi~r molor.11IOM ih 01l,h1,r dlri•r-f.ion 
thmuuh th,, w,111 of ~htl plnif.ic ,:,111\;ii,ier. 

2. l,01u:hinM oJ' c:on•til.1u,n111 from 1.h~ 1>l 11Nlfo i111.<, l,h~ pro,lud. 
:I. Soq,Unn (nhsorp(.ion m1d/i>r Ad•orpt.ion} 111' drnr, rni1h,c"I°" or i,mu 

1.111 I.he., pl~•li<: lllM(1ti11l. 

PormMtion, the most extclll!ivc problem, mny be trouble-
1\ome b.v permiUing volatile colllltif:uonta or 11olcctod drns 
moloculo11 to miitr•ltA throUJl'h the Wtlll of' the contlliner to the 
out.aide 11nd thor(lby be lo11t. '!'he! revorr;e ()f this also mny 
OCt!\lt by which oxygon 01· other moleculea ml\)' p0rme11tc to 
t:he h\1,1ido of the 11011tl)incr fllld cuu!le oxidt\tive C>l' other 
degrodnti1)n of susceptible conHtituente. Lea<:hing may ho 11 

J>tobfom when ccrt.11h1 <:m1~tit11entg of the pl118tic 1nutorinl 
migrate illtl) the product.. 'l'hia pot<mtial 1>toblem Mum m11y 
be controlled by c11rdul f()rmulnt iol\ of the polymer mixture 
with a minimum of ocldit.iv(11j. Soq, tion acem11 to be u limit
ed problem ln the 1>nck,1gh1g of portiJl(.ornls nnd ill found 
moHt commonly in assoeinl.ion with polynmidcs l!uch nH ny
lon. 

Ono of the J>rincipal tldv1111tngoa of uRinf! pluatic pock11!!ing 
1t111tori11l!l i11 thnt they m·c not hrMk1ibl<1 os ia 8hll:la; nlso, there 
'" o ~uh11tm1tial weight. n1ductic.m. 'l'lw floxibilil.y of !,he low· 
dt!naity p<1lycthylonc polymer, t'or opht.holmic pr<!J>nrotious, 
m11l,os it. IWRRiblo to 8quoc:r.o the, !lidc, w11II of t,he container 
und diMht1rgci one or more drop1;1 wit.hout intrododng con
tuml11C\t,ion into the romnindcr of the., prc_,cluct. The nexiblc 
bng!:I of polyvi11yl chloride or !i<.:lo~t p11l,y(1l(di11s, current.ly in 
use for l11l'gO-V(1lumo intmvcnouk fluid!l, h,1vo tlrn ndd<id 11(!

vnntllge thut no nir intorch11ngc: i111·equirt.!d; t.hc flexible wall 
1dmply col111J>f!ef! -!Ill tlw solu tion flowa out of tho bt1g. 

Most p lm,tic malerinls hove tho <liMdvant11~0 that they urc 
notos clenr lltJ gl11811 and,lhorefm·<i, inapocl.ion of the contcut1:1 
is impeded. In udditfou, mnny ofU)()~t) mf1tminlR will ~often 
01· melt under the condit.ionf! of thonnul storiliintion. How· 
ovor, cornful selection of !,he, ph.u,tic used 1111d contrnl of the 
1rnloclove cycle hnt1 mude Lherm,11 Rt,11'ili1:,1lion of Komo prod· 
1rnt11 poR:;ihlc, luri:e·volmnc paront(lmlfi in p,ll'ticultn-. g1,11 . 

Table I-Comparative CompallbUlty Proporllos of Container Mat•rlals 

l.oi:I011111Q 

l>Otj)ll\11)1 
l:xtont'' l.onch11blOG 

Glt166 
BoroBillc11tt, All<nlina r.nrl.h ,md 

houvy n1otul oxidc,1 
Sod11-1imo 5 Alknlinc cnrth 1111d 

h(!U YY motnl uxidoK 
Pl11Htic: Polymer~ 

Polyotbyloi111 
l.owdon~ity ll Plnijticir.<:rH, 

11ntfoxidnnt• 
High don~ity Antioxidnnlll 

l'YC ~ HCI, C6l)O<:i~lly plnM-
t.ici,.01·~. mlHoxi-
ch1111.H, o\Jwr t1t11bi•• 
liioNJ 

P,:,lyolefh1ij 2 Ant.ioxidt111lll 

l'olypr<,tJ>'leia, ?, Antioxidunlil, 
l11brk11tH6 

Huhhor PnlymcrR 
Nnlmul nno.l (, H<invy motnl Hullll, 

rol(lted oy11t.l11.1tic lullri<:I\IIW, Y(ld\l,:• 
in11 n11ontis 

Butyl 3 H(1Bvy tn<!tnl Hnlta, 
lullricm1u1, X<•dt1,:, 
1111( lll{Oll(;J 

Silko110 2 Minim11I 

1' A1►i,ro~imnt.,t ist ltlCt o( I lu !, with '' .1., o& th~ l<1W(ta l,. 

gl<IOnl• 

0 

0 

Ii 

~ 

ti 

?. 

-I 

3 

l 

5 

Pormomlon 

Pot,)nlll\l 

Agonln 

N/A 

N/A 

Gaee~. wot.er vnpor, 
1)thor nioluculos 

ClMROS, wntor V£11)CIT, 
01,hcr m<llocul1iN 

UMoij, (1~11Qd111ly 
wator Vllf)Ot llrl(I 

othor 111oloculoij 

GM(lij, wu~r vupor, 
olhcr 11\!llllC\IICij 

Gt180ll, W/1(.(IY Vt\J)OT 

GnwoH, wnt<>r Vcl.llOf 

<lnH<IH, W11H•r Vl)(lor 

G·m111H, wnwr vupor 

Adso111\lon 
(!l(llOntlYO) 

Ex10111• 

2 

2 

2 

2 
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