mwany by of cHs_Ip(».rm:n,l byt anveo ad i g effoelivo stahalizer i
od ] T0 Wil bl i ltiony.,

Phvewmppenalienly, it i ol s et fezad fow 0 the treniat of
ehrauicoonstipatton, Taken with 1 ar 2glassestul of watos, i forns
aeoboidal solulion in the uppor allmeniney leaet Vhis golution loses
waler bn the cololy, forming agged that incroanes (he bl and sofiness
alt Hae seaad, The el e Blond, denaleont pod poniveitnling Lo the
pantraintmgingl teacl. Onea nopoeminl stond developn, Lhe dosp
shoultl bo vedueed to o level adegunte Tor maintennnce of good
fanelion, Althouggl is ks up woter trom Lhe gasirointontinad Gael
vniitar remddily, metliyleetinlane talilety hsve gouned foent impaction
noned inteatinal obsbeaction when tnben with o liniteed amemme of
wiler, 11 alwe i aned ano opical ophadishinge proteetant, in the form
of b o 10 sodubleny seevings as o aenificin] tenrg or o contach lens
sofution applicd Lot comjunctivi, 006 to 0,0 vads al o tme, Sor d
times o edny nn dnded.

Bones Uyt on logntive, bl D g, with water, 2 (04 Lo o day,

Bosuge Fopms Talielss 600 nyg Ophthabnie Solotion: 00
anel Vs Syeap: S.91 g/ ml.

Ocloxynol B

Palylosy: bdoothanediyl, o 40,088 Tetomnethy bt plen g o
Iayebrory -, Oetydphimog sy Potvetlosyathinol NIF XTI
Sy e

oy TR
Ly

(:.{: :)t" AT, O

Palyethylane ghyeal wnono|p() 8,0 tetmmethylbutyT) phonyl)
ether (200293175 an anhydrous Hguid mistae of monoe.p.dl,1A3-
Jetenmethylbuly ) phoust otlers of polyethylone plyeab in which a
warion Crom B Lo 1o, nd whieh has i nverage madecalme weight of
G, correkponding to She foemmla Gy Mgy

Freporation. by reacting p-01, 035 lotemngthybnt gl
with ethybone onidi nd olevatod temperatirm ander prosn: in the
provenee of NaGiH,

Deseription...Cler, pale yollow, viseons liguid, having a fsint addor
i w bitiay tna sp(:t‘.il’iu‘. pravily about LOGA pH 0 T 100 oo
setutiont bl

SMole ity Misble with witer, dlehol o neetone; saludile 0 bon-
wonn or toliene, insalublo in sobvent lwamne,

oA nonionic detergent, smalifier and dikpecsing mgent, It
i s dnpgeediont in Nitrofurazone Solution, See Polyethylene Giy-
cal 00 (pagn 1318)
Oleyl Alcohol

-Oetadimeen Uod, (25, Aol 85 tslax )

e LA EE [y

ST ST

(- 0-Octaddecon- Lol [140.2802) Gl (268480 8 misturo af
nanabarated and soturated ghomeloeulnrweight Jally aloohols
vonsisLing chiefly of oley] ateohal,

Preparntion- One mmotbed rooctn ethy] olenta with absolute
athanel nod myetndlic sodiv (O Sywe Coll 1 @88, 1960},

Do ription - Clenr, andorloms (o Dt yediow, wily ligoids ming she:
Leviatbe odbe e Blandd gaale; ocdioe valva lolweon 8 md 90; Ly roxyl
value hotwern 205 mwl 415,

solubilbity - Sohalibe in aleobol, ethir, opeopyt alobiol ar lijght min.
el oil; innnlubile in waler

Uspen A phaemaventie afd (omulnitying agent or emolliond).

Polyvinyl aleohol

Vinyd aleabiol polymor |960:2-40-5] (C140),,.

Piroparation - Polyvingt neotate w approximntely 58% bhedra-
Jwsedd g methanol-methv aeetate suiotion osing either minersl
aciel or allendi s nentolyst,

Doseription- - While to crenm colurid poswder ar jeanlog edosdo.
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Solulp ity Frooly nalubibe ity senter; soluGine ef foelod wore rapidly nl.
oot lova e LeTp ity e,

Ul A sumpending apeat and e 5o, oithar with or withing
the aid of noaaefactant, W comimanly iwsployed ng a Inhriecant and
Prodoectant Iy vavioun aphthelmic proparntis, sich as decongon
tants, artificial don and contaol-lons products (see poge 1H00),

Povidono

A Pyeratidineme, 1ethenyl., wmopolymes; Polyeinglperrolidane; [1V32

b [ TH A
| | 1o

U Yinyl- 2 pyreolicdinene palyiies D008-30-8) (CaHaMNOYL. 8 ayn-
thetie palymer consisting of Tineay vinyl 2 pyrrolidinone groue,
U deproe of volymericl i of wlinel results i polyars of varisin
maloculur weighits, Tt is produced commercinily monnoeio of grod -
vels aving meon modecodar weighta ranging Troim alwaat 1000 10
abwtr, 700,000, “Uhe viseosity of salutionn eomloining L% or foss is
anmontiatly the snmie as tint of water; solutions e gengenbrated
thaay 10 become moro viseuuas, dopeending wpon tha coneontration
ared e mmndeensdar weight of the polymer unod 10 eontaing 12 G 5%
al nirogen,

Propuration- - 1d-Butnnediol b dehyceagnted thermmlly with
the aid of eopgaer to p-bitbyroluetons, which o then veacted with
armonde to fornn 2epyevolidinone. Adedition of tho Inbter e aeoty
jeme yields vinylpyrvolicdinone (mononwer) which s polymerized
ety in the presenee of hydrogen peroxide nod annsenin,

Poseription W hite Lo erenmy white, vedordess powdon, by roncopi
BT im0 mebul i 3 e 9. } )

Solubility Salnblo i owaier, akeohol or ehlornfarmg msaluble in
ethor,

Unesi--A disprersing niel swspending apenl in phavsieoutieal
Pt Al s,

Fiopyiena Glycol Monostearate
Uetatbeamole avid, nusanasd ey with |59 eopuonndiul

12 ropnnediol monostearate | L3900 a migtuee of the pro.
pvloma glyeol monaoe aid dietors of ateic ond polmivie seitls,. I
aontaing nob lose than 80% of mabositors of satuesded Pty neidy,
chiefly propylone glyeol monosteniale (040 and propylena
wlyenl monapnbimitate (€2 ),

Proprration -3y roneting propyione glyeol with sleray] ehlo.
vidhe i ponuiinbde dehiydrochiorinafing enviconment.

Poswiption White, wax like sofiel or while, wpedibe beadn or
Tnkews wlight, sprecalse, Tntty ador wid tanley eonggents ol Towar
AS 5 e va e t et B saponitieadion vidae THAE 165: x|
endire 10 Lo A pesdaipe sidone pod meose 1l B

Bolubillty - Dliksdven in orgpande solveants auch m atouied, minerat or
fixed oils, Denzene, othor or pcetone; msobable in wodor but may e
dinprrned i Bot wider with the add of sl aimount of vosgy o (dey
windtade oo kv agent,

Usien--A seeefaerand, 10 i particularty wselul ns g dispeviing
agend for perfume oils or vil-aoluble vitmning s water, and 0 cos-
ki praparations,

Silicon Dloxide, Colloldal-papo 1328,

Sodium Lawryl Sulfate

Sulfarie acid monadodecy] sater sodivm wlly deiong Dogenal C
(Dpondh Caedinal WA Wrietwe & Cambi)

Soiam menodaduey! sulfate [151-2143]; o mixtare of sodinm
allyl mulfntes conainting chiefly of sodinm laoeyl sulfate, Phe con-
hived contont of sodivm chlnride mud sodium sulfnle i wol e
than %,

Praparation - - Phe faity neids of coconut oil, consinting ehiofly of
Lnurie nebd, o entidytically hydeogenated to form 1he corrogpond.
i adeahals, 'The Iaktor ore than estortfied with silfuric acid {sal-
taged) nad tho resulting mixture of alkyl Bisullites (alkylsulfuric
neidts) in convertod into nomisture of socliue salts by yescting with
alkabi undor controilad vonditions of pI,
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Duseription . Howll, white or Hyhat, el law crywials hoving o slight,
HrHCLeriBLic itor,

Solubbligy. - § g in 10 anl water, forming i opalosennt solucion,
Thugegtipi ) bitit3om ... Reneto wWith ewdinnie sucfiee-active agenta with
lenp ol pELivity, wvan b0 coneond cunLbomt Lan Tow Lo csane procigidalion,
Unbike soupy, 160 eanylible with ditule gesds, nse cabeinm and g
PRI

Lwotsee A e ibai Pyingg, detergend aad welling agenin cinfmenty,
taath pewders atd ather pharmaceutical prepamtions, s in the
maetal, paper and pigaent indusdrios, See Chaploes 10 and 87,

Gorbitan Eelers
S (Atiax)

e,

Sarhitan eaters (monolauroly [l.’_I.RE-R[!—I—]!; moneulrate [ERH-41-
8l monupalmitate [26288-67-9%; monmmiwarate [1338-41-6]; o4
loate {20266-68-0); Eristetrate {20668, 19-5]).

Propuration---Sorhital i dehyvdrated Lo fovm a hexitan which is
then esterified with tho destrad fatty acld, See Polysarbuics, page
1414, which aro pelvethylone glyeol othurn of sorbitun fatly neid
ealotth,

Lresewiption - Monsfarirate: Amber, vily lipaid; nuy beoonn by or
Tovr 1y au g i Lt o wineomidy et AR epg PLLE 3o B it no i ma;
gponifiontion ne 168 Lo 170, Tueroxyl o S50 G 308, Moneulvate:
Amther fsguie; vircosity about 1080 epu; 1L do 4.8 sdd no 8.0 max;
nagonifiontion no 46 to TG0, hpdvokel no 193 (o 2100 Meunupmdmitate:
Paa, grarn e wany wolidy LI oo 855 aeid pe 4 1o 700 sponilicnd jon e
10 by 1505 hyel o) s 2905 10 805, Monostearater Crenm to tan hondy;
A mn A7 weld o Bt 1% saponification po 0w 108 hydroxyt ne 200
o M. Peiofertns Aavher, olly liguldy vigeonity ot 200 ¢psy HEAS 1o
.10 aeid e 10 maxs saponifieation oo 170 G 1900 oadroyt oo G o 7
Pristearate: Tan, waxy headu; 1A po 1 peid 0o 12 La U sapranilics-
tiom mo 16 o )R Dy vosyl no BB to B0,

watubllity-Mimaofaweate; Solubla i methanol o aleahol; dispers-
it B ehintiblod wiotor anel hard venler (200 ppand; insolulle in hard water
0000 Py, Monmobeare: Soluble in ot mineral or vegetoble ol
aligghtly snluhle it heey dispovsible i water; insolulsle b acetone. Mo
opaftitate:  Dispersihin (0% by digtWed wator or Dard walar (200
ppind; soluble in oyl neetalo; isoluble [0 eold distitied wator or hawd
water (20000 ppm). Monestearate: Soluble {ubove meliing point) in
vopoble abin ap minergl of olable i wator, weoha) amd propylng
plyead,  Trisleates  Soluble Ty minerl o), veelable oils, uleobiol or
el ingolubde in woter,  Tefstowete; Sotubdo In opropyl sleo.
hal; aseduhle i water,

Ugen —MNanionie surfaetunts dsod s ameideifyiyge agents in the
preguradion of water-in-oil omutbsions,

Staorle Acld—page 1312,

Stearyl Algohol

L-Qetadoeanod [TI2RELSE Oy (270500 contaiis ned leas Liaa 309
al stonry] aleohol, the ramninder cansigting eluelly of ¢oty] sleahol
€ M) = 2a2.44],

Propuvation-- Fhrough the reducing action ot lithivm aluminom
hyelrice on ethy] stearote.

Doworbption-  White, unetoous flekes or groowlon having & Faind,
elyirieturintie adar md acDlond Lot neits B L G0°

Holubitiy - Inanluble v water; sobable in aleehol, eloroform, sther
at vogetahle vily

Ui ssteTiee-nptive ngont used to stebilice pmndsions and
Tneroant thoie uhility f retain lavgo quantition of water, Soe Mydro-
phitic Oirdmeat (pago 13181, Hyevaphilic Perralagam (page 1301),
ol Chinptirs 10 and 87,

Btarculta Gum---pape 700.

Tragacanth
S Proggiennily, By £uing Gont™ Thor

The delod guaminy exadution fram Astragalus guemsaifer Lahilln-
ditre, o other Aviatic spocion of Asteagealis (1tan, Ll nisiae),

Conutdtnent--G0 o 70% bassorin nnd 30 o 40% seluble o
(erogaseadiind, The Dussorin swolls in the prensnee of water Lo
Torm o gob and Lrgennthin forma o colloidal nehetion.  Passorin,
coamikling of complor methosylated ndics, renemblon peetin, o,
jacanthin yvields glacuronic neid sad prabinowe when Tiyeleodyaad.

Doncription - Flattenod, tanellagd, fwguondly caresd frajunents or
slenipht ar npically twisted Sear ploves .6 1 50 i in thickioss; while
1o warnk-yallow in color; trnnalieent; Ty i textre odorlens i,
muilgineun taste, Wi powdored, it fs white 1o yollowish whita,

Iutrotduced inteo water, Lragneantb alsory o enclain repurtion of that
tigpit, wwolls very sch, aneh Py o sl aedhmsive pista, S, hines 11
clisrolvin, 1T ngritnted sith wa exeom of watar, Ovis it Coroe o Ofoem
mbitare; bat in the e of For % dayethe grotar poe( BOpRILOH, dated i
depomited, foaving o portien dissolved in o sapErvataal Miid, The
finest mueilngee in alilained From dhe whole gom e Sl foem, Several
clayn abwonlel b attowod Tor oblaiving a uniferm mueilage of (he noxl
sy b strength. A common adultonmt is Kovava Uion, ad 1e
VRSP b Dingvaduced Gonta to deteed its prosence,

sSolubilivy - Inachitee in aleolod,

N prepoarationn and preseviptions, I s weed with guodasifying
apenla lacgely Lo e ¢onsistoney ol redig eromniingg, s
somelimen uned on o demideand inosore hront, wd twe jellyslike
preadwet Formned whon Uit is allowed Lo swetl i walor sarvis ns n
bash for plinemiacoution] jethion, e, Ephedeine Swifute Jedlye 1L
Ak I wwed S ovirione confloctionery produets. o the form of o
sy corite, B has hoen ved ok i pill exeipient,

Pengocnnth Muciluge - Proparetion: WMix glyeurin TR} with pugi-
Froch wittey (75 1.0 G0 o foroed vewssod, Bt Shie skt (o Dhoilig, diseon-
tinue Ui apgsdientbon of beat, wtld temsesnth (6 2) and Boneole peid (0.2
i macerate the wixtuare durlig 34 be, stiremge ocemionadly. Then
aetel wpvougly piariticd wiator to made Do mbgtaro weigh 108, s ac by
vntil of uniloe eossdstuney, and atrain forelhly through musiing Jxes
A guspnding npem For snnlubibe sulntaneses s Datarond dxtorm, i
alio i prsteetfne dgent.

Xanthan Gum
Eoltril (Kelva)

A highe-moloeulwwoight polyanecharide gum prodoeed by n
pure-eullure Tormen(ntion of n casbohydraie with Xonthononas
crengentrin, them puritied by rocovery with jsopropyl alcehal, dried
el midllod; containg i glucose and D-gmpnone o the dontinant
Tssasttr sinsites, longg widhs D-pglucuronie neid, and i prepared as soli-
s, potasgium or caleinm sl vield 4.2 to 5% of earhon dioxide.

Propnvation Seo above and VIS Pals S48 008 and 3,507,016,

Diggeription - While or eream-colored, Lstobenn powder with s slight
orgie oddar; pesvcber s solliond staide ot 257 or lesk; duos ot axchilsit
Loy orphinmy aguiesons molodioom aee peutenl G0 lgmas,

SutubdTiny- -1 g i ot 23y of wleahiols sohablo T hed o eold wator,

Usen--A hydvaphilic colloid to thiclken, suspond, cmulsily and
wtabilin wickor based syntems,

Other Bmulnitving and Sosponding Agents

Chonatrus | rial Maoss: Caerageonnn- Pl drivd sun: Dleacted ploat
o Chundetes erisnes (LA0E StiekDiing (Fam (eariingecan), | leos)
Prineipally, ws an sosodeiiving agewd for Degid petrelatoam il fae [l
Hver sl 18 ds abie i protentive,

MaltThe pactiolly gemaluted ‘p'ul'u of Wi o mote varitics of
Hordvwm vedpare Linng (o Gramineor) and containy nmylolyiie o
wywvon, Yollowish ar ganber colired genine, having a chavacterinle adol
ancd o owwveed toste, Tl cvapoeat o ooty el catilai el
reXtTret

Mol Bsavuot--Tho protiet obtainet by extineling male, tie partinl-
1y andd uetifleinlly gominaled graim of ans or sore visintios of Hardeum
Balgare Lined (Maon Crarmineaed. Ohes: Ancinfrogquently usnd emdii-
Tyt oot
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Ointment Bases

Ointments are semisolid preparations lar external appli-
culion ta the hody. "I'hey shoukl be of guch composition that
they sof (e, hul ool necessnrily medl, when applied to the
shin, 'Cherapentically, ointments Fanetion as protaetives
aned emollients for the skin, but avo used privacily as vehi-
clos or bases Tor the topieal application of medicingl suly-
stancer,  OQintmonts also ooy be applicd to the aye or cyo-
liclss,

Ideally, an ointinent s should be compatible with the
shin, wtable, permanent, smooth and pliable, nonirritating,
notwensitizing, wert and rendily alile to releose (s incorpo-
roted mediention. Bineo there is no singde oinfment buse

which posaeases all these characteristios, continued resenreh
m this feld has vennltod i Lhe development of numerous
now breses, Indeed, oindmoent bises have hecome so naimer
oun m Lo roquive dlaguilication.  Albough ointment hases
muy be grouped i several ways, it is genorally agreod that
they can be clansified best according to composition,
Hence, the following fonr elasses e tecognized bereing ole-
agineus, emulsilinble, anvilsion huses and water-solable,
Far completonosy, substaners aro included Chat, although
not used plone as oinbment bases, contribute some pharma
coutical property to onc or more of the varions hases,

Oleaginous Ontment Basos and Components

Mo oleaginous ointment bisen inelode fixed vils of vege:
fable ovigin, fals obboned from animals and semibsalid hy-
drocarhons oblnined from petroleam. The vegetable wils
are usoed chiefly in oinbments Lo lower the mielting point.or (o
soften busen. Theso ofls con b ased an o base in Chemselves
whan o high povcentage of powdar is fneorporated,

The vegetable oils and the animal fate have two mnrked
disinddvontages mn ointment huses;  theie water-absorbing en-
pacity is low and they have o lendeney 1o become rancid,
Insolin as vegetnble oils are convernecd, the second disndvian:
tape e be avercome by hydvogonation, a process which
conyverts many fixed oils mto white, semiselid s or inka
hare, almost britble, waxes.

The hydrocarbon bases comprize s groug of substanaes
with a wide mngo of molting points so that ny dosired
conpistency and melting point may be prepared with repre.
sentulives of this group.  They are stuble, bland, chemically
inerl and will mix with virtaally any chomieal substanes,
CHeaginous buses are exeellent emallionts,

White Olntmaent
Ointesront VB N1 Slogste Ginbinent
White Wax .00 puveevean css ey R

Wikltw Petrolitom ) v minrsnnvecsy s DROR
Momake o voiveain. R T T —— 1008

Pl e wldte s G o saudbabbe dlinh om g wader St nckl Wi whiite
pebralatium, warm wnlil Hguobied, thon diseantnme e heating, oned i
e migluee antil i begios 1o congeal. 10 is pormilssible 1o vary e
prapoertion of wik o obiain a malinhle copsisleney of the vintmont. wmlor
elifferent elimatic comelitionm,

Unies < An emollicnt, nnd vehicle for other vintamentn,

Yollow Olnimont

Yollow Wast «.civovanivinssiiisnnisninineianiviss g
Petralntum .y
Mirmimdn ooy e B B R S e R 100D o

Melt the yellow wis in a sdtnble dladi on w gtens bath, add e
et rodatant, worm unti! lguedied, theo diseontinge the heating, and stir
the mixture ontil it Degine 1o congeal. 1 s permpsible 10 vary (e
proport ion ol wak (o obiain o suitablo copainteney of te pintment gidere
diffarent elivnatie eonditions.

Usess A emaoltiont atd velielo for olher ointments,  Both white
nud yollow ointmont are known ae “simple cintment.,” White mm
it should be wsed o propare white siptments and yeliow oint-
monty khoubd ho used L prepue cobornd ointmenta when simple
oindment i peoseribod,

Coty) Estors Wax
"Ryt e Speegimead”

A amixtire consisting primavity of estern of satorated fatty aleo
Bl 4023 Lo Cpd sl intaeenbed fatly ovidn (U o G 10 bhan a
wapen feation vadue of 10D G )20 and an aetd valie of pat aore than
.

Doseription White to off while, somewhal transbucont Diden; orvs.
fathine sbrvcture nnd pearly limtey whin ondeod; faint odor and a bisnd,
milil tankes dron Peoan romeickitys specifie pravity 0000 10 GH40 ol 507
fesrlivver vielve ot rvewse iy 13 anielin 400 g 47",

Salubbivy Insolubde in waters penetieny tosolubde in cold aliolol
nalabie in boillng aleolod, cthor, chiorofurm or Tixed wnd volntile oils,
alipghtiv seluble in cold nulvent hexane

s A veplneomontEor spermaceti used Lo give conuinteney wil
fesbure Lo afnbatonts, o, Codel Crene wned Rose Water (HREdet,

Olelc Acld

LA Qe ackieanode acid; Clinio Acsd: Klaie Acid

P b
ll-"‘-f O TN

Obede neiel [112-50-1] abtainotd rom llow gid other futs, and
connbita chivtly of (23 D-oetadneenaie neid (282470, Oleic neid wred
in pregarations tor inlernn) administeption is devived o edilie
HOWPCE,

1t vanilly eontaing varinbte nsvounts of the sl talty aeicds
prasenl in tllow auch s linokenic ad sloaric acida

Propaeation-Obtained az a byv-product in the momift ore of
the salid wenrie and palinitie neds used o the wantfnete of
anndles, wionmmtes and other products, The cade olvie neid e
Senown s il wil,”" Vhe stearic and pabmitie seiii being sopamted by
confing.

Dromeripliog -« Celorless bo pele yellow, oily T Taved Sike oo wiyel
Fantey wpaei Ve panvily A0 o (300, congeals ol o Lanparpture ot i
1®: pwiee aeisd solidition al 4% ot atmespherie promone i desonmoses
when heated b B G 0™ on eaxpostire teair 10 gemdually absohs oxygen,
durkesy and develops n enneid wlor,

Solubilley  Pyactiently fmolabie inowalers siacible with aleahol,
i larafiim, etor, Bovsene or Deed s valntile ofla,

Toeomptibibios. o onetn with allodies W fovm spn, Heauy mel
b pezel ennbedone andts Yormy insolubla alenlen. fodene solietdons ave devel .
orized by formation of (e dodine addilion compeound of o seid. 10 ia
uxichized 10 various derividives by nitede weidd, porasidiom peemangenate
wind et g

Uzt Clumsiliccd g an omnulsion adjunel, swhieh rencets withy nlka-
liw to Torm nompn Ul Canction as enwdsilving agents; il s used for
this purpose in sueh prepuentions as Benzyl Boneoate Lotfan and
U S, Wb aleo s vanod Lo propare obeate sabis of Lases,

Gilve OlI
Hweel Ol

‘e [ived off abtained o the ripe rodt of Olea eurppasa Linné
(e {  eweetae).
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Preapurntion. Dy ervshing reeently colloctad ripe olives fn g mill
without breaking the putaimen, (hen moderatoly pressing Lhe pualpy
mann This produces the highost geade oif, knowsy ns vergin oild,
Hggallinge oi) s fiest oxprowsec 0il" Pl tse i Uho peess theo s
mixed with waler and mpain expressed wilh greator prassuro, an oil
of second gquality resulting,  Any oil vemaining in the press codie o
fially eclraetod with enrhon disallido, oF the mingd in fhrown into
Lavgze: cindornm, mixed with water and the oil allowed ta sopnrate,
"Thin in aomatimos anlled Pyeene ofl," “hagasge oll™ or “haiie
fer,”  When bought in buik or from unlahelod contatners, eotton.
weael oil, el oil, geapesesd ofl, sewame ol op other iland oils ace not
uncemmanty fowndd w gduiterants. Large quantities of thie ofl nre
Laported from Lealy and otler counteies hordering the Mediterra-
ey, and it s praduced Loon Timited extent in the Southeen Us,
chielly i Califotnin,

Troseriptivne [l vollow o light greenial yollaw, ofly gt slight,
characteristic odor mad oo, with o fintly aeric aftertnnte; mpeciiic
ety OV T Lo AT 6L

Soluliting-Slightly snlable i oleohol; mikgible with eabon disl-
fidke, ehlovatarm ar elher,

Uget1n milting covptr, ointmonts, anmeats, and plasters, 14
ju e blaindd oil, welt-ruited for entolfient ppeposes and for fooad. Tt
alne i urod aw an amotliont laatives sulficiont must, be jiven we that
anough encu pen digention (6 aolton the stool.

Doso-The usual dose in 38 ml.,

Porattin
Paradfin Wax, Hard Paratfin

A purifivd mixiure of solid hydrocarbons obinined from petro-
oy,

Trosariptim  Colorbess or white, moseor leas translieent s witha
erputolling shenetars: slight by grensy b tha oueh; arlorless and tosteless;
Congeabn 47 (o 60,

Galahillty--Froaly moluble in ailarofonn, ether, volatile oils o nod
wiri Fixad gl s1iEhky solitbsher in dehydrnted aleahal; insaluble inwnter
o nleshul,

Uy Mainly, Lo inereane the yomwiieney uf game vintimenta,

Petrolatum

Yellow Soft Parmdiing Amber Petrolutum; Yelluw Pelrolstun:
Patralonm Jodtys Parad T Jally

A purifiod mixture of seminalid hydroearbons obtained trom pe-
{rofputs, Tt may eontain o soitahle sindnlises.

Prepiaration--The “reslduwms,” as they aro fermed technieally,
which nre eliained Ty the dislillation of petrolowm, sy purified by
molting, walably treating with anlfurke neid and then percolating
theongh reeently burned Dome blaek o adsorptive clays; this e
maven Lhe odor and modifles the color. Heloetive sabanit ave alvo
womoLitnes smployed Lo oxtoael impuarities,

I bas bean found that the extent of purification required to
produce Perolatume and Light Mineral Ot of otficial guality re
moves antioxidanty that are naiurally prosent, wnd the purifiod
produet subsoguontly has o tondoney Lo oxidize and devalop an
affenuive odoe. 'Thir is prevonted By the nddition of o minule
quantity of o tocophoeral, or nthor suitable antioxidant, as I pow
permissililo,

Dogerintion
mioie Ui o nlight Duorenanieo aftee being metued: teangparend, i thin
Tugroen; Froe o early frae Gam otlor and Laste; spaeilic proeity 081G Lo
0,580 nk GO maod b hotwoi s 38 nyud 807,

Selubtity. Tisotuble in wnter; odimost innoluble in cald or hot aleokol
or i eold dehydrntod aleohol: froely solidile in bonsoe, cadlon diailtide,
ehlorotorm or lurpandine ofl; aubhable in other, solvant hesaie or i ot
fixed nnd volatile oiln, the dopgron of nolulility in G solsenis vieying
with the sonpesition uf the petralatnm,

Uban A base for pintmaonts, 1 inhighly neclusive and therefore
a1 goot] emellient but it may not relense some drugs rondily,

White Pelralntum

Whide Petrelan Solly; White Soft Pacallin

Unetbatangn ps of yedloneialy 1o gt ambos aolot; ol

A purified wixture of nowinelid hydrocaelom obiained from -
trolewn, and whally or nearty decolovized,  Tumay contuip y guit-
able atabitizar,

Tropritdon- I the siune manner as poleolnfam, the puilica-
tian trenbmont betng conbinuad queld the produet is practicelly freg
from yollow eolar, ’

I)unnripi.lnll----\’r’hih- nr i'ninl.ly ,w]iuwi 1y LERCT L T B man e,
i ARin v, even adier conling (o 0% spredifl glovity 8TH (o 0880 4
00°; melts 48 1o 60°,

wotubilicy Similar (o thit. doserllned sndeor DPedeadiedwm,

Usan—-Similar to yellow potrolatum but often is profurrod
entind of $is freedom lrom color. 36 i eoployed as B protective,
base for ointmonts nnd eerater and o form Vhe baals for burm
dressings, See Petrolafum Gz (page THe),

Spormacodl

A waky sabstanee obiained from the head of the aperm whale,
Physeter maerocophatus Linnd (Fun Physeteridoa),

Constitaanig—A mixtore of several comslituents of whie) eelin,
or colyl padmitate [CyHGCOOCH W, predominatin,  When ve.
eryitallized from aleahol, cefin v oltained, while the mother liguoer
on gvaporntion deposite o otly cedln elaing which wheu gaponified
yichdn entin efufe aetd, nn acid rosemblivg, hut dintiset Trom, oleio
FTETR

Propurntion--By pamping e olespinous meterisd Mo the
hond of the sperm whatbe, separating o lguid portion known ag
wperm oil awd puritying the romaining erude solid, which s this
sl dnngn.

Deserlption. White, semowhinl taiuhiewst, sliphdly wnelunog
ke erystalline fracture and pearly Tusder; Tt odor and o hland,
il tantog T Trom ranelditys spocific grovity ool S84 malts 44 to
e,

Holublity - Dsobuble in water; proctically seluble in cold aleohal;
slchby solublo in cold Holvent hesine; solable i boiling sdeabol, edlwr,
elatorotoria or fixed and volatilo oi.

Ugos--One of the sedid futty sabstanees formoerly enployod (o
pive consietency and lexture to solates gid aintments, an i Cold
Eracem and Noye Water Oingment, T Lo Dteront of whide conger
vition, thin has been reploged by colyl eslters wex (nlso inown as
aynthetiv spermoeeti),

Dodo--Lor external wse, topically, ne roquiced,

Starch Glycorite

Hrareh CGlyeurin

Baeel oo adiinii v TR
Benode Acid _ oo oo s e e 144
Purified Water ... Voovenenes stibml
L L £ NN ?tllli:ﬂl»
Toomnke oot oo e Ceen s 10

12l Ak sbnrek wnd Ao henvobe aeid with e puorifind wider ipon
poreolain dish witil v sianthomigturn I peoduced, o add the glycering
anel mix well, Plest the mixture ononowued beil 1o 0 tomperature
Debwvetny 140 nued 104%, witly comstnnd but gentlo shiveing ol s il
conil, jobly-like wass resalts, and Ehen atepin Urangh muslin,

T slsouled Do frdnhly propased.

Unes--Alheugh not an olouginoas barn, Uiy earadliont prapara:
tion in somolimes used as a subgtitute Tor o futky ointment, 10 alw
by oo Gaod ax a it exedpient,

Vhose--Fop externad use, topieally, o8 vequired,

Whito Wax
Flunuhod Buesvazx; While Bovswais Blonchod Wax

"Phir praduct of Weaching and purifying vellow wag (hat, is ob-
toined Trom M hongyemnd of oo |Apis mellifera Linnd (Fum
Apddae)).

Prepurntion--The eolor of yedlow seax in dischinrgad hy exposing
it with nn extended swince to the combined nfluenee of o, light
and moibure, T oone process o stream of melled wax is directed on
i revolving oxtinder hopt constantly wol, upon which it eangoaly in
hin Invers which are sproad on Hoen ehoth stretehed an frmes nind
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ex e 1o bhe niennd Light, care heing dndion o wist i acaionitty
Larn hem. B ew davs ey aee paeind e Dleachod; hul tavemave
Lhe ealew onslotely 4 in nocessary Lo repeal, the whole proco ane
or e times. When suiTiionty blenehed, it is inelted and et
into small pireslor endeos.

Preseription - Yollowish whide, nearly taeiedeis, somewtin Tegnain .
aembweslicls falnd, ehamedorislie ador, e Treg paneicditys mmlin G2 o s,
pweeie provity abun (.05,

Solulitiey Jywoladle in waterssparbgdy soluldo iweobed alealods Lol -
gy mlentiol dimalven Dhecornnie aeid ol s pontionn ol e meysicin, wiicl
et i connelely sedable inoehlivaformg ether e tixed god
volnlile oily garthy sobihde i cold beweon oy cold varbun dinaliid;
comlirtely solubhie ja Ches liguids ab ahog v,

Uses A atilfondng agont v mmsy prepastiom aeh as vorales,
prviten e ointanenlx,

Yollow Wax
Fonawaxy Vel low ey

Tive pavitied was from the honeyeon b of the hew, Ajis medlifern
Linnd (Fom Agwidne),

PHARMACFUTICAL NEGESSITIES 131

Conslibuends. A adx g of Dyae sabstonees, (1) pyriern, in
saluble in hoiling nleehal and consinting ehielly of myviesd pata-
bartae |Cagllgg Gl T O nnd mymiesd aloohol |G H OUTE (D) corin
ot ewrnatie auied | O], Tormesty ellid cesin whon olatainod anly
inan impuventnte, whieh s dissolved by niling adeohol, Il erystal
T and on eeding anel (9F evecadisdnn, which veopins dinselvael i e
calul mleohioliv liquith The ot is prabatily i misiuee of foldy it

Prepoention Ui oadGend seeeebion of bees, 1 is old aisied an
the barge senlo Ly Fral alstraceing the ooy from tie gombe by
sharvetig ofd Che ends of Waeeells, deataingg aned D glieing them in
contrifoges. The honey i rapidly whiclud oul, woter is added ani
e s i clagnad ehoronghdy okl guiclibys G0 tian is melted and
strwined and run fate nwldi Lo cosk i Dinedaen,

Denetiplion  Yebtow do goayish brown solid, agremahle, Boweyile
oclop; (uint, charnelerintin e when cold i B somewhal beinde and
When bpudeen B0 preesentn o dOI grnanlar, senceysiailine fracturve; e
vome plinhile fram v boat of e Bands spoeific genviey alioni 0,80;
el Ly Detwean 63 and G452,

Hulubility o Tosediable do wnnor; spaei sy sol ible dneald alenliol com.
etoly solublie i chloraforn, other oe fised mad volalile oili partly
sodulifo iy cobl bunzene or eorbiow dinal Cidey comsplotely soluble in thine
Teepvaieds an il e,

Uses A stiTening agent v oy pharmneonttenl proparations
anel inggendient of many polishes,

Absorbent Gingiment Bases

The term abworbent is used hore 1o denoe the wator-
abaarhing or emulsifying properaes af these basos nined nel o
demseribe their netion on the akin,  These hases, sonwtimes
citlod enunedsifinble oimtment bases, oo generally anhydrous
subsxtanees which have the property of abgorbing (enutzily.
inge) eonsicderahle guantities of wader and sl vetaining their
vindmentdike consisteney,  Prepavations of this 4y pe do nal
cantabrt wiber ae n composenl ol the Sormula, but §F
whter is incorporatecd, when and as desired, a0 W/ emulsio
restts, Phe Following offcial produets (all inlo this calego-
v,

Anhydroua Lanolin
Woul B UISE XV Refinmd Wl Wail

Favmnold foy Ghed comlngnia ol mosre Ui G255 al waler,

Congtilpen taA lontaing Lhe stevols eliadestered 000,00 |
oxyedtofestvent newell an teitevpese sl aliphntie sleobols. Al
Vool the nleobiods nee Tound I the freo st the manainder oveuar
vt aroetare of the following Tty neidse earnandic, corutic, fani
cerie faaopatnitiv myecstio wnd polmitfe. Sond of Ok are fomnd
trew, The emulsilying sd amoliient netions of lanelin are due (o
thet aleeminds thal. aee found o the aoagonifishle fmckion when
frnebin is tropted with alkali. Congstitating nppraxinaely ome half
ol this Peaction aned koo s farodin alealiols, the fattor s amn-
peinet] of ehifesteral (AT, Tanesloral (3D, eliotistanad (difiydro-
cliafesterad) (3%), agnosterod (295 o vindous other aleohols (10%),

Prepurativn. 1y purilying the Fatdy matter efndy obioined
frewn Lhe wool of Che slwoegs Pl snbaral wonl Ged conloing alusut
W oF vee Tulty acids nnd Mty neid eders of ehadestaral and ather
higher aleabols, ‘e chobesterol campeyndds are Lie boportant
st et ad, fontneee Lhese T e o foran, ausny o s e
Taaver B clevisod, Lo ona of Lhase bho erade weaol Fan in trentod with
wonlt allali, the saponified fts and smslidons contrifuged $o seeury
the sgqueons soap solutdon, fem whicl, on stmding, o layer of
partinty puvifivd wool Gl wepoentes. This procdued. is fuether puori-
fietd Dy branting it with enleium ehdovide and thon delydestal by
Fusbon with ansloled Hae, 1 s Jinally enteneted wilh seetoneg and
Lo sabven i nitduegient)y .','lrpunﬂ.(:(l hy diktillation,  'Phis ditlers
from lannkin in Lot the farmor congaing practically oo witer,

Dreneripibn Yelhow, teaacions, wnetuens mask light, eharat eristie
welorg anelin hetween 36 and 4587,

el bl by Tanedubbe in wades, Tod opisen withioal sl pparnfiin witly
abont Lwvieo e selght of widor; sporbagly soluble i cobd aleabol; more
wealtible b bt aleobiol; foely solulile in athor of éhlnepform,

Ugers - An ingradiont o ointmenty, especially when nn igpeus
hagutiol Bt b dneorporated.  Togives o distipoelive guality Lo i
ointment, inreasdng absorption of ackive gredivntnnd madntain.
ing n uniform contistoney for the aintment undor mast elimatic
conelitions.  However, it B btten aimitlod fror momy ointisen (xon
fhe reconmtmendation of dernatelopiste whe e Foond thal My
pakients peo pllorgehe Lo s animnd wax,

Hydrophilic Petrolatum

Chobssteral o0 viary i cane s o0 e T T |1
WEORNMEAIINL s v i nasan iy e IR
White Wax i T h T
White Peteal oo ren Rl

bl T Lo VI 5
Aot the byt ndeabol while wax, o wiite peteauiue iogsther an

acukeam bath, than add the cholostersd, and stie wnbil ib comsleey
alimcalve Renmaennr o (e Dt ool aebe angid the pixinre congen b,

Unen N protestive and water-abaorbabdle aintment base, 1L
wilt nbserh n Inrge amount of water from agueous sobutiog of wedi-
coatingg o batanes, formdag o WO e of eraalsion, See Ointmenls
{pnge 1602),

(M hwer Absoeption Cintnient Banes

Ihyvshiwaywtenvin Sulfate |Subnted Hydvageasied Castor 4k
SUCEH A sadwtgiee propoisd by sullatiog Diwdvomgemaied euslon oil,
Pardo, vollow-Lrown, winetwoes soineded mnes Taint atlor containing
aliott 9% ooy Ity Downd S0k Dispersiiio in wikor amld I’.L\'i'lfﬁlﬁi
wineible with propylene glyecl, putradstums or gl oiln e
wittfiasser-aebive mponsl vredd i Jareraring hyeleog bl ndatment. bisses i
athes emulsions,

Emulgsion Gintment Bases and Compononts

Emulsion ointment bases are notually semsisolid emut.
siong, These preparations aan be divided into tvo groupson

. . i .
the basls of emulsion type emulsion ointment base water
=01 (WO tepe and ensnlaion ointment oo odl-in-water
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1312 CHARPTER Q6

(/W) Lype, Bases of bath types will permitl the incorpora-
tion ol some additional amounts of water without reducing
Lhe consistency of Lhe base helow that of a soft cream.  How-
evar, only O/W emulston ointment bases can be removerd
readily fram the skin and clothing with water, W/O emul-
sioma are better emollients and protuctants than are O/W
emulsiong, W/O emubsions can bo diluled with oils,

Cetyl Alcohol
Cotostenry] Aleohol; “Dalnzityl" Aleodinl; Aldnl B2 (Sheres}
CH u“..:i";:] |n|CH'!.0]"]

1-Hoxndeennal {124-20-8] G aHa O (245.04); 8 mwixfure of nod loss
inn BO% of eetyl nleshol, tho vemainder chiely steneyl nleshol,

Peoparation 1y entnlytic Bydropgenation of palmitic neid, or
saponification of spormacetd, which containg cetyl palmitate,

D elplion - Unetuous, white fakes, gramilesn, eolos or castings:
it ehoractavistic odor aned 2 falaned, mild tamto; waaltn A% 10 BO%) Bat il
Edan 90% dislibs Ditweon 3G and BIGY,

Golubitity - dosoluble in waler: solible i nleehel, chlyroform, ether
or vepelable vilk.

Unen---Similar Lo Stear Alvohol (poge 1308). v alwo imparts o
witooth texture to the shin ond fo used widely In cosmetie cranmi
and lotions,

Gold Croam

Polrolntum Rose Waler Glatisent VS XV

Clotyd Entors Wax oooc o i i LIGR
WhiloWax ..o v cewin v o SR
Minoral 04t .. PRI cevrenennes BElbg
Sodiwin Borate . TR | 1 )

Purifiod Water ...
Tondke alont oL

m I
W

Hedueon (he coyd astars was and the white wax to small piecin, el
e o a i mn Bath with the mineral ailand eontinue heating wntil e
temperatnuee of the misture vanchos 70%, Diksodva ho codjom horatu in
the patified water, warmod 1o 70 and gradually add the warm selidjoo
tn the molted mixtare, stivvdog apidly and contbwously until it hos
el

H vhe oiatment i bieon elillod, war it slightly hetore stompting (o
incorpanto ol tgredionts {gee UEE for atiowable vnrintiong).

Ugen--Usoltul ag s emellieont, cloamsing orenm and oinlment
hse. At rosemnbles Rose Werer Glniment, differbag only in tiad
mineval vil g eed i plaes of slasond il and omitting te Dragronce.
Phiv chmyge produces an ointment hase which is not subject to
raneidity ke ore contaiviog o vegetable o), 'This in o WO emul.
alot,

Glyceryl Monootearate
Detadepanoie neid, mononstor with 120-propunelriol

Monoutenrin [1I566.90- 1y 0 mixture chiefly of varinble propor-
tionn of plyeoryl monastaarate (CyH 0O RG @110y = 68.56] amd
slyeoryt monopalmitate [CollyfOHY Gl Oy » 33051,

Propatntion- Anang othier ways, by rencting glyesis sith com-
mercinl stoproy] shloride,

DosnvipLion-- Whits, wax-liko anlid o aecurs in U form ol whily,
wilx [ike s, or Elnkes; slight, agrowaide, iy odor s taste; does not
vedt sediw RRE affectedd by bight,

Holubility-limolubte G water, Tt may De disperesd iy et wator
with the aid of 4 smabl amount. of pony or obber sitalde surface-active
apinit dikmulven i0 b organie solvente sueh ne aloolol, miseral or lixed
oils, himaene, ether or aeetoe

 Useti- A thickoning and omulsifying agont for sintinents. Soa
finements {pagy T00E).
Hydrophillc Qintmem

026 8
[IRT ¥

Murthwhmralim ..o via i e
Tropytpaeaben oo e

N I ]

Sodimm Lawryd Sulfile oo oo e L0

Propylone Glycol o000 ciia e o L
Stonevl Aoshid oL ST ) e ]
White Potrolotom, oo coociininiin oo o B0

Purlfiod Watoyr ...
Taomala ool oo i i

R {0
e b

=zirmEARSR

Mall U sbonryt nteobol sad the white pelrobnbem o s stean bath,ond
warm g about 76, Add the uther ingredivnts, previossly disnolvaed in
e wentoe e wawrmad 70, nd gtz e naixtare wngil i eongenin

Unog-—A teaterpemorable ointment Base for the so-cnlled
“wishihle” eintmants Thin s O/W emulsion,

Lanotin
Hythronn Wonl Fal

e puri e, fat-dike sulatance fiom the wool of shees, Oois trics
Vi (e Howdddae l; conadin 26 L 3% walir.

Daowariplion - Yollawish white, vintmuont like moes, having o alight,
charpetoristie orkor; when Deated on g e By i separates in ap
upper aily and o dower wator loyer; when the waler in ovapnrated »
rowitd oo af Lannadin vomaios whiel i (e aparen when malted,

Solubility. - Insoibie i waler, aolable i ehlopetorn or other with
atprndiom of it water of ldration,

Usen-—Largely as n valicde for ointaents, for which it is admira.
bly adupted, on accomnt of itw eompntibility with skin fipide, 1t
ernuliifion neuoous Tguids, Lanedin v e WA emulsion,

Stearlc Acid
Oeudecanaie acid: Cetylaeetic Avid; Statraphioic Acid

Btonrie acid [($7-11-4); o mistwrn of stonric acid Oy =
254 A48 i padmitie ned (OO = 256,44, which Logether con
situte ot bons U 00.0% of the tolal eontent, The contont of ench
j ot lovs Lhan 40,04 of the talal

Pevified Stearie Aeid USF iy n misture of the same acids which
Lot her connditute not Jess (han 96.0% of Uhe totat contend, sl the
sombent of Cyblaty B nok less than 90.0% of tho totat,

Progaoeation—From edililo futs and olly (veo eneeption bolow) Iy
Fealivgg b witd wocdu bye, supacating i gglveorin and decompondng
the realting sonp with aulfuric or hydeachiovic neid. ‘I'he stearie
acied malmegquently iv separated from aoy eleic aeild by cold oxpros
alons, )1 abso is prepored by (he hydrogenatlon mad sudweguent
anpronifiention of olein, BLanny ho puyified by veerystalligntion from
lenhol.

Deseription-Tand, white or fiintly vetlawisl somehnt ghossy al
uryitadline solid, o p white o yellowish white poweelrd i wdesy dnd Lt
iggenntive of Udlow; melts aboul BEA° wvd shoukd net sangenl 1t 8
Levapernhire balose B0 the purified seid gelin a6 e 70% and eongenle
Tabwarons B8 nndd G5 alwly ot e etwen 90 and 1007,

Solubiity Practically sshble i wnter; § g in olost 240 of
aleohol, % ml, of chlorofoim, & mi of ether, @6 ml, of aeslone oy Gml. ol
eprbon ttraehioric Tranly wolablo i eorhon disollide sl waluble In
eyl neotnte, brvzone or lolugne,

Incompniibilition - Tneplubli stoniaden ave formod with many i
als, Olviment e imade with nitonie neid may show evidesce of dryiig
ot ar Sumphneis dne (o sueh o reaction wli 2 o ertleinm snlls are
componntlen tharein,

Usesi— In the proparation of sodiwm atanrte syhieh i the solidify-
ing agend for the offieinl glycorin suppositorics, o eatéri tnlabol
goating, eintments and for mony nther commereinl produets, mich e
Lodlot ecreamn, vanishing eroonm, solidifiad aleohal, ¢, (When Tn-
heled aolady for oxternal vse, it is exeupt o the ey uivement thal
it bo propared Teomn odilils Quts s vilk.)

Othger B lsion Ofntaent Haso Component

Wil Alenhols B Propared by (e wnprunelienton of the proane al°
Lhe wonl of ahongs and separdion of the Troeiion containing cholustire
and other pleohals, Hocontaing st less than I0% cholesterol. Gelden-
Broven sulich, womawhat briltly whete eold but becoming plastic whens
waeny, with o fnind actarintin oders has a swotls and shiny Fretured
enerdts v, Bsdow BA%5 naid valie ot mave Ehan 2 saponifiention vadoe hol
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yveanss U L i ainis e witls Ui oanterind dic ot darken on the
sl Tace o ecquie anobieaginmnble ador in bl et her, Ty lile g
winheers o lerataly nolubie in aleekol; cospletely solubile in 2 el of
Yot ling o beenas nlvaliol; Proely solibshe in sthor, chdorolorm or i ro-
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Josapn elher. s An i dsilyiog el Tar Lhi |*I'I.‘|‘ll.l'il"llm o WA
elsdones s a waslar olvesebndshe salad e fn ednbment Deses) b in-
prove Uhe lexlare, stabilice nnd ondiiont propeetios sl O emylions.
10 s Wiveawess tlnne ms £anendivs A deahods,

Waler-Solible Oniment Bages and Components

Tnedudod Dy this section are Dases preped fram tho g
ey ethylone glyeol polymers (118G),  Theso pulymers e
rarlee L] wncler the tradomark of Carbowax, The polymars
Tave nowide bogee 10 moleenlar weight, 'These willy molwou-
Lo wesipghabs sanging from 200 16 700 are liguids; those shove
1000 are waxelike solids. The polymers aee waler-sohublo,
monvolidile mid uneluous ngonts. They do oot hydrolyze or
daterdornte nnd witl not support mold growth. These prop-
arties peeount for their wide awe By washable pintmoents.
Miscbinies of PISC are used Lo give Dases of votions aonsisien-
oy, such as very soft Lo hid bases for suppositories,

Glycol Ethers and Devivatives

Phis sppocial el o e hees ool comsidoralilo importanee i phr
mseemdcy] techoology.  Botle monee sl pelylunciionnl cons-
provirtids re reprasented i e gromp, The simplea member is
ethylene axidu |1 SOHRO|, tae internad or evelic eflwer of the sim-
et phyeol, et hylene glyeol HOCHLCHLOM] Bxternal mono. niel
Hiothars of athylne glyeot JROCIGEILOH and ROCIHCHOR|
are well kiown due Linoly wo researeh done by the Cibicde &
Carhon,

Preparation - In the presence of NaOH a lemperataes of the
arcler of 120% [o 13 and unelor o sotal prossurs of aboul 4 sbmo.
gpharns, athylene axide rencts with ol glyeol 1o form o -
potnds havilg the ganotal formide IO ACT 00T, O 1O,
gommanly referced o s condonsstion polymers and termad gty
uthylene (or pefyosyethylenel gyeeb, Ofber gyeols besides vthyl
omee rlyeod funetion i simifur enpaeity, and 1he commioricig i
Lo adapted Tor Lhe enlire o is patyallodene (o palyosyalhy-
[ENEIRAETEECS

Motmenelntmre s Lo be noted Uial thiae condensation poly
prers are Bl octionnk fo, thoy contain Toth ether nesd pleabiod linle
e Vhe compound whaeein aos ) is Lo commwredally impaortant
ielhyleno glycol [11OCH IOTLCELOM], and i internal ether
i Whe Pomiting diosinie € MHuOCH TR he mono- amd
diethers devived From diethylene glyeol have the Fermndo ROCT,-
MMM and HOCTLOTGCLETTOR™ The Hatamer
camimunly v e Cartdtnbe” and (e lutter " Codtosotue, " rop
tetored Wrndonrde Bolonging to Carbidue & Carhan Co,

Palyehylene plveols nro ditfurentinled in cummersinl noaensln-
e by ndding a aumber to tha nnme which copresents Ui avernigo
molaenlig woiglit. Vhos, polyethylene glyeol 200 hak an averajo
wolocular weight of wdinar 400 Gneasured valuen o commereia)
samples pingge bedyveen 0 o $20) coftemponding oo vidae of B
For this paethondar palyamer s uppstoximptely 8. Pobyiners hiove heen
prowlneed in which tie valye of iz manninio tho ol ruels, Ll bipe
approximately 10, the componieds are diguids gl yom Lemjromisd,
vimupiity and boiling point inceensing with uersasing moleeuloy
weight, Tlpler palymers sre wasy solid md aro teymed conmer-
winlly Cpboieaes guother Carlitde & Garbon brdomnrk).

U shauld b odxwred that Che preseive of the o Lepminad by
draayl groups in the polyallbene glyenls wakes posaible the fotins.
Lon e Botl elber nnd estor devivaliven, wsral ol vehich ave tnavked .
arl procietn,

Laet~ Doeaune of (heir vapor preasurs, sahnhility, solvent power,
Ty roncopicity, viseasity aned ubyienting chacacloistics, e polynl-
kyleno rlyends e their derbnbives funetion e many applications as
el Teclive raplncements fap plyeerin wond waterinsaluble oili They
tiod considernlide e an plaktivigers, lubriennis, conditionetn and
Finlsling agents for processing textibos nd by, They also nre
iruportant s eidnilying agent s wml o dinptisints for suel diverse
aabstaneos as dyen, oils, resiae, Dseetivides and ko types of
phiarmaceticnds, b aededibion, they are emploved Treguently as
ingrradionts in omnlment Duses and 0 eariely of cosmetic grelinn.
),

Polyethylene Glycols

Danedindd, webiyvden o ydeasg s Corliowises Cebicde &
Ceprben )L N LIEF)

HEOCHOM, |01
Pglyethylene glyeols |26002-08.3],
Propa pnlion. . Bihylono glyent s seactod with ethylene oxide in

U presonce of NaGHET nlk Lot porptuares in the vange of 1207 (o 16"
anrder e of a4 ptin,

Toabyrdy 1,2

Voenerhptban  Colyethvdoe jlyeafn 200 S0, AR 50 avo elpur,
st Tiids af foom temperal FPofyettivdiate ghyends S, 106D,
P50, 3850, 4500 i Ma00 wre white, winy solid he giveods do ool
Tiysleed yae v dileviornie udor typienl conditions, Ay Ui manleenlar
woight inermn, thoir witor sdubiling, vapor prossir, hyg oseopicity
sunnel solabifity in orgnie solvoitn Qe ot the smee e, e or
mebiing rungge, specitic pravity, Migh point asd vikeosity ioerene, 10
these compuonidi gnite, smnll Hres sho el b ext g with enetion
dieidde v dvy-chwnicol stinguishee s el lagpge lives il Mool ™ Dype
e v linguinlers,

Hotubifity Al memborn of thin el dissolee inwater fo firm by
sesbuib o attel are subuldle i many i il s,

Usiosn--- My prasions 1 witle ragge of solobilities and compatibili
{3em, whtiel made thom usofulin phamieceutieal a ned casmelic pregni
tions. Their inndness renders them highly accoptabie for hair
lresnings, hind lotions, sur-lan ereanis, Yo Totdenss, aliwing cresis
aidd sl cronms (og o peronide oinbnent whicly i stable may ho
peeparad vaing thoere compovmds, whike il Ay higes it ivag the
peroxidel.  Thely veo in washnble aintments i dineuasod under
Oimements (pago 1602), ey alae nre wsod in smnking sapponi-
Loree hormone creamm, ¢ Soo Pelyethylene Glycal Dingment
thulow) and Glyeol Bthers (ahove), 'Phe liguid polyetbylene glyeol
A0 anel (he sodid polyethylone glyeol 3350, vand in Lo proparidon
speeifiod (o1 a parmissible yvintion therco) in the nfficial ubyalli-
ylena Glyeol Olament. provide a watersolubli olntoent Lanage vsine]
ity the Farmuligtion af many dermatalagient proporatinms., Thesntid,
wiky, witer-nolulle glyeals often are wsterd Ly inaroaen e vikeosity
of Huid polyethylene glycols and L stiffon ointent ad sugpost:
tory Banes, Iy sddition, they nro usod to comgenun e for the mel g
]l,.,i“:,.lnu,-..g-iu|; alfeet of athor ngents, in, ehloeal byerile, ebe, on sueh
[yt

Palyethyione Glyonl Oitment ISP Freporotion: Hont polye -
wlva elyeo] S50 (00 ) und polyallivlene giveal 400 (GO0 1) s o wato
Trath L0, Albow tis enol, vt sdiv ungil comgenlod . TEa firer [pepnen:
Giun in destrod, repslise wp 1 MUy of polyethylue glyeol 406 witly i
orpup] sumaunt of polyothlene giveol S0, 100 10 26% of g oot
woluition i 1o o mearparated i s ointmant, vaplace 505 of polyethyl.
ene glyeal $3A0 hy b g oo ploaryl wloobal,  (sess A wattn-woluhle
oinemont bine.

Polyoxylt 40 Staarate

1oly(axy: 120 et hntdiyD, a-hydvo-s- hedreazy- elndeenrsnte
Niyej (1001)
RO 00t
RACED i T el ey
4% e omiriady ABY
Podyethylone glyeel monostogyate (9004 331 0 wmisliro ol
ensontenrate i distournto maters of tilxed pulyoxyethylens dink
andd corronpanding free pivenls, the averags pulymer longt Iy b
agaivalent Lo pboul 49 oxyethyleno anils, Prlyaayethytene SO
Stenrate i a sl mixtire iy whieh Uhe avermge by T is
seguivathent Lo ahout 50 oxvetbydone unily,
Progiention - One nelhod consists of henting U o responding
pulyetbylane glveol with an equinole partion ol wlearie acid,

Denertption - White 1o light-tan waxy solich oddortoss ne im o Tain
Fint-lilkes ancdary aoompgetibe Bty &% andd 479

Wolubibity. - Salubbe in water, aleoln), el o peotome insolulile in
idnetat o veyotadde gib
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1314 CHARTER 80

Unen--Conttine sier and wecbul fanctionk that mpart Both
Iyophitic mud hydrophilic characterintion to mako it wwelul moa mie-
fetnist wpd smubufior, 1 fs an ingredient of womo wator-ralubie
ointment s crestn bupes,

Polysorbates

Sorlitan esters, polyCarys | 2eathanied{y]) dorive, Magitagm (o
Canoran by Sorlaten (Ao ): Pweyna (700
HORA W, . LR LA R 1]
W
T Ly DI
hoe, R
T4 of v, 3opoaed ¢ ow ),
I g 0G0 ]

Sorbilnn ester, polyoryethylono derivatives; frity neid estors of
aorbitol and Ha anhydrldon copolymerized with o varving number of
molos of othylene oxide,  "Tho NV recoyilam: Polysarbate 20
{rtrieedure given ahove), o Taarito astov; Pafysorbate 40, a palmiitalo
onlors Palysorhate 80, 8 mixture of stenete and palmitate ol
andd Polysoarbate A0, an oot extor,

Droparatbon-—Thess mporlant nonlonde surtactants (page 264)
nre progmead ateeting with sorbitol by (1} eliminotion of wato

fi g nebriaitan {as eyelic sorbitol anbyeleido); (2) pnevinl sulorifion.
Lion of the sorhitun with o futdy acid mich o oleic oo stosrie agid
viokling a hoxitun esler known comnioreially ay n Span and G
chuaviesl adddition of ethyleno oxlde vielding n fonen e polyay.
yothylene dovividive). *
Deseription. - Polycorbure 8 Bemen: tnandwe-colognd, vily lguid;
Find, eharactovistic adary wirin, sonowhat Sitfee g upicific Nl'll\-’ht:'
10T s 100, pH {120 sguomes molation) 6 (o 8, :
Bolubilby: - Poldysorbate 80 Vory noluble in sentor, pradueiing i
nilurlaes pied soarly colorkm nolution! valulile in nlonding, l::nHul;uppp(i wll
corn ofl, ebhyk ncatate, metlnnol or toluenes imotuble in mineal o,

Unos-Tagnuge of their ydvophilic and Jyophilic chaeaetariviiox
then nonionie surfactants nre vory waefud o vmulsifying mmnu:
forming /W emuisiony in pharancoutionls, conmetios snd athor
Lypow of products.  Polyaorbate 80 e v ngrediont. in Coal Pap
Gintment and Solution, See GClycal Bihers (pago 1313),

Other Watar-Sobuble Ofatinent Base Componmt

Polyethylome Giveol 400 Monesteneate URE XV A ether, aleg.
hal ] eates, Sentitransparent, whitish, sklotdess or vearly oforless
mupny mels oo 30 G 32% Preedy sobuble B earlnm Tetenehloide,
chilureform, edler or pedrotain e, sdightdy soluble i atoadol; ik
blein water,  Dses: Aousmonic strlpee-netoen agond in i progaration
af crommm, lotiom, aintments and cimilar pharmageatiopt prepasaciom,
which nrw readily soluble in wator,

Pharmaceutical Solvents

The romarkable growth of the solvent industey i uilested
by the more than 300 solvonts now beimg produced on an
mduatrind senlo,  Chamically, these includo a groat variety of
organic compounds, Tanging from hydroacarhons through al-
cohols, esters, ethers nnd acids Lo nitroparaffing.  Their
main applications aro in industry and the synthesis o ovjan-
i¢ chamicals, Comparntively fow, lowevar, are used as sol-
venis in pharmaey, becuse of their toxicity, volatility, insta-
bility and/or ammabitity,  Thoso commenly tseth as pliare
mageutical selvents gre deseribed in this section,

Acoelone
% e pnonaey, Dimethyl Ketone
U000

Aveton [B7-04. 1) Oy 1,0 (GR0H]).

Cauetivne 11 ds very flaeamalle,
itrited,

Proporation—Formely eblainod exchmively from the destrie.
tive distillation of wood, Tl distiline, eonsipting principally of
mathanol, nentie neid and aeeane was peadenlized with e and the
weetonwwag suparatod fram the methyd aboohol by fractionn] distilla-
ton, Additions] qunntities wove ohtabied by pyrrolysls of the enlei
um acateta farmed in the noutrabization of the distillate,

1. o i obtpined Tapely asoa Lveproduet of Ue byt aleahol
industry. This pleohol is Tormed in the fermentation of earboby-
deatos wuach as eorn wlaceh, molmmos, wle, By (e agtion of the bictori
wit Clostrictisem ctedobied vt (W etamaan fermentation) and it i
alwnyvs omg of tha produets forned in the process, Tt akso s obtained
fy Lhe catalytie oxidution af isoprapyl alcohol, which in prepaved
fram propylone rosalting eomy the "erneking” of coude petroloum,

D ol s mhiere I moay be

Duweyiption  Teanngrenst, coltrlomm, nbilo, volatite, Mommalde lig
witl with n charmeieristie ol apecific gravity not mory Lhon EHY;
dintils botweon BOA e (1Y congeabe about 05" aguectr sisiulion

nesdreal 1o litinus, )
Halyldlicy - Mincible with watee, aloahol, other, chloroforn or mosl

volilily tils.

U An antisepddv in concopitentiona nhiva B0%. i combing-
Lion with aleohol it is vned s aoontdseptic cleannim solution, 1 ix
amaployod m o menstianm in the proparstion of eloovesing in plneo
ol ethor. 1006 usod an o sofvedd foe digealving Tty hodies, yosiog,
pyroxyling mercneinls, oty and also {0 the manlacture of ooy
piganie componids suely ag chlueoform, dilorohulunol and wsearbic
i,

Alcohol

|':'.’I||ﬂlﬁi Hni[ihm Vind Teetilica ws 5, Vo0 -‘il&il'il ol Wine
Maothivloarisnul

thy] aloohol (64 17-83; contuing 25 Lo GA%, by woeight (94,0
H0.0%, Iy volumad, nt TAAE" (G0 1) of CyH G (16.07),

Prepuration Flas heen made for centuries by {urmentation of
sertain carhobivdatos in the prosesee of 2y aye, i ez presel
i yenst cobte. COsndie enchobivdrate-conteiniag mnterinds include
e lnen, sugar cane, fruit juices, corn, aley, whieat, patado, wouel
aned wante slite liguors,  Anyvaest is capable of formmiiog only 1-
iheene, 1 Craetose, Damantose and D-grlaetoie it is eagentiol that
moro complex carliahydentes, guch ns stureh, o converted to one or
more of those sinuple sigars before they ean e Tormonted, Phis i
secomplinhed vaviously, commonly by engpine: o acid-eatadyzod
hoyelralysin,

"Thie et reaction that ocenrs whow i hexose, glueose Tor pxample,
{n formented 1o adeohol may bo rojresentod ns

Cat 0y v B0 HAM 4 200,

{rut the mechianiom of Uhe peocess i vory comploz, ‘The lormentod
Heuid, contnining nbuat 1h% of pleohiol, i distitlod 1o obiain o
cistillnte containing 949 of ClO0H, by volame,  'To prodoce
ahsnedtd v oefentiod, Ve 90 product, ix dehydvated by vaviaas process.
on

1ompy Do produced alw by hydeation of ethylene, olwadant
puagaplics of which eve availible Com naturs! sod gobio oven gasos,
fronn wanbe goses of (he petroleom iudistey sl other aourees. In
nnother synthosis scatylong i hydrpted eolalylicnily to aceialde-
hyele, whieh Usen in hydrogunated entalybically (o ethyt feahul,

Daweebptive Pransparent, colorles, mobile, voladile Tiguid; abight
hut charnetariatie acor Durning st o boids al 757 Db volatifiaos even at
i Tow Compermburs, and is Desavwdslog whon pure, if s veulral towatds oll
indieasins; wpeeitic peavity an 1R56% (b LIS Govermmmt stundacd L
poradure for Alsohol} net alove 0.818, indicating nal boss flnn D255 af
ol Oy weeipehit e 94.9% by volung.

Solobility: - Misclble selbh sior, seotuine, eldoeralarm, ethor or mimy
vtlior ufpanie solviity,

Taaonpirt b itdon-hin and propmensons containing s Bigh peeeon -
gt of pfechol wild provisitate many dnorgunic salie Trane pi agaeaus
wolution,  Avacia gameralty i procipivated feom p hvdromleoholic madi-
e wlien the aleshot content i gyeater Yhan bt $6%,

Steong oxddizing agents wael ae ehiiveioe, witeiy aeld, perncagiinie
ar chrenmte o acid relution venet, in vome aises vielonthe, with i w
rrerdnen dbelalion produets

Abldtes conne o dnckening i eolor due te the small nonn of nide-
ek tazady preewonl Do i
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Unow--tn pharmacy principally for its solvent powern (pnge 216).
1. nlve in used o the stating point i the manufocbar of any im-
portant conspouids, ko othor, chlovalonm, ete, I alwo is wied ns o
Tuel, ehiofly fn the denntured form.

i g ONE depramont.  Conkequontly, i oconsienally hie bean
adminintored nleevenously for praoporative and posloporative so.
dution ju pationts in wham othor meanieen are inetioelive or con-
wradnedicnted, 'The dose empioved o 1 1o 1.6 ml/ke  fts intraves
now e ia o apecialized prosedure and should be aimplayed only hy
one exporienced in tho tochhique of such uso.

It i nead widoly and siamed by lay porsons as o sedative, 11 bas,
howover, ao sedicaily approved Gae Tor (his purpons, Moroover,
aleahol potentintes the CNS effects of numorous sedative and de-
prossmnt droge, Henee, it ahould nob be used Ly pationis tiking
eurtain preneription deuge or QTC modientlons (res pgo 1862),

Textornnbly, it has 0 number of megliool uees, 16 is 3 solvent far U
togicotendrol couming duy poixoning, and should be vsod to wanh the
akin thormpghly sonn after contact. i a concantratlon of 25% it is
eanployed far futhivg the skin for the purposs of coirdtog oyl redipe-
fog feoery, Luhigh conemtrntions iU is n rebefaetent and an ingredi-
ent of many taiments, oA concantition of 0% 1L s uned 1o
prevent swenting in wslringend amd andtidesdio lotions, 1t also s
canpluyed te elonnne ang harden the sldn and is hedpol in praveat-
ing brdwores in hedridden pationon oo coneentention of 0 1o 90%
it b goemickdnd AL optimum coneonbenlion (T0% by welght) it a
jonndl antisepiic for (he hin Goee! aati-infeetive) and alae for in-
strumants, 1 ndao i usod a0 sodread to cleanse the skin splaghal
with phepol,  High concontvations of it often we Injocted into
nerven aod gugdlo for Che relief of puin, aecamplishing this by
ot e degonsralion.

Donalured Altahal

An et of Congross June 7, 1906, nuthorizes tho withdraeal of
adeaha! Traom hend withont the payient of infemad revenn tax, lor
the purpone of denaturation aod e in e oets nnd indoslries.
T'his s athyl alevhol to which huve heen added sueh denn(yring
mitorinds an o rencdoe the aleohol unfit for use we o intoxjeatange
bevarage, 1 i dividod info two classes, namoly, completely dena-
toeted wlooh ol wd speciedly denatured alealiel, propared in neeor:
danee with approved formutas proseribid 0 Pederal Indusdsind AL
voliol Regrulation 5,

Trformation regmr ding Lhe wee ot nlookol aoed permit requirements
mny e oblained from the Regienal Divectar, Bureau of Aleohol,
Todmcen and Fivearns, in any of tho Tollowing officos;  Cineinnati,
UG Philsdelphin, PA; Chicngo, 11 Mow York, NY; Atlante, GA;
Dol TX and o Francises, Ca, Pederad repulntion provides
thut. complelely and apacially denatured sieohols may bo parcheased
by properly gquakified prvsens Crom dudy entabBishoel donatring
plunts oF hendod donlers,  No permil iy eoguiced for the purclase
and uga of eomplodely denntured nleohs! usless the puechaser in-
{onds Lo rocover Lhe nloolmk.

Tnmplotely Donnturad Aleohol Phin teem applics to ethyl
abeedol torowhich bas e addad mntorinds (methy] imobutyl kotone,
pyronute, eoling, acolaldal, korosene, ele) of sach natare that the
proctucts may e sold nnd nsed within vortain Timitations withaut
pormit and boml,

Spocially Denatared Adeobkol - Thin atoohid i intendod for use
b i greater numbor of wpancified arts and industvies s completely
donaturod aheolio] and Lhe ehnrnetor of the denntuenl. or denstyr
g uged inowoell that specially denatared aleobal may be sold,
posrossed ond vaned only by thase porsons or Gieas Lhat hold Duic
pormits and ara covered by hond.

Wovmulug for products wming spovindly denatured aleohol munt e
el prict o use by the Regional Birector, Birenu of Aleobol,
Tobpeen sud Pronrms in any of e rogional offices listed above,

Uson--Approkimately 60 wreindly donntieed alesho! formulng
comtpining combinatlons of more Qi 80 differont detituranty aro
availnble to [l the neads of qualified voers Lotge amounts of
ppaciatly donaturnted nleshobs ara used an raw matariale in the
production of acetaldebyde, synthetiv eabbor, vinogar and cthyl
chtoride ms well s in the manuinetuse of proprictaey welvonis wd
clouning solutions, Kthor and eldorafuris das e sade Do sul-
ably denatured mleohols sud formuatas for the manufoetare of Todine
Pinctare, Green Song Tineture mnd Robibing Aleolwal ave sid furtdy in
the sepulationg,

Spacinlly denatweed plenboly sl aee nnteed g wodvanta for surlace
contings, pluntien, inks, toilel preparationn and extormal pharmace:
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tieal,  Loarge quostition are daed in the processivg of such food ard
dyugg products an peeting vituming, hormoses, antilbiation, alkaloids
andd Boed products,  Other uaes inelude wapplemontal motor fuel,
vocket and jotfuel, anbifroess solubionn, relrigorants and cubting oily.
o prendusts are manufaaturad today that do not require the o of
aeohol at gowne slage of production,  Specally denatored ndeool
may nid bo used in the mwnwdaetuare of fonds or internal metdicines
where any of tho alechol romaing in the linished produet.

Roge Water Qintmant

Coldd Cropnng, Galens Cerato

edyd Bk Wox oo ccaiiiannnniis e TRARE
White Wi ... oo Vi 120 ¢
Almonal DR« ovvuiiveiennarienaeies Vi il
Senbiuim Barado oocon v i iiieies g g
Sirvoger Wone Walve. o ..o 0. F e Al
Purified Waler 0000000000 P 1§ 1A
Rosa O oo v e coee s, B2k
0 KO O, e e e e e e HUTTRS

Eeeduen Lie cotyl ambera wisx ninl L white wax o unadd pleees, nel,
fhyeearvasts o Doty ackd the almond il aned eontine real g watli the
tompernbare of e gigture ke B0 Dimlve the sodium bornte in
tha purited water mnd strongr rone wator, warmed to 907 sk gpeadunlly
ackel e wazimn nokation L D mebtod mixtare, stiveing rapidly o con
tivonslg il i s conleed Lo alant 45, Inearporale Lhe rose nif.

It bo Teee frean ranckding. 10 e ofulmont s heon ehifled, wiem
ik alightly befare attempling Lo ineerporate pthar gredissls (noe D4P
for ablowrbde varlatlons),

Hintory- Originoted by Galen, the fmous Weman physicien
phaemaeist of tho b eontury ALY, wos keowi for many centurios by
the nwme of Qapeentem or Coratem Refrigerans, 10 has ehanged
bt tittde in proportions dr mothoed of propration throghoot many
Contrion

s An emaltiont and odationd ose, 1L s o WO eulsion,

Dijuted Alcohot
Ditutescd 1 hane!

A mixlare of alenlol mid witor eondaining 41 6 o506, by wigin
(AR o A1.5%, by voluine), ot 35569, of CLHACH (46.07).
Proparithon -

Lo Bt mlL
Lo mlL

F 1 TUT T IR
Pavifiod Wator

Maiare {he aleabol and the prelfied water sepnrately of the sane
Leaspoviminre, aned mixe 10 Ove wiider angd Use oheobiol and Ui vesslng
i1 e maanrieed al 20, U vaduane of 1T mix e will bo ahout 970
ml..

When eoqual volinos of sleohiod aid witor are miged Logether, §
rine in femperatiaee and o emtraction of about 3% in volane ke
place, Iowmall opavations the eontrnetion gencrally is divognrdod;
i davgor opetations ik in very impovtant, 1950 g0l of official nleobol
are mixed with 50 gal of water, the product will tot he 100 gal of
diluted alcohol, bt anly 965 gnl, o contraction of 3 gal. LS Proo/
Srpted diued Ceoan thein and is steongor; 1 contaiie B, by valuine,
of absolate aleohol at 16,569 (G071, Tl comenponds (o A2.5% by
warighd, aned hae o peeific gravity of 0347 ol the wre oniperature,
17 upirits Juvo o specifie pravity lowae than that of “proof spiric”
(034 1Y, they araunid to be “aboe proof™ i renlor, "helowe prosf,"

1 alwe iy e propored frm the fullowing:

Sy T

Aloahed 000000
Parilfed Water o0 oo onn

Rulos o Ditation-The fotlowing subes s applied when mnk.
ing an sleohal of any reguived lower porcentage fron s aleohal of
nby gtiven igher porcening:

1. By Yolume Duaigonte (e volwpe percontage of Lhi strenger
aleokin by V, aneh Usat of U weaker aleolsol 1 v,

Beede - W% e volumins of te stronger aleobo! with puriiod waior o
ke ¥ ovelumes of product, Allow v mistaee 10 sl usbdl full
crmtlanetion o Lndien plaee, and wndid B s conlec, thon mide W e
difigiency in the V saliimos by adding mors pueified water,
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cronue o A alenboal of $0% by volumae in 1o b maace from an
whesshisd of L% by voliria, —“Vake A0 volwmes of L 90.9% aleohel, and
e onenagh prar T wtor Lo produse 29,1 valpme at taons loamperadare,
I b ‘i’(‘h{’li- Desigonle (e wobtht pereontagge ul e stromger
ilenlio iy W, e that of Oweowenker nleohol by w,
Hseber- Bl m parts by welitht of Uhe stinner alenhol with panfied
watner 0 nankee Woparts by weight of preaduel,
Eromple A adrohol of S0% by weipht is 10 he mde From an
ahenhal ol DAL by walp b "Pake BU parts by welgla of the R0
wleohol, windd k) oy praeified wate to produce 08 pots By weight,

Baseriptkon.. Av far Atvodral, [EYRNI = ﬁ|m5‘il'ir peianvity in BT fo
Q087 ab. ThAG", i Dl it bl wtren el ol CabLOTT porresponids to
thad given in the ofTiciat detinitiee,

Lies-o A meemstraem in meking tinelares, Moidesteacts, exbiaoa,
ele, M proportios alrendy have buen donevibed fally in connogtion
willy $he vartous preparstions. DR vabue consigts not anly in ity
antisaptic proportes, bt alse i its possessing the solvesf prowerw ol
Ttk water andd aleohol. See Aleahol,

Nonbaveragae Atcohol

Thiw is tax-poid adeabiol or dislillod spirits el in the mmulue-
e, by appeoved formula, of sueh medicines, medivioal pnopacs-
toms, Toogd produets, Havers or Aoy exteacts aw e unliy for
hvornge priepsen Internal fevenne Servies Regulations peovitdo
thit yuaditiod helders of Spoeinl Tag Stnaps whe e 1nx paid
alveohol or st ilied apivits i the bypes of prodocta st above, may
file n chnim tor alemhal tax degrediaek ar rolund of o conaldurabile pmt
of the tag paid,

Amylene Hydrata

wlaunnol, @ omethy s, lavtinry Amyl Meotisl Pimethyiethylearhinel
o,
b ey
o

teet- Poptyl aleghol I'f.'r-ﬂfir'li [.:;,l‘]g;‘i'] (HH.10),

Propweation. Awmylmie in nixed witl 2 volymes of G0% 11,80,
Teath prewienesly evsled (o OF, Tor adsat 1 b thaen neubrolizod with
sendan, skl led aned the fest, hadf ot Che disgillote containing imost of
1ha mmytone hydsate is teen bl with ol eots pntassitin soebonnto
i reddistiblod.

BProseription Clear, b lenn Fiepuaied 0F complisengeou mdor wddLion
netLend b T mues speeifie grayity 0808 o O807; dintile complefety ho
Ewon Y mnd 104",

Solubbbty - 1 g inahonr S mboof water; miscible with odealial, chlra:
form, i ot o jilyeerin,

Use - Chilelly, a pharmacentic necessity for Teibromoethanol
Sofvition (1S5, piyee O8S). 11 has Been iund w8 sedntive-fiyp-
reedde i denen of oA g ndusindatered i glyeocin,

Chioroform.—page 1320,
Elhor--page 1041,
Ethyl Acolate—page 1264,

Glycorln

L3 Peagranat ol (el
i

M SR

Glyvorod [50.83-6] Cal Ty (92.00),

Chiomdeally, i0 b Ow stmiplost tribydeie aleshiol, T v warthy of
apecin] nole Locaose the two terminnl aleolnl gronps oo primary,
wiitrina the indddle one is socondary. Phuy thin beconuws e it
pedyhyd e aleolud winich enn yiekd Both an wldom (piveeraldeb yde)
and a Kotose (difosdraxyueetone).

Proparation. -

1. By sapumitication of fs el ails in Ui manuletars of sonp,

%o By hytralynlnof fats ond pils Uhroighy pressure nnd saporhent.
el Hloyim,

Ao Hy leementation of boet soagar mnlawges i the provenee of
lurgge nbwiinta of godinm sulfite, Uinder thoue condiliong g regetion
Linhas pluge exprossnd ns

ol 2 Gl ORY A CHACHO A+ GOy

Gilwraer Gilveerin Avoiuidehyile

4, Clyeorin s now prepnred i g quantitios from propyleng, p
petroleum pradnet. *1his hydrocarbon [k eldorinn ed al about 4000
o form nllyl ehlorde, which is converted te ullyl deohol. ot
mont of the unsatarated aleobol with hypachilorow aeid [HOGC)
yiolibs the chlorobydein dervtive,  Bxtraction of HCL with sada
1 iekds 2-eporypropanet which uidergoes hydration te e
i

Doseription Clenr, coloedess, ayeapy i with o wweet st anod
ok more Phan a wlighty edaracterietie oder, whielu s seithee horah mor
(limi;\'c(x:ﬂ;ip: when m(pmw(i L okt aie i absorln p\'nlur atnd b aniedy
gt ai Mo and S0z solulion aie oeutial; specific graviiy sud Lelow
1240 (oot fom thaty @0 CaldfONT; Dol il aboul 200 vader 1 wlm,
with docomipanithan, Bt ean b distillol el By a vaciun.

Solubilty - Miveilste with wador, aleahol naetmnaly | in sl 1%
Lo oof iyt acatnte o abont 1T endsof seelone; iselubbo i chiorsform,
alher o fiked and vilnfile oile

Enoompatibilithon. - An exphoion may ovenr (580 in ritweatad with
ad vy oxectiednp agende meh ns dhranidum trinyide, putassiim ediurtte
v grbewserant peenriagariere, T dilide solutions the reactions proceed
b alowor bafo Gormibng sovorad oxidadion preoducts. Teo i o oenieh.
ab eobninanl of A0 and may b Lhe cati of o darkoning I cofor
mixigres eontaiping plenols, ﬁ'!’lﬁt‘yl’rﬂ file, ek, e

Wity ey are el ot e i Bavatar, 00 Tor i ioeampdos, ponocably spa ke
of w6 glycershorie scicd, which isa muoch stronger acid vhan basie aeid,

Lo One of the ot vadughle prodacts koown te playmaey by
virbua o i sedeant propoety, inmelul ns a ameefant in heeping
auhad abeen madst, owing to ity bygroseopicity. 118 agreonbdo tosle
and Bigh viscosity adopt it for many purpnses,  Some modern jos
collnes and iee hags contaiy it o water hermotieally sealod within
vileomsized pudibor Bage,  Phe lottor are storilized by dipgimg fn s
gemieidal solution sk wre ntuear] in the refrigerator umtit nended,
11w Bas some thirapestie wses,  Inoparo anliydrous form, 1t s
el i Bhe eve Lo peduee corneal edoma und 1o Meilitate eplithalio-
seapde exuminseion, 1 s teed eratly ad o0 evaeannt and, in 5o
TOM anlwtion, me i iyelemie esneolic aent,

lsopropyl Alcohtl—pago 1167,

Meothyl Alcoho!
Mutliunal; Wad Aleohol
OHy0H
Methaisol [67-06.1] CHLO (42.04),

Caution-It is pofsanous,

Prepoeation.. iy the eatalytie reduetion of enthon moneside or
curbon diokide with hydrogen, A zine oxidochrominm axdide tat
Iyt v gl commuanly.

Dewoription . Ulear, coliviom Yguicd; choravtesinte odor, Tannmible:
wpiesifi geavily pot maor U 0,75y hiwfile wityip w range ol 1% Ll ween
Gilh angl G699,

Solubiloy . Mineibie il wates, ateohol, ofhor, boagne of ites) alh-
e orgmle sphvonds.

Uson A pharmncestic aid (melvant), 1 n foxic, ipeation mny
rewult in blind oo vapors alae guay eage woxic etions,

Mathyl isobuty) Ketone
S Pantonnise, 4-mothyl
(CH B CHORLOO0H,
A-Methyl 2 poantanonin (108100 1] coplabn aal o thaos O0% of
(ML P RS DTIRTHN
Dosersption Tronsparent, colorless, mabile, volitile legids faint.,
Yotonie aned anmpharaesons niar, distils betwemn Db and 1389,
Soluhiliay. Shightly modubile i wilés: it ilde withe nleolwl, other or
lenzend.

Upow-h cdenaticrant for malibing sbeobol and abio n soluent tor
s, resing, nitroen|lulowe, ote. TUmN Do irkltating (o the syen and
et e nes, wnd, in D coneenteabioas, vares b
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Monoathanolamine
pathanal, Lomnino., Hthanolantine Ethylbmine
MOCHCH N

2 Amineathanol [141-43-5] ColdaNG 61.08). .

Preparation--This alkanolamine is propared conveniently by
trenting ethylene oxide with ammonin,

Dascription--Clear, colovlom, miderutely vieeous iguid; dirtinetly
warmrhend welom sl Tosted by ihd speeifie gravits LOTG 1OV tdintily

hotwesn 107 ang 1737, ;

Holubility. Mineibie in gl propordiois with water, eotone, klevhal,
@hyeerin or ellarelornd; inmiscible with echey, Aodvand homame or fixed
all; clissolves many exsontipl vilw,

Une A sedoersé for fata, oils and mauny olhor subsiances, i in n
phartncoutical nocessity for Thimerayed Solurion (page 1173}, It
combings with ity seids Lo form soaps which find application in
various Lypot of amulsions suck o lowiong, croams, ole,

Propylone Glycol
CHACHIOMCHLOB

1,2 Propunadiol 187 -66-6] CoHaOw (T6.10),

Preparption--Propytong is converted succeskively Lo it chloro.
hydrin (with HOOL), spoxide (with NugCoy) and glycol (with water
in prrasence of protons),

Thaseripthon Ol cotorue, vincoun and praetiondly aderless oo
ahighlly aeric toees spocific pravity 1005 to LT compatady disliia
belwoens 184 aped 1RO nbnorlm shalstiee [1om medst alr.

Solubility-— M nobic with wator, aloslol, aeiiom or chloroform; salu-
blo fiv other dissolves oy volatile oiby imemineile with Hyed ofls,

Ointmund {page 1811),

Trolaming

Fthininl, 2.2 2" -nitrilotrig., Triethanolaine

PHARMAGEUTIGAL NECESSITIRE 117

2,24 Nitvilotsiothanal | 102-71-6) NGy O )y (140,19} 0 mix-
ture of allanolantines conginting hugely of teicthanolamine, won-
taindng wome diethapoloming {NH{C,0M), = 105.14] and
monoothanetaning [NF 1108 = a1,08),

Proparsiinn-—Alorg with meone mone- and diothanolmpine, by
the action of ammonia on ethylene oxide,

Doseription-—Colorlens fo pade yollos, viseows, hygroseapic lguid
wlight orlor af amaonit agueeus soludion in vory allading malls ubout
21, mpedific gravity 1120 Lo 1128 o ateang base s rendily ombings
ey with wenk neidw to form sntia,

Kolwbility- Mineible with wator o aleshol; solulile b chiorodormg;
wligght dy anlubde in elher or o

Uties—In cormbination with a fotiy aeid, og, oldo neid (son Rened
Henzaute Lotjon, page 1246), ns an emolstfier. Sce Monoethanola.
e,

Water—page 1300,

Other Pharmaenthen) Bolvents

Adcehol, Dubyidvatod, BI, PR [Dobydeated Bthanol; Abaolite Al
hol] Eranupreont, colorloss, mehila, yotatile liguid: characteristic odar;
Dnaerring frendaes appetiCles geemvity v morn dhina U798 a1 166" hygroseop
i, Mamenhle dd boids ahont YREC Mineible with water, ethor or
chloroform, Tisesr A pharmoceutical sobeent; nlao usol By injoetion for
voliod of pain (ke Aleolind, pagle E314),

Coeanut O {Cacona, Qil; Copra OF]-- Pl Fixed ofl obtained Ty
expression or exbenetion from Lhe Rerpely of U seedioal Coene nucifura
Linné (Fam Patmaa). Palo yedlow 1o eodorless Bouid Doetweon 28 and
B0, il al #0% apd b, Weictle eeyatal e solid below 159;
ottorlosn and faatideo or fus a Tdal odor abed tasto dhaenetorintie of
Voo L6 ovst nob D vwoend 1 G0 Bar boeome vaneid; meltg shonl. 23%;
Fpenitle gravity 0005 ta 0025 Readily nolubla o aleohal, sther, ehiloro-
Tarmy, earhion dimillide i pretvotvwn benging insolable in ot

Potrolowm Benein [Petroloum otlor; Partfiod henen |- -Clear, colar-
lesm, volntilo Heouids olheeend of fuinl, petroloans HRe oo neateal voag
Han: specilie gravity 08 10 0060, Proculenlly ineelhle S witer;
el with ethor, chlorofurm, Tonsang o fxed oile, Cantion: Highly
Maavmaabla, wned it vegrar, whon mixed with sir amd ignited, moy sxplodo,
Fiwess A wolvent fur Tuts, coning, odlsand similar sulmg anees,

Miscellaneous Pharmaceutical Necessities

Pl agonta listed in this sealion comprine o helarogeneous
group of substances with hoth pharmaceaticat and industyi-
al applications. Phormaceutically, some of Uhosi ugents are
wiied an diluente, onteric confings, uxcipients, Hllering agents
el ny ingrodients in produets considored fn other chaptevs,
Tadustrinlly, same aof there agents are ysed In various chemi-
val progesaes, in the synthesis of othor chemicenls and in the
manufacture of torlidivers, explosives, elo,

Acolic Acld

Acotie seids nsolution containing 36 Lo 37%, by weight, of o1t
(60,053,

Propars tion-—By diluting with disullod swator an acid of higher
coneentration, seeh o the B0% produet, or more commenly acial
acetie aekd, maing 360 mL of the Intler for the propartion of mach
1000 L of seetic aeid,

Pheseription...Choar, eolorlesk [igoid, Baving o stromg ehimmetering ¢
otlor aned wsluarply acid Gt speeilic gravity ahout 040 colgonls bl
- 140 pgiel Lo YEmum,

Helability- Miscibie with witer, nleohal or glyeerin,

Uit =B phiemagy e o solpent and menstraum, and for making
ditated neovic neicd, 10 ok s ared as o starbing peint in the sana-
Faetarn of many other organic eompotnids, og, neelalos, acelanilid,
willopamides, wte. 1 e official jprimarily s o pharmgecntic neces-
sfty Tor tho propuration of Aleminem Subaeviale Sofution (1078
1%, piage T78),

Dilutad Acolie Acid
Diinte Acetie Acid

A solution wonlebning, et 10001, 5.7 e G333 of CabiOy,
Prepuration. .

Aot Acdd Lo nience oo ikl
Purified Water, o safficlonl guantity,
T 1L PSR |11\ 1Y M

WMix tha ingiredion (e

MNute-Phinaiel wlao may e preprved by diluting 58wl ot gluclat
aeatic ackd with suffleiont purifiod water to make 1000 1.,

Deseription: - Fwountiolly the sate properiics, soinbility. purity wil
[elontdfiention veactione an Acetie Acid, ot il spoeifie groeily s aliout
Loodt aned i eongenls abogt, -2,

Lo -Bueterividud G mnny Lypo of microorganisms and ncea-
sionnlly in oo iy 1% salution for surgion] dramsings of the skin, A
1% selution s sprermatocidals [Lnlse s used i vagginal davebos for
the munagoment of Prichemonos, Condida and Hemophilng infee
T,

Glnclal Acetlc Acid

Samconbrated Aretie Awid; Crystalliznulde Aeolic Aeids B hanoliv Acid;
Vingine Acld

CHCO0H

{HMacinl neefie neid {64 -19-7) Ok 00 (60.05).

Preparation.This aeid i termed "rlacial™ boene of ity walid,
iy npprenrance when congondod, Ty one proseds iLis produed by
dintllation of weaker acida to which has hoow acdded a waler-en:
Lenintiigg sabsttanee suel as ethylone dichforido,  Tn thin wothod,
referred 10 as “rzoolropic dintillathen,” the eihylono dichlorido dis-
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Lilw out, with the water before tho acid dintils over, thevaby effoating
comeent ution of thi futter.

Ty anothoer process the aguoous neid is wixod with Lristhanol-
amine and hoited, Tha neid eombines with (he triethanolaming v
farm o brfethanolamine acetata, Thie water is driven off firal; thon,
at. o highor tempemture, the tricthanalomine conpottisd dueome
poscs Lo yiold thin neid, .

A groater part of Gie neic now available ia made synthatieally from
aekytonn, When acelytene b prssed inte Uhin nciel confainlng n
metallic catalyst such as mercuric oxide, ethylidons dinestate i
produced which yields, upon henting, acclic anhydride and neelod
dehydp.  Hydeation of the Tormar and air nxidation of the lnitor
yield thin neid.

Dopeription.Clear, enboriegs liquids pupgent, charaeterintic odor;
when woll-dilntue with waler, i hok an aeid Lesie: Doils ahout, 115
congeals ot o temperature ot Joswear (luan 1567, cortespoicding 1o
spinimumm of DA% of CHACEOOR; speeific gravity ntasin 1,05,

Solubility.- Mincille with water, aleohol, neetone, nihor o plyeuring
insluble i enrhon etrnehlarido or shluraform.

Usii—-A catstie and vesseanl whun apphicd excernslly md in
aftem sl wndor various digguises ag o oorr salpend. 1L is an oxcels
lent selvend Tor fixed wad votutilo oik and many othar arganic com-
pounds. 14 in used primavily w an ealdifyiog agent,

Atmond Oi--RRFS-18, page 720,

Aluminum

Aluminim Al (26.08); the Trog wetnl in the Torm of finely divided
powder, Bt may contnin oleie aeid or stenric neld as o labronal., It
conluing ot Lot than D5% of AL ond not more than b of deid-
Igolihle substanees, includimg moy addod faty neid,

Deneription: - Very line, {tee-Towing, sihveey poveder free from geitly
ar disealored particlon,

Solubiity. - Dwsluble in water or alohols wolubie i hydsoehlirle ad
il luric neldy of i seliddons of Tiod aihali hydroxicdes.

UnowA protective.  An ingrediond in Aluminum Paste (RPS-
1, page T,

Altminum Monostanrale
Aluminum, dibydroxy (cetadecniinalo 2y,

Dihydroxy(stenrnto)almsinum [7047-84-0% n componnd of alu-
whim with o mixtare of solid erganic acids obtained from futs, and
comsists chiefly of variahle prepavtione of alwmingm monastunrnta
g plaminum monapatmitate, [Ceonioing the oguivalont of 14.6 to
16.5% of AlyQy (101.86).

Propuration—Jy interpetion of a hydroalecholie solutiah of po-
Lassbun atonEnte with oo nquecus solution of potassium alum, e
precipitate boing purified to vemove frao stoarie acid md some
alumlom distesrate simultanaously produced,

Doxeription---Fine, while to vellowish white, bulky powider; faint,
clinenatorintic ador,
Baluhility- Disohable s water, aeobiol or ethar,

~ Use--A pharmaceutical neeanity uaed in the proparation of
Sterile Provaine Pendettitn G with Ahoniniem Stearate Suspension
{(kee paga 1107).

Stronp Amimonia Solutlon

Stromyer Annonin Wilor; Btronger Animoniom Hydvoxide Sulation;
Spirit of Martsborn

Ammonia [F236-21.65 n aolution of N1, (17.02), centaining 47,0
Lo BLO% (wdwd of NFa Upon exposire to sir il lones AR Aein
rapidly.

Cadion-—{Iwe vore [n hindling [ beowese of the rewstie natere
af the Spdution eud the irritaling properties of s uapor. Cuul the
contuiner well before apeniny, ond cover the closure with o cloth or
gimilar maorial while epening. Donof taxte it, end awetd inhalas
i of {6 ap

Prapavation--Ammonis is obinined convmoreinlly chiotly by
wyrtlwals feom Ha coostitiont alenments, nitvopen and hydrogen,
combinat) under high prousurs and of high temperatare iy tha proas
onen of noenlplyst,

Pragerbption. . Calorlens, trannparant Bauids eresadingly pungont,
ehienetevinn e odor; cven whon well-diuterd it g strongly alkaline 1o
linsnh; apeeifie rovity sheut 0,90

Salubility-- Miseibio witly aleobed,

Useg-~Only for chemical and pharmuesutionl parpoass, s
whedd primacily in msking smmonin water by dilution and aw o
chemical roupent.,  ILis toaatrong for interinl administralion, m
an ingrediont in Avomulic Ammania Spirit (pajto 1633),

Blemuth Subnitrate

Bunic IiliumuLh_Nin'nw; Binmuth Oxgnit eate; Spnnish White:
Rinmuth Paint: Blumuthy) Mitrate

Piamuth hydroxide nitrate oxide (130486, 4] 145, 000H 1 INO,
(1461.99); a basic splt which, driod at TO5" for 2 by, vlolds upon
tendtion not Josy than 19% of RipOy (460.86),

Uroparatdon- A solution of bismuth witrate s added 1o boiling
wiher (o praduce Lo subniteaks by hydrolysia,

Doseription.Whito, aliglitly hygeoseopic powdow sunpengion in
distillod waler i faintly neid (o libmn (pH about B,

Holuldity-—Fracticalky insoluble in walor or ovganic solymaing
dignolvos randily in an oxcess of hydrochlotle or niteie acid,

Incompatibilities.--Slowly hydrolyzed in water with Sboration
of nitvip acid; thus, it possoasen the incompatibilition of tho neid.
Rodeucing agents darken it with the produstion of metaltic Dismuth,

Uncts A pharmecentical necesirty in the proparation of milk of
higpauth, 14 ako is veed ay an osteingent, adsorbent wnd profectivg
howover, its value un n protactive b questionable, This ngent, liko
othor msolublo bisnauth walts, Is vaed topically in lotions and einl-
oKL,

Barium Hydroxide Lime

A mizture of barivm hydraxido eetnbydrate and caleiom hydeox-
ida, 1t also may contain potassium hydroxide and may contain an
Inddicator that in inort toward anosthetic gacas auch se eihor, cyelo:
propane nod itrous oxide, and that changes eolor whon the haviam
bydvasida time no longer can nhaorls carbon dioxlde,

Cauiion8inee it confuing o sedabio form of bavium, i (s toxic il
swallnwed,

Inelleator has baon added,

Usol A earhon dioside aduorbient,  See Soda Lioe (poge 1335}
oy

Barle Actid
Paric avid (LAY Boriele Achd; Ovihhurbe Ackd

Horie acid [1004:3 35 3] Had30y (G183,

Proparation.T agoons of the valcanie distrlets of Tisenny lor-
marly turnished the grontar parkof this wid el borax of commeree.
Povax iv now [ound native in Califorin and some of the athar
wizktorn st ubimg cadoium nnd magnesiven horates sre found there also,
M in produced fram nutive horax, or from the other boratos, by
regeting with hydvochiarie or salforic neid,

3ol ptim - Cololonn menlow of o somewhal. pearly Justor, or erys-
talw, Bl e emmsanly a white powde: slightly inetaous (o The Lk
ucorless aned stablo in U air; volalilines wib'h wbean,

Solubitiy- b in 15 mb of wator, Imd.of alsahal, 4 m], o glyeerin, 4
mls ol boiling water or 6 vals of bailing aleahai,

Unas. A hutler, and il is Uris nns that s recognized of figially, 14
is n vory woalt germicide (ocal anti-infoctive). N nonivrilading
propertics make ik nohstions suilable for apphichtion o such dali-
cale structures as the cormos of the eyve,  Aquoonn solutions are
pmpioyod B8 A eye wish, mouth wash and for ivigation of e
bladder. A 2.2% solutlon i& isotonie with Inerimal fuid, Solutions,
wven i thoy are pade etonic, will hunalye red blood cells, 1 aleis
fn evpployed a5 a dusting powder, when diluted with somo inert
patorinle 30 ean bo absorhed through irelLatod glin, op. infants with
ciapor rah

Although it i ot absorbed signitienntly from futace skin, it i
abmorhed from dwmugod skin and fatab poisoning, particelaely in
infunty, hes occurrod with topical applieation to luemn, denduit
vt granulution Ussoo and worous envilies, Striaus poisoning e
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pewit e fram oemd fngendion of s diitde ne B Symplonis ol praiwning
are e, voiting, ahdomdned pain, dinerhes, hendachiee nd visa-
b dintirelanee, Tosic alopngin Dy Beean spepaptod Tomn Hhe ehronie
it jon of o swonth wnsh containiagg it Mo kudney way be injured
andd deatly sy resalte 18 e o preservacive iy boveragons nnd
fomaghs i pentribited by national ik wtate lepislation,  Fere ooul-
wsrys present B darprer of confuming i il dextrose Wwen emin
potndigr nnlh fursrodus for fafants, Patgl aed Jerrds foge e
etred. For this vesson Borie acid in Ll i colored, so thet i
comimat e eondined with dextoone.

11 5 el b prevent disecloration of pligacst anine solulions,

Fhapitir - Prapiecen v, i o ivenl

Calcium Hysdroxlde
Skt Lo Cidvivan Hydinte

Calebam Dydroide | 1506 62-0] Cat03), Ca0m).
Preprorndbon -ty seacting (renhdy prepared sdcinm oxide with
waler,

Demeription  White powcter ol ine, slightiy hitter Gt absorln
caarbin elivabede Srom Ule nde Foensingg e vielomates anditsng exbili
Wonlpenp abdine et il

Sotubidily 1 g U ml of water ar BH0 ko of Tealing waler
sl ion pelvenrin wn ierng; insolle i adeadiol: U solibality i water i
doereasud Iyt proseres o tiged allali bydrogiden

Unen: In the prepaeation of Coleten Hydeogicie Subetfon.

Culoium Hycdroxida Topical Solution
Coigbyammn iy roxide Salutiimg Limie Witm

A wdulion colpinigs, i vaedy 10D mb, e Jes L 140 30y ol
(R bHIN

Phe solubility of enleium hydroxitle varies with the fem-
perture at which Ui solution isstored, heing ahout 17hmp/100m1.
w1 16, el et bdggher tomperndare, The offies] conenstintion

ju Dl ey o bemgernty e al e,
Proparation.
Clonledvm Wdraxide .00 i it
covcrnnn o HOHEmE,

Frowificd Watoe .0

At eabiim bgdaosade Lo OG0 mE, o) pool, pagified walot, N
apdtane i mistiee vigeronsly and sopoatodly duriag, | e Al The
pacss nl cakoiom hydroxiche o setthe. Dot anly Uieslone supeesg:

Loast Jeignnded.
*he wiedisgeolved portion of e mixtane s nosaditable for propar

P adeditional guantitics of the aolatiom.

Phe altject af keephng Ty wator over widinolved enleivnm by
dramide b 1o fosure a sniueatod neltibion.

Naserviption  lear; colo leis Hopehd; sllwdine tonteg stramy slkadine
ruasctiv: abyiear s erebien Aieacddo Fron U ade, o Tilm ol calitharg airbonnie
(ormdng vt Lhe iarfee of the Souidd; wheny hemtad, it Bewnmas i,
w1 he o paration of endeim Bvedvonido, whieh in Tomeon tuales iy by

Tl T eerdel il

Ut P elifute te b offective nn a gostric antaeld. 11 iy om-
privyeed Lupieatly ne a protectiue invarlows e of lotionn, s
fotdon Turmutations it i used with wive oil ar olele aeild W form
caleivam olente Uhnt Tinetions o an aswbinifving sgent. Tha UK
el il an anteingend,

Taowe- Tupioatly, in astringent nolubiom; and lotiomt i redguired

(uter Cafamine Loibon, pagt 142,

Colglum Pantothenmte, Rpcemils--pago 1022

Calcium Stearate

Octadlevinoie aend, cadeivan nad)

Ondeivn plearte H02-204-00 a compsound of aplcium with n i
tavro of nelid orpanic neigs ol ningd from fats nod consists ehiefly of
vpinhle |)T'()|}(]Fl-i(}|||g o wlonrie nnel [}Mmi.lfi.ct el |1:ﬂ=s‘.imll st b,
Coedlaf 0y = G070 caleium palmitnte, CpllpCal, » AH49):
cuntaimn Lhe ogquivadent of O G 10.5% of Col ealeiim oxide)

Peeparntion-- -y procipitation from inteeaction of soliion af
culeim ehlovide and e vadivm wdte of Qe mixed latly avido
{ntarrie ool primitie).

PHIARMAGELTIGAL NEGIESSITIRS 1919

Dencription  Fine, white b veltowinh white, ullky s alighs,
eduaraelesrigd i aclor e baewa aondd (o Do geitbisnme.

sabubility - dmchable inownle adeolik e ethaee

Uitiesg- A feebroand in tha sty of com o] bl N
nbso ds wwed e ncosithoning P Gl s grhermngentivad
pl'udm:tu. [ [0 vir!.unllw noLexie malage b opebidun paroperties
widees i1 dcend For e puarpsoues,

Galclum Sultalg
suliuie i, calobaon snbd €101 Gagemamg Toees Albn

Caleiwm walfite (1) Prems s 0] CoRcy (0 14Y difvdiate
PHTat-A1-af {17807)

Prepaeation  From oalaend sowvees o Iy precipibanlion Mo
interaction of salutions of caleiam chloside aud nowdolile sultine,

Doseription . ¥ino, whita toolipliy yerllow white, adartoan powsder
Subulyibity - Priavelvs in Aifuredd VICE Wligdot by pediplle diy wndor.

Ve dibaend in the manualinotuye of comptomind toidets, 11is
sl Tieiently inert Chat dew anelosirallo ceaetions oeeur in tabiuls
el AU Dy sulistnnee, 10 also boosed Dor andoag plister visls
atnd wuppurts,

Camauba Wax

Oneninod Troan the Toaven of Caperngeia cecifera Moet o el
e},
Proparaiion  Uossinds ehiefly of syeiovd corofafo with soadlor
auisbitics of mevrieyd afoodiol, corst wheolud aad ceror foonedet Mo
abatginad by trenting dhe b Duchs e levas of Copernivn vorifers,
e wiecnlled Benailan Wax Pabo, with ol wider,

Doserbpfing  Lightluowe tapale yelluw, mmoleralely canrst (e
e oo et he bt eonbors Py Vromny s by npe vty alnnd
CLUN maesdte b WA,

Sedubiity  Lisolebde i ownrer; freely sobalde inowarm bepgone vl
Fhe py venran eldogoforn ar ldueoe; sHie aolubibe i baeiligg ahoiuld

Vlwk - A phameentiv il uasd aeos padisshong ngend in the nuoa
Fitbure ol condend tablots,

Microcrystatiing Cellulase

Cerllulose (004300 porified, pnetially depolymerize] cellulose
proepared Dy Leesting ol placollalose, b asn polp fom fihrony
plant material, with minorat neids,

Prepnration b bnsabiocted 1o e hytdealbtie aetion of
A N HCE ot Wi boiling Lenrpormtare of oboul 102 4 10 i,
whopaby anverphiows cellfosic materiol s vemovied and aggopgaton af
erystalling gelinlose nree formed,Phese nre callociad Dy lilralion,
washied with waler mnd aqueeis ammanin i disotegrated inio
well] Praginends, often termed cellofone eevstaliites, Ty vigarong
e lapyiend maoang sueh i Diendor, VS Pl 8 BT,

Ueseriirtion e, white, udorteas, erysialline poavelar; vongisis off

e Elwingg, nendilreas s iclon :
v Tusaeleble i wator, dilus nebds or mest segipie relventsy
ligghdy o duhle f Nl T wodution {1 ba #0),

Unow-A taldet diluent nod disiniegrant, 10 enn b compreiad
-hinscling Lalboks wisieh disdnlepnte asidly when placeod in

water,

Microerysiniling Collulone el Sodivme Cicbosymelbyleetla-
Tt Ay sigaltoisl . forpiigg, aytetted dristee of microerystalling cellulow
andd nedinm eorboxymet bteebleloge, Tasidog, odorless, while v off
white, caneno ler fine poweler; f}]l Clingaersion) 1 B Swolls i westar,
produciag, whion dinpersel, wliitay, upawpiie lispersion v s insaluble
iny arginie lveptsoor bbb achn, laed Pharisacentic aid taospond -
inyg el (irades Aritadbe Garounis ol sa i o }‘ﬁ'yrm‘lh',’li.'i!”\l
Lt prediteiy yiseoaibios in (he conce ratiom desipaated)s §%, 110

e i 20 sl AU 00 ep in 4200 b oy |1, 4l opa T 82

[CE (HHTOTS

Powdared Collulogn . --page 1305,
Cellulose Acelite Phthalato
Ciellaibiase, nentarlar, |2 Dueinenedicarinmylaie

Cellnlose neatzte phithainte [9004- 3503 1 eodelion product ol U
plithastie ndsedyide wnd o partial sesinle oster o cellnlowe. When
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1320 CHAPTER 00

driod gt 1062 foe % by, i contnine J0 (o DA% of selyl (000
proups and 30 o $6.0% of phibalyl (o-enrloxyhonmoy], Caldpth)
ftroupm,

Fropuration--Cellaloae i eteerilioed by rontment with acelie
el phithalie adhd anhydreides.

Dronerhptbea - ree-owing, white powdor; say have o allght odor of
acetic neid, .,
Soladititg-Tnapluble in wnter or aleohol; olubile i acetone or dios:

st

Uluist <A enlerfe tabled-conting malarial, Contings of this sab.
alnneo dleinteprate due 1o the hydrolytic effoct of the indaeslisal
onlovases, even whon thy intestioal contonts aee acid,  Je vitro
wluelies Indicnte thal colbalone acatats plthalate will wilthstand U
aetion of nelificial gustrie juices for long periods of e, but will
disintegrate eead By in netificial intestinal juices,

Cherry Julce

P Hegukl oxpransed om the Mreeh vipo et of Pronieg et
Linng (Fam Kosecene); sontaing ot Lass than 1% of mnlic acid
[CaHlhy, = 13a0m).

Proparotien. Conrstly crush washod, steanmed, unpitted, sour
chereion in o eeiader we ag Lo Tronk the pits hut nob mash the kereh,
Vil ve 0,1 % of benzoic acid in the mbstare, and allow it 1o stasd at
Foan temgerntare (possibly for sovorst doya) nutil wamad] portion of
the filtorod juler remains clenr when mised with one-hall of ils
vulfutng of aleohol and the resalting solution does not beuome elewdy
weithin 40 min. Press the juiee fross tho mixlure une fiiteril.

Duseription-~Clenr biquid) avomatic, chavactaristicless ador; wour
Unnbery affacted by dights the color of the lvoshly prapared julco i eed to
reclelinl pemio: plE Loodg spocifie geavity 1.045 1o 1075

Carbon Telrachiortde
Methine, tetrpchloros, Totrmelboromet inng

Carhon tetrachboride H6-25-0) CClLy (1R3H2).
Propiration...One method consiste of entalytiv ehlorination of
entbion disulfide,

Ponaripuon. Clear, colorless liguid; chavatoristle ador reembling
thit of elbearslorm; spectlic gravity LOBA 1o 1680 hoily abaut 790,

Molabi iy Selilile in alou 2000 volumoes watar; miseible with aleo
hasly meotone, vtdwr, chiboreform ar bonsme.

Unon-—Offigintly rocognised oy a pharmaeautical necessty (sol-
vent), Formorly it was used o o choap anthebnintie Tor tho Geal-
ment. of haekwnrar infoelions but i enusos kevore infury Lo Lhe biver
il nhsorbed.

Chiorotorm
Matline, trichlores,

Trichloromotlinne 87 663 CHCL (1 8.8R); condaing 08 to B1.5%
of CHCL, the remnindor consating of aleshol.

Caantion.-Cure shaded be teadeen not to pugorize (Ein the presome
of a flume, beeavise of the production of hormfud geses (hydiogon
chleride and phospenae),

Preparntion-—Made by o reduction of carbon tewachloride
with water and iron and by the controllod elilovisation of methane,

The pure compond rondiiy docomposen on keeping, particulay
it xposed Lo motsture and sunbight, resslting in Tormation of phoy
oo (earhony! chloride {COCK]) and othor products, The presence
of qsmall amount of slaohol greatdy rotaedy o8 provents thin deco-
position; honee, U requirtmont that it contain 0.5 Lo 1% of aleohol,
o alenhol comdiines with nny ghosgoiio fornsing othyl enrbondn,
whieh s nontoxic,

Do ripion: Clear, colorless, wabile liguid; ebisieteristie, ouhorenl
odor; bayming, vwoet Laate; non Oensabde T i ool wigods buarn
with o reen Aone aifeclod by tight andl molstare; spocilie rovity LAY
Ly L dnvellenting 99 o 0 6% of CHCL: hodls alianC 6817 not atieelod by
weids, bt in docomposed by aikoli lydroxide Soto alludi ebloride
worlbam formate,

Holubitiny - Soinble in 210 vedwnies of woter; miseilo with alechol,
ether, howgene, selvent hixan, seetene ar fixed mnd valathio ails,

Unen A obiolole inhdotion creesthedie, AU ph L posseison
aclvantagges of nenflammability sod groat podency, it rmrely in uned
due 1o vhe sovious tosio offents i producen on the heart and Fyvor,
Tntarndly, i Tuw beor uaed, i amadl doses, o d earminative, Bxior
natly, t i ieridand and whan osed in Lininents it may produce
hlisters,

14 in cntegorizod as g pharmaceutio aid, 1L s uwsed as a preseron-
ofoe during th ngueous poreointion ol vegotable deage 1o prevant
Bactorinl degomposition in the process of manufbetorn, 1 niost
inslances i, is evapornbed bofore e product In finished,  TLiw an
exeellent sobvent Tor allaloids and wany other organic chemicns
and s used in the minnodactare of tese products and in chemical
analyaes.

Citrle Acld
1200 Propausatricarbosylic ieid, 2-hydrony-,
CHGGOM

|
HOCCOM
CI,CO0N

Clitrie neied |77-02.0) CyllgOy {19218 monoitydrate [G840-20-1
{210.14).

Freoparation--Founed in many planta, 16 fovmosly was olalained
wolaly Trom tha julee of linses and lesions and feem pineasple wastes,
Singe about 1920 the acid hus been produced laegely Iy Toomenta-
Hom of suerose solation, including melnayes, by fungi belonging Lo
Wt Asparatthes niger group, thoaratically aceording to tha following
vanelion

Chrald u-;l'.‘h i

Huorose

A CalT0q o+ 810
Clitrie Acid  Water

A Ay
Oxygon

but it practice there are deviations from thic stoiehiometeic rola-
bisrmmbip,

Danaription . Colorlmg, wranslicont, eeyetale, or o white, granular to
Tinee eryatablion: powder; odorless steonely ackb ey U hydrous form
withoreueos in madeeately dry air, butdsstighily dellgueseont In moint wig;
lowe ite witny of erytadiiacion ad nbout 802 dilute sgueous solutdons
are gubieel to molding {formontation ), sxmlic aeid hoing one of the for-
monda i prodiels,

Molubithty:- 3 g o 0.5 mlLoof water, 2 b of sleehol or ahont 30 ml of
ather) Freoly nolable 0 methnoel,

Uson--In ha proparation of Antieoagudant Citrate Dextrose So.
tution, Anticoagutart Citrate Phoaphate Dextrose Soluiton, Citric
Acted Syreup and afferoasesnt selts. T6alto has hoen used (o disanlve
urinary hladder coleali, and as o mild astringont,

Cocoa Butter
Caean Budtar 'Phoobramn OP: Ol of Theobiroma

The Mt edained Tromn the roasted seed of Thestramu caen
Linné (Fawm Sterculioeene),

Proparation—-By grinding the korvols of the “chocolate bean™
nnd exprasstng the oil in powerful, horizontu] hydeaulic presses
The yield is ahout 40%, W alwo has boon propared by dignolving the
oi] Fram e unrasted benns Iy Uie use of i volaliin solvent,

Constituenty - Chemienlly, it is a imixture of wlearing palmitin,
oluin, lnurin, tnolsin and tonaes of other glycoridos,

Duseription . Yehowish, whito solid; Cnint agreesdile odo, Biwnd (0
abtained iy axtenetion) or choeolate Hle (F obtained by prosing) tante
unuad iy BFittle Bolow 259 wpecific gravity OHOE ta BG4 al 10077257
refractiva indux 10004 Lo 1458 ul 46°,

Hodabdtiy- - Slighdly nolubla jn adeshol; wolwble in Boiling delydeatol
alentid; frowdy soluble in eihor or ehiorofo.

U Vajuabla in phnemaay for making suppositories by virtue
of s low [usihg point and its property of hocoming solid al o
Lomporatire juet holew the melting poind, Bee Suppesitorios (page
1608). 1o addition Lo this uee, it 14 un axcellent aaolliont applica-
Eion tu the skin whon infimned; it alse bs tsod Dy variows skin crenme,
anpecinily Lhe po-called “shia foods” Tt aluo is used in mawago,

Titanlum Dioxido—page 772,
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Benalonkim Benzoate

Venszosonet haminium A ES (0306 dioel byl sheny] basinn) -
it byl |- NN chorhyd, hoansnite;

it ;
fiptla R S
P | e H i 1 L0
R 1,r,uuu--<(\h‘> | <()> ety
i Yt N
1N i

Benayldiothd (2,6 xplytoorbamovmethyl Jammonium bt
|- ] Clad Loy Ny (A 4GB,

Preaparn tlon-2 e hylaming) 6 cplicida is quiadernized by
renetion with Lengyd chboride, Phe qunternary chlntide B hen
treated with telhinolie potasmivag hydroxide ta form the gunter
nnvy bise which, aflar BlGerig of | the 1K penetan] Wikl henic
aeidl, Phe stting xyvldide may be prepeed by condonaing A6
syticine with chloroseeiyl chlovide and condenstag Uhe resbting
chiloroneetorylicide with dicthylamine, Vs Pl 808004027

Peieripdion W e et eeyslallioe o s Pnasody il ter
Lowd g it gl 1Ga

Solubilite 1 g i 20l ol waker, 24 il of slealol, 29 mio ol
whliorafors ur G000 wl, ol eiher,

Vst A dematarant forotlivl nteolel.

Roexlrin
T eibindy Ciunsng Biweal Gy Lasoewin

Drestrin B-550] (CyH ok da)a,
writion By the incamplite Il polynis af slapeh wilhdilole
aeid, or by beatdoy dry stnreh,

Dyaseription. . White or yellow, anorplintw powdey et pranti-
calby otorime yellaw chometacistic nder)s dogteorotatory: [ {1" penr.
ally ey 20 el ot racher Velitings noleldon; fives s redldash enlor
willy luedine,

Soluhility - Soluble @ 8 pards o hotling waler, Tbmvingg & gty
solutiong loss solnbde ol wiator,

Unus . A exeiprend und vonedsifier,

Dextrosn

Avliyad e Dostrouss Thes Lrase Manolupdiale; Gluess D04 JE# TS
. pst ) G neopyranose: Mudicinal Clavoms; Tarilivd Clicose; Grapo
Supeis Weend Sugar; Ceveluses Bareh Sogars Corn S

I lueose tonohydrate 150980 3] OO G0 CGORIT); en
Bydras |B0-D-7] (IB16), A sy wsiplly oblained Yy the by
drolysin of wtaech,  For the stroeture, see page 582,

Prepuvation--see Ligaid (lueose (g 1121,

Deseription - Colorfens eryutaby v nowhite, erystalling o jrunular
povelor; odorlps; swert ikl spoeitie rlation Crnhyedvonmd A B Lo
A% ahyelroms dexteane med s at 1489 dexirone slowly reduces alkn
o e taeteate 15 D she woled aeed sogicly on Doading, peohibeing o
pel pregipitnto of eupeous oxide (differenee fron suerme).

Solubility: 1 gein ©mdof wates ae 100l of plealiody weore sidubie in
Yroiling wtler o Boiling aleahel,

uf lnetose, ax e aupplement Lo itk by fnfant Teading,

Dichlorodifluoromethansa

Mathane, diehlaroditiooee,

Michlorodifluorenothmne |96-TEB] CCLIY (120.81),
Proparation-—Corhon totrachlovide s veneted with rilinony
eifluoride Iy the presence of mtimony penialiyoride,

Denevimtion -Clanr, colorkom g Dint, viherenl sdur; vigpor pressuge
ab A6Y aliowt (R Lor

Unen--A prapellent (Mo 12, sew prgge 1696},
Dichlorotetrativoroethang
Fthone, 12-dichov. | 1288 Letrathioes.

t COHOCIr,

PEARMAGEUTICAL NEGESSITIES REE

12 Dichlorot etrnfiasroetbane 70 10 8] (gl dy (170.82),

Prapiration 3y reacting 3,12 drichlurg: 1Ll ineroct e
with intimony triBueradichiaride [ShitCh], whareapen ano ol the
Teghilorime poma in vephuged by fluarine. The wlarting (richioreu.
arpithane rny be prepared Troae iexpehdavoutlume: by trealment.
wilh Bl (Menne Al Oy Reactions G5, 1044),

Lyt llio]l-----_-(_“mur, vl b s Pood etheread sloeg sapioy pressiie
Al R6T aheut 1S fore dsially o eontains Bl T o M i,
R CF

Uleion A propsedfom (N0 1A amd Lida, see page 1R,

Edotie Acld
(Hyeine, AN A ol hooediy i N (earboxymudith

LEEE RN ST TN IR

Qdthylencdinfieiladsatrnaentic teid [G0-00-4] Gl N,
(3504,44),

Propuratiog. . Ethvlenadinming is condonaed with sodinm e
pachlovoneeiate with e ald of sodivm carbonate,  An agoais
solution of the renctants is hented fonboat 59 for 1 he, e coolud
andd acidited with HOD whereupon e acid procipitaten, LS Pal
116,501,

Doreription .- White, ceystalline powters mebin with docomgosition
ahowe 2%,

Bolubitily Very slighthe selulile in aator; soduble 5o wilutionss ol
alliali hyelengicdon,

Uneoo A phatesraesaiic aid (metad complexing agent) The ncid,
pitdier tham oy snli, is the form most palet o removing eelcivig
from solution, 10 may he added o shied blund 1o provent clistdings.
Thoabse is used in pharmaceatienl analyis ind the vermaoeval or et
wpdion of tainwinted foms insolution,  Salw of tho aeid nre khows
crlotntes, Suee fdarelo Cileitim Disadivm {pogge 524 and Bdetale
IMgendium (page S0

Gthylcollulose

Cellulose ethy) other [004-67 85 an Lyl ctbier of eeliubose con-
tirining 44 10 5% of ethoxy groape, The medivmetype viscosity
genely confiin lean than 46.45% ciboxy growps; Ui stanearid-rype
visgogity grade et A6 or more othavy proups.

Propaeation-- By the same genoral procodare doserihod on page
LG for Methyleelinlose exceps. Cat othyl ehloride or ethyl sulfato
i erplayed) us e alloytntbsg sgent. The 4 e A0% of eiboxy groups
in e offieind ethyioo adme corveponds 1o from L300 Lo 261 ethuxy
graups /Oy 0 anit, tina cepranenting from 75 b 8% ot the mnxi
mam Cheoretien) othoxylation. which is 3 ethoxy groups/CHd
anit,

Thgneviption - Froe-lowisg, white to light tug powdi forns T
vhin v o relrnetive indog of along 147 wguoows suspensions are
el rd o ditnus

Salubility he ssdinme type B Deely solulile in wirahydroliinig,
miethyl neetate, ehlaraforny o mixinies of aromace bydeovarhong with
aleshok e stondard-type s Froedy solublo in aleshot, tothenal, tatuone,
el s et byl aeotute Bath tppes ave insoluble inwater, gheeorio o
propylene lyeol.

Unes-A pirarmaeearie aied v taldel Dindor and for Gl conting
ot qed g panrbickes,

Golatin.pago 1300,

Liquid Glucase
Cilapose Slareh Syrop: Cosa Sy

A produet oblgined by the ineomplole Twedenbynin of stagich, 1L
consinta chietly of degbrase [CH)placose, Cald Oy o $H0, 6] dox-
Lring, maltoso anl witey,

Freppration Commereinlly fay the ietion of very wink 11,500,
at 10 e stareh,

O of the pracesses Tor ite maan fivbare inos fediowas 'Fhe stareh,
ol Ly Feon corn, b mixed wilh B times ity wedghi ol water contuin:
e e B 190 of O e mixtare s bented toaboat 46 and tiwa
Lransberrod do o saitndile ronebion vessel into which sbipm s possed
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welow prosswve unudl the temperotaee renstion (90 Tl tenpee-
ture iw mapintained ol this point Tor aboul 1 by, or undil teate show
complota dinppeneance of storeh, ‘Phe mass i then beatod Lo
vabarilize maast of M hydeoehlorie aeid, sediuem oorbonale or calei-
unt carbiona e in bded ta neud alize e comnindig eacon of ackd, tha
dicguid tn filberod, Lhon decoloviaed in charaoul o Bbone-hlock litmm,
i i done i sugnr relining aod Mpadly coneenteated in vacuum to
the desiver] congistency.

When made by tie nhiove provess, it containe ahout 40 Lo 40% of
deteone mixeed with about an egual projortion of dextrin, togethor
with spall pamsouantn of nther sarhohydimtes, notably maltose, By
viryiny thae condilions of hydvalysin Cho ralative propottions of the
s nlwo vary,

I the restallisable desdrone in desived, the conversion tempera-
bave is higher and the tine of convarsion longer, The lurin "glu-
comn, an estomarily wied in the chomienl or phnrmnceutionl litera.
Lueees, wimianlly rofun (o cles beose, Che ergstallisnble produet.

Plye e “Erapo g™ omotimen be nppliog to the solid com-
mereial form of dextrosn bacanse the priveip suger of the grape s
tdoxtronn, alshough the fouit has nover bosn used ns 8 somree of the
cammorainl wugply,

Prosoaiption. - Colorlonm v sallowinl, Uaick, syrugmy Hguid; odarloss, or
aently seg et Laste; o ers Troem soerome it Winl 38 romd 1y vedaes el
athnling cuprie Laetrate 1, producting o rod preei i ate of auprous oxide,

Balukitty . Mingibslo st b waler: sparingly nohable fo pleohet.

Unoge Ase i ingractiont of Clocog Syrup {page 1301), na o tablol
binder andd contbg agend, mnd s a diloont in pilular extracts; it has
rupdaced glyeerin in many pharmacenticn proparations, T ik somao-
Lirnok glven prer rectien an food i eason where Tooeding by stomach
ju imponsibin, Wbk e e wsed o the place of dextrme for
inteavonoum injection.

Hydrochlorle Acld
Chlorhydrie Acid; Mariatie Acld; Bpiricof Bal

Hydroehlorle neid [T047-01-0] FCHAGA060; contning 36,5 Lo 38.0%,
by waoight, of HCL

Preparation.Hy the intersetion of Nal and 1,504 or by com.
Lining ehloring with hydrogan. I inobtained an a by-product in the
wnnufacturo of nedivm carbonnte from NaCl by the Leblane process
in which common anlt is decompomed with HaS0u, FCL s also o by-
product in the glectrolytic production of NaGH from NaGl

Prosaniption (‘-u]ullmnpl. fuming llqtlhl, ptangen besehees Qs o ador
dhimapponr whon it is dilided with £ volumes of waiter: strongly aeid 1o
Jitwnwg aven wiien highty dilutod; npeellic gravity alont 1,18,

Relabiity. -Miseible with wator or aleohaol,

oy Officindly elnseifiod on o phovmacontle aid tha, is used as
an ackdifying wgent. 1 s awed in propaying Difuled Hydrochlore
Avid (pagee THY),

Hypophoaphoroug Acld
Phsphbinie peid

Hypophophorows acid (G300-21-5] TTPH0, (66.00); contalna 30
Lo 32% Dy woight, of FIgOy,

Preparation- My ronctiog haviwn or galeium hypophosphite
with sulfuric acid or by treating sodivwm hypophosphite with aion-
e hasbgger renily,

Duseription. Colorlows o slightly yebbow, odurlons Bauid; selulion iy
i £ ligm even whenchighly diinted; spocile gravity sboat 1,00

Solukility- Mineiblo with wator cr aleolol,

Insompatibiltied  Oxidized on expuosice to air il by sunrly nll
oxtdiziag wrpente, Mareary, st nnd bisnuth sty nre roduged par-
tinlly Lo bhe metnlic stafe me evidoneod by o darhanivg s color.  Mesrre
atpm oiariee aye chggod Lo ferrous,

Usen-Ai antinxidant in phrrmanontionl propariations,

Isopropyl Myrlelate
Totvuleeanoic aeid, 1omethylethyl oster
CH(C ) QOO CHGH )

Tropropyd myristnte |110-29-0] CpyMy(y (270.45).

Peepurstion- By reaeting myristoyl chivrde with 2-preopanat
willy tho iel of o suilaide debydrochlorinnbing ngent.

Dioneviption - Liguid of fow viscosilys prictionlly enlorbess and odor-
fey otz alionat B° el locomypngos . 208% wilthstonds onidntion
anth doow i boeame rancid endily,

Solubility - -Soluhle in alesbol, pstona, ciorofon, othyl neeinte,
i, miveead il sastor il o coltonsned atly pemetivally Dneodulibe in
water, ghyeerin ar propylon plyeol disgolves nuy waxes, choleslers] of
leiaaalin,

Uinos = Plrarmacentioaid v in vomnetlos and Lopical medicinalt
preparations as an emalliont, Julieant snd Lo oalinnge absorplion
theongehs tho wkin,

Kaolin—=saa page 794,

Lactic Acid

Propunote aesdl, 2-liyedeaxy-, 2 Hydvoxypropionic Add; Propanaloie

Aeleh; Milk A
CHACHOH)COOH

Yanctic peid [HO-21-8] Gyl (0060 oomixtare of lactic ncid snd
laetic acitd Inctate (CaHieOg) equivalant to a total of 86 Lo 0%, by
wuight, of Cal3a0y,

Thscovorad by Sehaocle tn 17850, 1t 1o the acld Formed n the souring
of milk, hence the anma foetie; from the Latin name for mitk, T
resalts fyom the deconypnaition of the lnctone (il sugar) in wilk,

Propnration. A wolution of glueose ar of starch proviounly by
drolyzed with diluted aulfurie acid s hoewlated, after the addition
of nuitable nitrogen compounds and minorl salis, with Bacilloy
Luedin,  Cideivm earhonate is ndded to nouteadive the lnetie acld as
soon as it in formed, othorwine the fermentntion siops when the
amount of acid exeends 0.0%,  When fermentation ik complete, mi
indicatod by (ailwre of the Hawid to give o test for glacose, the
aoldtion i filtaved, concnswated and allowet! Lo stund, The endei-
um Inctate Lhat arystallizon in decomposed with dilute suifurie acid
amdd filtorod with eharconl, The luetiv agid in the filtrato s extrat-
adf with uthyl ov isopropyt ethor, the other is distalled off and tha
fgweeas solution of the acid concenteatod undey poduood prewuce.

Proneeipsfon-—Colotlens or yellowish, nonrly adorlesn, sy tiguied;
acid to lilaus abmorhin weter on exposure to moist air; when a diluie
wlutdon fs coneamirated ta nbove 0%, letic acd Jaetate beging Lo form;
§i U ol ficin] neld (e nddge amounts to about 12 G 165%; npuedlie g tnvity
shout 1.40; docomposes when disted wader normal prossiee bt nay
b dbigtiled withont deconsporition nnder rodueed prismare,

Sotubbtity . Mineibio with wator, gleehol o ether; insslubile in chbero:
oo,

UnigeaTn Lho p:-apuru.l,iun of Sudium Lactale Tnjection {(page
B25), 1 nleo s wsed in babios' wilk formulas, as an ackdudont in Tood
preprrations, and in 3 to 2% concontinlion in some spurmatocicdal
joflies, A L0% solution is vsed an o bectorieldnl agont on the skin of
neonaden, Tt corronive o tisses on prolonged contact, A 18,7%
wolubion in floxilde eotfodion i used 1o remove warte and small
chbALOOLE LUMOLS,

Lactose
Petilue s, d-C-g-1-goloctopy ranaayls, Mitk Sagmr

Latelono [83-42-2) Oyl (142,301 sonvhydrate {10039-26-1)
(B00.3); awogar obtgined from milk,

Far the slruotural formula, soo page B2,

P'ropavution-—From alhn with, Lo which is added diluted HOC) o
praciplinte Lhe ensein,  Afltor ramoval of tho casein by filtration, the
regetion of tha whey is ndjusted to a pE of shows 5.2 by addition off
lime and Uie romadning al buminous matter le congulated by haating
thin i filtered out and the Niguid sel asido to eyystallive, Animal
charcon! iy vaed Lo decolorize the solution in o manner shmilar to that
anied [y purifying sucroso,

Anathor fortn of iciese, Rnown ok fi-lactose, nlso is availnble on
the market, 56 differs in thal the freglucone moloty is # nstend of o
It s veportod that this varioly b sweoter and mon soluble thay
wrdinary laetose and for that reasan is prefarnlle in phinemnseuticnl
wnnufneluring whoro lnetose 1s used.  Chemieally, f-laclong dom
ot apponr 1o diffor o ordinary e-lactose 1 is manufachured in
thownme way as a-lnctesa up to Lthe point of erystallization, then U
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anlution i healod 40 5 lemperotaee above BLES Ehin eing the
tenyperadare ol which the ot ds converted tetho #wvariety, The
A formy e only o o ni Dl FOUR sty wlierens S o verioly ey
Lz ebtningd eithor in the anhyerous fovm or s monalydesto,

Deneviption - White or cromny white, hovd, cessialling mpases or
poweer; odorloss; tninlly swerl Tanite; stable in air, bt veadily alwnhs
oo pl 4L in 10 selabion) G0 (adh; il Fodgtbicsen hd 8 fo o lDanY.

Solubitive 1 5wl of walue or 36 mbs of boiling witer; vy
alip ity satubile in adevhob; insolubde (o oldorotorm or ether

Clan- A cifteend lovgely amed in jediciige aned phormioey, 1L
gencenlly an ingrediont of the mediom nged in peniclllin productin,
Wi werd exbisnsivedy anowi nddition tomidh for infan. feoding.

Magnecium Chiovide

Muppnerivm ebdoride hexnbydeate }",J'?SH-!H-(H M Cly B
(.40 anfrydraies | TT86-30. 8] (95.21).

Prepientben - By trenting magmmite or other suitable sgne:
aluny g nle with FICL

Boneription - Colorlons, udordess, deliquescent fakios o orvaale,
whieh Tose wober whon leded fo 100" god loone 1G] when eted W
O™ b L a0 20ueiulivn 1o carbon diosice froe watwd 45 (ocd,

Bulubilbey Vs welubili tnwitar, Maety solilie i aleohed.

Unew  Bloetegiyde repleatsliers phavacentivgd noeessity Tar b
roedinglysin e gt emend etinlyuin Suids,

Magnoesium Stearate
Ot ecanoic neid, magnesiam snlk

Maygmasivns stoarate |[HE7.06.0). A sampoond of mngitosdiiim with
ks ture of solid angnice acids obtained rom (ot and congisls
chiefly of varinhle praportions ul dgaosiom stearate and magoe
sivin palmitate. I contning e ogaivalond of G4 (0 H.0% ol Myt

LA,
Daoseviption. Fine, white, ulky powelor fuint, dlaraeting i atln
et ok, nelleris veadily to Uie slin atndd Tree Teann et iness,

Solulidity - enlalle i wator, aleabisl or etha,

lseo A pharmacoutien! necessidy abrivant) in Lhe mnna e
L of compresiod tublats,

Mepgluming

B Cluitol, 1oy 1 tmethiydamiog-,

\Il !‘I tt)llil
unru_.-\-sl-.---\‘:-a::u- e NGy
GH AN el

1-Dooxy-} - (nethylaminod begheeitol jedgd 40.8) GeHayNO,
[1ah.AD,

Propuration 15y treabing phiose with hydroges and methyl-
arine under prossavg aned ) e presence of Raney nickel.

Froseeaption - White 1o fintly yellowish wijite, odovieys eryalabe o
powedor; melis nhog 1307,
Sotabilioy - Frouly welulde By waters spieigly solubly i akeohael,

1w == Coraning salls of certain phormpeealicnby, s feaenetive
aygonty md edyes,  Seo Dialrizsete Meglumine Injections (prgo
1276), Judipumide Maogumine Injection (e 1290) wind Jothatam.
ate Meghanine Tnjection (page 1277),

Light Minornl Ol

Lagivt Lagicl Povrbatum NI XI5 Light Ligaid Parafting
Veight White Minaeal (il

A mixture of loguid hdrgmreheons olifined from poteclounn, 1t
uray contmin a paitable atahikizor.

from Moorescency; otorless nnd ntelos whon eeld, nm) devolupan viod
e Wi a fuint arlov of petrakouns when eatod: spoeific ravity 0818
Loy CLHA0; kienue wlreogity wob meee Las 55 continalos ab 400,

Eolubility--lusolable in wator or ndeohol; mikeible witlt mont fixod
oil, Bl ot with casdor oils sebhubie in volatile oils

PHARMACEUTICAL NECEBEITIES 1424

Unesti O Ficdndly recopslaed i vehiche, Ouee iwa G sod widsly
s veliicle for nowe and throal modidations] sueh uses ace now
considered dungorows hocmuse of the posilility of lipoid preums-
nin, Ltsammoetimes s wsed todheane diy nnd il alon o ned
Lo Frelitnte pemoval of dermnictoglenl prepaystions from Lhe slin,
It whonld vnevnr be osal Tor indera] adminiulration beeause of
Sleadungre. Soe Mineral Ol (page 788),

Nitric Acld

Nilrie aeicl 76074797 MINOy (65010 conlaing aboul W%, by
v, af NG,

Urepuration - Muy be prepared by Lreatment of sodinm nifeale
{Chidg s lipetor with syllurde acid, but usually peoduced by entilyt-
i oXiclition of mamnoenia,

Deseription--HMighly corronive Maming Tiguids charmetoristiv, Lighly
Peeitaddigg oo sidiee andiand tssues vollow: boils aboug 520% npueific
prnvity atnat LAl

Sulubblity . MineDile with wator,

Lo o S nrarees e add Geiclinving ngnt).

Nitrogen

Nitvogen [EHEEa] My (BR01) eontains mok fess Chany §8%, by
volume, 0l Ny,

Propiornton - Hy the fractiona distillation of lguitied i

Unon-A didaent Tov wediving gaees,  Phacmaceaticalty, is ome
(loyssd e vaplace nivin e conf b of kbl meon which watile be
atfetoed ndlversely by air oxidation. Fsamples inelude (s e with
{lxeel oibs, cortain vitamin preparntions and o vadety of injecisbie
praduets, 1 alsa is osed s o propaiian.

rorate QN
Aprient Kortial Ol Penely 8 ornel 1]

Py ol exprsidd fron he keroets o vavieties of Pronus aranen.

fuea anndé CAp et Kool ONY, or from the kerneks of sarietes of

Pros peersiea Sieh ot @oce (Peneh Berel Qi) (Fam doseoene)

oneription- . Cleor, pole strow- codorod or colorions, abmont oduilenss,
iy dheguiel witly o blsnal e gpeei Cie et 0 10 Lo 008 an ) i ul
Sempend b o hove 1HhY,

oty bility - Shghtiy solalde in adealinl miveiblo with et chloeg
fopnt, Bonzoie or solvent lesame

Lges . A wefdele. Talse issed By propating eold erentos.

Phenol
Caehoadie Avid
Gl O

Pl OSBS54 Cal 1a0 (04,3 1),

Prapnrntion--For iy venr mnde ondy Ly distilliog crucde e
Dsalie aciel Tram eead Lar and soparatitng wsd purifying the distilinia
Dy eergaontered enyntalbivations, L vow i prepired syathetienby,

Ao et Proses s chlorobeasone ne Lhe siarking peint in
the mapalacturg, e chlorehenaene i produced o a vapor phase
sonetion, wilh beneme, DG nnd axygen over o eoppien éntadyst,
follawerl by luedvolyais with stesm to yield MO and phonol {which iv
ripovieraed ),

Dueriplion. Caborien Lo bight pink, inferlmed, or separate, el
whpedd weyatalu, or p white or light pink, ceentsling mass charnetarisde
andory wivien unekifutedd, i whitons andd coulovizes: the sliin mnd mocean
ey, whoen gontly honted, phenol metis, tarming o highly el e
tive Jiguid; liguetiod by Uie ndilition of (0% o witer; eapor s Smmadie;
peraelually dlarlons on esposr il and aiespeed e grvity TO7 il
nt TRV eonptm s ot ewr U 09, )

Solubility 1 g in 16 mb of witers vory solobde in ateahal, glyesim,
ehlarofoem, ethor or fixed and volutdle ails; sparingly seluble in winaenl
ail,

Incompatinilitios -« Progduees 1 diguin ar el s when weitied
willi wantphor, memthol, aeelentlid, acetopheactiding aadaopyrine,
arttipyrine, ethytaminulineant o, methemiming, pheay! salieyfate, ros
areinal, terpis fopdrote, thyvead il weeernl othoe sl e ingloding
aifenr albadfiddde, 10 ik sofbons oo hetber Dy supponitory aisbores,

T in vinlahibe iy about 1 parts o wider; stronger sabalicna may Te
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ultwinud iy weinge s mwach glyeorin e phenol, Oty the cryntallized
Form s soluble I fiod ails sod lguid peteaiown, U ligualied Torm iy
ot all subabibe dlao L dacontont of witer, Afbenin ad geladin nre
procipitated by 6 Calladion T eagulnt el Ty the precipitalion of py-
Foxylin, Traces of fron in variows chumicids sucl s adaor, oy, el
mny produse a gres colur,

Uor- A vaunlic, disinfectant, topicad anvapiet ie and pharma-
vewticnl Necosmity au o preseruadioe Tor injections, ele, AL ot lime
wichidy vaned swoagormieide and gt the standard ngainst sellol olhor
aslinepticn e cotmpared, iLhos few legitimate ases iy modern medi-
ehnt, Novertheloss, it is atil ased in seveenl projrietary antissptic
mouthwashes, homorrhoidal proparations and burs vamedien.  In
Tl wtronglh, n dew drops of Lhe Lguefied loem may he wsed o
cnntariza amall woands, dogs Bites, sonke Bites, ole, 11 commenly is
amprloyed mwnn anliprieifie, eithor iy e orm of phonolateed calne
mne dolion (15, phenel olsbment (2%) or asimple sguom sodution
(.0t 1), 1 hak Lpon used Tor selorosing hemorrhoida, bat more
effective and aaler drugs are availablo, A 5% solulion in glyeorin in
el in sbmplo onrnelie, Crudo carbolic acicd is an offoclive, evonom:
ienl agont for disinfeeting oxeremeont. 1 s of kome (herapeutic
vali wn a4 fragicide, but more offeetive and jesy wric agents qre
available, 1 accidontally spillod, it should o cemoved promptdy
fromt Lhe shin by swabbing with aleohal.

Liguefiod Phanol [Liguotiod Curbotic Avkl Is phenol maimtainud ina
biapniel conedition by the prosence of 1O of walor, T contivs ped Tenn
that 89.0%, by weigh(, of CaHaQ, Nofeo When it s to e mixed with o
Jiwed ol minoead off o whiite peteatition, wse the erystoliine Planol,
not Liguefied Phenal, Preguradion: Mol phensh Geensenbont guing
tity) Ly piacing the unstapperec eontoine in uatenm Dath and applyin
hoant gn:dmnll‘v, raapfer thw gie! too tsrod vessol, weigh, add | g of
purified water Gor anch g of phena), noel oiis Hueaggdy, Oeeefprion
Calorbon Hepadd, which may dovelop n red Gnl apon exposare boop anld
ligght} lwtraetoristio, nansewhal asamatie odor, whan andiluted it caater-
iz el whitens e shin and mueoas iembiraies, spocilie g mvity about
10001 whien 1 i subjeeted 1o distillation, the bobiing lemporature doos
Al ke whnve 1829, whiel s 1he Boidlng tompreentue of phenols partfaily
wuliditios at aliout 1hY Sofebilioy Miseilble with aleohol, ellior ve
hirering o mistoro of diguedied phenad end m equad volame of elyoerin s
misgible with water, fses; A Tormulation which facllivates the dispena-
ing of concentvated phenal, N thormpoutic se e deseribad abovo
undor Mhenad, 16 a phomsacentival neesssity for Phenslated Crla-
nine fLoriun (page T2,

Fhanyl Sallcylate---RPS-15, pape 1265.

Phospharic Acid

Orthoplhosphorie dcid: ."“,ivru]}y ]’!mlap!lm‘it' Al Comenmlentind
PPhosphoric Acid

Phowphoricaeid [H6d.38.2) B0, (G8.000;, contoing B0 i HE%, by
waiigh, af Bl

Preparation - Phosphorus ls convertod o phospheras pentos.
itle H%0) by oxponing i Lo a earront of warsn aiy, Uhen e Py, i
et with wiler to farm phosphovic actd. “Fho conversion of the
phoaphorus (o the peatoxide takos ploce while the phoss i,
dintilling from the phosphoras wanufostasing aperation, i in the
vapor slale,

Duneriplion . Colovlers, odorlu lguicd ol nuyrupy comiintubey; spu-
aifie gravity whoul 1.4,
Soluhility - Mincille witl witer or deadiod, with (o evabitivn of heat

Ugen--To make e dituted aeld and sson owoeale acid in various
phavinageutiont rreparations.  Industrially, iU s wad in doental ee-
monts and §n heversget an an aeidulont,

Dilned Phosphorke Aeid [12ilate Phosphorie Aekl] contodi, b eneh
00wl S te T g of BN IR0, Prepaeatioe: Mig phosphoric
acid (69 mbLy wnd puarifiod water (Gs) o make 100G i, Desgiption:
Chemry calerlens, odorioss Tguith specifie pavity alout 1,06%  Miseillo
with waler or sleahol Dves: A plorravep el secessiiz, 11 alae has
Tewny eruployad i feaed potsoning and i other conditions e which it s
dowired Lo adainister large amonnts of plhsaphate snd ad the same Yo
prealuee n bl neddosts, T0hag boen edven iy che dose of 60wl 8 doy (0
indaflour) wndoe enrefully conbeolud vomditiog,

Potpssium Melophosphate
Mustaprhosptiorie acid (HEL, potassdo i andt.
Potnsdum metaphasphate [T700-63-6] KPOw (S0 astraight

chaity potyphanphnte, hiving o bigh degree of polymerization: eon.
Loy e cguivalent of 55 1o @1% of Pl

Preparation -1y thermal dehydration of monapotasiines plou-
phate (KE,PO).

!)t.llil.!l'l"ii(:ll-----\’-" Iy, olorbesy powdar,
Holuhitivy  seluble in warer; solublo by dilote soliuions of sodinm
A s

UnosFrartnaeicd e aled (hulfoving apgont),

Monobasic Polasshim Phosphato

Plwspshoeic seid, ssnopotarninm sl Pottiedui phosgabote;
Polardu Acid Phosphate; Potagsivin Dikydvogan P hasphaote;
Hybrecmor s Potavsive Pliosphate

Moenopotassivm phosphate [P998-07-0] WELPO, (146.00),
Proparation.. 13,070y i reactod with an equimolar quaitity of
KO and the solution ik evaporated to seyitadbization.

Dexeription: Colorlusn eryatali or a white, grnsilar or crystilline
poweddur o orless wd walite in air pELEL i 100 sehalion) nhow 4.5,
Sotubility ool sobubile fn wators practicolly insoluble inoaleabol,

Uitk - A compaonond, of various buffor sodutiona. Medieionlly, il
Dass boon uned an g urinary seidifion,

Pumica
Pumax

A wibistanee of veleanie origing eonsditing ehielly of comples sili-
cates of gluminum, potasstuig nnd soditng,

DeweriplionVeey Tght, hard rovgh, porows, griayish muosaes o a
pritly, pragish powder of sevaral jgrades of oo adoreds, tatolins
il Ktabla iy the alre,

Throe prawcors ae aviiinhl:

Pusmidee Mlour o Superfine Pomive Not Towe [y 9% passen
troggh o Mo 200 standavd miesh rieve.

e Famive Nol Toms than 995 passon Cheongh g Noo 10 standard
presh pigv, aned nod mare Qs TS passes Chroogh no No 200 siaiddard
inish miew,

e Prmiee - Nol lems than 00% passes Dved 4 No 80 siandard
yawwh shove, and nol o i 5% passed ol 4 Nocoa standned
anewds wlevo,

SoIu BTy Db lale Do wpter and i st attacked by adids o alliali

Tpedrabcbe nolutivng,

LInts-=A fitiering god disteitim moediym for pharmueosticed
proprmtions.  Becauseof s grittiness the pewdered foem i ased i
certnin Eypres of sonps and deaning powders nnd also ns a denlaf
alrasioe,

Pyroxylin
Ol ludes, nirrnne; Beluble Gungoiton

Parrosylin [B004-70-0; o proact obtained by the nction of @ miss
ture of nitrie and sulfurie aeldn o eotton, v congists cbietly of
collubone lobranitenbo [(CrH N,

NaotoThe commereielly aontlable form s moigtened with aboud
A0 of aleatiol of othor sttable sclvent, e aleolol or sodvent
muat b allowed to couporate toyield the deied sudetanee descriied
in the Pharmaeapeia,

Propavisbion-sShinboi, tn 18468, found that aitvie acid acls an
cotlan and produces & selulle compound, | subregquently was
proved that this substiones helongs to oy soeies of closely rolalod
nierates inwhieh the nitric acid radical replaces the bydroxyl of the
collulone Torraula,  Uhin anaally Ts lodlented by taking the double
empiriend formula for eoltulomo Cul Oy and iliensting replace-
mont ol four of the OF groupn

[ | -*H 'J\ID!(I - 4H N“;g Y Gl-;]'l auOﬁ[ NO.}),\ 4 I'[ g“
Celluinse Colludos
Tatraubtrate

The conpound used in praparing cobodion ivr varying mixiueg of
the dix, tels, vorens and pontaniteales, hub s moinly tefranitrate,
o hexanidralo b Ui beug explosivie guocotbon, nnd is insoluble in
ethar, aleohol, neolone or wiliy,

Doaneiption - Light. yollow, mollod mass of filaments, resomling
P Gcotton it apperanen, but neds te e Lauels exeerd fagly fameme:
bl bucing, when wngon (o, vory eapldly and with o jumivaus famoe;
whon kept i woll-closed bolilos and exposnd (6 ht, L i docamposed
with flae encodution of Bl vapars, Jowving o casbonueooun restidug
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Solubitiny  hawetohle inosater) dissolves slowly . connipletely in 25
et e ik ure oF 3ovolunes el by it 1 wadiane of alenlud; tolihie
i neotone ar glacind negtic aeid ane precipitaned fron s iobotine iy
wober

U A pheremaeenttead nevessity foe adtadfan US4, page
.

Rosin
Revin Colophony: Goargin Pime [osbiy Vellow Pioe Ronin

A sosbicl rosio el pined fram Pinws po et ey Moz, and Prom ather
speeion of Pinus Linnd Q' Plaacem),

Somntitueniy - Amerioon vosin contpion svfoie aoid [Cwtlotdd,
wey fieopnek genbiele oefds oMb, 5 pinde nedd Aromm whieh o
anl feprindie acids are goad aally formed ) nod resene, Soma authors
tio lse ineluede pioiete aoiet |Caghfo Q) s o consatituent. Froneh
vonin p enllod pelignad,

DhmiewipUion  Shoeply avgelor, eeosloeend, amber colored Trage
menta, frequeniy covared with o vodlow dosd; ety Sttt ondiney
fontgreenlieen, shiny and sballow-soneloicils silov g funte Tighily
terebint bivinte; sy Msilde md Ty with o denee, vellaish smnke,
s {ic ravity 1T o LOD

stulubility.  Desodbdde inownder; solnbie in sleahol, ethor, b,
pheecinl meetio neiel, ehileeobse, varbon disalbide, dibute sobo G of sodi-
s Byl rosiede aned g rsioim Tavsleasisle v senie wadotile moel Tised oils

Vwos--A phavimasoalicn] neconsity for Ainestotigenol Cment
(prge 1325, Formerly, mnd 1o ot exient sl wisl meon cnmpo.
wort, of plasters, cerates aned olntments, o whieh it adde ndhuiive
qualiticy.

Pusiiod Silicaous Envth

Paridied Wienelpehe; Parilfiod Daluords) et Dinlosuwoen Ba
Dintomite

A Torm of wilies 38i0) (16:21.686.-9) compisting of the froatuien nud
Traginmia of dintoma, puritiod by heiling with aeid, wanhing and
caleining,

Ocenrrence and Prapnenidon- - Lorge deposit of this substance
are foumd in Vieginin, Moryland, Nevndi, Ovagon and Califinin,
vty in Lo form of magses of rocks, hundreds el foel in thickness,
Uinder the micreseopt QG b seon 19 consist Jnegely of tho minute
siliveous fevstudon of dintoma, oot be puritiod cveefully o
prerer similie (o that divoetod for Tale fpagze BEET), and thatotgh-
(v enbeingd, The lobder brontmenl dosbroys the Tacteria which are
present. in bt gquantition bo Abe anlive earth,

Proseription  Very fine, white, lghegray or pale-baell mistre of
amurpte powior sl loasseg nmounts af erpdallag polvimeeplis, v
elading yuaety and eristohalite: pricty, vond iy algortn anistaon and
rotadine bt Povie Cianen s weidin ol wader witieat beeommtng faid.

Solubility - Tnaolable in wader, et o dilube volutions of wikndi by,
s iclon,

Ul - Tntroddueed into te USE o disteilmading snd [ilfering
ettt Tor aromntie waters; alsa suitable for MiHeation of elixiv.
L tee daley 11 clogn ol idsanrly aetive constituents,

Colleidal SHicon Dioxide

Siticn [T B0-8] S0k (G008 o aubnieroseupie Dined slkice
propaced by the vapor-phane hyslrolyais ol o silieon o mgamatinicl,

Preueription. . Light, white, sonpedt Ly powder of ws Urenely e k-
o i (nhoud £ we.

Hatubility  Insaluble o wider o acide fexeept hiydeaTuacicl flin-
stbvt] Ty Dol solutions of adlndi L NIRRT s

User - A dahiet dilicead and as o swspending and thickening
agent in pharmaceudion! preparationn,

Sada Lime

Aanizture o caleionm hysdroside and soditin sy podtusinm bydrox-
jcke o both,

11wy eortain g dicator that ig inert tovard anesthelie goses
sueh ns olhor, eyelopropnne ad nitrous anciely, anel that ehanmges
color when Do sothy e s losgor eng shsords esithon dioxide,

Prmewipthon Wikt o ayish white grugbesg iU aa indientur i adel-
el 7L e Bave i calor; fhierbi ol dicsice i Wal oo exposire
i

FHAAMAGEUTICAL  MECEESEITHES 1336

Ul Meithor o horpoutio nor n phacmbceutiond gt $iso
verpent fur tte ahsaeption of vuron diocide i anesthesin san
linwien, oxaqeen therapy and metnlinlie teets, Beedie of tha impor
(anen uf Lhe propor qualiby e these purpasos 1 bag Dieen vriede
afticinl aned rtandardiael,

Sodium Boyate
st Potesborate; Sodio Pyeahiovate Sodiam Bibore

Fhorna | 108064 Napd 300 010 (08 10T anhydronn [ E350-5-
) Mgl o).

Prespneabion - Wouskl fn bomuse quantitien in Cabilornia gy o
eeyatnlline depusit. 'The enrtdy, which insbronply ipregned with
ik, i dixiviated; the solution is cvnparided i cryntallized,

Cibeivm berndo, oe sottore dalis, ahio occors i Use loeag deposiin
of California, and sodivm borate e obinined from i by dauble
docmposition with sedinm envbonote,

Deserintion - Codortosy, bransparont epsataln, o nwhido, erystal-
Tinnes perweedeses aacdioelessy Gl vyt als often ave conted with wliile pow
dor dhee ta el Toreneenes! sl o alladine to lmus amd phenelphth-
e st 0.5,

Soluhitity - g in 16 ab of water, 1 adof glyeerin or 1T oml, ol
Bud iy wearteny Dnnalulde dn abealinl,

P compatibilition.  Peecipitates many metals as imsolable bo-
Fnten, 10 nopuenns solution it is alkaline and preclpitnton ofunmdnu
weefea s mlunyinue hydvoxide, frod selis ns o basic borate and Tervie
hydroxide aud wine saifuate ws zing oente nd o basic salt,  Afka-
Jugedst an pracipiated oo solinliong of thoir walts, Approximately
segond weights of ghyeerin gd borie neid reael o prodice alecidodly
ncicl dorivative yeserally cobled ghyceroboric aciels Thus, e i
ton of glveorn wa mistaee containing i1 ovoremes incomgsatihil .
it arising fram nn abkidine reantion.

Wlaen Ae oo phorstseentionl neceisisy, Wis snaed as o allindizing
szt Laensed ot bl Toe for alaling solutions,  1s adlinlizing progie) Lien
provide Lhe bosis Me ils o i dontore sdbosives ad B bulfevinge
netbon Far it ase inoevewash formulations,

Socthum Carbonate

L elinctham sodl, monobiyadvate:
Socivm Carlonnte VS XV

Cavbonie nei
M araliyadrie

Lisudium eachonmo momolivelente G968 1168 Moast05 1,0
(124000 aniydeous |44 18-8) (1650),

Propueanthon--'The indtial progess for it mambaetnne W e
vised By Toblone, s Freneh apothecavy, in 1983, nd cinsials of two
sdepwe First, U converadun of voninonl sall [NoCI} ingo sodio
wullike Iy benting Howdth sudfurie neid and, seeaml, the deean posi-
Jion of 41k pollate by caleiuny eanbunute Himestone) o chireod
feonl) ¢ a high temporature o yiokd tis sl and caleinn kalfidy,
Whe enrhaaie e in leachad g st wiler

B enrvently is grepared Dy e sdocteadysie of sodian tiboriide,
whereby sodivn e eliforine are produieed, the ferer racting
with water ta produee swdiom Siydeonide ol Uis selution trented
with enrbon divgide ta produes U walle Tha proeems is waed o)
extennsivedy o bocolition where aloelvie power is vary ehoag,

Phe monelydsad od farny is made Ly allizing a coneentied
solution of Uig st at a wemporntiee abiove S5 405 1 and sticring
tho Houid so ay 1o produee small ceyatalse 1 smatninag dhotl 155 of
widaer of eryntnllization,

Sercher sy v dorm denigasabing o commersinl quality of Lhe anhy-
Ao sall, Tty nuab prodaction iovees lasgn, ond i has o wise
viiuty of applications, among which qre the monufaetore ul’ jtliss,
srngy ek sk sadle; 5Lntso s used Tor washing Gelyien,

Weashing serelit, ar wied sode, i Uhe anlfowilly 10 molecalos of walor,
Lt ga i the forny of colorlens srvstnds which pidly offloronee o iha
nit,

Treseripdon - Coborbess ervatuts or oo white, erystalling powder stable
T nder oy conditions: when expused (o dey miv afiove Go° Qi
ol Torames, aned al TR0 Tyeoson nadsyilios; tlewompssed by wenk deitds
Forming e sl ol (e aeid o Tihera ing caebon dinsidel mgiemis
pelutienny b G Tneentors (1 bt 11,50,

Solhilioy: i mbot woterar L3l of boilig watter; inssluble
iy pleohiod,

Tneompatibiliios  Acids, aetd calte aml aeddic prepueations e
s docomponition, Moot et nre pracindobed ms cofonaton, ledos
il or basic sobis, Afbehds gro parveipitated Trom sobadions o ek
nifs.

FRESENIUS EXHIBIT 1013
Page 259 of 408

S




1320 CHAPTER 00

Ulnisge--Oevonianally, for dermatiticdes lopicaily as o lolion: it has
Do usodd e et hwash oo vegeinel douche, 16 s aed in Lhe
preparation of (he sodivm wadtn ol iy neida. Plo USE vecopinizos
it s o phuonaceutic aid veed as oo olkalizing ngont.

Sodlum Hydroxide
Camntie Soda, Sudn Ly

Sodium bydrondelo J1300-7052] NaOB (10.00); ineludun not more
than B of Nng 0, (100.58),

Cundfon- -Bxeretse great eare in handling ity ag it raplelty e
sLPOYE Lisslieg,

Prapavation--13y trenting aotium cavhonate with mill of Jims,
or by the claetrolysis of 0 solution of sodiom chloride as oxplnined
wndar Porasrium Hydroxide (page 7674 Ttnow is produced largely
by the latier process. Sog alue Sodéum Carbonate, above,

Dowoription.- Whity, or muarly white, fuked mosson, sinail pellets,
flalton, sticks and othor formsg ard amd Trilbe md ubown n cevsialting
Frivelury, oxponed Lo L air, nl.m]!idlv abmorhs carhon dioxide and mois
L ol ad diout 3187 wpoeifie gravity 2334 whin disiolvad G water
or pleahol, or when s solution i treated wilh an ocid, mueh boat Iy
penerateds nguecas sofutions, even whan highly diluted, aro sremrly
ulbaline.,

Sotubibity--1 10 in ) Mol water; freely sahible in aleohnl or ﬂlym'lin.

Tnommpgtibiiies - Expased to uir it nhworbn cardon dioxide and in
comvorted Lo sodives carbonate, With free and fatty weidy (U Tarny
wobublo sonps; with cesfis i forms inwluble soape. Son Pofensiion
Hyaraxidde (oo T67)

Unes--Tot nllad e Lo o of medicingd value but occarionally wsoed
it verovinney proctioe on o constie. 14 is osed extenadvely in pharina-
conticnl procosses s s atkalizing agoet md v gooeeally proefercod (o
potasiam bydroxide becanse it is less delinuageont, nd loss owpob-
wives b aelelitions, Lo o 1L i roquived sines 40 party of il sio oguiva-
lent. 4o 56 parts of KOM. Tt is 0 pharmacontieal nocossity in the
preparation of Glycerin Suppositories {paga THG),

Sodium Stonrate
Cetgdocunsie aeid, sorlivm well

Sorium sloarnte [R2-160:2] CobluNadh (306,47} consints chiolly
ol sdivm stearte and soding primitate [Oy 18 NaCy » 2T841).
Prepavation--Slanrice said v eenetsd with on eguimolar puoglion

of Na(OH.

Dokeription. e, widte powder, soupy Lo the toueh; ustally os o
whight, tallove il ardorg affoeted by gl solatioos e nlkaline 10 phe-
m)lphtlm!mn I'S.

Sotublbity- Slowly soluble in cold water and eold aleotus; ronddily
soludle dn Dot watet and hot aleohol,

Ulwen - Officintly, o pharmucoutio nid tsed ns on omadsifying ol
slilfunimg agend. 1t is on ingrediont of glyeedn sappositories, Tn
dermatalaglen] preetico G Jas hoen used topienlly in sycois awd
wthor shin diseumes.

Slarch
Corn Bareh; Whoat Stareh: Potato Stored

Binreh I‘]l J06-2h-8); consists of tho granules reparated rom he
madure prain of eon [Bea mays Liond (Yam Gramineaw)] g of
whaenl | Fregiewm westivnm Linné] {FPam Gramineae), or from taberg
of the potate [Sefoirum tuberosun Linnd (Fam Solanaceaed],

1o puration-Tn wnkdog starch Feom corn, bho gorm losepartod
meghanicnlly nivd Uhe colly soltonad Lo pormil escapo of the slareh
granules,  Thic gunerally in dowe By peemilling 6 Lo heeome sour
wndd decomposed, stopping the formentalion before the stareh s
alfocted, On the swall seale, iomay he mido from wheat Doue by
making o wtiff ball of dovgh and kneading it while o small siream of
werder twickios upon it 1 garvied off with the wator, while the
pluten cumaing as seft, elasthe i the lnltor inay be pariflod and
unacl [or varlots purposos (o which gluton inapplicable. Commor.
cinlly, itw guality galy deponds on the purily of the water uaed in
it namulicture, Womay bo mada frone potataes By Bt geading
thom, and than wrshing the soft, moss apaan asievo, whiel soporites
tha colluler sabstnnees snd permita tae adarek rasulug Lo be caryied
through, Tt then must be washed thorewrhly by decantation, and

tho qualily of this stareh alwe depends Inegely an the putity of the
witlor it iw wwed in wanhing it

Droniriptdon - levegudng, oagulior, white s ar fing poweder; o
loak; slighL, chaeactocintic tasto,  Carn starels Polypgonal, rounded or
npderoldal grnmales g tooabond 85 g i dimmater whiel uaially bive o
eirentar or soveenl- vayod cont il elel, Wheat staedh: Simple lenticutar
irantbes 20 (o B0 mim o dismeler asdd apherlend granndes § 1o 10 jou in
digmator; steigtions faintly mavlasd e coneataie.  Patdin stapedr:
Sin e geaabes, vigalaely oveid or apberical, 3o 100 am indinmetor,
ahieh subsplerieal nnlen 100t 2 pou in \iuum-fm. strintinns swell-
murked wud coneentric

Solability- - Tnneduble in eold wator or aleolwl; when it is oiled wills
ot 20 Lok iLs woighd o Dot wator foe o few inclos aned Shen eoolad,
wrnae bt whitindy Jelly reoults; dqueows saspanaion mmirpd e i

Ulnos- Haw abhworbent and demaloont proportion, 14 s useel os o
luntingg powder and i vipious dermatological preparationa; il an
pharmacentio aid (e, bindor and distntegrant), Note--Starehes
ohtained from different botanicad sourees way ot fiose dondival
pragpertiea with reapect o theiv wee for specifle phovrceendival
purposes, e, as a taldebodisintoprating agent, Phoefore, types
shaneled ot be interchangod widess perforntmree eqietmedeney D
et asewertiined.

Undlar Whe titke Pregefutinized Slarel the NI® recognizes wlaveh
Lhat haw hieen processer chemieally or mechonicatly Lo rapbave nll or
purt of the grovwlos in the presence of water, nd aodmoguently
duiad.  Some Lypon may be modifiod Lo render them compresible
ang fiowable,

Slorax
Laepuidl Mtoras Suyras; Swoet Gung Propreod Slars

A budsam obtained fram ihe wunle of Ligeldeonbar orfendatis
Millor, known 0 conneree ws Lowant Storax, or ol Tiguldumbar
styraciflun Tinud, known in commerce as American Storax P
Humamolidaceyn),

Congtitoents--The following oceur in hoth variction:  styracin
(etnnamyl cinnumnate), styrol (pheaviethylene, Caltad, o und
staresin (the visnamie neidl estor of an aleohol callod storesinad),
phenytprapyl cinvamaie dree efnnanie aord snd vanillin, 1o addi-
tion Lo Uiesn, Lovant #lorx eantaing efliyl elinnanrate, beneyl ane
namala, (oo slotrsiau, i R u{*r{f L"f’ﬂ‘h’uﬂl”“? EIAYN f)f{f'}““
niwl styracem phena. Thin vavioty yietde from 08 w 1% of uufm‘rh'
atl; Promn this bave been isolnled styrocampliene, tenitling the cn:
namle acid cators of ethyl, phenylpropyly beneyld and einnany!
aleafinds, urmhmufwm el sy,

‘The American variety contuing, in ddition to tha foromentioned
kubistanees common ta halh vnn(ﬂh(m. styerrmsin (Uho vinpmnie acld
vster of the aleohol styresinal, an tsomer of stovesinot} and wyeesine
ofie qrid, 1L yields up o ’.i"ii- of a dextrarotatory volatile ol the
composition of which line ot boon inventigated eompletoly; styro!
aned e of vionillin lnve boon isdnlod fron il

Voseription---Semiliguid, gravish 10 geavish brown, sticky, npagoo
s, dejromiling an nh:mllng A envy darle brosen layey (Loevant sterng )
wl n aoindsalid, somelimen nosolicd mams, sellonod By pently wieaing
(American ql,mma) tronmspgrent, in Chin Jnyers; charaetorislie udar anl
trslosg anvever o Loy walar,

Sotubility - Inwodulds in wator, but wolutde, osunlly icompletely, in
an oguind welght of waran aleohok solabde i acetone, cocbun disulfide or
v, weane innclnbbe podiduc usuolly rumaining,

Usou-.An expectorant It i used ehielly ae o local remody,
aupotinlly in combination with beysoin; eg, i is an ingrediont of
Compand Bengoin Tinecure (nage 760),  1Wamay he used, Jike hey -
woin, to protoct fully subsinnees fram rancidity,

Sucrose Octaacetatoe
=1 Clieopyrnonicle, 18,40 Letea-taeolyl-f3-p-lmctofumnasy)
Letlapinty

(TR
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Suerone cebnneetate [126-14-7F ConB Oy (BTHGO).

Preparntion---Bucrose 4 subjecced Lo oxhauative acetylation by
renetion with aeotie mbyd ide in e prosenee of o suitable condens-
g apentsueh oa pyridine,

Dokeription- White, peactienlly odovlan powder, blgosely Ditter
tuite: byeroscopic malts oot lownr than The,

Rulubility- 1 g in 1000 ml, of watar, 11wl of adeobol, 0.3 w1, of
acetone or 0.6 ml, of Boreena: vory solulide iy swethinesl o1 chloratorm,
aolulde In ether.

Uses-—A denarturant for sleahal,

Sulturatad Potash

"Pliosulfurie aeid, dipotaseinm unlt, mist, with potasdun sulfide
UGS Bives of Sullur

Dipotassinm Uigsuifate misture with polamiim wulfide (Kul,)
|66 -HH-3]; 0 mikture composed ehinfly of prtngsiom polysidfides
and potnssiom (hiosallide.  TL conteing nol fess Chan [AB% of B
taulfoe} I combination as sullide.

Preguration -y thocoughly wmixing 1 port of sublimed sulfur
with 2 parls of potassivey carbonate and pradually heating the
avrbure 3w eovorsd e uraeillo untl U ninga consen Lo swal) il
is melted completely, T then i poured on a wtone or glass wlnb nl,
whon cold, braken into pisces imd preserved in Cghthy chosed bol-
W, Whaen the hent. is rogulated properly during its production, she
reagtion is roprosmbed approsiomtely by
PTLORELS PRI TR [ MR T L) ST TH O

As this product raptilly detevioratos on oxposure to moislure,
axygen and carben dioxide, i b inporiant that it be propared
recently Lo produce kntislelory prepamtions,

Deseription - Ireepaloe picces, Bver hrawen when fembly prepared,
ehomgeing Lo reenish voliows decon poses Uon s Lnie wn gdor
al byedrogon sulfidh wnd o Bitter, aevld, alkaling faste; oven wonk nda
cuuae Uhe Hhorrtion of 103 Srom uaifuentod getasdy iy 10 solation gt
Srrowen by enlor il alkaling (o Jitmies,

Solubitity ) f i ahoul 2 ol water, usally leaviog o dlight resis
thues leahol dinsolves onby the wifides

Usoson Fatonsivoly v dermatologion) practice, sepecially fn the
alficin)l White Lotinn o Lotta Adba (pmpge 102 Tho equidion for
Vho veaethon of the petagaium trisulfide in preparing the lotion is

LS04+ KuSnr GG 4 25 1 S0,

Tho mixtieo of insoluble zise salfide noad sadfur givos the loticn s
creamy while appearuce.

Tale
Fudenmg Purilied Pabe Paenoh Clialle; Soapatenog Stantite

A native, hpdroun magnesium silicate, somotime canfuining a
rimalt proportion of sluminum silienle,

Oeanrerenon and Prepuration-The native form, called soup-
wlone or Mrench ehielk, i) found in various porta of the world, An
exeellent qunlisy v oblainod from deposite iy North Ciaroling, Do
posiva of  high geade, conforming to the USE requirements, nlao aro
found ln Monchurin, Pl oative S asoally s aceompanied by
varialsle amounts of minernd sudmiatioos, Those ara sepaeated (ron
it hy muechanical meank, wach ns Hotacion or eluiviation. It ten is
powdeyed tinely, Lrested with hoiting diluke HOL woshed well and
driad,

Daseription - Yeory fina, white, or grayish white erystalline powdor,
unseluons (6 e Conehy, nclbiering rendlilys 40 Uhe akfi, and feow Prom gridl
THtH.

o Unen--OfTieinlly, ne o dusting powder and phaemaceatic alid; in
both caterorics ih hay many specific uses. e modicinel use o a
dusting pisvdor dependa on e desicent aned lubricant effects,
Whan porfutsacd, and somolines maettientodl, 1 g veed oxdonaively
fur toilot purposes under the annwe Lalewn poeder; fov mud use it
showld bu in the ferm of o impalpeble powder, When used or o
Bltration medium for slarifying Hguids o conrser powdar is profered
W minkinize pasige Uirowgh the pares of the filter paper; Tor this
purpose ik sy e uked Sor all classes of prapayations with no dangor
ol adsorption or retention of netive principlas, Jt i wnod e o
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Iuriennt in the munufactare of tablet, and a o dusting powder
whon making handmade suppositorien,  Although It is uned 08 o
Tadsricnnt for putiing on ol semoving rubbee gloves, i shoald nol
Iy used on sargical gloves hoenuse sven smndl amounts daponitad in
oggims o hoaling wonnds nuy cavse gronuloma formation,

Tartarle Acld

Thutaed fobe wedd, 2,3 dibydroxy-, Bulanedicie ackd,
2-dilipdroxy, (R0 00

conn

T

Bigheeef jrid

T

ot

L (4 )T ie nied [B7-68-4] ) Hetg (150.04).

Proprrention - From argel, the crado e of tartae {polusaium
bitartrate) deposited on the sidas of wing eosks during the fertnonta-
Vo of grapos, by conversion 1o ealeium tartoite shich s hydvalyzed
ta tartarla aeid amd eoleium sullfuta,

Vet pLbon - Bairae, ool oFlows o teanslucent eovstals, or o while grn-
wiar to Tine eryaelline powder; odorboss; oeid fdin walde 0 th iiry
sl dons acid 1o Hitmos; dextramtntory,

solubility-4 in 08 w0l of waler, L5 wmd of boiling water, 3wl of
adueial G 700 01 of ether freely soludde Dy meihanal,

U Chiefly, un tho neid ingredient, of preparstions in which i
innetrplived By o bienebonate, i eflorvoscent salts, and Dhe feee
ncid 35 compratoly adment or progenl enly iy wnnd] amounts in e
finished product, 1L aleo is uked as o buffering opent,

Trichloromonofluoromethane

Maetlne, trichlallsoro-,
MM

Prictlorofuoepmethane [Th-08-4] Ol (13789

Preparation . Corbon tobvaehlovide i reagtod with anlimony
feiftuoride in tive prosence of g small quntity of antimony penin
chloride.  The renction produces a mistare of COLIY g GO
which in pondily separable by fraetional distiladion,

Poseriplion.--Cloay, colurdese gos, Crint, ¢theraal ndoe vaper proming
ut 26% i bt 196 tore; buils adoul 4%,

Holubility-- Yroctcudly inmsolulilo in walerswelpdlo in aleohal, ethoer or
ot lier urginic kelvotie,

Uson.. & propetiant (No 11, see pagn 1696).

Tyloxapal

Pagmol, 4 (1,105 1atrmothyibutyld., polymar with Tormaldaliyde
oxbrane {Vartous Mire

aR ’0{- an
&:j £Hy E{:}J Clig (-:)
Gy Tyt i Calin

[ i gl GG S Ol CHpGH O,
W e G v B D i il fuaded Wl ]

201133 Tottmnathyl butyl phenot potymer with ethyleve oxide
andl formaldehyeo |20301-G2-4]

Propacadion-—p-11,1,3,3-Totramethylhutyh phenot and farmnl-
dehyda are condonsed by hantlg i the prasenco of ad acidic enlo-
lysland Lhe polymaric phoiol Uias obtained is renetodd with ethylens
oxtide al elevated temporatare wader prosiwrs in the proseice of
NaldH US Pat, L4540,541.

Deserintdon.-Amber, viscous gaid; may show a alight tuebidi-
Ly shight arematic odor; specitic gravity abowt 1073 stalibe at storil-
fznbion temperatura mid it the prosanes of neids, bagses and wiltsl
oxidizod by metnds; pl3 (6% aguoeosts nolutlon) 4 Lo 7.

Fotubility--Slowly but fkeely woluble in water; suluble in many
urganic solvents, including neelic acid, henzene, eorhon Letrchlo-
rigle, earbon disulfide, chloroforn or wluene.
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UnosoA notionic dotergent thal dupramam hath acli!'face Lension
and fdaeefaciol tonsion, 1Eis 8 compaongnd of Aleviyire (Storlfng) ancd
Ernelore (Adean). T dso s veed By contoob-lens-olemer Taemu b

Licns,
Zine-Eugenal Comant
Hine Compivamdi naned Vool Cemernt NE X1
The Pavdor
‘l'.jlll,!-’l\lat:tilll?“.,,|a...-. .................. vt WWER
DING BILPRIE  vica i vecn v e e e b
e dnbde L, T T o
ROMIN L i e e e A B

Powdar b rasin b incorpornde HCyeith adost i eipual weght of wine
pxice il thorowldy wixed, 2% the minture onon wiove of oot lesy
than -pash, el Ui montesind which doen set pass Uheough Lhe
oy Wikl ieew of Ll zine oxide s sl againg ve et Ui procosk unti
all of the materind veadily prssea theoigh thesiove, ' Thoroughly mis Ghe
aine stenrnle o gine avotate with o portion of Uw zine axide snd poss
throngh w T00-nwh siove. Pharoughly iy Uhe Lo s baees wli Chye
romnindor eof tho wine nxidi

i Ldgaded

T I HE s
Codfonnood il o000 A

pan

The Comund

T prispave e coment, nix 10 parts of the powder switly 1 paen of the
liguid 1o a hiek paste inmatintely belore use. Noter “The amount of
Hepntiel may hee vinvied fo give iy desirod copabslapey.

Dunoription. - Coeder: Yellowinl while Lo whito iy color; Liguid:
T'hin st eolioe b towenk yellow, having n st rong aromatie odor of elove
okl paneol, spiny Laste; afl I ligthels wpsecitde ravity 10003 1o
10AR; retractive indes 1028 to LS sl 207,

Solubibity—Lagrad: mineilibe sith gleobd, clloroform or ellior, unly
#lightly Holubbe in waler,

ElaesIn genora) deita) practice v o dental protective, e, o a
il cnpping ar a bemparary [(Hing,

lso+Alcoholic Elixly

lsueJikiniy
Tarw-Alegloplie sy
HigheAloahodlc BlxIe o000
Mix the ingredients,

of eaelr nenleulated volumy

LowsAleaholie Mlixiz

Compoand Orge Spiril oo oo e Hmk
ABOBE] | v e ; 00 ml,
Olyeerin oo, veeeis SO0 WL
Shorone . s e BR0K
Purifiad Water, (anlflolont quantity,

Tomuke oo K A3 R T 0 S S A Yidh

Alpaho) Contond-—H4 ta 105,
Hikh-Ateoholic Blixir

Componnd Qrango Hpivil
Soeeharing, oo
Clyeerin .. .
Aloghal, @ sullic

T ki

e granatiny,

Adoohal Cosboat--73 1o TH%.

Unog-- Intondod ny a genaral vefticle [or virions medicamouts
that reguirn solverbs of difforent nleebol strengthe, When it s
npicified in g preseriplion, e praportion of He two ingrodieits to

fae ueeh i Lhat which wilt produce s solution of the required wleahiol
slrength,

‘The aleohol strangth of the elixiv to ho uked with a single liguid
gnlenical in o preseription is approximatoly the ane ny Lhal of the
prlenical, When paionicals of different aleohol strangthe sre ied in
the samie preacription, the olixiv 1o 3o unad B4t be of such nleohol
whrengbh as (o seeure the best solution possiblo. his generally wil)
b Tound Lo De tho nverage of the aleshol stroagths of W severnt
inrredivnts,

For nonexteaetive substancen, tho lowost aleohot slrongth of the
elizir that will yield o perfeet sobation should Do chanen,

Grher Miseolbonoous Pluwnaconticnt Nocossithon

Buarylnte [Propimnie acld, B-cyanos, 2omothy)propy] entee oyl
Lgynnemarylale {1OMERR-2) Cobl N, CERLL8) (e Y] e o
o Chow metho roacts imobutv) 2-chilaroaereinto with sodiwm eyionide,
{sea: Surgical mich (o orl oo}

Corondn [Onokeerite; Barth Wax: Carosing Mineeal Wax: Fowsd]
Wax] A borid, white odocloss solid resombling spormaest | wlen purd-
fied, oecurring noturalty i dopusits in the Carpathian Mountaiom, s
eilly in Gadiedn, [0 s & misturo of nodunst consplex pamifn hyerooue.
Bops, Mells belween 0 ind 709 apecilic gravity G891 1o 0.9 slabli
Lowared oxid imiyg agents. Sulobbe i aloshol, Lenvene, ¢hlorafor,
pakpoleum, linvein or hot ol hees: Substitute for Tneoswas s by dondind -
Ty, dor inpeeakion waxii.

Frdylenodinsiing Hydrente BP, PhE L NCHCH N 0]
Cloar, ealartom or slightly yellow Yauid with o apmoninen) oder nned
elsnraclerintic allknline tale solidiflen up eonlings Lo ervsCalline minny
A0 10%); Leskle 114 e 5349 mpaed (i geavily sl (06 Wy roscopie and
absorle GO Crany thee ey oo salutions allibine 0 s, Miseibls
with watir or mlealws]; nolulddi i L0 poarts ol e Blovolorm: slght b selobale
18 bongone onad ethor, Hsese D G maescneinen ol sindoephytine o
in Uhe prspnration of sinlnophylline injeelions.

Ferrie Oxido, Hod - Comaiug ot Jens 1 906 FauOn. T is mude by
loting netive fervic oxide o hydroside ne o tempeotare which will yiekd
aproduel of the doxirid color, 3lis oalor i geverned By Lo lomperstare
dnd timee of beatiogg Whe presenco pmd ksl of other meiols and the
panebinde sire of the wride. A dark-colored oxide is Govorod by peolonped
heating ol high temperntore and the peesence of duugmiose. A light
evlored oxide in favorad by thoe prosanes of wluminom and by finer
imetbehe slge. Ulsess Ipartingg solor to swsedaiog me asel comiedi;

IFerrie Oxido, Tollow - Cuntaing naf less than 97.0% ol 10 s
parispuiredd by honbing ferecms hoeeroxide or Torsous envhonale Ihoaie ag o
low tempurature, [aess As o Bed Feerie Oxide iliova,

Nanoy NE X1 [Mok Clavlliod Honey; Stradned Honey] is e saechn:
shiwe goeration depositel i Uke bonegveomb by the bee, Aprs amolfifiera
Tannd (Fam Apidtaee), 10 must be Prog Seom Yaveigis subsianers saeh os
povis of insectn leoses, vie, bud mny contadn pollen praing,  Halmey
ey s iy of Lhe olcdost of Food s selivinnt procluets, Dhaaring the
16th nadd 176 venstarion it wan recommended ana euee Toe alimoml avery-
ihing,  Constiluents: Frood snpore 162 4o B395), srrose (0 1o R}
dovtein (040 o Y5 Deseription; Thick, syeapy liguid of w lght
yelowind to vedekindy Brown calur translusent whe fieai, bl freg ety
beeonos opague and peamane Biouels erystallivation of dextrose; el
weberiatie odor and o wweet, fintly necid thite, et A swerlening
Aot pleeond o nocesnily,

llwlrimllit! Acid, Diutod . Contidng, o eael 100 mL 3.5 10 R of
FIECLT08 ), avvsed 00 g ton g o 13 2TRAY (GROON Pl b tier B ndlileed 1o
provent the formmtioh of Frae sodine,  Cewtion: I masd et 0 s
prensend ar wwed i o pregarotion of ofhes peodieds if T contidng free
fding. Preparadinn: (g |l"'llt‘ wenle, by D dforned don of udine md
hydrogan sallide,  Peseripiion and Salebifioy: Colovlss or not more
hany pade-yollow, alorless liguid; npeeifie geavity about 11 Miseible
wilh watar o sleshol. Do In )i,)'dri'ucfr'(' Aviel Syrop (e 1302),
The Inther o boon ungd oy an expoctorant. B also is ysed o Che
manusfneture of ineeganie tdidos and distplectantn. The G7% acld vlue
is vsodh For analytical purposes, sueh us methoxyl detorminations,

Limme |Colx; Caleiun Oxide; Quicklime; Bort Livie; Ooly Ut Catd
LAY |-Lreparativeg By enleining (fmopione (0 nntive wleium o
bovnnde) in kil with abrong heat.  Beseeiption amnd Solediitly:  Hard,
white or grayish white nuwssos oF granlon, of o while or geayish whilo
e ey aelorien: solulion atcongly abkalioe, 1 welubbe in about 24 ml
of wier or 1740 mil. of Boiling water; sobable in glycorln or sy
ingalubie in aleohal,  Tres: Tnomaking mortae, whitewnsh snd varloum
chomleads and products, 15 is an ingredient o Sulferated Lime Soly-
tionn CRIPM- 16, prgge TIHTY. Ty tho USIY, ealeium hydeoice b roplaeed
i, a3 s nore stable e iore rond iy nemilalsle of o guality suitabie fo
i ivn ik vse than that usoally obiainable, Unlon protectod from iy,
i moen beconmt until foy oon, duo fo e action of corlon divkide mid
iedsbure dn Lhoonir. Sow Caleiwn Aydavide (e 1180,

Poaeh Ol--An oil rosembling almond wif sbiained fron Persica viel
garik O%am Rosueeae. Boe Porsic N (pogeo 1325,

Polaerilin Potwanbum Mothaerlic acdd polymer with divinyibon
s, potassiun sall [2004-76-50 Amboriite TISHE Wlaho & Hoas) -
Proparot by polymarizing melhneesdic acid with divinyibonans and the
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resulting resin is neutralized with KOH. Dry, buff-colored, odorless,
rasteless, free-flowing powder; stable in light, air and heat; insoluble in
water. Uses: Pharmaceutic ard (tablet disintegrant).

Poloxalene [Glycols, polymers, polyethylene-polypropylene [$003-
11-6); Bloat Guard (SmithKline)}—Polypropylene glycol is reacted with
ethylene oxide. Uses. Pharmaceutic aid (surfactant).

Raspberry Juice—The liquid expressed from the fresh ripe fruit of
Rubus 1daeus Linné or of Rubus strigosus Michaux (Fam Rosaceae):
contains not less than 1.5% of acids calculated es citric acid. Prepara-
tion: Express the juice from the washed, well-drained, fresh, ripe red
raspberries. Dissolve 0.1% of benzoic acid in the expressed juice and
allow it to stand at room temperature (possibly for several days) until a
small portion of the filtered juice produces a clear solution when mixed
with % of its volume of alcohol, the solution remaining clear for not less
than 30 min. Strain the juice from the mixture or filter it, if necessary.
Description. Clear liquid with an aromatic, characteristic odor and a
characteristic, sour taste; freshly prepared juice red to reddish oranze;
affected by light; specific gravity 1.025 to 1.045; pH 2.7 to 3.8; refractive
index not less than 1.3445. Uses In the preparation of Raspberry
Syrup (page 1302), a flavored vehicle.

Sarsaparilla—The dried root of Smulax aristolochiaefolia Miller.
known in commerce as Mexican Sarsaparilla; or of Smulax regelii Killip
et Morton, known in commerce as Honduras Sarsaparilla; or of Smilax
febrifuga Kunth, known in commerce as an Ecuadorian Sarsaparills; or
of undetermined species of Smulax Linné, variously known in commerce
as Ecuadorian and Central American Sarsaparilla (Fam Liliaceae).—
Contains glycosides of the saponin group, sarsesaponin (parillin) and
smilasaponin (smilacin), which are related structurally to the digitalis
glycosides, and possess the steroid nucleus. When hydrolyzed with
dilute acids, they split into sugars and the corresponding sapogenin.
Sarsasaponin yields sarsasapogenin (parigenin) plus one rhamnose and
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two glucose molecules, and smilacin yields smilagenin plus sugar mole-
cules. Starch, resin, coloring matter and volatile oils also are present.
This drug was first used in Europe in the 16th century as a much-
vaunted remedy for syphilis. The corigin of the name is in doubt. Uses.
Being without pharmacological actions, it is not employed in modern
therapeutics. although the laity is inclined toattribute certain therapeu-
tic virtues to its use.

Sodium Glutamate [Sodium Acid Glutamate [142-47-2) HOOCCH-
(NH»)CH;CH,COONaj—White or nearly white, crystalline powder.
Very soluble in water: sparingly soluble in alcohol. Uses' Imparts a
meat flavor to foods.

Sodium Thioglycollate [Sodium Mercaptoacetate; HSCH/,COONal
—Hygroscopic crystals which discolor on exposure to air or iron. Freely
soluble in water; slightly soluble in alcohol. Uses Reducing agent in
Fluid Thioglycollate Medium for sterility testing.

Suet, Prepared [Mutton Suet]—Internal fat of the abdomen of the
sheep, Ovis artes (Fam Bouvidae), purified by melting and straining.
White, solid fat with a slight, characteristic odor and taste when fresh;
melts between 45° and 50° and congeals between 37° and 40°; must be
preserved in a cool place in tight containers. Uses In vintments and
cerates.

Urea [Carbamide [57-13-6) CO(NH)»(60.06)]—A product of protein
metabolism; prepared by hydrolysis of cyanamide or from carbon diox-
ide by ammonolysis. Colorless to white crystals or white, crystalline
powder; almost odorless but may develop a slight odor of ammonia in
presence of moisture; melts 132 to 135°. 1 g dissolves in 1.5 mL of water
or 10 mL of alcohol; practically insoluble in chloroform or ether. U'ses-
A protein denaturant that promates hydration of keratin and mild kera-
tolvsis in dry and hyperkeratotic skin. It is used in 2 to 20% concentra-
tions in various dry-skin creams.
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Pharmacological Aspects of Substance Abuse

Frederick J Goldstein, PhD

Protessor ¢f Phaimncology

G Victor Rossi, PhD
Vice Mrosidoni of Academic Aftalis and Professor of Photmacelegy

Philogelphin College of Pharmacy and Science
Philoce|phia, PA 19104

Substance abuse continues 1o be a major problem within
the US and will remain so in the 218t ¢century,  Although
recent data indicate o deeline in the use of certain illicit
drugs by high-schoo! seniors (Table I), there hes been no
change in the pereent who drink aleohol.  Unfortunately,
among the many American adults currently dependent upon
aleobol and other psychoaclive chemicnls are members of
the health profession, eg, pharmacists, nurses and physi-
cians.

Substance sbuse may originate with the physician, the
patient soeking medical treatment or with the adelescent
drug experimenter. Physician-generated misuse may result
when there is insufleient coneern or time o evaluate the
patient adequately as a candidate for payvchoactive drug
therapy. T'reatment is all oo often directed toward the
alleviation of symplome without a concerted effort {0 identi-
fy posaible deep-seated causes and respond Lo Lhe emotional
as well as the medical needs of the patient. Qverpreseribing
ol mood-allering drugs invelves polential harm not just to
the individual but to society at large. While physician-
generated drug misuse represents a relatively small pereent-
age of the averal] problem, it is especially regrettable that
any negative contrilbulion arises from the aclions or inae-
tions of health professionals.

Patient-originated abuse encompasses a larger aspect and
persists despite signifieant efforts by the majority of physi-
cinng und pharmacists to restrict the dispensing of psychoae-
tive agenis. Some palients will visit several physicians, ob-
tain a number of prescriptions for barbiturates, tranguilic-
ers, stimulants and/or narcotics and present cach
prescription to a different pharmacy. ‘Thus, the patient
may aceumulate substantial quantities of coptrolled sub-
slances eithor {or personal use or for resale.  Attempts Lo
thwart such patterns of drug acquisition have, thus [ar, boen
unsuccessful,

Peey pressure, alienation, hedonism, mass-media adver-
tising, alfluence and boredom are among the factors most.
frequently cited as those leading Lo the misuse of drugs hy
adolescents, T'he consumplion of aleaholic boverages, ciga-
retie smaoking and the liberal use of sedatives, tranguilizers
and central nervous system (CNS) stimualants by adults,
particularly family mombers, foster the development of a
cavalier attitude toward drugs, and inerenss the likelihood of
drugtaking among adolescents.

Three hasic stages of adelesconl drug usage have been
defined as the initial experimental phase, periodic recre-
ational phase and compulsive (chronie) pattern. That many
young people resist involvement with drugs or do not pro-
gress to chronie or serious patlerns of abuse emphasizes the
imporiance of personality traits in the genesis of drug de-
pendency. Persons of any age who have a low frustration
tolerance, cannol cope with the daily pressures of life, re-
quire instantancous gratification or who have anfulfillod

dependency seeds and serious problems of socialization may
come to rely on drug use in order Lo eseape, albeil temporar-
ily, from a psychoiogical environment which is blenk, joyless
and/or filled with anxiety.

As stated, many factors are involved in the process by
which an individusi ultimately selects the pharmacological
raute of escape Mrom stress, Recent studies indicate that a
small pereentage of the population may have n genetic pre-
disposition for developing an addiction to al least one
drug—alcohol.  However, it is quite clear that some polen-
tial addicts ean resist entering Lhis pathway if they become
aware of the loxicological eonsequences of drug abuse.
Many school, religions and community organizations have,
in [aet, made substantial efforts (o present edueational pro-
grams devotled to acule and chronie toxicities produced by
peychoactive substances, Pharmseists should expand their
participation in these programs; in this regard, the follewing
information can be of assistance,

Cenfral Nervous System Depressants
Qploids (Narcotics)

Heroin s the opioid most ofien abused. The preference
for heroin is not hased on its unigue euphoric properties but
is largely a matter of economies: heroin is the most potent of
the opioids, thuy providing maximum profit poer kilogram to
those engaged in illicit traffic.

Barly in the course of herain use, intravenous injection is
followed quickly by a sense of exquisite visceral pleasure
which is similar to sexual orgasm (the resh), an enveloping
fealing of contentment and the veceding of internal conflicta,
Taken orally, heroin also produces relaxation, evophoria
and indifference to pain and stress but vol the “rush,” Tn
the susceptible individual, the intense desire io recapture
this drug experience contributes to the establishment of an
emotional or psychic dependency.

With frequently repeated administration, the individual
becomes progressively less responsive Lo the drug; thus,

Table I-—~Natlonal Survey of Lifetime Use® of Drugs by High-
School Senlors®

Change from
19685 1987 1685
Alcahal B2.2% 9L.2% 0.0%
Barbilurates 0,2 4% - 1,8%
Cocaine 17.3% 15.2% %1%
Marijuana H1.2% 50.2% e, (¥
Methagualone 6.7% 4,0% =2, 1%

* Pereent who oeer used,
Y Natlonad Ingtitute un Drup Abuse Notes, Sumuer 1088,
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everinereasing doses nre sought in an attempt Lo duplicate
the charactevistic effects. Chronic suppression of central
nervous system function results in a dependent state in
which the drug must be taken on a regular basis L maintain
a reasonable semblance of well-being and equililirivm and Lo
prevent the anguish of the abstinence syndrome. Thus,
opioid addicts soon find themselves taking heroin not. for the
plensurnble effects but primarily to prevent withdrawal.

Tolerance Lo opioids daea not develop uniformly, For
example, nddicls experience, during chronic use, lessened
respiratory deprossant, analgesic, sedntive, emetic and cu-
phoric effects. Some may show decrensed miosis while mosi
suffer chronically from the constipating effects of the drug.
Drug tolerance always is relative, never absolute; n dose
alwaya exists thot is capable of crusing death from respira-
tary paralysis, and overdosage 18 a cominon cause of fatali-
ties among opioid addicts.  Although death associated with
heroin use las been attributed routinely to overdosage, oth-
er faclors sumetimoes may be involved.

Quining frequently s employed by “dealers” to dilute
pure heroin hecause, like the opioid, it is bitter and produces
vasodilation simulating the rush. Thus, addicts cannot de-
tect adulteration readily and may unknowingly inject them-
selves with large quantities of quinine, which may produce
significant. myacardint depression.  Codeine, while signifi-
cantly less potsnt than heroin, also ean produce death from
overdosape.

Withdrawal symptoms usually reach maximum intensity
36 to72 hr after the last dose of heroin and subside gradually
within 7 (0 10 days. 'The severity of the abstinence syn-
drome is determined largely by the degree of acquired physi-
cal dependence and the rate of elimination of the drug.

The signs and symptoms of opisid withdrawal include
yawning, sneezing, lncrimntion, restlessness, anxiety, insoni-
nia, hausen, vomiting, gastrointestinal cramps and diarrhea,
sweating, goosefiesh, generalised body aches, fever, tremoss,
muscie spasms and jerking movements,  Kxeessive perspira-
tion, vomiting and diarrhea combined with diminished {ood
and fiuid intake may result in dehydration, acid-base distar-
bances and ketosls, Qccasionatly, eardiovaseular collapse
acenrs,

Withdrawal symptoms can be suppressed either by nd-
ministering the drog of dependence or another narcotic, 1f
an apioid, such as methadone, is given initially in a stabiliz-
ing amount and then the dosage reduced gradunily, the in-
tensity of the abstinence syndrome may be lessened nppre-
ciably,

The opioid addict i subject. to risks arising out of indiffer-
ence 1o minimal nutritional and hygienic requircments with
a consequent high ineidence of viral hepatitis, bacterial en-
docnrditis, tetanus, pulmonary infection, pulmonary edema
and thrombophlebitis,

The use of nensterile injection equipment and intravascu-
lur introduction of cotton fibers and adulteranis, such e
lactose and tale, all contribute to the development of local
and systemic infectious disorders and pulmonary granulo-
meatosis,  Hyperamylasemin often iz observed during the
acule phaso of heroin-induced pulmonary disturbances, In-
creased serum immuneglobulin levels are encountered com-
monly in addicts.  Although the clinical consequences of
this finding are understood incompletely, serological tests
for syphilis are false-positive in & significant proportion of
such individuals.

Noninfeclious complications of opioid addiction include
trangverse myelitis, rhabdomyolysis with eardine involve-
ment and myoglobinuria and Horner's syndrome.  Quinine
containoed in street heroin preparations produces mmblyopia
and thrombocylopenia.  An aqueous mixture consisting of
erushed tableis of pentazocine (Ialwin and tripelennamine
(Pyribenzamine), with the street name of “I"s and I3lues’,

has been used intravenously by addicts; the effects are re-
ported to be similar to the heroin rush.

‘loxic reaclions can be serious and include lonic-clonje
seizures and acute respiratory distress with hypoxin, T'he
Intier effects npparently result from deposition of inseluble
ingredients of this mixture, eg, tale, in lung tissue Lius eaus-
ing pulmonary granulomas.

MPTP  (1-methyl-4-phenyl-1,2,3 8-tetrahydropyriding),
an extremely toxic by-protduct of illicit. meperidine synihe.
sis, destroys certain types of brain tissue (nigrostrintal) afier
only n few doses; this produces Parkinson’s disease in the
abuser which, like the degenerative clinical disease oceurring
in geriatric patients, is irreversible.

Waomen who persist in the use of heroin during pregnnney
give birth to opioid-dependent offapring. Thesigns of with-
drawal in the newhorn appear within several hours 1o several
days and include high-pitched erying, sleeplessness, irvitn-
bility, tremor, vemiling and diarrhen; the latter may resuit
in severe dehydration. Nareoticedependent Infants are
born smallor and exhibit an uncoordinated and inaffeetun)
sucking reflex, which roduces nutritive consumption. Phe.
nobarbital, dinzepam, paregoric or chlarpromazine have
been used (o alleviale nareotic withdrawal in neonates.

The approaches 1o treatment of the aduit addict invelve
medical ns well ag psychiatric and social aspects. A basie
obatacle in any approach Lo the ireatment of opioid addic-
tion is the eharncteristic high rate of recidivism.

Methadonn maintenance, carrently one of the most widely
employed techniques in the management of opioid addic-
tion, involves stabilizing the patient on a regular daily oral
dose of methadone, preferably in conjunction with support-
ive psychological or psychiatric counseling.  In this context,
the maintenance drug does not provide true pharmacologi-
cal blockade; rather, regular administration results in the
development of tolerance to methadone and cross-tolerance
to heroin.  Thus, the addiel will not experience the heroin-
induced “rush” and euphoria unless doses substantially
higher than usual are injected.

Theoretieally, when unburdened by these factors which
motivate addiction, methndong may he withdrawn gradual-
ly. However, many former nareotic abusers cannot main-
Lain a drug-free state and cither reestablish their addiction
to heroin or request continued metadone therapy. In con-
trast, some addicts refuse to enter n methadone mointenance
program. ‘The reasons for this decision include

-

I'he elaim by some nareotle abusors that methadona is just another
type of deug dopendence and one which is more difficslt Lo auriender
thun herain use—in fact, nothadene withdrawal can e more intense
wndl peinfal thon heroin dolexificalion.

Methndona significantly impaies huran reprodustive capacity by de
crensing both ojacuiate volume and sparm motilily (hevoin producaes o
lesser effect upon lertiity).

Family members may be onclangered-a numbor of childven have died
after ingesting the liguid methadone preparations used by their paronis

An alternative approach, based on the conditioning theory
of upioid dependence, employs narcotic antagonists Lo extin.
guish drug-seeking behavior by blocking the cuphoric effects
of heroin, Nalorphine [lira, was suggested Tor this purpose
but its limited duration of action and high incidence of
hallucinogenic renctions made its use impracticnl,  Cyclazo-
cine is effective oraily and provides blocksge for ap o 24 hr
but, like nalorphine, is an netive analgesic and is associnted
with a variety of disturbing psycholomimetic reactions.
Nnloxone (Narcan), n “pure” opioid antagonist (e, pos-
sessea no agonist properties), produces fewer unplensant
effects but is relatively short-acling,

Naltrexone (Trexun), a jonger-neting derivative, can
block the effects of heroin for approximately 72 hy, 'The
results of clinical trials ave disappointing since many addicty
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under treatment refuse o taoke a drug which s deveid of
narcotic-like effects,

Clonidine (Catapres), an ay-receptor-agonist, has heen
used suecessfully in treating horvin withdrawal reactions; in
some cases, it is more elficacious than methadonae,

L

Barbiturates

The clinical vae of barbiturates has declined substantinlly
in recont vears, The benzodiazepines, while not (vee of
adverse reactions, are safer and have supplanted barbit-
rates in the treatiment of anxiety and insomnia. 14 is clear
that, in general, hypnoties (harbiturates and nonbarbitur-
ates) should not be preseribed for more than a 14 1o 28-day
period. Beyond this time eflicacy decreascs {(a decline in
hypnotic nelivity may begin after only 7 days of continuous
therapy). Pharmacista should monitor these prescriptions
very closely, consulting with both the patient and physician
in order to insure proper use and prevent dependence prob-
lems.

The hazards encountered in the use of burhiturates in-
ducle oceasional unanticipated idiosyneratic or hypersensi-
tivity reactions and accidental overdosage as may occur in
young children unaware of the potential danger or in adults
during a hypnotic drog-induced semistuporous state of “au-
tomatism,” For most persons, sleep provides only a tempo-
rary respite bul, all tog frequently, intentional overdosnge
with cosily accessible sleep-inducing drogs provides an ave-
nue of permanent escape from the pressures of reality,

Barbiturates reduce the amount of time spent in the REM
{rapid eve movement} phase of sleep. The reduction of
REM sleep for a period of several days may cause the indi-
vidual to become irritable or 1o evidence disturbances iy
personality and rationality. When the hypnotic is with-
drawn shruptly, there is o rebound increase in the REM
phase often associated with nightmares, a fecling of baving
alept poorly or actual insomnia. “Rebound” REM makes it
difficult for the patient Lo give up the druag and conlributes
10 the development of drug dependency.

The signs and symptoms of barbiturate and aleoho! in-
toxicntion ave strikingly similar.  Visual perception, recall,
reaction-time coordination and other indexes of psychomo:
tor functioning are affected, the degree of impairment large-
Iy depending on the concentration of drug in the brain,
Intoxication, either with alcohal or a barbiturate, is charac-
terized by difficulty i thinking, reduction of ego controls,
poor judgment, confusion and emotional instability. MNeuo-
rological impairment and muscular incoordination are major
factorain the personal injuries and invoivement in vehiculay
accidents which are common accurrences during the course
of mtoxication with these drugs. The CNS suppressant
eflects of alcohol, baybitarates and opintes, such as herain,
are mutually reinforcing; extemporancous combinations of
these deprossants may resull in unpredietably abrupt and
severe incapacitation,

Low doses of barhiturates (as employed for daytime seda-
tion, nighttime sleep induction or the control of epilepsy) are
often tuken for indefinite periods without eliciting tolerance
or physical dependency, These phenomena generally ocour
only with doses considerably in excess of thase customarily
employed in medical practice. Mo illustrate, the usual oral
hypnotic dose of pentobarbital sodium or secobarbitnl sodi-
wm is 100 Lo 200 mg, whereas oral doses of these harbituratos
in excess of 400 mp/day (and generally in the range of 60O to
a00 mg/day) for approximately 1 month are required to
induce clinieally significant tolerance and physical depen-
dency. Parenteral (subeutaneous or intravenous) acminis-
tration of barbilurates may lead to physical dependency at
lower deae levels and within a shorter period of time,

The amount. of barbiturate that may be consumed by the
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compulsive nbuser varies considerably, hut average daily
doses of 1 to 1.5 g of short-acling derivatives are not uncom-
mon, and some individuals may use ns much as 2.5 g/day
over prolonged periods of time.

Withdrawal reactions, which in some cases may be move
hazardous than the opioid abstinence syndrome, develop
upon abrupt cessation of chronic barhiturate overuse. Mild
Lo maderate withdrawal reactions include anorexia, appre-
hension, tremulousness, muscular weakness, mental confu-
sion and postural hypolension. A severe harbiturate with-
drawal syndrome may involve profound disorientation, de-
firium and hallucinations and convulsive seizures of an
episodic or protracted noture, Most individuals who have
ingented eight or more hypnotic doses of a barbiturate por
day over an extended period will experience convulsions
during withdrawal, In cxireme cases the barbiturate absti-
nence syndrome may terminale in cordiovascular collapse
and death, With the longer-acting barbiturates, withdrawal
symptoms are slower in ongel and less severe than those
encountered with the shorter-acting devivatives.

Pharmacelogical treatment of barbiturate dependency
generally is approached by replacomoent with either pento-
barbital or phenobarbital atl an initial dose sufficient for
stabilization; the dose then i reduced gradually over a peri-
ad of several days o weeks depending on the individual
patient response,

Nonbarbiturate Sedative-Hypnotivs

Neurological impairment, psychological and physieal de-
pendency, and an abstinence syndrome similar to Lhal asso-
cinted with barbiturate abuse may result from excessive use
of many nonbarbiturate sedative-hypnotic and antianxioty
agents, including chloral hydrate, glutethimide, methypry-
lon, methagualone, meprobamate, chlordiazepoxide or diaz.-
epam.

Methagualone remains a “street” drug of choice. Al
though claiins have boen made that it and other nonbarbi-
turale hypnotics (eg, chlornl hydrate or triclofos) produce
litthe or no effect on REM sleep, other reports challenge this
distinction and a final conclusion has not been advaneed yet.

Acroparesthesia (tingling and nombness in the extrem-
ities) may oceur prior Lo the onset of hypnotic activity, par-
Licularly when sleep doos not ensue rapidly, ‘This sensation
i« experienced by many methaqualone abusers and probably
contributes to the aphrodisiac effect (similar 1o the "Spanish
Fly' phenomenon). Increased muscle tone often is evident;
it even may be observed while the patient is in a deep comn
and may lust for severn] days, Acule toxicity differs from
that of the barbiturates in that marked respiratory and coay-
diovaseular depression generally are nol seen after large
doaes of methaqualons,

Psychological dependence and tolerance Lo methaqualone
have been observed, but the resubls of studies on the devel-
opmment of physieal dependence are equivocal. Apparent
withdrawal symptloms, such as headache, anorexia, nausea,
abdominal eramps and interference with sleep, have heen
noted in those investigntions reporting physical dependen-
cy. These relatively minor symploms may occur during
abstinence in the individual who has been taking five hyp-
notic dases of methagualone daily for several months.

Severe reactions which may be encountered occasionally
during methagualone withdrawal include convulsions and
toxic psychoses, Ingesting aleohol with methaqualone is
very dangerous, leading Lo a serious impairment of judgment
and paychomotor coordination. At leasl one state reports a
high death rate from injuries sustained in car nccidents
where the drivers, passengers und/or pedestrians used this
drug combination.

Mandrax, a combination of methaqualone (250 mg) and
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diphenhydramine (25 mg), has been abused by addiets in
(ireat Britain, Cannda and Australin. 'The reactions due to
overdosage with this drug combination are simitar to those
of methagualone but are potentinlly more severe since di-
phenhydramine, which possesses contral antimusearinie ne-
tivity, may produce psychological disturbanees, excitation,

Alcohol

Although greater publicity usually is aceorded Lo marijug-

na, hallueinogens and narcotics, alcohol remains the major
drug ol ubuse in the US. Approximately 16% of all US
health costs are for the treatment. of chrenic alcoholism and
nssociated Loxicitics,

ataxia and convulsive seizures (diphenhydramine does not
influence the absorption or hiotransformation of methaqgua-
lone).

Meprobamate produces sedation and relaxation compara-
hle 1o that of the barbiturates, although (he clinienlly offec.
tive dose of meprobamate is higher, Cognitive activity may
be compromised by chronie oral doses of 800 myg of mepro-
bamate per day, while at daily doses of more than 1600 mg,
psychomotor performance may be reduced significantly.
Psychic dependence and tolerance oceur with prolonged
high-tose ndministration and physical dependence develops
alter consumption of 3 g or more per day lor several weeks.
Depending an the dosage and duration of use, meprobamaie
withdrawal reactions may range from anxicly, insomnia and
tremaors Lo hallucinations, convulsions, coma and death.

Chlordiazepoxide, taken in doses of 300 to 600 mg a day
for several months, may result in physical dependency re-
sembling that observed with the barbitwrites and mepro-
bumate, However, withdrawal symptoms may be delayed
for several days after chlordinzepoxide is terminated, due
possibly to slow elimination of the drug.  Agitation, insom-
nia, anorexin, depression, psychological disturbances sind
convulsions are amony the reactions which follow the cessa-
tion of prolonged administration of high dases of chlordiaz-
epoxide.

Diazepam, the most widaly preseribed benzodinzepine de-
rivative, also may induce physicnl dependence. Patients
receiving 15 mg a day for 4 Lo 6 months, or higher doses (6010
120 mg) for about 2 months may, upon withdrawa), éxperi-
ence gastric cramps, sweating, agitation, tremors, ingomnia,
confusion, disorientation, suditory and visual hallucina-
tions, delusions, paranoia and depression.

Serious ncute intoxication may oceur when benzodiaze.
pines are comhined with other depressants, eg, ethanaol, nar-
cotics, other sodative-hypnotics, tricyclie antidepressanis or
antipsycholic agenis. Simultancous inpestion of ethanol
and dinzepnm is particularly dangerous.  In addition Lo the
expected additive CNS-depressant offeets, in the presence
of othanel, diazepam blood levels are elevated, compared 1o
dinzepam taken alone, Some roporss suggest the possibility
of teratogenicity resulting from administration of mepro-
bamate or certain henzodiazepines during the first trimes-
Ler; in the inlerest of caution, the use of these antianxiety
agents should be restricted during this eritical period of
pregnancy,

The medical and pharmaceutical professions bear a grave
responsibility in prescribing snd dispensing barbiturates,
benzodinzepines and pharmacologically related agents.
Physicians, pharmaeists and nurses often fail (o convey ade-
quately to the patient the potential of these drugs for en-
sharement in a vicious web of emotionnl need, often pro-
gressing Lo escalated consumption and, ultimately, the de-
velopmenl of a dapgerous degree of psychological and phys-
iological dependency, Although only a limited sumber of
drugs were discussed in the nbove sections, it is important 1o
note that any substance covsing aeute CNS depression is
capable of produting psychological and/or physical depen-
dency during chronic nae

The legitimate application of drugs should not be jeopar-
dized by irrational fears arising from situations croated by
their uncontrolled use.  MHowever, it iy equally important to
recognize that certain drugs, by virtue of their ability 1o elicit
profound ¢hanges in mood and feeling, may, in the emotion-
ally predisposed person, lead Lo n degree of psychic depen-
dency and compulsive uso detrimental 1o the individual and
o sociely.

Aleoholic intoxiention spans a rango of blood-ethmiol con-
centrations Mrom 0,06%, at which level some impaiyment of
judgment occurs, to above 0.40%, associnted wilh profound
depression of vital physiological functions. Concentrationy
in excess of 0.60% usuwally are fatal,

Although many states regard an individual s being “le.
gally drunk” at levels above 0.10%, controlled studies have
demonstrated repeatedly that functional deficits such ns
impaired adaptation to light, reduced psychomotor porfor-
maneo with prolonged renction times and generalized detori-
oration of simualated driving skills are ovident at blood-ales-
hal concentrations well below 0.08%. 'I'hus, individuals with
blood-aleohol levels below those required for legal classifica.
Lion as intoxicated may, nevertheless, be dangerous drivers.

Compelling stalistics compiled over many vears implicate
aleoho) ag a prineipal contributor to motor vehicle accidents
witli consequent injuries and fatalities. Public outrage hy
groups such as Mathers Aguinst Drunk Drivers (MADD)
has been direcled rocently toward the legislative and judicial
systems for their minimal penalization of drunk drivers,
particularly the repeat offonder. As a resull, most states
now have passed stricter lawa with more severe penalties,
AlLS0 states sow require a person Lo be 21 vr old in oxder Lo
drink aleohol.

Two-day jail terms for first offenses and guicker suspen-
sion of the operator’s license now arve routine aspects of
punishment. However, none of these statules can restore
the lives of innocent children and adults who have been
killed by intoxicated drivers, The prevention of alcohol
abuse through eduentional and other methods remains the
appronch most likely 1o reduce deaths. Many airline pilols
and railrond engincers currently sre inveolved in such pro-
Erams,

Severe aleohiolic intoxication may resull in forms of amne-
sin characterized as “state-dependent learning™ or as a
“blackout,™ In the former, an individual can recall what,
transpived under the influence of alcohol only if again sub-.
jeeted to an intoxicaled state. Generally, information ae-
quired while under the effects of aleohol is remombered
poorly or not retained in the nondrug condition,

“Blackout™ refers to a severe short-term memory defieit;
subjects cannot recall what ocenrred while intoxicated even
if' they again become inebrinted. Assaultive or destructive
behavior (eg, suicide, atlempled suicide or homicido) associ-
ated with drinking frequently takes place during an amnesic
slale,

Fslimates of the number of alcoholics in any sociely are
vory improcise; the munber of individuals in the US alone,
whose lives are involved inextricably with aleohol, is 1um-
hered conservatively in the several millions. The cost in
terms of lost productivily, accidents, ¢rimes, self-degrada-
Lion and the disruption of family, business and soeiad bonds
is beyond computation. Chronie abuse leads to debilitating
pathological alterations which seriously impair the alco-
holie’s health and diminish life expectancy; these effects
may be summarized as follows:

L. Mortality

The prohability of premature death i approximately tiree times
that of the genernl papulation, in addition (o u greater frogquency of
fntal aeciclents and suicides; pathologicnd chunges ave contribadory,

. Cardigporentar

While sevaral elinical studies show n reduerd ineidence of hearl
disease (possibly due to clevation in protective seewm high-density
lipoprot eine) mmong peesons Who consume an everage of 2 oz or Jess
of aleohol per day, heavy drinkors (more than 2 ox o day) are st
grenlor viak of developing various enndiovaseolar disordors which
inclade:

=
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o, permanent dilution of periphernl blood vessels around nose and

eyes

. hyportenaion

¢ artherosclerotic hearl disense

. congestive heart failure

o, peripheral vaseular diseare

I cerehrovageulne disoose (eg, slroke)

3. Newrological

Observed clindeai changes may oeear os:

i, cerohollar mtaxin (motor inconrdinnlion)

b decreased ability 1o perform eognitive {usks (eg, vorbal and

nanverhnd tests)

e polynuuropathy

. nyslagming

0. Korsuhoff payehosts

1. Wernike encophalopathy (may ineltde ssme or oll of aliove, e,

3a Lo o)

Cerehral atrophy, d nled by terized axial tomog-
vaphy, enn be extensive and haw been linked 1o funetional neurologi-
cul deficita, OF partioular interest s report which supgests the logs
of cognitive kkills may he rélated more to constimpdion of substantial
amounts of aleohol per drinking episode than (o the frequent use of
Bmited quantities,  DPurtial vecovery may veear with total absti.
nnen, '

4. Hepatie

Degenerative allerations is liver morphology and Mnclion appear
during chironi¢ aleoholinm and develop progressively in the following
order fineludes aequalaa):

a. aleoholic fany Hver (hepatic pain and tendorness)

b. alcoholic bepatitis (nouwsen, vamiting, anorexin, weight loss,

abdominal prin)

¢ cirrhosis (uundice, encephalopathy) )

Az with aleclid-induced neurolopies! changes, comsntion of drink-
inyg usuially prevents fuyther detericration,

5. Castraintestinad

Uleer formation nind extensive gastrointestinal bleeding freguent.
Ty are seen in addition o

u, esophagitis

h. pastritis

e intestinal malabsorption (of) for wxample, fat, falie acid, thin-
smine, vitamin 13;)

d. chromic diarrhen
e. sloaturrhea
6. Pancreativ
Chroni¢ panereatitis often is olwerved after approximatoly 7 yr of
heavy alcohol vse (usoally appoenrs belore cirrhosis).  Panereatic
failure may produce insulin-dependent. dinbeies mellitus.
. Hematological
Anginin miy be eansnd hy deficiencies of faolie acid and/or iron;
other dinorders ave:
a. thromlioeviopenin
b, prapulocyiopenia
8. Endoerine

o dinbetes medlifug

. pseudo. Cushing's syndrome

¢ hypogonadism

(1) temales  amenorrhen
(2) males Jow plasma testosterone lovels, impotesee, inlertil-
Ity, Lesticular strophy

-

%, Infection
a, bactoremia
b, Bacterin! peritonitis
€. prewmonin
il. tuberculosis
10, Cancer
a. osoplingeat
1. hepatic
e. laryngeal
d. pharyngeat
o mouth
[ dwoest (possibily)

Although aleoholic beveragos constitute an apprecinble
gource ol calories, they provide no vitaming, minerals or
proleing.  Nutritional deficiencies usociated with long-
torm heavy drinking may constitute major factors in the
davelopment of polyneuritis and eirrhosis of the liver. How-
ever, ¢vidence suggests that liver damage results from the
direel hepatoloxic effect of aleohol and/or its metaholites
and that cirrhosis may oceur independently of nutritional
statue,

Aleohol pusses veadily from the matesnal to the fetal cir-
culation, thus frequont consumption of aleobol during preg-
nancy creates an unnptural infrauterine environment for the
developing fetus,  Infants born to alecholic mothers usually
are underdeveloped and exhibit a slow growth rate and men-
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tal retardation. Current evidence suggests that these ef-
fects may be permanent. Cardiovascular aberrations, in-
cluding systolic murmurs (due to possible ventricubnr septal
defects) nnnd congestive beart failure (resulting from possible
atrinl seplal defects), and eraniofacial abuormalities (such ag
short palpebral lissures and maxillary hypoplasin) have
been documented as patterns of malformation in infanis
born 1o chronic aleoholic women. This dysmorphic pattern
has been classified as the Petal Alcohol Syndrome (FAS) and
is maost likely to oceur when maternal consumption is eepuiv-
alent to 90 mL (or more) of absolute alechol per day.

The chronie ingeation of alcohol results in pharmacody-
namic and drog-disposition toleranca, However, the degree
of tolerance is not as great as that which occurs with mor-
phine. Physical dopendence develops t¢ aleohol, which is
similar Lo that observed with barbiturates and narcotics,
‘The severity of the aleohol-ubatinence syndrome ¢an be cor-
related with the degree of intoxication and its duration. A
relatively shorl period of heavy drinking may be followed by
hendache, nausen, vomiling, general malaise and slight
tremulousness during the “drying-out” period.

Abrupl cessation of aleohol consumption after 1 week or
move of intoxication may be associated further with anxiety,
insomnin, confusion, tremors and hallucinations.  Long pe-
riods of intense intoxication may, upon withdrawal, result in
delirium tremens, a syndrome characterized by increased
aulonemic activity (eg, fever, sweating and tachycardia),
agitation, disorientation, severe Lremers or convulsive sei-
gures and frightening hallueinations, uaually of 8 visusl
form,

Heredilary predisposition, endocrine abnormalities, psy-
chologienl defects, susceptible personalily strueture and so-
ciocultural and economic impacts are among the many lae-
Lory that have been considerad as inleracling in the causa.
tion of alcohel addiclion. Becanse of the many conflicting
hypolheses on the etiology of alecoholiam, there is no stan-
dard approach to therapy. There is a general agreemoent,
however, Lhat a prereguisite for successful therapy is tolal
abstinence from aleobol and, for all practical purpeses, this
represents the only viable solution for the individual alco-
holie.

Efforts Lo correct the drinking habit almost invariably fail
if the patient attemptls moerely to reduce his consumption of
aleohol. Indeed, the Tailurve of the aleoholic (o accepl the
realization that be is incapable of drinking in moderation is
regarded as a primary obstacle to the ultimate resolution of
the problem,

Some alcoholies stop drinking of their own volition, others
are able to diseontinue the habit with the aid of professional
or peer-group counseling and still others continue (o relapse
despite repealed and intensive rehnbilitative efforts. Ther-
apeutic measures employed, wilh varying degrees of success,
in tha long-term management of the alcoholic pationt in-
clude parlicipation in supporlive gocial organizations for
combating aleoholism (eg, Aleeholics Anonymous), psychi-
atric therapy and Lhe use of neuroleplic or antianxiety
agents, although the latter may result in substitution of one
form of drug dependenses for mother. ‘The unpleasont in-
teraction betwoon nleohol and disulfiram may be used both
as a deconditioning deviee and as a deterrent.

Velatile Hydrocarbons

Volatile hydrocarbong (eg, glue, carbon Letrachloride, gos-
oline, nail polish remover, lighter fluid, paint, lacquer, var-
nigh thinner——even those solvents found in typewriter cor-
rection tluid and adhesive tape remover!) are abused most
[requently by young individuals between 10 and 15 yr of age.
"These liquids usually are deposited in o handkorcehiel, rag or
hag which is then placed over the nose and mouth and the
vapors inhaled, o process linown as “huffing”  Inilinl exhil-
aration and CNS excitation may occur with blurring of vi-
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sion, ringing in the ears, alurred speech and slaggering gait.
These effects generally last. from 30 to 45 min after inhals-
tion. Depending upon the quantity of vapor inhaled, drows.
iness, stupor and unconsciousness may resuit,

Oceasionally, volatile hydrocarbon nbuse precipilates pay-
chotic behavior, but susceptible individuals ave apparenily
those who manifest personality disturlances antecedent to
druguse. Amnesis often follows recovery. Inexlreme cases
ul intoxication, death due to respiratary parnlysis may oceur.

Paychological dependence can develap and, although
physical dependency does not, this latter situation probably
is attributable primarily to the limited duration of volatile
hydrocarbon use, rather than to the pharmacological prop-
erties of these chemicals, If volatile hydrocarbons were
ahusead frequently and for o sufficiently long period, physical
dependency might be establishod, as is the case with other
potent. CNS depressants, og, barbiturates and narcotics.

Physical signs associated with the use of volatile hydrocar-
bons ikclude characteristic odors, irvitation of mucous mem.
branes and elevated pulse rate.  Chronic abuse may produce
damage to the kidneys, liver, heart and brain. In glue sniff-
ers with sickle-cell disease, severe anomia has been observed,
possibly as a resull of bone-marrow dopression.  Chrome-
some damage in glue sniffers has been reported but this
advarse reaction remaina to be established definitely.

The inhalation of butyl niteites (primavily isobutyl ni.
trite) produces pharmacological effacts similar to amyl ni-
trite.  Butyl nitrites are found in room deodorizers which
contain one or more isomors (ag, n-butyl, sec-butyl, isobutyl,
tert-butyl), Ruphorig, the maost desired immediate effact,
often is accompanied by dizziness, fainting, eutaneows {lush-
ing, headache and hypotension, all of which are due to signif-
icant peripheral vasodilation. Subsequent effects include
dermal irvitation leading Lo lesions on the lips, nose, ponis
and serolum.  Since nitrites may be carcinogenic, chronic
inhelation may produce caneer. Many homosexun] men
have used nitrite inhalants, which may promote Kaposi's
aarcoma, commonly found on the nose tips and oral mucosa
of such individuals who ultimately conlract A1DS,

Aerasal Propelionts

More than 2 billion agrosol spray cans are produced each
year for such diverse applications as houschold cleaners,
furniture waxes, insecticides, hair spravs, antitussives,
paints, antisticking coatings for covkware, deodorizers, dis-
infectunts and cocktail-glass chillers, Many of these aero-
sols also are widely abused by youthiut drug experimenters,
primarily teenagers.

The effects which result from “huffing” serosols generally
are similar Lo those described for volatile hydrocarhons.
Reports in the medical literature have described several
eases of collapse and death of young persons within a very
short time after deliberate inhalation of the contents of
various nerosol containers, This phenomenon s been des-
ignated “sudden sniffing death” (88D). The appeliation
implies a greater dogree of specificity, however, than may be
warranted. 'The mechanisms involved in S5 have yel Lo be
elucidated. Autopsy findings have been negative in that no
anatomical cavse 6f death has been established. Suffoca-
{ion, frozen voeal cords and respiratery foilure may nccom-
pany S8} but do not appear o be the primary factors, since
death occurs so rapidly.

Considorable atlention has heen directed to the flusroal-
kane propellant gases (mosl often Freons) as possible caus-
alive agents of 88D, The dala provided by some experi-
mental animnl studies suggest that the flnoroalkanes are
eapable of producing direct myocardial depression, hrady-
cardin, atrioventricular block and ventricular dysrhythmias.
Other studies conducted with these chemicals, however,

have not reveslod significant. direct, cardiotoxicity, Flop.
valkane propellants and volatile hydracarbon solvents alyg
may have an indirect action on the heart, io, sensitization of
myaocardial tissue to the arhythmogenic effect of the cate.
cholamines. Thus, in individuals exposed 1o inordinate
concenlrations of these materials, endogenous epinephrine
released during acvere slress or physical activity might be
expected to produce a markedly deleterions elfect o cardine
function. Hypercapnig, as would resull from rehmﬁt:hing
the air in 0 small, closed enviranment (og, bag sniffing), may
potentiate further the cardiotoxicity of catecholaming
{luproalkane or volatile hydrocarbon combinations, K

Asthmatic patients have baen found dead surrounded hy
one or more hronchodilator aeroso) containers, the contents
ol which have been expended. Investigations into the na.
ture of such fatelities indicate that n severe asthmalic atinck
itsell may be the major enuse of death. However, it alse has
been suggested that fluoronlkane propellants combined with
epinephrine or isoproterenol may produce lethal cardiac py-
rbythmins if the recommended dose of inhalant is exceodod,

Igolated reports have linked the appearance of sarcoid-
like lesions in the langs and premalignant pulmonary lesions
to the incroased use of acrosol preparations, Howover, the
validity of the presumed associntion remaing to be con-
firmed.

Deaths related Lo aerosol propeltant abuse have declined
during the pnst few years, This trend apparently is due o
elimination of Freans from spray eans in order (o prevent.
environmental damage (eg, destruction of ozone Inyer in
upper atmosphere).

Nitrows Oxide

Inhaling nitrous oxide for nonmedical purposes, ie, o in-
duce a “high,” remaing a current national problem whiel is
nat confined o teenngers. Students at hoth the college-
undergraduate and health-professional level, as well as li-
censed practitioners, are known to be among the abusers,
Supplies of nitrous oxide havo been obtained through the
thefl of large cylinders (eg, as used i hospitals) or the
purchase of whipped-cream cartridges which contain ap-
praximately 3 L of nitrous oxide,

Acute, uncontrollad exposure can be lethal by promoting
unconseiousness in the user who then.collapses into n body
position which could be suffocating. At least one death has
oceurred in this manner.  Othor fatalitics are known and the
Drug Enforcement Administration eatimates that nitrous
oxide-related deaths are underreported.

“hronie {oxicity develops nol only in abmsars but alao in
health professionals who employ nitrous oxide for legitimate
purposes. An extensive survey of dentists and dental assis-
Lants found that when exposure was “heavy,” ic, more than
3000 hr over a 10-yr period (6 br per waeels), the numberwol
reported adverse effccls was four times greater than those
experiencing “light” exposure, i, less than 3000 hr par 10 yr.
The initial signs and symptems of nerve damage ovenr as
numbness and paresthesiag (unusnal feelings in limbs de-
seribed as burning and/or tingling). Laoter, muscle weakness
and gait disturbances may develap, In sbusers, this pely-
neuropathy could hecome permanent.  Other effects of pro-
longed use which are firmly linked less include heacdnehes,
nephrotoxicity, hepatotoxicity, neoplastic disense, sponla-
neous abortions (higher than normal rate) and teratogenici-
ty.

Murijuana (Mariluiane)

Marijuana is obtained from one of nen's oldest cultivated
plants, Cannabis sative. The biologicaily active principles
of cannabis are concentrated in the resinous exudate of the
flower clusters. Traditionaily, the female plants have heen
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harvested for their high resin yield. Chemicnl analyses have
indicated, however, that the cannabinoid content of the res-
in daes not differ significanily belween the male and femule
plants. The potency of preparations derived from cannabis
varies enormously cdepending on their composition and
method of formulation, Mashish, the unadulterated resin
from the {fowering tops of cullivated female plants, is a mosl
polenti form,

By legal definition (US Federn! Siatutes), the term mari-
Juana embroces all parts, extracts, derivatives or prepara-
tions of cannabis, including the pure resin.  However, as
usually encountered in the Westorn hemisphere, marijuana
comprises o mixture of the leaves, flowering tops and other
struclural parts of the cannibis plant, generally dried,
chopped and incorporated in a form for smoking.

Although A-tetrahvdrocannabinot ¢1'11C) appears Lo he
the major active constiluent of marijuana, biological activity
may be atlributable largely (o the {i-hydroxy metabolite,
Marijuana cigarettes orclinarily obtninable in the US contain
nbout 1 to 2% THC. Based on an average cigarelie weight of
approximately 500 mg, the amount of nvailable THC rangos
from 5 to 10 mg. Stronger products, ie, those with 3 Lo 5%
THEC, are currently available in the Ameriean *market.”

Iepending on its polemey, a marijuana cigaretie will pro-
duce moderate 1o intense paychopharmacological offects
which reach n peak within 16 min and persist for 1 to 4 hr.
As compared to smoking, marijuana consumed orally is
about Y% as potent and the onset of activily is delayed but
markedly prolonged.

One of the most consistenily demonstrable effects of mani-
juansa in humans is elevation of the pulse rate; the rate may
rise by 50% or more above the preexposure level and in-
creases may he sustained for several hours,  Within limits,
the intensity of this response appears to be related to the
amount of drug consumed. Blockade by propranclol impli-
cates S-adrenergic receptor activation in the mechanism of
THC-induced tachycardin. However, that the increase in
heart rate occurs withoul a simulteneous increase in left
ventricular performance suggests the operation of an antiva-
gal mechanism by THC, Smoking marijuana while taking
other drugs known o produce tachyeardia, eg, nortriptyling,
can result in a very substantial elevation of heart rate,

Blood pressure changes are variable; slight elevations and
reductions of systolic and dinstolic pressure have heen not-
ed. Continuous electrocardiographic monitoring of subjects
who smoked cigarettes calibrated to contain 20 mg of ‘THC
revealed no 15CG alterations that could be attributed defi-
nitely Lo marijuana intoxication. In contrast to the in-
crensed heart rate observed in humans, THC produces bra-
dycardin in several animal species, eg, Lhe ral, cat or dog.

Reddening of the conjunctiva (conjunctival congestion) is
another consistent response to marijuann.  That reddening
also oceurs after oral adiministration of THC indicates that
thir is nol an artifact produced by irritation from smoke.
Despite a belief long associated with marijuana, significant
changes in pupillary dinmeter are not observed.  Although
marijunna does not elevale Lhe reapiratory rate, oral admin-
istration may produce airway dilation, probably by direct
reluxation of hronchial musculature, for n period of sevoral
hours.

Appetite is stimulated in human and subhuman species,
but without coneurrent. alteration of the blood glucose level,
Weight gain, which often ocewrs during prolonged use of
marijuang, probably is related more (o increased caloric in-
tuke than Lo excessive {luid retention, Disturbances of equi-
librium and muscular coordination as well ag hyperreflexia
during muarijuana intoxication have been reported. Other
physiological changes noted with marijuana include dryness
of the mouth and Lhroat, irritation of the oropharyngeal
nucosn, hausea and oceasional vomiting, Lanitus and pares-
thesins,
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The marijuana-induced state is characteristically o hyper-
suggestible state; peychological and perceptual effects are
influenced markedly by the mental attitude, mood expecta-
Lions of the user and the setting and eircumstances attend-
ing its use, ‘I'ypicaily, there is a sense of relaxation, inner
contentment, cuphoria or even élation; thoughts flow in diss
connected fashion in a dream-like state; time and space
orientation are impaired; body image is distorted; percep-
tion of colars and sounds is altered, usually intensified;
lnughter comes easily and may be uncontrollable but some-
times mood is subdued or depressed.

'T'he subjective responses to marijuana correlate generally
with the onset and duration of tachyeardin and eonjunctival
vascular congestion, BEG changes have been recorded in
THC-treated animals, nnd il has been suggested thal the
activation of septal arens sssociated with pleasure and emo-
tion may play a role in certain of the ohzerved peychological
alterations.

Short-term memory frequently is impaired and informa-
tion learned while under the influence of marijuana is re-
called effectively only when the individual again is subjected
to the drug effect, ie, state-dependent learning. Iniense
cdepersonalizalion, loss of ingight, disorganized thinking and
speech and grossly distorted perception ocour with high
tdloses but true hallucinations rerely are experienced, except
at toxic levels. ‘I'his contrasts with the hallucinogenic drugs
(eg, 1.SD, DM'T') which induce organized visaal illusions and
hallucinations al subtoxic doses,

Porformance in psyehomelric tests is nffected variably,
depending on the nature of the task, its complexity and the
dose of marijuana, Generally, marijuane produces a dose-
related psychomotor performance decrement. In tests of
driving skills, speedometer errors were increased but brak-
ing, signaling or steering rosponses essentially were unim-
paired. There is, however, a significant delay in light adap-
tation which may seriously impair driving at night, Mari-
jusna prolongs the time needed to regain normal vision after
exposure to bright light as, for example, [rom the headlights
of an oncoming automeobile. This effect is dose-reluted and
may persist for 2 hr after marijuana use.

That deficioncies in these responses may contribute o
automobile accidents is suggested by the finding of mensur-
able blood levels of ‘THC in some motoriste involved in
traffic violations. In a recent study, subjects with plasma
THC levels above 256 to 30 ng/ml failed coordination tests
routinely given lo drivers to assess the severity of aleohol
intoxication, Howaver, the temporal correlation between
plasma 'I'HC levels and degree of incoordination was not as
accurate as with alcohol.

Adverse reactions to marijuana occur relatively infre-
quently. They huve been clossified by Weil! as follows:

I. Normal population.

Simple depressive reactions--ocear in neophyle users; torminate
spontanecusly,

Panie resetions - oseur mainly in individuals whe have inhibitions
regnrding use of payehoactive drogs; paticnl may be ancious, depressed,
fearful, withdrawn or agitated bui, generally, is panicked dug Lo physio-
lorienl andor psychological wifects which are wisinterpreted ag life-
throatening.

Toxie paychoses—-sovious, lemporary disturbaneos of normal
lirain netivity; pationts nre disoviented and frequently sxperience hallue
cinutions,

2. Perrons who previously hive taken hallucinogonic dougs.

Precipitation of “flashbacks"—marijunnn may induce rocurrences
of a "trip"” which developed originelly from previous consumpltion of o
il lucinopenic drug,

frocipitation of delayod psyehotie roactions 1o halludinogenic
drugr--hnliucinagens eeensionally produee payehotic reactiony soveral
months alter use—marijuann may have been the tiggering foclor but
this cannot he established definitely.
A Porsons with a history of peychoses.,

Many imdividuals who have unpleasant exporiences with murijua.
e ambulant schizophwenios-—in some of Hivse coses marjuins may
precipitate tree pryehotic renctions,
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Death in humans resulting divectly from marijuana toxie-
ity appenrs 1o be a rare phenomenon.  Acute-toxicity deter-
minations in animals roveal thal extremely large amounts
are necessary to cause death and that the median, Jethal
doge-to-median effective dosc ratio (is, LDBO/EDSO) for
marijuana is many times greater than that obtained with
either the barbiturates or alcohol. Childven who aceidently
ale marijuana-containing coakies became intoxicated and
presented with varying degrees of effects routinely observed
in adulls, eg, tachycnrdia, bilateral conjunctival hyperemia
(congestion), ataxin and nystagmus; recovery was unevent-
ful and oecarved within 6 hr.

‘I'he continued use of marijuana may result in psychologi-
cal dependence, and tolerance may develop 1o psychological
(characteristic “high” time estimation), physiological
(tachycardia) and combined (psychomoior coordination) ef-
fects of marijuana. The evidence Tor psychological toler-
ance accrues, in part, from the obssrvation that chronic
users tend 1o inerease tha amount consumed, or resort o a
more potent variety in order to experience allered siates of
consciousness.  Clinicel laboratory studies provide data to
support the other forms of tolerante. The mechanisms in-
volved in tolerance to marijurna may include cellular adap-
Lation, partieularly within the CNS, and an inerensed bio-
Lransformation capacity.

Conversely, Lthe phenomenon of “reverse tolerance,” or
sengitization to marijuana, kas been reported.  This may be
attributable to psychological or metabolie factors, or a com-
bination of both, Experience undoubtedly plays a role in
the user’s awareness and enjoyment of a marijuana-induced
“high,” and, with repeated conditioning, less of 4 stimulus is
necessary 10 trigger the antlicipated subjective effocts. In
addition, long-torm smokers appear to be more efficient,
inhaling and retaining more smoke per puff than the novice.
THC and, possibly, active metabolites of this molecule are
eliminated slowly from the body, Some chronic users con-
tinue 1o exerete THC in the urine for 20 to 30 days ofter
terminating all marijuana smoking and/or ingestion. 'The
frequent use of marijuana, therefore, may result in signifi-
cant {n pive accumulation with a consequent reduction in
the amount of drug needed to excead a paychoactive thresh-
old in the brain, Such nccumulation has been reported 1o
oceur in volunteer subjects who claim having had no prior
exposire to marijuana,  Approximately 50% of a standard-
ized dose of THC was present. in the plasma of naive subjects
56 hr after administration. ‘The fnclors possibly contribut-
ing Lo this prolonged retention include an enterchepatic
recirculation of THC and/or active metabolites, binding to
plasma proteins and sequeatration in adipose tissue with
delayed metabolism. In chronic marijuana smakers the bio-
logical half-life of THC was redueed appreciably (ie, Ly = 28
hr), but this period still is sufficiently long to result in aceu-
mulation if maorijuann is used daily or more frequently,

Physical dependence may oceur, gince after | week of
THC administraiion, a withdrawal syndrome has been ol
served which consisted of nnorexia, nousea, insamnia, sweat-
ing, hyperthermin and tremor. The mildness of these re-
sponses probably is due to the slow elimination of ‘THC from
the hedy, which allows physiological and peychological sys-
toms to adjust to a drag-fiee state gradually.

Under experimental conditions employing male animals,
and in human smokers, marijuana decreased testosterone
hlood tevels, Lesticular size and weight, spermatogenesis and
sexun! poleney, The inhibition of the release of huteinizing
hormene (LH) {rom the pituitary gland, and the testicular
responses 1o L stimulation have been cited s possible
mechanisms.  However, THC also has weak estrogenic ac-
tivity, as demonstrated by animal studies and clinjeal exati-
nation {including biopsy} of young males who developed
gynecomngstia during heavy mavijuang use. THC inhibits

ovulation in rats, rabbits and monkeys. The disruntion of
menslrual cyeles has occurred in women who smoke .
juana on a regular basis.

Studies conducted with Iaboratory animals bave shown
that prolonged administration of THC may inhibit growth,
impair lactation, promote thyroid hyperplasia and elevgte
plasmia corticosteroid levels, These physiological alier.
ations nppear $o reflect primarily actions of THC on the
pituitary gland. High doses of THC in animals have been
raported to induce hyperactivity and convulsive scizuras
indientive of neurotoxicity. Lacking comparable data in
humans the significance of these studies must be interpreted
cautiously.

Prolonged marijuana use may lead to serious pulmaonary
taxicity. fn vitro tesls employing lung explants demon.
strated that marijuana smoke can induce premalignant and
malignant cellular changes. Chronic exposure of animals (o
marijuana smolke led to severe bronchiolitis nnd squamous
melaplasin of Lhe tracheal mucosa, and fatal respiratory
complications oceurved in some enses.  Bronchial hiapsies in
humans who were long-term marijuana smokers nlso ve
venled squamous melaplasin. Substantial respiratory im-
pairment, indicated by a significant increase in resislance Lo
nirflow (suggestive of obslructive lung disease), and high
carboxyhemoglobin levela also have heen observed in these
individuala. Both abnormalities are comparabie Lo those
associnted with ehronic tobaeco smoking.  In this regurd,
smoking one marijuana cigarette increases the concentra.
tion of carbon menoxide and tar in the lungs comparable (o
five or mare Lobreeo cigarettes. Pulmonary loxicity should
be considered & probable consequence of chronic marijuana
sinoling.

The suppressien of cellular-mediated immune responsive-
ness hag been demonstrated in young, chronie marijuans
smokers, but this offect. is transitory. The lymphoeylic re-
sponge observed in marifuana smokers was similar to that of
patients in whom impaivment of ‘I {thymus-derived) cell
imrmunity is known to veeur. Some clinical studies have
shown no significant suppression of lymphoeyte Tanetion,
Current elinical data indieate no inerease in malignancies
and infecltions amang chronic marijuana smokers.

Personality, attitudinal and behavioral changes frequont-
ly are associated with chronic marijuann smoking, There
charaelerieticntly is a reduetion in motivation, the desire to
he productive, creative or contribulive, and the individual
may experience neute feelings of ingecurity. Although ele-
menls of this syndrome are lypieal of normal adolescent
turmoil, compulsive involvement wilth marijuana may secel-
erate or project into, intensify and delay emergence rom
this ambivalent phase of life, Marijuana may foster similar
disruptions in older porsong hut evidenco slso exists that
individuals ean continue to function effeetively in artistic
and othar ereative arens while indulging in frequent”hut
moderate uge of the drug,

The Latiuardia Report (Mayor's Committee on Marijua-
na, New York City, 1944) stated thal “marijuana will not
produce a paychogis de novo in a well-integrated stable por-
mon.”  Judging from the medical literature published subse-
guentto this repory, primary marijuana psychosis is relative-
by rare in the US, The precipitation of serions psychological
problems appenrs Lo oceur primarily in persons with proex-
igting personality or emolional disturhanees. ‘The use of
marijusna by schizophrenie patients, ineluding those heing
treated with antipsychotic agents, may result in rapid ond
serious delerioration of their mental stale necessitating re-
hospitalization in some cases.

Bome studies have demonsirated a posilive correlation
botween marijuann dosage and birth defects. However, oth-
ey investigations have failed 1o provide evidence thai. mari-
junna possesses teratogenie activity, THC adminiatered (o
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pregnant rats and dogs is transferred rapidly to fetal tssue
and results in a higher Lhan expected incidence of abnormal
pregnancies and stillborn offspring.  Malformations ob-
served include clefl palate, accessory ribs, fused ribs and
asynchronous and retarded vertebral oszification, Women
who smoke marijuana while pregnant experience a longer
period of lebor and their newborn weigh lesa than normal
and have altered CNS activily,. THC is lipid-soluble and
passes into the mitk of the lactating fomale. Thus, marijua-
na specitically should he avoided by women who are breast-
feeding their newborn,

Although primary attention has been directed to the ad-
verse physiologiceal and social elfects of marijuang, there are
soveral indications that the letrahydrocannabinols may
possess clinically useful properties,. When administered Lo
patients with advanced cancer, oral doses of THC (copsules
containing 7 to 10 mg in sésame oll) licited mild analgesic,
antidepressant, tranguilizing and antiemelic elfects, How-
ever, o rapid development of tolerance, sometimes by the
third dose, has limited THC use in these patients. Further,
at ithese doses, and more frequently at a higher (20 mg) dose,
disturbing side effects, eg, dizsiness, ataxia, blurrod vision
and excessive sedation, were obsorved.  Although it often
stimulates appetite, marijuana is notl useful in reatment of
nnorexin nervosu, In fael, it probably should be contraindi-
ented since persons with this disorder possess some underly-
ing paychelogical abnormality which can be exaeerbated by
oral ‘THC administration, ie, some patients receiving this
therapy bave developed significant dysphoria manifested ag
paranoia and loss of self-control,  Other investigations have
demonstrated significant and prolonged reduction of intra-
ocular pressure by marijuana in glaucoma patients, The
proposed anti-inflammatory and snticonvulsant activities of
THC await further elinical evaluation,

Although muech remaing to he developed, thers is Legin-
ning to emerge a reasonably clear picture of the acute phar-
maeological and toxicological effects of marijuann. While it
will take longer Lo identify chronie toxie elfects, the current
deficiency of such observations should not, therefore, be
misintérpreted.

Cigareties

Although warnings have been published for 90 yr—"very
many chronie, and often falnl, ailments are produced by the
use of tobaceo” (Franf Merriwell's Book of Atldetic Devel-
apment, Slreet & Smith, 1901)—many Americans are just
vecognizing the health risk from smoking cigarelies and are
abandoning their use in significant numbers,

Cigarette smoking accounts for approximately % of all
vancer deaths in this country and is the leading aingle cause
of such mortulity. Lung eancer and cigarelte smoking have
been linked convincingly by numerous cliniea! studies,
There is a similar, though less frequent, association with
pipe und cigar smoking.

Current evidence shows clearly that lung cancer deaths
among women has incrensed substantially over the past 40
yi. This greater mortality is associated with a proportional
increase in the number of women who have hocome cigaretie
smokers.  Further evidence of this corvelation is found in
dala from two states. In Washington, over a 10-yr period,
the lung cancer death rate in women increased by more than
100% bul the breast cancer death rate did nof, change signifi-
cantly, In Utah, where a strong antisimoking atlitude pre-
vails, the lung cancer death rate among women i less than
5% of that oy breast cancer.

All smokers should be encouraged to stop sinee, after
several years of nonsmoking, the risk of developing broncho-
genie eareinoms approaches that of nonsmokers. Smokers
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also have a higher incidence of both periodontal disease and
eancer of the oral cavity than nonsmokers, Bladder careino-
ma, manifest both before and after the appearance of lung
canger, is another risk, as is cervical cancer. Swilching to
low Lar, low nicotine' products may not be an improvemont,
sinee elinical studies show that smokars take more frequent
mnd deeper puffs of Lhese cigaretles than of regular ones in
order 1o maintain their usual plasma kevels of nicotine.

Bronechitis and respiralory tract disorders, in general, ure
maore prevalent, not only in smokers, but among their (amily
members as woll since an gxposure to ciguretle smoke ofton
is inescapable in the relatively closed atmosphere of 4 house
or aportment,

Cardiovascular disordera occur more frequently, and the
rigk of death [rom coronary hearl discage is signilieantly
grealer in yinokers than in nonsmokers.  In patients with
hypertension, hypercholesterolemin or diabetes the visk of
coronury henrt disense is increased further by cigaretie
smoking. Poripheral vasculnr disease and cerehrovascular
insulTiciency also are encountered more often in amokers. A
common link to these cardiovascular diseases appears 1o be
the damage to blood vessel (eg, coronary artery) wulls which
oeeuars more frequently among smokers and which serves Lo
promote formation of atherosclerolic plagnes.

Myocardinl infarclion is a relatively vare complieation in
premencpausal females; however, cigarette smoking pro-
gressively increases the incidence of myoeardial infaretion to
as much as 20-fuld smong women smoking 35 or more ciga-
retlos per day. Since female hormones may be a factor in
the lower rates of cardiovascular discase in women as com-
pared to men, it is pertinent 10 note that menupause oflen
aceurs ot an earlier age in women smokers,

Recent data alao show an increase in stroke among younyg
and middle-aged wonen who smioke cignrelies.

Smokers have elevated enrhoxyhemoglobin (COHD) levels
due Lo inhalation of excess carbon monoxide from the com-
bustion of tabaceo,  Significant carboxyhemoglobinemia re-
duces oxygen transpord by the cireulatory system.  Iinviron.
mental conditions result in Lhe formation of COHD equiva-
lenl to approximately 0.5% of fotal hemaoglobin in the non-
smoler, Smoking one pack of cigaretios per day may pros
duce COHD in the range of 6% or more, a level which may
resull in interference with subtle CNS processes, eg, the
judpment used in automobile driving,

Heavy smokers may show COIb levels of up to 20% of
total hemoglobin, which places a substantial strain on the
cardiovasenlar system,  Such allerations (n oxygen trans
port have led to considerution of possible restrictions on
using smokers’ blood for transfusions.  An additional conse-
quence of high carbon monoxide levels is secondary polyey-
thomin, ie, tisrue hypoxia due Lo prolonged exposure to
carbon monoxide results in inereased red-cell mass,

Gastrointestinal disturbances associaled with smoking in-
clude epigastric discomfort, gastritis and, possibly, gastric
and duodenal uleewntion. An increase in gastric acid regur-
gitation into the esophagus apparently accounts for ciga.
retle-induced heariburn which frequently is painful in
heavy smokers,

Pylorie incompatence and subseguent reflux of duodena)
juices may be a contributory factor in the gastritis and pas-
fric uleeration sinee bile Injures the gasiric mucosa, particu-
larly in the nbsence of food in the stomach, In addition,
nicotine may cause arcas of jschemia in the gastrointestingal
tract and may reduens pancreatic buffering seerctions, thus
peplic uleerntion may ocear in the presence of even normal
rates of gestrie acid secretion,

Sontinued cigarette smoking during antiuleer therapy di-
minighes tha probability of successtul treatment.

Tn regard 1o influenza, several studies show that smokers
contraet this disease at a higher rate and experience u great-
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er degree of incapncitation (ie, more fost work days than
nonsmakors),

Considerable data show that smoking during pregnaney is
associated with bigher than normal rates of miscarviage,
gpontaneouy abortion, prenatal maortalily and premaotare
birth. The newborn of women who smoke during pregnancy
are more likely 10 be underweight, be short in stature and
have a smaller head. These effects are dose-related, i, the
incidence ineronses in proporiion Lo the number of cigaretios
smoked per day, Weighl, height and head circumference
decrements peraist 4 to 7 yr after bivth,

Smokeless Tobacco—Switching to smokeless tobacen
does not reduce toxicity. The use of two cans of snufll per
week is oquivalent 1o smokipg two packs of cigarettes per
dny, ‘T'he absorption of nicotine is rapid, peak plasma levels
occurring within 5 minutes of applieation to the oral mucosa
and Lwice as much nicotine is absorbed than from cigarettes.
Leukaplakic lesions and cancers aceur in the user’s mouth,
cauging premature death in some leenagers and adults
(Bahe [Ruth was n heavy user of smokeless tobuaceo and died
of an oropharyngeal tumor at age 52).

Central Nervous System Stimulants

Amphetamines
The elinical indications for praphetamines include
i'he management. of cerfain hehavioral disturhances in ebiklren, eg,
attention disorder (hyperkinetic yyndrome) asocintod with mininal
brain dyafunetion,
The symptomatic control of nayeolopsy.

The treatment of vxopgenous sbosity, ns shat-tenn (e, o few weeks)
acdjuncts ina regimen of weiight reduction based on eoloric resirietion.

Benzphetamine, chlorphentermine, clortermine, diethyl-
prapion, phendimetrazine or phentermine, allernatives 1o
amphetamines in weight-reduction programs, also are sub-
jeet Lo misuse and abuse. These compounds are related
chemically and pharmacologically to the amphetamines, but
possess & somewhat higher anorexiant-lto-central stimulant
ratio and peripheral sympathomimetic activity.

Misuse encompasses the episodic ingestion of gmphot.
amines Lo suppress fatigue and prolong wakefulness and
alertness, thus enabling the individual to continue mental or
physical activity beyond his or her usual limit of endurance.
Tenchers frequently are witness 1o the futility of hyperam-
phetaminization—in the form of the tense, distraught stu-
dent whose effective functioning is precluded by disorienta-
tion and montal short-eircuiting or in the form of the ex-
hausted and depressed student whose chemieal props have
collapsed.

Despite the hazards invelved, long-distance truck drivers
similarly use amphetamines to dispel monotony and hore-
dom. Although the practice is overtly pernicious, the ad-
ministration of amphetamines prior to engaging in athletic
activity (eg, swimming, running, weight throwing) may im-
prove performance o a degroe thal could be decisive in
competition.

There remains a signifiennt “gray aresd" of misuse—the
proseribing of nmphetamines and amphetamine-like druge
for unjustifinble reasons or, at best, in cases where the Lhera-
peutic rationale is questionable. To the buay medical prac-
titioner, CNS stimulant and depressant drugs may provide
an expedient, if less than ideal, means of helping his patients
cope with the pressures mnd frastentions of evervday life. In
the treatment of ohesity these drugs provide a questionably
effective and often seli-deceptive approach to a complex
Biomedical problem,

Clearly, those engaged in prescribing and dispensing
drugs must exorcise skilled judgment in eliminating as can-
didates for smphelamine therapy those patients so emotion-

aily predisposed as Lo explore the secondary values of theiy
anorexiants, ie, the mental Lift, elan and psychic eriteh upon
which they increasingly may depend to cope wilh erises, real
or imaginary.

Amphetamine abuse relates primarily to the nonsuper-
vised ingestion or injection of large doses of amphetamine or
its many chemnical derivatives Lo experience the drug-in-
duced paychic excitation, suphoria or “high,” and the physi-
eal maelstrom of restless evnergy. Methamphetamineg
(methedrine, “speed”) is o fayored congener among habitual
amphetamine users who generally injeet the drug into a vein,
T'his provides an almost instantancous onsel of the eupherie
effect (the “Mash’ or “rush”) which is ineffable und eestadic.

A marked degree of tolerance to the amphetumines can be
acquired as, eventually, several grams of drag per day may
he consumed. There bave been reports of the use of more
than 10 g of methamphelamine intravenously over a 24-hr
period. Tolerance does not develop uniformly to all the
CNS effacts. ‘The compulsive user may evidence incressed
nervousness, anxiely and persistent ingsomnia as the dose i
inereased.

In a typical pattern of abuse immense doses of amphet-
amines are injected every few hours around the clock,
These “runy,” during which the individual remaing awake
continuously, generally nst 3 to 6 days bul may be prolonged
1o weels if the user is nble to sleep even as little os 1 hra day.
The appetite for food is suppressed and there is a feeling of
unbridled energy and a compulsion for constant activity,
Inteavenous injection of enormous dosed of amphelumines
elicity o “chemically generated travma,” which appears
linked ingeparably to the acquired psychological depen-
dence. 'The intense psychotoxic syndrame ultimately forees
an interruption of drug use and the individual lapses into 8
pratracted period of deep sleap (the “ernsh™).

Although it generally ia considered that the amphet-
amines do not induce a physical dependence, abrupt with-
drawal is characterizod by lethargy and profound depres-
sion, both payehie and physical, which reinforces the drive Lo
resuimé their use.

Mpagive abuse of amphetamines (vequently leads o con.
siderable mental and physical deterioration.  Intravenous
injection of large doses is éxtremely disabling, socially and
psychologically, and hag resulied in psychintric complica-
tions ranging (rom subtle personality changes to paranaoid
peychoses, Ham to the individual and to society often
arises during psychotoxic episodes, I contrast to the de-
creasod paychological drives of the opinte user, the compui-
sive usor of CNS stimulants has exaggerated drives. Ana.
Tyzing the perdonality factors which undedie the preferential
abuse of CNS stimulants versus narcotics, it has been postu-
lated thatl the amphetamine abuger uses the stimulant as one
of a varfety of eompensalory maneuvers Lo maintain a post
ture of netive confrontation with the environment. In con-
Lrasl, the heroin abuser reduces anxiely via repression and
withdrawal.

The hypersctivily, the compulsivity, the feeling of greai
museular strength, the paramoid delusions and the auditory
and viaual hallueinations may combine Lo make the amphet-
amine or cocaine usor capable of connmitting serious antiso-
cialacts. Chronie users of stimulunt drugs also are accident-
prene, since they are unaware of their fatigue until it over-
comes them at an inopportune time.

As in any situnation in which h_\r;mdm'mi(‘. squipment is
shared without proper terilization, there exists a risk of
bloodborne infection, notably viral hepatitis and AIDS.
Among omphetamine abusers, evidence has been noted of
hepatic dminage g0 common s Lo suggest the possibility of o
direct toxie effect on thae liver,

Parentern] administration of large doses of sympathomi-
metic amines may result in morbidity or mortality due to
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intracranial hemorrhuge or cavdiac arrhylthmias secondary
Lo severe hypertension, Neerolizing angiitis was obsorved
in Rhesus monkeys given repeated injections of metham-
phetamine for a 2-week period, and clinieal deseriptions of
verebral vageulitis and hemorrhage following Lthe injection of
this sympathemimetic amine have been reported, Intrave-
nous injeetion of amphetamines may result in a syndrome
characlerized by fever, lenkemoid reaction, disseminated
intravascular congulation and rhabdomyolysis. These {ae-
tors may be respensible for the development of acute renal
failure in cortain amphetamine abusers.

MDMA (3,4-methylencdioxymethamphetamine), also
lnown as “Bestasy,” 0 “designer” drug which, according Lo
its users, increnses thoeir awnrensss and the ability to com-
municate. Inregnrd Lo toxicily, a recent study demonstrat-
ed that MIDDMA selectively damaged central (brain) nerve
fibers in monkeys alter only 4 consecutive days of adminis-
tralion. Since monkeys also are semsitive to MPIP, a
known neurotoxin in drug addicts, this preclinical invesliga-
Lion supgests that humans may he at risk following MDMA
use,

Coeaine

Cocaine, as extracted by chewing leaves of the coea plant
(Erythroxylon coca), has dispelled hunger, provided o sense
of well-lieing and enhanced the physical endurance of Ande-
an Indions since before the Conquistadors.  Even today, in
the Andenn regions of South America, chewing coca leaves in
regarded as no more deviant a practice than smoking tobac-
co leaves by persong in other parts of the world.

The subjective effects, loxicily and present-day patierns
ol cocaine abuse are remarkably similar to those of amphet-
amine.  Undil recently, cocaine was very expensive when
purchased from illicit sourees, However, lavger amounts are
now being smuggled successfully inte the US, leading to
reductions of the “street™ price, This lower cost, in the
presence of a move plentiful supply, has resulled in a greater
number of cilizens hecoming cocnine addicts, When il is
unavailable, abusers often resort to amphetamine.  Kxlem-
poraneous mixtures of cocaine and amphetamine or heroin
ure cominon in the contemporay dirg scene,

Regardless of the roule of administration of eocaine (oral,
nasal insufflation, intravenons), there in good correlation
between the appenrance of certain physical effects (Lachy-
cardia, olevated blood pressure) and psychologieal alter-
ations (“high,” plensantness, morexia). Free-hase ¢ocnine
available as “crack,” is nbsorbed rapidly afler smoking; peal
plasma levels oceur within minules.

Prolonged use may be associatod with weight loss, insom-
nia, anxioty, paranoia, sensations of insects crawling under
the skin (“cocaine bugs”) and hallucinations (primarily vi-
sual—flashes of light or “snow lights™; may also be tactile,
olfactory and auditory). Ulceration and perforation of the
nassl septum also may oceur. In one reported case of ehvon-
ie cocaine sniffing, the patient presented with a continuous
nasal dischnrge that was not mucus.  Instead, it was shown
o be corebrospinal {luid leaking from the CNS ares due Lo
extensive cocaine-inducod lecnl tissue and norve {olfactory)
damage.

Large doses of cocnine may resull in cardine dysrhylhiming,
tremnors, convulsions and delivium.  Deaths have been re-
ported following every route of cocaine administration, in-
cluding nusal insufflation. Unusual fatalities have oceurred
in drug dealers who, 1o avoid detection, swallowed prophy-
lactics (illed with coenine; when several condoms ruptured in
the gastrointestinal tract, lethal concentralions of cocaine
were absorbed.

Tolerance to cocaine develops vory rapidly (tuehyphy-
laxis), particulnrly when used daily.  Although o “line” of

PHARMACOLOGICAL ASPECTS OF DRUG ABUSE 1358

eocuine has aboul 25 my, some addicts have used 8 to 9
grams per day. Treatment consiate of abrupt and complete
cespation (as opposed to gradual—approximately 7 days-—
reduction with most CNS depressants),

A withdrawal gyndrome, which includes increased appe-
tite, fatigue (abuser may sleep for 24 straight br) and depros-
gion {with increased suicidal tendeney) uwaually oceurs in
canes of chronie administration. The eraving (or cocaine
during withdrawal is very intense during the fivst. 7 days and
appeats to be linked to hypersensitive dopamine receptors
{componeatory blological adaplation to cocaine-induced do-
pamine depletion). Bromocriptine (Pntlodel), a dopmmine
receplor agonist, has been employed successiully in treating
this nspect of eocaine withdrawal.

Physical dependence, therefore, does occur with chronic
cocaine abuse. However, ils presence is unnceasary when
classilying someone as on nddiet since addiction is charac-
terized as “a behavioral pattern of compulsive drug abuse”
associated with “overwhelming involvement with the use of
a drug, the sceuring of its supply and a high tendeney to
relapse nfter withdrawal,”’ In this frame of reference, the
chronie user of cocaine or amphetamine is an addict,

Psychotomimetics

Psyeholomimetics congtitute a stracturally diverse group
of naturally ocourring and synthetic molecules, Interest in
these compounds resides more in their misuse than in their
legitimate mediecal use. They are of value a8 research tools
in experimental psychiatry and in the exploration of central
neurochemicnl mechanisms, bui their therapeulic applica-
tion remains limited and highly controversial.

Al high dosnge levels many drugs may disorganize mental
function with resulting confusion, delirium, hallucinations
and, frequently, memory loss or amnesia.  Such drugs in-
clude atropine, scopalamine {and related centrally acting
nnticholinergies), guinine, quinidine, digitalis glycosides,
macamylamine, adrenacorticosteroids, nalorphine, disulfi-
ram, bromides and certain heavy metals. Thae toxie psyehn-
ses produced by these drugs are due primarily to generalized
motaholic disruption of both neural and extraneural systems
rather than Lo diserete neurophysiological perturbations.

Certain chemicals, however, are uniquely eapable of in-
ducing dramatic changes in psychic processes (ie, percep-
tion, thought. feeling, mood and behavior) in doses which do
not produce generalized metabolie disruption and which do
not cause marked disturbances in sensorimoetor or sutonome-
ie functioning. These compounds generally are classified as
psychotemimetics, although the extent to which they mimie
spontaneously occurring paychotie sitates is inconsiztent and
incomplete.  Other imaginative designations for such sub-
stances include psychosomimelics, psychotogenies, psyeho-
dyslepties, psychedelies, hallucinogenies, mysticomimetics
and phantasticants.

On 1 struetural basis, psyehotogonic chemicnls may be
clagsified into three major groups:

Substituted indole atkylenines, og, dimethylteeptamine, peilocybin
ar lysergic acid dicthylamide

Substitudied phenyl allylamines, cg, moscaline o dimethoxymethy.
Tampholmmine,

A slracturstly heferagencous proup, including the glyeolnte oster,
ditran [ mixture of Methyl-)-piperidyl-(20%) and N-ethy)-2-pyrroli-
dyl-methylevelopentylphenyl glycolate 170%)) and the piperidine doriv-
ulive, phencyelidine.

With the exeeption of lysergic acid diethylamida, the chemi-
cal natore and pharmaeological properties of the varioua
psychotomimetics will be considered only briefly, ‘The in-
terested reader is referred (o severnl comprebebsive reviews
on this extensive and complex catepory of psychoactive
agenty (refer Lo the Bibliography).
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Dimethyltryplamine

Hallucinogenic activity is characteristic of a farye series of
N-alkylated tryptamines.  Structurally, the simplest of
thege 1= N N-dimethyltryptamine (DMT), This compound
oeewrs naturally in the sceds of Pipiadenia peregrinag, A
powder prepared from these seeds, and referved 1o as cohaba
snueff, 1s used by Haitian natives Lo induce mystical states of
consciongness. DMT is not effective when taken orvally.
Perceptual and mood changes result when the compound is
inhaled {snuffed), smoked or introduced parenterally. Its
offects are rapid in onsel and limited in duration (a few
hours), Irrespeclive of the reute of administration. Syn-
thetic higher homolags of DMT, ie, diethylteyplamine
(DET) and dipropyltryptamine (DPT), produce qualifative-
Iy similar psychological effects which are, however, congider-
ably konper-lasting,

Psitovybin and Psilocin

Psilocybin, the phosphale estor of 4-hydroxy-DMT occurs
tothe extent of about 0.3% in the Moxienn mushroom, Psilo
cybe mexicana, Dephosphorylation in vive, by alkaline
phosphalnse, converls psiloeybin to paitocin (4-hydroxy-
DMT). The loss of the phosphoric acid radical reduces the
polarity of the molecule, enabling more-efficient penetra-
tion of the blood-brain barrier, which may aecount for the
relutively greater hallucinogenic potency of peitocin as com.
pared to psilocybin.  Although psilocin is less potent than
1801 (ie, appproximately Yioo as active on a millipram basis)
and produces a less-persistent psychedelic state, when
equivalent doses are administered blind it generally is im-
possible for subjeets acguainted with Lhe LSD phenomenon
to differentiate between the two drugs.

Mescaline

One of the fivst phenyl alkylamine hallucinogens to be
idenlified waos mescaline {3,4,5-trimethoxyphonethyla-
mine}, isolated originally (rom “meseal bultons,” the fower-
ing hends of the peyote cactus, Lophophore willlamsit.
This plant material long has been used by the Mescalero
Apaches of the Southwest American plains in their quasireli-
gious ceremonios of peyotism, Mesealine is notn particular-
ly potent psychotomimetic, The equivalent oral dose of
mescaline (usually 5 mg/kg in humans) is approximatety
4000 times larger than that of LSD.  Follawing oral adminis-
tration, mexealine produces a characteristic syndrome of
sympathomimetic effects, anxiety, hyperreflexia, static
tromeors and psychic perturbations including vivid halluei-
nations, vsually of a visual nature, Inman, mesealine has a
hiological half-life of about 6 hr. Tt is exereted in the urine
prineipally in the form of the unaltered drug and the inert
metabolite §,4,5-trimethoxyphenylacetic acid,

The addition of an slpha-methyl substituent to mescaline
produces 3.4,5-trimethoxyamphictamine (TMA), a paychot-
ogen approximately twice as polent as mescaline, Its en-
haneed potency is due presumably to a decreased suscepti-
hility to oxidative denmination provided by alkylation of the
alpha-carben,

The TMA analogue, 2,5-dimethoxy-4-nethylampheta-
mine (DOM), is & potent psychedelic agent employed exten-
sively by certain drug abusers and designated by them as
STP (an acronym derived osiensibly from the terms “seren-
ity, tranquility, peace™).  In doses of & my or more, it pro-
duces intense and relatively long-lasting emotional changes
and perceptual distortions,  Cases have boen reported of
individuals actively hallucinating for several days following
a single oral dose,

The consideration of the pharmacelogy and structure-
activity relationships of the numerous synthetic dimethox-
yomphetamines, trimethoxyamphetumines and methoxy-

methylenedioxyamplictamines is beyond the scope of his
prosentation; this area has been rovicwed extensively hy
Shulgin et «® and Sayder and Richelson,”

Lysergie Acid Diethylamide

The dextrorotatory isoiner of lyseigic acid diothytamide
(LSD), synthesized by Hofmang in 1938, remains Lhe most
potent psychotogenic agent either of natural or synthetjc
arigin discovered to date.  Although as litte as 26 wr of LED
may produce subjective effects, intense depersonalization
usually requires doses in Lhe range of 100 19 250 et Slrue.
turally, LED is related 1o the ergot alluleids, notabiy erpong.
vine, This structural resemblance may account, for cerinin
pharmacologicsl and toxicological similavities mmong L&D
and the lysergie acid atkaloids of ergot.

Motabolism-—Following oral administration, LSTY is aly.
sorbed rapidly and widely, but not distributed uniformly
throughout the body. [t is bound strongly to plasma pro.
Leing; highest concentyations are found in the liver, kidnoys
and lungs.  Considerably less than 1% of an orally adminis.
tered dose penetrates inte the CNS.  Autoradigraphic
anatyses of brain sumples obtained from animala injectoed
with MC-labeled LD revenled relatively high concentiq.
tions in the auditory and visual reflex nreas. While the
distribution of LBD within the brain would appesr to sug-
gest the functional involvement of specific newral areas in
the psychotogenic phenomenon, there is an imperfict covre.
lation between drug localization and sites of drug action.

In humans the biclogical hatf-life of LAD i approximately
3.5 hours; this corvesponds roughly with the duration of the
peak peychasensory effects which then subside gracdually
over an 8- to 12-hy periud,

Pharmacological Effects--L.SD possesses eonsiclerable
CNS-stimulant activity, 1t produces an BEG pattern char-
acteristic of central activation, alertness or arousal and
cavszes insomnia in Inboratory animals snd humans, 1813
counteracts the central depressant effect of barbiturates and
is anlngonized by such suppressants ns chlorpromazine,

LED produces a sequential, (hough somewhat overlap-
ping, pattern of physiological and behavioral changes, the
intensity and duration of which largely ave dose-dependent,
Pupillary dilation, tachycardia, tremulousness, hyperther-
mia and elevaled blood glucose and free-latiy-acid levels,
indicative of adrenergic activation, frequently nre maunifest
during the early phases of the L8313 response.  "These physin-
logical alterations may be attributed both to primary LSD
effocts and to nonspecific stress-onxiely reactions.

Controlled studies of individunls under the intluonce of
LED uniformly veveal a generalized impairment of ebjeclive
indicer of adaplive hohavior and psychomotor performance,
capecially those processes and proesdures that require criti-
eal judgmont and coordination. It is Hkely that intellectual
and motor decrements are due Lo nttenuation of rttention
and motivation as well as to sensory-cognitive disturbances,

Perceptual alterations constitute the most dramatic ef-
fects of LD, Lheir kaleidoscopic patterns defy a briel de-
scripbion,  Ilusions and peeudohallucinations, mostly of a
visual or tactile nature, are experienced eommonly, whereas
true hallucinations are refatively infrequent.  Synesthesia,
the ¢rossover from one sensory modality to anather, is an
often-encountersd L8 phenomenon., Colors may be
“heard” and music may become “palpable.” Moods and
emotions may range [rom cuphoria, elation and eestasy to
dysphoria, depression and despnir. The psychological state
produced by LSID cannot be ganeralized with precision. As
with other paychotropic drugs, the respomse depends on
many variables, including the dose administered, the per-
sonality and expectations of the individual as well ns envi-
ronmental influences,

Mechanisms of Action—The newophysiological corre-
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lates of LBD-induced alterations in hohavior are understood
incompletely. However, recent daln indiente that LSD and
othier hallucinogens act ai postsynaptic seratonin receptor
sites (BH'Ty subtype). The effect of LS upon raphe neu-
rons rosembles that of an excess of serolonin at postsynaplic
receptor gites,

Experimental and Therapeutio Uses-—LS1D has bheen
employed extensively to induce experimental psychoses for
the primary purpose of studying aberrant menta! stales un-
der contralled conditions,  Despite prodigious efforts, the
LS1) model has not yielded pertinent clues o the biochemi-
cal etiology of schizophrenia. 4

Several investigators have proposed LS as an acdjunct to
conventional psychotherapy and as an aid in treatment. of
chronic aleoholism, 18I also has been reported to provide
long-lasting “euphor-analgesia” in patients with terminal
cancer. The feasibility and effectivencss of LSD for these
purposes remain unestablished nnd controversial. 1,SI has
no approved therapeulic uses and currently is an investips-
tional drug subject to rigid state and federal regulations.

Dependence Liability—Marked psychological depen
dence on LBD s observed rarely as usage tends to bo ocen.
sional or sporadic rather than frequent or compulsive. A
high degree of tolerance to the physiological and behavioral
effects of LS develops after three or four doses taken with-
in a relatively short period of time.  "I'his acquired resistance
disappears rapidly if drug intake is terminated. ‘There is
considerable cross-tolerance among LS1), mescaline and psi-
locybin, butl this phenomenon has not been demonstraled
between LSD and cither amphetamine or ATHC., As
physical dependence on LSD does not develop, thera is no
characleristic abstinence syndrome upon abrupt disconlinu-
ntion,

Toxicity. ~Despite its extreme psychologenic potency the
acule Loxicily of LSD is remwarkably low. The medical liter-
ature records no verified case of death in man astributable Lo
the direct toxic offects of the drag, although fatal aceidents
and suicides have oceurred during states of LD intoxica-
tion, Homicides committed by persons apparently under
the influence of LSD have heen reporled relatively infre-
quently, Most of the individunls involved evidenced pre-
morbid psychopathological tendencies and thus the role of
LS in violent and asspultive behavior is equivocal.

1L5D-induced feelings of depersonalization and affective,
pereeptual and cognitive distortions may, on oceasion, result.
in digorientation, confusion and acute panic reactions char-
ncterized by anxiely, fear and a sense ol helplessnoss and Joss
of controh. “Bad trips” generally follow the inpestion of
high doses of LED by nontolerant persons, ‘They also are
likely Lo occur in inexporienced users, those with ambivalent
altitudes toward the drug experience or in disturbing or
threatening surroundings.  [teeguilibration uvsually takes
place within 24 1o 48 hr,

Reeurrences of perceptual distortions may be experienced
in the postdrug state by a relatively high percentage of LD
users. These “Mashbacks," which vary b length from a lew
seconds ta several minutes, may occur up to 5 vr alter the
drug was lasl Laken, Fleshbacks may ho spontaneous but
olten are triggered by periods of emotional stress or anxicty
or by other psychotropic drugs, such as marijuana. The
mechanism of recurrent. hallueinosis is unknown bul may
reflect a persistent disruption of psychological defense
mechanisms with a periodic emergence of repressed lenrs or
conllicts.

Chronic disruptive slntes associated with anxiely, depros-
sion, somatic disturbances and difficully in functioning,
which are relatively rosistant to psychotherapy, commaenly
follow LSD use. Protracted schizophrenilonn psychotic
states with puranoid hehovior represent infreguently oeeur-
ring hut tragic psychological consequences of LS, Most,
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but possibly not all, such cases involve unstable individuals
with prepsychotic or premorbid personality traits. Anunfa-
vorable prognosis is indicated by motor retardation, with-
drawal, blunt affect, anergy and suicidal ideation during the
initinl hogpitalization period. Treatwsent varies, hal lithi-
um has been proven effective for the alevistion of 1L.SD-
induced psychosis,

There are several reports of inflammatory fihrosis occur-
ring in individuals who have consumed LSD.  This compli-
calion has been recorded previously with other lysergic acid
derivatives, notably mathysergide,  Arteriospasim vesudting
in obstruction of the internal earotid artery, and the devel-
opment of peripheral gangrene necessitating partial ampu-
tation of the extremities, constituic isoluted case reporls
indicating that LSD shares the vasoconstrictor activity of
other ergot alkaloida.

In 1967 investigators first reported chromosome damage
in human leukocytos cultured én vitro with LSD. Although
the clinieal significance of this finding was exmyrgerated
grossly in the public news modia, the widespread publicity
eontributed to a signifieant downturn in the abuse of 1.51) at
that time.  'The possibility of affecting generations yet un.
born apparently struck o chord of moral responsibility in
many who were canvineed of their personal ability to main-
tain psychic control but who were unwilling to “pollute the
genetic strean.”

(ienetic studies conducted with LSD have been reviewed
eritically by Dishotsky et al.®  Although the relationships
between LSD miyd chromosomal damage, leukemogenieity
and leratogenicity remain unresolved, eertain tentative con-
ciusions appear warranted,

Data supporting a positive relationship between LSE and
chromosomal aberrations have been obiained primarily with
indivitdluals reported 1o have taken LSD obtained in the
black market. In most instances, the amount of LSD con-
sumed cannot he ascertained or only can be approximated.
The reputed LSD samples may contain other drugs or can-
taminants, either added or incomplelely separated during
the proeess of illicit synthesis. The population under study
frequently extemporize with barbiwurates, amphetamines,
opintes, coenine, marijuana and other paychotogens, in addi-
tion to LSD,

Chemically pure LSD adininistered under controlled con-
ditions has, in several studies, failed to produce detectable
damage to chromosomes or has produced transient. chromo-
somal aborrations in peripheral leukaeytes, but these defeets
wore no longer evident several months alter L3D adminis.
tration, Transient chromosomal breaks in white blood cells
neeur spontaneously, They can be increased by certain
antibiotics and antineoplastic agents and even by commaonly
employed drugs such as aspirin and calfeine. Viral infec-
tions are associaled with an inereased rale of chromosomal
disruption. Hepatitis, gastrointestinal and upper respira-
Lory viral infeetions are commaen amosng chronie drug abus-
ers. Thus, it appears that chromosomal damage, when
found, is related Lo a history of drug abuse in general and not
to LSD specifically.

The pathologiaal sipnificance of chromosomal nberrations
iy continuoualy replenished peripheral leulooytes is equive-
val. Testicular and bone-marrow biopsies in rhesus mon.
keys given repeated oral doses of LSD have nol revealed
sigrnificant chromosomal alterations in prmetogenic and he-
mopoietic tissues.

Two cases of aeute leukemia developing subsequent Lo the
use of LSD are reeorded. Although o cousal relationship has
not been established it may he premature 1o dismiss the
associntion ns merely coineidental.

Some studies suggest a higher incidence of spontaneous
abortion amonyg prognani women who reportedly took LSD
prior to or after conception, and a greater number of congen.
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ital anomalies among live infonts born Lo mothers exposed Lo
this drug. However, several complicating fuctors preclude a
definitive correlation of inereased reproductive risk with
1513 ingestion, Among theso are e indeterminate nature
of purporied LSI) samples obtained “on the streel,” a com-
mon history of multiple usage of illicit drugs, a high inei-
dence of infectious digenses {ospecially vival illnesses) and
marginal maternal nutrition.  Although the effect of LSD on
human pregnancy and fets] malformaiions remaing uncer-
Lain, diseretion diclates the avoidance of this drug by women
of childbearing age,

Phenceyclidine

Pheneyelidine (PCP, “angel dust”), chemieally and phar-
maeclogically similar o ketamine (Ketalar) used to induce
“dissociative anesthesia,” ig probably the most dangerous
subatance abused in the US, There is no consensus s to the
precise pharmncological classification of PCP, The com-
pound may, depending on the dose und other circumstances
of use, exhibil stimulant, depressant, analgesic and halluei-
nogenic properties. In “sireet” form, PCP often is adulter.
ated and frequently misrepresented as THC, mescaline,
LSD, amphetamine, cocaine or many other psychoactive
agents,

Although oveasionally ingested orally or injected intrave-
nously, PCI most commonty is smoked (after placing it on
marijuann or dried parsley lenves i a Yjoint") or “snorted”
{nasal insufflation). By smoking, the experienced user can
limit the dose of PCP (self-titration) to a leve] with which he
is cornfortable and less likely Lo overdese than when the drug
is taken orally,

While PCP ingestion can produce euphoria, adverse reac-
tions mare commonly are chserved, particularly in naive
users. An excellent ¢lassification of PCI effecls has heen
developed hy Rappell el al¥ based upon their treatment of
more than 250 cases. Tachycardia and elevated blood pres-
sure are consistent findings and appear, in varying degrees,
within each of the following eategovies:

Stage l: 21085 mg PCP (gerwm concendraiion, 25 1o 9t g /mI}

Subjects are disoriented, combative and violent. Thay also
experience ntaxia, alterations in perception of visual, auditory
nndk tnctile sensations, excessive swonting and salivation and amal-
gesia (they mny bnjure themselvea unknowingly due to this anal
poLic property).

Daaths occury when subjects lose contral of motor lunetion yet
attempl activities which require significant physica skilk, eg,
some try 1o swim but subseguently drown. Other fatalitios hap-
pen aftor abusers engage in viclent tights or fall asleegs in the
midd]e of a street and are erushed by a motor vehiclo,

Stage il 6 to 26 my PCP (sevum concentration, 30 Ly 300 ngiml)

Phe patient. presents with coman and does not respond 1o verbal
communication; reactions to painful stimuli will secur, however,
Muscle spasms and severe hyperthermia alse may be present.

Btage I11: Above 25 mg POP (seram voncentrations, above 300
ngfmb)

Deop comn is ebserved with patients showing no response Lo
extremely painful atimuli,  Soizures alao are likely and wny de-
velop into status epileplics.

Although the data are more difficull io inverpret, it ap-
pears that a namber of deaths solely and divectly are related
10 excessive blood levels of PCP. Cerebral hypoxia due to
severe spasm of cerebral blood vessels may be 2 mochanism
of lethality.

Pelaved psychological reaetions (deliriuim, psychosis and/
or agitntion} vecurring approximately 1 woeek after consump-
tiun of high deses ol PCP have heen observed, Thiy may be
due 1o the high, Hpid-solubility of the drug resulting in an
accumulation in, and slow release from, adipose tissue; the
Ly is npproximately 18 hr.  On occasion, patients hospital-
ized for & psychiatric examination have their blood analyzed

for PCP levels. In some of these cases, a rasull showing an
absence of PCP may be incorrect. 'The melhads of analysig
using high-performance liquid chromatography (HPLO)
gas chromategraphy with flame ionie detection ((GC-FID) or
radioimmunoassay (RIA) are accurate only down (o levels of
100 to 200 ng/ml. However, ns presented above, serumn
PCP concentrations between 25 and 90 ng/ml. are suificient
to induee aberrant hehavior, A recent study employing o
moré gensitive assay provedure, o glass capitlarv-gas chro.
malography thermionie specific (nitrogen) detector (GCE-
N) eapable of measuring levels as low as 5 pg/mI, reported
that of 1356 patients admitted for psychiatric evaluation, 78
had PCP levels between 1 and 50 ng/ml.. This is a signifi-
cant. observalion sinee it ean assist physicians in delermin.
ing the correct treatment,

A two- to four-fold tolerance develops if PCP s adminis-
tered chronically to laboratory animals. However, experi-
ments performed to date do not suggest that PCP produces
physical dependence comparable to that which develops o
the opiates or other CNS depressants.

In normal volunieers, PCP induces a schizophrenic-like
state, Thus, ag s the situation with marijuans, individnals
with psychoses (diagnosod or undiagnosed) particularly are
vulnerable o PCP. Schizophrenics experience a detoriora-
tion of their condilion, possibly culminating in stuporeus or
excitatory eatatonia or paranoia accompanied by auditory
hathusinalions.

Rhabdomyuolysis (skelelnl muscle degeneration), myoglo-
binuria and renal failure have developed after acute, large
doses of PCP, whereas chronie use is associated with both
psychological and physical dependence, and alterations in
memory, speech and vision.  These latter changes are sug-
guestive of organie brain damage.

Treatment of Acute Drug Overdosage

A major problem in treating incoherent drug-overdosed
patients, ranging from comatose 1o delirious, iz the absence
of definitive data regarding the substance(s) responsible for
the intoxication, Upon admission Lo an emergeney center it
is imperative thal steff members consult persons on Lhe
seene or the patient’s fmiends in an attempt to obtain as
much information as possible about the drug(s), amounta
and modes of administration, circumstences leading to the
overdosage and perlinent aspects of the patient's medical
history, eg, does the palient have diabetes or epilepsy? Due,
however, to extensive adulteration of “street” drugs, the
infarmation ohlained on drug identity and guantity must be
evaluated with caution. Symplomatic treatment is advis-
alile until a definitive diagnosis can be established, The
following is a limited presentation of options available for
treating adverse reactions Lo psychoactive subslances.

Volatile Hydroesarbons—''he treatment of acute intuxi-
cation with volaiile hydrocarbons is similar Lo that employod
for barbiturate overdosage. 1! the vapors are inhaled, oxy-
gon (or a 95% 04 and 5% COy gas mixture) may be adminis-
tored. When volatile hydrocarbons are swallowed, gustric
lavage rather than an emetie should be used, The injection
of epinephrine or other sympathomimetic amines should be
avoided due to the poasibility of myocardial sensitization
and precipitation of cardise archythmios.

Oploids-—Naloxone remains the drug-of-cholce in coun-
tering narcotic analgotic overdosage, This narcolic antago
nist, which possesses little or no agonisfic activity, may be
administered to the unconscious patient io the absonce of a
definitive diagnosis of narcetic overdosage, Naloxone will
not produce additiona) CN3-dopressant effects in the event
thal seute poisoning is due Lo barbiturates or other nonnar-
colic depressants,
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Psychotomimeties---In cases of adverse paychological re-
aetions to hallucinopgens (“bad trips"), patients should be
maintained in a supportive and nonthreatening environ-
ment. Verbal contact should be established for reality de-
fining and reassurance (“talk-down”) that the episode even-
tually will terminate, 1 pharmaecologieal intervention ap-
pears indicated, the use of diazepam (or a related
benzodiazepine derivative) avoids the hazards which may be
encountered with g phenothiazine in an unsuspected case of
anticholinergic drug intoxication or in an individual with a
history of eonvulsive disordors.  When known anticholiner.
pic agents are taken in excessive quantities, physostigmine,
which antagonizes both central and peripheral atropine-like
offects, i the drog-of-choice,

Phencyelidine—The treatment of PCP overdosage dif-
fers from that associated with hallucinogens as intoxicated
patients should not be engaged in an extended “talk-down”
process.  Isolation, with periodie observation, is beneficial
ts in relieving the symploms of acute schizophrenic reac-
tions. Digzepam may control severe agitation. Acidifica-
tion of the urine with ascorbie acid or eranberry juice (avoid
ammonium chloride or orange juice) accelerates the excre-
tion of PCP and may reduce the incidence of delayed reac-
tions.

Cocaine—Adverse reactions Lo cocaine are usually of
short duration and may terminate before troatment is initi-
ated.  Propranclol may be emplayed Lo nttenuate Lhe car.
diovaseular distarbances in cases of moderate eocaine over-
dosage. Diazepam may suppress the CNS exeitation, nl-
though the posaibility of adding to subsequent cocaine-
induced respiratory depression must be considered,

Amphetamines—Disturbances of the sympathetie ner-
vous system observed in amphetamine tnicity should be
treated if they threaten the patient. Aecidification of the
urine (avoid ammaonium ehloride or orange juice) can short-
en the duration of atlendant psychoses significantly. In the
presence of acute renal failure accompanying shock and
rhabdomyolysis associated with amphetamine intoxieation,
substantinl fluid replacement is indicated.

« W oom

Pharmacists can participete in the earty managenient of
neute drug poisoning by advising the use of ipecac syrup (not
the fluidextract) in approprisie situations. If the aubject
has inpested a potentially harmful guantity of drugs and is
consclous, syrup of ipecac may be employed in the following
oral doses: patient under 1 yr—-10mle I to 12 yr—156 ml.;
over 12 yr—30 mL. Subsequently, 260 to 500 mL of liquid
should he given.  Vomiting within 30 min oceurs in approxi-
malely 90% of patients receiving this regimen. 1f emesis
tloes not ensue within 80 min, the recommended dose, with
udditional fluids, may be repeated.  Syrup of ipecac is less
useful if morg than 60 min have clapsed sinee consumption
of the drug overdose. I the patient does not vomit after two
doses of Lthe ipeeac, the dosage should be recovered hy gastric
lavage.
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CHAPTER 75

Preformulation
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The attention presently being given to multisource phar.
maceutical products regarding their oquivalency places
much emphasis on the formudation of theae produdcta. o
some instances, the Biosvailability of a drug formulution
represents a gualily parameter of enormous proportion. It
ju 8 matber of record Lhal with certain drugy, deponding on
the formulation, the rate at which the drug substance be.
comed available can very significantly from very high to none
at all. As o vesult, Lhe affectiveness of these formulations
will range dramatically (rom that expected to noeffect, Tn-
fortunately, most examples ave less dramatic and fall some-
where in hetween,  The difference in the ioavailnbility of
there drag products is less rendily discernille, hut nonotle-
Tows real.  This hins led to o prest deal of confugion and
information which, though wndoerstood by the reientist, is
unelear and jumbled to the practitioner, That information
which is availuble slso has been interpreted differently by
different individuais or groups, depending very ofen on Yhe
motivation, viewpoint and attitude of the interpretor.

iy produety indeed do vary in thuir biouvailability chare
acteriatics nnd this waristion, in mesl instances, is relafed
directly Lo fermulntion considerations, To optimize the
performanee of drug products, it is necessary to have a com-
plete understanding of the physical-chemical proporties of
drug substances prior to formulating them inte drug prod.
ucts. Tho development of an eptinum formulation is not an
eory tosk, and mony factom readily influence formulation
properties, Drug substances rarely are administered as
chemical entitien, bul almost always are given i some kind
of formulation, These may vary feom a simple solution 10 0
very complex drog delivary system. 'Tho comploxity usunlly
in nat intentional, bul rather is determinad by the properties
that are expected from or huilt inlo the dasage form and by
the rosulting composition Lhat s required to achieve these
qualitics.

The high degres of uniformily, physiological availabilily
and therapeutic quality expectod of modorn medieingl prod-
ucts usanlly nee the results of considerable effort and oxpor.
tine em thae part of the formulating pharmacist. These quali-
Lies ave attained by careful scleetion and control of the guali-
ty of the various ingredients employed, appropriate
maenufacturing nccording to well-defined processes and,
most impuoriantly, adequate consideration of (he many vari
ables that may influence the composition, stability snd wiili-
ty of the produet, In dealing with the formulation of new
produets it has become necessary 10 apply the best rescareh
mothods and tools in erder Lo develop, produce and control
the potent, siable and effective dosage [orins which make up
our madorn medieal armamentariom,

The pharmacentical formulator Las need for spacinkized

aresn of science in order to acquire scientific information
alowt the drug substance which is necessary 1o develop nn
optimum dosage form. The pharmaceutical industry la in
an era In which one ean no longer rely on past exporience Lo
formulate. A tharough understanding of the physical and
chemical propertios as well us the pharnncokinetic and lio-
pharmaceutical behavior of each diug substance being de-
veloped is necessary. 1o short, as much information gs poss
sible ruat be acquired ahout the drug substance vory carly
in its development. This requires an interdisciplinary ap-
pronch at the preformulation stage of development.  Fig 75-
1 sehematically indicates that the development of any drug
product requires s multidisciplinary approach, invalving ha-
sie selunee, during the preformulation stago lollowed by ape
plied acience during the davelopment, stupe.

This chapier will discuss the physical-chemical evaluation
that takes place during the preformulation atage of develop-
ment.  In addition, consideration will be given (o some spo-
cialized formulation ingredients that may requira diserelion
i Lheir solection,

Preformulation may be describad 28 a stage of develop-
mont during which the physical pharmaeist characterizen
the physical-chemics] propaerties of the drug substance in
question which ary considered important in the formalation
of astable, offective and safe dosage form. Buch paramelors
as oryatal size and shape, pH-sotubility profile, pH-stability
profile, polymorphism, partitioning ofTeet, drog pormeabili-
ty and dissobution behavior are evaluated. Puring this eval-
vation possible intoractions with various inert ingredients
intended for uae in the final dosage form also are considerad.
The data obtained from this evaluation ara infegrated with
data obtained from the preliminary pharmacologic and bio-
¢hemicel studies and provide the formulating pharmacist
with information that permits selection of the optimam dos-
age Form containing the most desirabla inert ingredients for
use i ity development.

[N
i

1 PHARMACCLOGY l

J ':'m'uhimcna L

1 FREFORMULATION fuunsssmsma) FORMULATION | i

I_;:\.l-.ﬁf.\;ic :Gimuﬁ]
B

vl

K

|
i

L )

WOCHE

Flg 75«1, Tha whagls of product develepmant.

1436

T e ——

FRESENIUS EXHIBIT 1013
Page 280 of 408



1436 CHAPTER 75

Preformulation worl usually is initiated after s compound
has shown sufficient activity to merit furiher testing in hu-
mang.  When this decisgion in made, the various disciplines
bogin to generate dato essantial for properly evaluating the
performance of the drug substance, A stubility-indicating
nnaiytical aneay s very important. Since this often takos
conuiderable time, it sometimes is necessiry Lo vely on thine
Inver chromatographic procedures to defermine if a drag
moelecule is degrading. Accelerated testing procedures are
used 1o promote breakdown of the compound being tesied.
Attempts are made to isolale and characterize the break-
down products in order (o identify the mechanism of break-
down. This informuation provides a lead to the developmont
pharmacist in his efforls to formulate the product.

During a preformulation study it is necessary to muinloin
some degree of flexibility.  Problem areas must o identifiod
early. T'or example, selection of a suitable salt form of the
drug mny be eritical.  Toxicity studies uaually aro achoduled
early. Consequently, iff the salt form under consideration
has some deficiencies, they should he peinted out so that
alternate salts may be prepared nnd evaluated prior (o be-
gihing toxieity stadies,

When preformulation studies sre initinted, the chemical
usually is in shork supply; 26 g of chemical s an ample
supply, bul many preliminary evaluations have heen done
with lass. ‘The initial supply uwsually originates as oxcess
from butches prepered by the medicinal chemista, They
wsually have preliminary daba such as melting point, solubil.
ity, spectral data and structurs of the compound. The di-
rection taken for the evaluation is determined hy the strue-
ture sl the intended dosage forms to be developed (eg, one
wonld not waste time determining the stability of a solution
of a compound if there wes no intergst in a liguid dosage
form). Many areag must he evaluated critically for each
compound, and it is essentinl that problem areas be identi-
tiod carly, otherwise dalays could occur if a problem surfaced
during the development phase for the compound, Soeme
consequendas of poor preformulation work are

Pousible use of wnsotisfactory wlt form,
Poor atability of the notive ingradient,
Tewting compound of margzingl activily.
In¢eemmad develapinent conds,

Increasnd dovelapment time.

When preformulation studies are completed, the data are
compilad and transferred to the development. pharmacist,
whao, in turn, uses this information 1o plan his development.
work on the finished dosage forms.

Physical Propenties

Degeription

Sinee tho pure drug entity iz in short supply at the outsel
of most preliminary evaluations, it is extremely imporlont to
note the general appearance, color and odor of the eom.
pound. These characteristios provide o basis for compari-
gon with fulure lots, During the preparation of scale-up lots
the chentist uaually sefines or gllers the original chemicenl
aynthetic route. ‘Thig sometiman results in o change in some
of the physical properties. Whon this takes place, compari-
sona can be made with esrlien lots and decisions made re-
garding solvents for reerystallization,

Taste usually warrants aome consideration, espocially if
the drug is intended for oral usoe i pedistric dosage forms.
In such cases consideration should be given Lo the prepara-
tion of wllernule splt forms or posgible evaluation of exeipi-
ents that, mask the undesirable taste.

Microscopic Examination

ach Lot of drug substanee, regardiosd of sive, ia sxomined
mictoscopically snd o pholomicrogreph taken. The micro-

poopie uxamination gives n gross indication of particle size
and characteristic crystal propettics, Those pholomicro-
graphy are vseful in determining the consistency of particke
size and crystal habit from baleh to batch, tapecially during
the early periods of chemicnl symthesis; iU a synthelic step iy
changod, thoy alse give an indication of nuy effect the change
may have on crystal habit. Ouve must keep in mind that the
yhotomicrograph only gives o qualitative indication of parti-
cle size distribution; it always i3 necessary te do a particle.
size anelysis for o more accurale picture of the distribution
of particles in any particular bateh of drug sulmlanee.

Frarticle Size

The uses of pharmaceatical products in a finely divided
form nre diverae. From knowledge of their particle sive,
wuch drugs ss griscofulvin, nitrolurantoin, spironolactone,
procaine pendeillin and phenobarbital have been formulated
"o w10 optimize activity, Other drugs, lormulated in sus.
pension of gmulsion systems, in inhalation gerosols or in oral
dosage fovins, may contuin finely divided material as an
epnontial component, One of the basic physical properties
aonmon to ol these finoly divided subalances is the particle-
size distribution, le, the frequency of occurrence of partivles
of every size.  What in of practical interest usually in not the
characteristion of single pasticles bul rather the menn char.
acteristics of a lazgo number of particles. 1L must be vmpha.
sived, hawever, that inowledpe of sive charnoterislics is of no
valua ynloss adoguate eorrelation hag hoen catabiished with
functional peoperties of specific interest in the drug formu-
lation. Many investipations demonsteating e signilicance
of particle size are reported in {he lilerature. It hax been
shown that dissolution rate, ahsorplion rate, content unifor-
mity, color, toste, texihra and stability depend 1o varying
degrees on particle size and distribution, Tn preformulation
work it is important that the significance of particle size in
refation o formulation be established eorly.  Preliminavy
phyieal obsorvations sometimes can deteet subtle differ-
ences in eolor,  If this can he stiributed Lo differences in
patticlo-size distribution, it i important to define this dis-
tribution and recommend that mere attention be given Lo
particle gize in preparing future hatches of drag substaneo,
This effect also is evident when preparing suspenmions of
poorly soluble materials. One may observe batch-to-hatch
differences in the celor of a suspension which ean be velated
to differences in particle size. Sometimes, when small parii-
clos tend to ngplomerate, a subtle chanpo in color or texture
may bo evident.

Sedimentation and Ooeculation rales in suspensions are in
part governed by particin size. In concontrated deflocculat.-
ed suspenalons the larger particles cxhibit hindered seltling
and the smaller particles settte more rapidy. In Moceulated
suspensions the particles are linked together into flocs which
settle according to the size of the ftoc and porosity of the
aggregated mans,  Floceulsted suspomsions are preferred
wines Ly have loss tendency 1o erke and are more rapidty
dispersible,  Thus, it is apparent that the ultimate height,
H.,, of sediment os a suspension setiles depends on particle
sive. The ratio H./H,, or the degree of suspendibility as
affected by particle size, l& valuable information for the
formulator in order Lo prepare a satisfactory dosnge form,

The rate of dissolution of small particles usually is faster
than that of larger ones hecause rate of dissolution depends
on the specific surfoce pren in contuck with the liquid medi-
um. 'This usuaily is describod by the modified Noves-Whit.
ney equation for dissolution rate dA/dl

adA

...... = ILS(C, - ©)

7 (1)

where A i the amount of drug in solution, K is the intrinsic
digsolution rate constant, S is the surface area, (¢ s the
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concentration of a naturated solution of the drug and Cisthe
drug comeentration at timo £, The surface area of an ehject,
regardiess of shape, varies inversely with s dinmeter md
confirmy the above effact of particle size on dissolution rate.
Rolubility also has been observed Lo deperd on particle size,
Ditdert, ¢ al,' reported daty for an experimental drug, 4-
agetamidophenyl 2,2,2-(richloroethyl earbonate, which
demongtrated thal the dissolution rate and, in turn, bio-
availability were afTected by particle size. Although the
ultimate amount of drug in solution may nol be significant
with respect. 10 the dose adminisierad, the formululor should
he aware of this potentinl.  With poorlty soluble drags it is
extremely important to take these faciors into account dur-
ing the design of the desage lorm.

Flow propertis of drugs can be influenced by particle sizo,
and particls size reduction to extremely small sizes (Loss {han
10 em1) may be inndvisable for some drug substances. Bn-
trapped air adsorbed on the surface of the particles and/or
purfuce olectrical chargos sometimes impart undesirable
properties Lo the drag. FPor example, adsorbed air af the
drug-particle surface may prevent wetting of the drug by
surrounding fluid, and electrically induced agglomeration of
fine particles may decreaso oxposure of the drug surface to
surrounding dissolution mediwm, Such effecty act os disso-
lution rate-limiting steps since they minimize maximum
drug surface-liguid eontact.

Crystal growth is also a function of particle size.  Finer
particles tend Lo dissolve and subsequontly recryatallize and
adhere to larger particles. This phenomenon is reforrved to
s Ostroald ripening. Profective colloid systems can be uged
to supproms this nucleation, Preformulators can generate
inforinution goncerning the effectiveness of different col-
Joids that is oxtramely important to the formulator when he
is given the task of preparing 4 suapension dosage form.

Particle-size reduction may he deleterious for some drug
substances. Increasing surface nvea by milling or other
welhods may lead Lo rapid depradation of a compound.
Drug substances also may undergo polymorphic trans{orma-
tion during the milling process.  The preformulator muat
always be eognivant of thase potential problems, sad when.
over the decision s mado to reduce particle sive, the condi.
tiong pust be controllod and the stability profile ovalunted,
If & problem does avise, it is Uhe vesponsibility of the prefor:
mulator to note it and attempt o resolve it prior to tarning
the drug substance over (o Wie fonmulating phormacis,

Gasirointestinal absorption of a poorly soluble drug may
be aflocted by the particle-size distribution. If the dissolu-
Lion rate of the drug s Jess thun the diffusion rate to the site
af ahsorption and the absorpiion rate itself, then the particle
give of the druy s of yreat importance. Smalier particlos
whould inoreasa dissolution rate and, thus, bring about more
rapid gagtrointestinal absorption. One of the first observa.
tions of this phenomenon was made with sulfadiazine.
Biood-level determinations shiowed that the drug in suspon.
sion comtaining particles 1 (o 3 jan in size was absorhod more
rapidly and more efficiently than from a suspengion contain-
ing particles 7 tines larger.  Maximum blood levels were
about 40% higher and occurred 2 hours earlier.  Increased
hionvailahility with particle-size roduction alse hos been ob-
gervad with griseofulvin. The exlent of absorption of an
oral dase increased 2.5 imes when the surface area was
incroased approximately sixfold, Micronized griseofulvin
permits a 50% decrease in dosage Lo obtain & satisfactory
clinical response,

On the other hand, it was found that with pitrofurantioein
there was an oplimal average parlicle sive thalt minimized
side effeota wilhout affecting therapeutic response.  In fact,
a commeorcial product contaming large particles is available,
TFor chloramphenicol, particle size has virtually no effect on
total absorption bul it significantly affsets tha ralo of ap-
pearance ol peak blood Jevels of the drug.  After administra-
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tion of BO-pin particlea, as wel]l as 200-m particlos, peak
lovely oceurred in 1 hour; with d00-um particles penl levels
oeerred in 2 hourw with B00-pan particles peak levels oce
curred in 3 hours, Al four preparations lad the sameo phys-
iological availability, which implies that the absorption of
chloramphenicol oceurs uniformly over a major portion of
the intestinal tract.

Reduelion of particle size nlso mey create adverse re-
sponwes.  Ffor example, fine particles of the prodrug Lrichlo-
roethy) earhonate were more toxic in mice than regubar and
conrse particlos?  Inereasing the surface areq for waler-
sohihle drugs, and possibly for weakly basic drugs, apprars
to be of little value. Ahsorption of weak basoa uwunlly is
rate-limitad by stomach emptying time rather than by disso-
Jutiom, As proviously mentioned, particle size is of impors
tance only whon the absorption process is rale-limited by the
dissolution rate in gastrointestingl fluids,

T'he previcus discussion considered the offeet of particle
wize of the drug substance and ity celationship to formula-
tion. 'The particle size of the inert ingredients merits some
attention. When one iz concerned with parlicle size, all
ingredients uged in preparing the dosage form should he
evaluated and some recomnendation regarding their confrol
should be made prior to full-scale development. of a dosage
form. It s recominendid highly that particle size and its
digtribution be determined, optimized, monitored and con-
teolled when applicable, particularly durving early preformu-
lation studies when Lhe decision is made with regard 1o o
wuitahle dosage form. The more common methods of deter-
mining particle size of powders used in the pharmaceutical
industry include sieving, microscopy, sedimentation and
stream scanning.

Sieving or Sereoning-—Siaving or sereening ia probably
one of the oldest mathods of siving particles and gtil] is used
comsmonty 10 detarmine the size distribution of powders in
the size range of 320 mesh (44 pm) and greater. These data
serve usually as a rough guideline in evaluating raw materi-
ala with regard Lo tho need for milling, The basie disadvun-
tages of screcn analysis are the large sample size required
and the tondeney for blinding of the sureens due Lo slabic
charge or mechanicel clogging. The advantages include
almplicity, low cost and little kil requiremoent of the opera-
tor.

Micxoscopy--Microscopy is the mosl universally accept.
ed and direct method of determining particle-size distribu.
tion of powders in the pubsieve range, but this method is
tedious and time-consumning,  The preparation of the slide
for counting particles is important because the sample must.
represent the particle-gize disteibution of the bulk sample,
Extreme care musd be taken in obtaining & truly representa-
tivasample from the bulk chemical, The cone and quarter-
ing technigue usually gives & satislactory sample, The sam-
ple should be propecly suspmded, dispersed and mised
thoroughly in a liquid which bas a differant vefractive index
from the particles being counted. A representative samplo
is mounted on a slide having o calibrated grid.  For counting,
randem fields are selected on the slide and the particles are
sized and counted, Between H00 and 1000 particles should
be counted ta make sinligtical treatmont of the data mean-
ingful,

Sedimontation—Sodimentation techniques wtilize the
dependence of velocity of foll of particles on their wize. Ap-
plication ia made of the Stokes equation (see page 285) which
describes a relationship betwesn the rate ot which a particlo
settles in a fluid medium to the sive of that particle, Al
though the oguation is bosed on apherical-ahapsd puarticles,
it is used widely to determine the weight-size disteibution of
irragularly shaped particles, Data oblained by this proce-
dure are usually reliable; howover, the resull may nok agres
with these obtained by other methods becauvse of the limita-
tions of the shape faetor,
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Flg 75-2.  Parllcle size distribution of NBE gluss boads (Standnrd
Aefarance Matarial No 1003) exprassad In térma of O = number ol
paicier; @ = walght of particles; @ = surface aran of particies,

The Andreasen Pipette Method is used most commonly
for sedimentution studies. Exacl volumes aye withdrawn at
preseribed times and at a specified liquid depth. The tliquid
is eviiporated and the residue of powder is weighed. The
datn aro used in the Stokes equation and o woight-gize distris
bution in coleulated.  Precautions mush. be observed with
this mothed. Proper dispersion, consistent sampling, tem-
perature control of the suapending medium and concentra-
tion should he achieved in order to oblain consistent resubta

Stream Scanning-—Stream scanning is a technique in
which a {luid suspension passos through o sensing sone
where the individunl particles are electronically sived,
counted and tabulated. The great advantage of this tech-
nigue is (hat data can be generated in relatively short peri-
ods of time with rensonable accuracy. Literally thousands
of particles can be counted in seconds and used in determin.
ing the size-distribution curve, The dats are in a number of
particles per class interval and can be expressed mathemati-
cally as the arithinetic mean diameter and graphed accerd-
ingly, Pig76-2 illustrates a plot of typical data obtained for
NBS Stondard Refurenee Matorial No 1008,

I'he Coelter Counter and the HIAC Counter are used
widely in the field of pariicle-aize analysis in the pharmaceu-
tical industry. They can be used to follow cryetal growth in
suspensions very effoctively, Figure 75-3 shows the changoe
in particle size with time for an aqueous suspension of Form
Tolun experimantal drag,  Itappears that the growth of the
particlos decrensen significantly after 8 hours. ‘The photo.
micrograph shown in Fig 7564 depicls the significont in-
creaso in particle size after 6 hours.  Further Lreatment of
the data ns shown in Fig 75-8 ¢nubles one to establish ratos of
growth for suspended particles, Simply reading off the in-
tercopts at the 1%, 2% or 3% oversive and plolting this in-
crease in diameter with time enables one to culeulate the rate
of growth of particles in a auspension. ‘Thia is shown in Fig
75-6.

Light Scattering— Light-scaltering mothods are genor-
ally fast, inexpeniive and induce minimal artifacts, Tn gen-
oral, such methody operate by mensuring light diffraction
from suspended particles without furming an image of the
particles onto a detoctor, A lypical unit s the laser diffrac-
tion purticle siver (Malvern). In ity a liquid disporsion of
purticlos Hows through a heam of lager Heght,  Light seat-
terod by the particles and the unseattered remuinder are
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Fig ¥5-3. Change in particle slza wilh Ume 1o @) aqueous suspen-
sion of Form | of an experimontal drug.

incident onto a receiver lens that forms a diffraction patiern
of the scnttered light, T'ho acatiarad light and unscattered
light then are gathered on detectors so the total light power
18 monitored as it allows the sampla volume concentration 1o
be determined, Each particle scatters light st a favored
scattering angle that s related to its dinmeter. 'Thedotector
provides an eleclronic guiput that makes it possible for p
computer 1o deduco the volume-size digtribution that gives
tise to the observed scattoring characteristics, Results may
also be transformed to the equivalent surface or number
distribution. Refor to Chapters 19 and 30,

Partitioning Effect

If an excess of liguid or soiid is added Lo a mixture of two
immiscible liquids, it. wil} diatribute itself between the two
phases 3o that esch becomes saturated,  Jf the substance is
added Lo the immiscible solvenis in an amount, Insullivient
to saturate the aolutions, it suill will distribute hotweon the
1wo Jayers in ndefinite concontraiion rutio. I € and Cy are
the equilibrium concentrations of the mubatanca in Salvent 1
und Solvent 2, the equilibrium expresaion becomes

¢, »

------ Lt ]

Gy
The equilibrivin constant & ie known gy the distribution
ratio ar partition coellicient. Biclogieally, in order for a
phurmacological response to oceur, il in necessary that the
drug molecule cross a biologien! membrane, Tho men-
brane, cousiuting of protein and lipid material, acts as a
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lipophilic barrier to mos!, drugs. T'he resistance of this bar-
rier to drug transfer is velated to the lipophilic nature of the
molecule invalved., (See Chapter 35.)

Understanding the partitioning affect and the dissocia-
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Flg 75-5. Change In cumulative count with time for an aquacls
suspensien of Form | of an experimental drup-

tion comstand enables one to estimate the site of absorption
of a new chemical entity. IF one nssumes the stomach to
have a pH range of 1.0 t 3.0 and the small intestines 1o havo
a pH range from 5 1o 8, in most cazes acidic drugs (pK,, 3) will
be absorbed more rapidly in the stomach while more hasic
drugs (pl&, B) will be absorbed more rapidly in the intestinal
traet, There ure oxceptions, however. Some compounds
have low partition eoetticients and/or are ionized highly over
the antire physiologien]l pH range, ol still show good Tio-
availability.

Palymorphism

A polymuorph js o solid erystalling phase of n given com-
pound resulting from the possibility of at least two different
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Fig 750,  Rate of growth of Form | of exparimental drap in aquacus
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arrungements of the molpeulos of the comnpound in the solid
state. The melecule itaslf may be of different shape in the
twa polymaorphs, bul that is not necossary and, indeed, onar-
tain changes in shape involve formation of diffarent mole-
eules and, henee, do not constitute polymaorphism. Geomel-
ric isomers or tautomers, even though interconvertible and
reversibly so, cannot be ealled polymorphs although they
may behave in # confusingly similar manner,

A snfe eriterion for classification of a systen as polymor-
phic is the following: two polymorphs will be different in
crystal structure but identical in the lguid or vapor states,
Diyvnamie isomers will melt at different temperatures, as do
polymorphs, but will give melts of different compasition. In
time, ench of these melts changes to an eguilibrium mixture
of the two isomers with temperature-dependent composi-
tions.  Some reported cases of polymorphism are undoubt.
edly dynamic isomerism, sinee the two hehave guite similor-

Iy

Polymorphism is the ability of any slement or compound
to erystallize as more than one dintingt cryatalling species,
ey, corbon ng a cubic dinmond or hexagonul graphite. Thf-
ferent polymorphs of a given compound are, o genernl, as
different, in structure and properties as the crystals of two
different compounds,  Selubility, melting point, density,
hardness, crysial shape, optical and electrienl propertics,
vapor pressure, stability, ete all vary with the polymorphic
form, In general, it should be possible Lo obtain different
crystalline forms of & drug substance exhibiting polymor-.
phism and, thas, modify the performance properties for that
compound, Tadowo requires a knowledge of the hehavior of
polymorphs, There are numerous reviews on the subject of
polvmorphism,  In addition, numercus indications of the
importance of pelymorphism in pharmaceuticals are report-
ed in the literattne,  xtonsive studies of polvmorphism
have been conducted on steroids, barbiturates, antihisia-
mines and sulfonamides. Preformulation usnally meludes
rigorous studies Lo determine the presence of polymorphs in
new drug substances being prepared for preliminazy investi-
gabion in tesl animals, Some of the paramelers routinely
investiguted are the number of polymorplu that exist, rola.
tive dogree of stability of the varions polymorphs, prosence
of a glagsy state, stabilization of metastalile forms, tempera:
taure stability Tanges for each polymarph, solubilities, meth.
ol of preparation of each form, effect of micronization or
tableting and interaction with formulation ingredients,

The initial task of the preformulator is to determine
whether or not the drug subnstance being evaluated exiats in
more than one erystalline lform, ‘The following procedures
are usually followed to canse crystallization of a metastable
form:®

1. Melt completedy o small ameunt of the compound on uoalido and
abserve the solidifiention bobwoen drowsed polave, 11, aftor spontarcous
Crieriang, o transformation ocours gpontoneodaly o con be biduced By
woediog or seeatehing, the compound probably oxists in ol juasl Lo
pelymorphie forma, I i essontinl Lo preveut nuctealion of the atabbe
form by inducing suparcueling.  Suparcoaling e be induced by using
wanall sample sive, halding the melt for approximately 30 see about 10°
abnve the melting point corefully setting aside the componnd without
physical shoek before ehaerving it and rapid cooling of th componnd,

2, Mont wsample of the compound on i ot stage and observa whelh-
ar 2 walidd-votid transfuriation ocews during heating,

d Sublime wsmall amount of the compd and wtlempl L indues
ransformation botwaeon bhe suldimete nod Uhe origioalssmple by mising
e two i deap of ssturated solabion of oso of hem, 10 (he b gee
poblymorphi, e mota sdible ono will be mora ingolible and will grow st
e expense of e mere soluble metarinble form.  'This procens will
copbinnie tntil the vutaatable form i ransformoed complelely Lo the
atalile Tomn, 10 the nateplos e ool polymorphe, one may dissolvo ul
the other will nol grow, I the o are idedtion] Tume, nothing will
Ondae,

4, Mudntain an exces of the compound n a small amouat. of solvent.
hold noar the melldg paint of the compound,  salate the suspanded
i, Cnare should ho takon Lo muintain the lemnperatoee during this

stop Pent tha dsolpdad mnterial with oo arigingd sonple using the
pracedurs autfinad in 3, nhove,

b Roeryitallize tha eotapiound Tram solution by shock-unnling, and
obsorya m parlion of tie procipitatod matosial spesded in o drop olthe
mothor Liguer, The drop hen way ho seedod with the originel com-
pousict ba chieh for sohition-pluwe Wramaformadion, 1w precipitateiao
difforant. polymicrply, aoeal o=l beoosfortation shiuld dake placs,

Orce it has boen eatablished that polymorphism ceeurs,
there ave procedures which enable the praformulator to pre-
pare the various forms in larger guantitics for further avalu-
ation and suitability for incorporation into dosage forms,

Once a compound has been shown to exist in more than
one erystalline form, a nwnber of technigues are available to
idontify the different polymorphic phases present, Hach of
these technitgues could be successful in identifying the
phase, but a comlination of methods provides » means for
jsolation and identificalion of ench crystalline modification,
In order 1o confirm the presence of more than one crystalling
form of & componnd, it is advisable to identify the modifica-
tions present by more than one method,  Using only ona
methad for confirming the presence of polymorphs some-
Limes may be misleading.

Miovoscopy -—{ptical erystallography i rweed in Uhe identilication of
polymorphi. Crwsinls oxisl in isoteopic ind snisetropic forms. . When
motropie eryslale are expmingd, the velocity of light is the mime in ail
direntioms, while anikotropie erystile have Gwo or theee diffecent. ight.
vedugitios or rofrpetive indicen,  'Fhia wmethod voguires the servicys of 4
trainod erystallographer,

Bat-Stage Mathoda-The polarising microscope, fitted withoa hob or
coldh nlngee, s vory bset| for investdgaling polymorpls,  An exporienced
microseopisd ean Wl guickly whother polymorphs exiat; the degree of
whnbility of the metastabile forme; transilion lemporatures nivd molting
moints; rates of Lramsilion under wvious Uertnal ond pliyaical conditiong
angd whether 1o pursue polyimorpiirm ue s poute to an inproved dosage
form.

Kaltny Fowdor INraetion - Ceystplline matoviald in powder [opm
wivee chnrmetetistio X -ray dilfmetion pallorne made up of peahs in eer
Lain positions and varving intensitiesn,  Bach powdor pattern of the
cryatal foblice is characteniatic for o given palymotphe 'This mothod ha
tha advantagn ovar other identification Lochmigues i el Uhe sengle s
wxamined o prosepted. Some care should be oxoreiged in redueing oo
maintaining pueticlo-siae costrel. A very wimal] simple size is needod
and e method s nondestrnetive, Thin methad T been ased by
seversl invesdigntorn i identifying polymarphs in pharmueeulicals.

Infenred Bpecteoses .. This procedoce is uselul in idontilieation of
polynupbn, Solid somples mast be gsed sinee polyaerphs of o com-
s have identieal spectea in golution. The techniguo ept b seed for
nuth qualitative msd auantitntive identifigation.

Thermil Mothods--Ditforentind seanping colovimetry and difforon-
Lind thermin] aialysis Tove hoen wned extensively Lo idontify puldinorphs.
tr hoth mathods, the bert Joss or gain ressliog teon phvaieat or chemieid
teanaitions oceurring in o satnpde is reeordad oo Fupcbing of tempera ivre
nw the subatance b Bemted o a uniform rate. Enthalpie changos, Tnth
enduthermic nad exethermic, are enused by phase Liansitions,  Por
el Fsdon, sublisnation, solid-solid tronsition and water Lass grmer-
ally produce cndothermio offects while ceystallization produces oxother
mie effacts, “Thormal analysts onadiles one to calailate the thermory-
namie pareiseters for the gystams heing evaduated,  Feats of fusion can
o abtained and $he rule of conyorsion of polymorphe detornind,

il tometry--IHntoroeiey ronsares the el in volume eaused by
Lhormn! or eheanjent offe Ravin and Miguchi® ased dilstwnoley 1o
Tallow the metting hehuwvior of theoleon oli By imessnring the speilie
wolumo of Bath vipidly and slowty coated theolrome oi) s n fenction ol
inereasing tomportura. The peesence of tha matastabie Toro wes
shown hy # contnetion in tho tinporature ronge of 20° to 24%, This i
Mustretod i Pl 7657, Dilatomotry is extcomely aecurnte; however, iLis
very todioug and Ume-comsming. 10 nol used widely,

Proton magnetic resonance, nuclear magnelic resonanee
and slectron microscopy sometimens are used to stady paly-
marphism,

Polymorphs can be classified into one of two types (1)
enentiotropic-—-ne polymorphic form can be changed re-
versibly into smother one by varying the temperature or
pressure, eg, sulfur and (2) monotropic--one polymorphic
form in unatabie ot all temperatures and pressures, of, ghye-
ery) stooratgs, AL a apecified lemporature and prossure,
oaly one polymorphic form will he thermodynamicnlly sta
ble. However, other motastable forms ey exist under the

FRESENIUS EXHIBIT 1013
Page 285 of 408



1.15 ;
THEOBROMA OIL
4
- Slowly cooled to (0 o
114 ) o~ Rapidly coocied to »60° TN
111
1.09
1.07
1.08
1,03 Lo ! - )
0 10 20 ) 30 A0
Tomperatura (°C)
Fig ¥6-7.  Dilmtomatric curves:  thaabrofms o, slowly and rapldy
coolod,

smme conditions,  These melastable Torms will convert Lo
the stable lattive structures with time.  The (st indieation
of the significnnee of a polymorphic transformation in a
pharmacentica) dystern was noted with novobioein, ‘Tho
amarphous form of novebiocin was found to be wirli-nh-
sarhed; however, when formulaled into a sugpension, b re-
vorsion of the wetastable form o tha ore stable erystalline
formn eeewrred rosuling in poor ahaorplion,

Aftor it bas boon dotermined that i drog substance does
exint in more than one eryatalline form, the conditions under
which aneh cun be produced should be estallished.  Tn this
mannar, proper erystallizing conditions can ha maintained
from bubeh Lo hateh to ensure a uniform and aeceplable raw
rarberinl. Roarystallization selvent, rate of crysiallizetion
and other felors may csuso one ceystal foym to dominate,
Tiuring the praliminary investipation to estublizh (hose cons
ditions, it is necessary to monitor the forms prepared.  For
axamplo, during the preliminey work with s indole deviva-
tive, differontial scanning endovimetry, X-ray analysis and
infraved sualyeis were used 1o establish that polymorpha
were present sod that they could be prepared satisfactorily.
Wgs T5-8, 75-9, and 75-10 show the respective data for this
conclusion. When polymorphs are shown 4o hoe present,
cxperiments should be degigned to determine whether or not
the properiies differ sufficiontly Lo alter their pharimeontic
or bivlogie behavior,

Dissolution tests ean be used initially to show differonecn
i appattnd equilibrivm solubilitios provided a diserimioat-
ing solvenl system s used. Wi 70-11 illustentes diseolution
duta Tor Lwo polymorphs of an indoele derfvativeg which lud
gimilar dissolution [ the medhon used; however, when a
more diserimninating digsolution medium was used, it was
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possilale to show diffeyences in theiy dissolution chnractoeris-
tios, This is ilusieated in P 78-12. From khe dats pre-
wonted Tor the indole derivative, it was conclidod that there
wauld he no approcinbla difference in the availability of the
Lwo Torms if they were 1o be administered orally in a solid
dosage Form, - Subaeguent tosting in animals conlirmed this.
The Nermst equation relates the rate of concentration in-
creasn 10 the solubility of a dissolving solid and is commaonly
writhen gg

L}
di Vho* W
where 4 s the area of the Qissoiving mlerfnee of the solid, 1)
is the diffusion coelficiont of the solule (b the solvent, V is
the volume of the solvent, h s the thivhness of the diffusion
tayer and € and € are concentration of tha solute at satura-
tion and at time ¢, respectively, Ve eguation reduces Lo

de AR

dt  Vh Gy )
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for the experimental conditions where C, > Ch. Since D s a
property of the solute meleeule and the solvent, it iz inde-
pendent of the solid-sinte form, 'The experimental condi-
tions can e selectod sueh that A, V ond h con be maintained
constantiu messuring Lhe dissolution rates of different poly.
morphic formsa,  The dissolution rate then is divectly pro-
porltional to £, the sutiealion solubility, and the differences
in the sotubilitics, can be relatod to their free energies.

The selubility and dissolution behavior of several poly-
morphe of chloramphenicol palmitate have heen deters
mined. T¢igs 75-13 and 76-14 ilustrate the data obtained at
aeveral temperatures, It ig apparent from the dissolution
behavior that the maximum values obtained were good ap-
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Tavle I—Thaermodynomic Values Calculatad for Polymorphs A, B
ond C of Chloramphonical Palmitale®

Transltlon
Temp.
(“C) Jont of

Poly- o Solution, Aty Ay ASyam
morph fForm A keal/mala cal/molo® e AT

A 21.4 Y =

B B8 R4 =774 ~18 =T

¢ ] 17.2 —4fih ~13 -4

* Calewlated for tha somvecsion (o Polymorph A

proxiuations of tho solubility of the various forms. There-
fore, obtaining data al several femperatures would enable
one to calculate the thermodynamic quantities involved in
the transition from the metastable io the stable form. A
plot of the solubility data as a finetion of temperature in a
typicn] van't Hoff' foshion is shown in Fig 7516 The
straight-line relationship enables one o coleulate the beats
of solution for the various formas and also, by extrapolation,
10 upproximate the transition lemperatures for the various
forms. Those values are shown in Table 1Y

Al constant temperature snd pressure, the fracs-onerpy
diffurences between the polymorphs cnn be enleulated hy

C, Polymorph A i

7, e Pl et sl Mt
A=K C, Polymorph B ®
This equation relates the solubility, C,, of (he polymorphic
forms at o particular temperature, T, to the {vec energy
differences, AG,. Table 1 also conlaing the fres-cnorgy dif-
ferences caleulated for the polymorphs, The enthalpy
changes alao can be determined for the various transitions
by subtracting the heat of aclution derived for the stable
forns feean that of the motastable form,  Also, ol any pacticu-
lar temperature, T the entropy for the transition of poly-
morphs ean be evalunted by the following relntionship

Al = —— (6)
‘I'he values computod for the transitions niko are ineluded in
TI'able I. At the transition temperatare, A6, is equal Lo zero
and the entropy can be ealculated, neglecting the free ener-
Hy term in Kq 6,

Tha thermodynomie relationships discussod ave hased on
the assumption that Henry’s Law is oheyod, Knowledge of
these thermaodynamic relationships enablea the preformula-
tor to select more rationally the more energetic polymorphic
form of the drug boing investigated for further pharmacoloy-
jeal sludies and also to have a proliminary assessment of ito
probable stability,

When a proformulation group insdeguately investigutes

PREFORMULATION 1443

pulymaorphic drug jorms, problems may develop durisg the
development. stage,  Crystal growth in suspensions resulting
in poor uniformity, Poor appeiarunce, poor hivavailability,
transformation ocourring during milling or granulation re.
sulting in changes in the physical sod biological chorneteris.
ties, inadequale pharmacological responso and poor chemi-
cnl stability are typienl problems thal may becomo evident,

Solubility

In dealing with new drug substances, it is extremely im-
portant (o know something ahout their solubility character-
istics, eupecially it aqueous systema sinee thoy MUAL possess
soma lmited agueous solubitity Lo elicit & (hernpoutio re-
wponse,  When a drag substance has an agqueous solubility
less than 1 mg/ml, in the physiologic pH ronge (1.-7), 0
potential bieavailubility problem may oxist ind preformula-
ion studies should be initiated to alleviate the problem,
Equilibriam solubility of the drug substance should he de-
tarmined in wsolvent or solvent system which dees not have
any toxic effects on the test animnal, This is done by placing
an excess of drug v a vial with the solvent.  The vial s
agitated au constant temperature and the pmount of drog
datermined perindically by analysis of the supernatant fluid,
Squilibrivm s not achieved until ob Jeasd two suecessive
samples have the same resolt.  19xperience with solubility
determinations would indicate that oquilibrium b vaually
attained by agitating overnight (approximately 24 hours).
Solubility determinations can be conducted ab severnl tem-
peratures sinee the resultant drog products ultimately will
be subjectod o a wide variation in Lemperature,

If the soluhility of the drug substance is less than the
required concentration necessary for the recommended
dose, steps must be taken to improve its solubility. The
approach taken usually will depond on the chemical nature
ol the drupg substance und the typo of drag produet dosived,
I the drog substance iy aeidie or basic, its solubility can be
influenced by pH. Through the application of the Law of
Mans Action, the solubility of weakly acidie and bagie deug
submtances can ho predicted as o funetion of pH with a
cnnaiderable degree of aeeuracy, using Uhe following equa.
1ions fonr the wealdy seidic and hasic drugs.

Weak Acid Weaak Bage
- Ko i}
S = K, (1 PIII"H*T) Sis K, (1+ K,,) 1

There are many deug attbatances for which pH adjustiment.
does not provide an appropriole means for alfecting solu-
tion. Very weakly acidic or basic drugs may require a pH
that could fall outside the accepted tolerablo physiological
range or may causn Alability problems with formulation in-
gredients,  IMor axsmplo, an exparimontal indole had an
equilibeium solubility at pH 1.2 of approximately 60 mg/ml..
However, when the pH of this system was inereased (o ap-
proximately 2.0, the solubility decromsed to less than 0.1
mg/ml. In cases like this one, or with nonelectrolytes, it is
necessnry Lo use some other means of achieving hetler solus
bility.

Cosolvont systema have been usod guite effectively Lo
achivve solubility for poorly sojuble drug substances under
investigation.  Propylene glyeol, glycerin, sorbitol and poly-
ethylene glyeols have enjoyue o wide range of success in this
area.  They have been very usefnl and generally aceepiabile
Tor improving solubility. Additional polvents such as glycer-
yl formal, plycofurol, ethyl carbonate, ethyl lnctate and di-
methylacetamide have been cited in n roview articie hy Spie-
gel and Noseworthy! howevar, it must be emphasized thiat
with the powsible exception of dimethylocetnmide all of
theae solvents have not been used in oral products ane thoix
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aeceptability may be doubtiul.  The number of vehicles
readily available to improve solubility is rather limited, yet
the fraguency of their use is rather high,  Solubilizing u new
drug substance can improve its availabiliky. For example,
when a Lriaincindole was adminisicred in o 0.02% solution it
showed an equivalent response in antiviral activity to 4 2.5%
wasponsion.  nformation generated eorly in the preformula-
sion atage can result in o refinoment of the dosage regimon
and allow for o more acourate cstimation of the elfective
done,

Cosolvents usually serve a twofold purpose i nuany phar
maceutical liguid products. ‘They not anly effect solution of
the drug substance but wlso improve the solubility of flavor-
ing conatituents addad to the product. Tdeally, in determin-
ing the appropriate ralio of cosolvents to achieve the concen-
tration one must schiove, it 15 recommended to effect solu-
tion at the econcentration desired and then place the solution
at 5 and allow i to cquilibrale. I precipitation oceurs
under these conditions, it may Lo necessary 1o aller the
copolvend ratio.

The use of surfactants of vatious Iypes-—nonionic, cation-
fo o anionic--as solubilizing agents for medicinal sub-
stamees v widospread (see Chaplor 19 for illustrations of
apecific uges), The effect of 'Iriton WR-1839 in solubilizning
severn] steroids is shown in Fig 76-167 "Phe elfect of an
anionic, a cationic and a nomonicsurfactant on the selubili-
ty of an antianginal compound being vonsidered for clinical
wialy i shown in Wig 76-17. From such dato investigators
may be guided in the selection of solubilizing agents For use
in preparations Lo be studied in humans, but it mus, be
emphasized et the accoptahility of a parbieular selubilie-
iny agent depends also an other fuctors that determine s
suitability for the intended use,  For example, surfactants
are known Lo interacl with some preservatives and thoreby
decrense prosorvative action, for which reasen the prefurniu-
lator should slways recommend some Lype of biological test
to demonslrate that the activily af the drug substance being
stucied s not reduced when it insolubilized by a surfactant.,

Complexation phenomena somoetimes can be used Lo im-
part better solubility charasteristics,  However, the degree
of nssociation and the extent to which solubility ean e
inercascd generally s not adequate for use in pharmageuti-
aal products, Ip addition, muny complexing agents hinve
physiclogical nctivity. The most noteworthy example of the
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utility of complesation to enhance solubility ju the V.
iodine complex. Hydrotropy sonetimes eon be uged Lo en-
hanee solubility. Migh conconirations of urea, salicylales
and xanthines have been used suceossfully on several veca-
wione,  Apain, the aoncepl is available but the increase i
solubility noemally observed is not adequate for use in phar-
maceutical products,

Sall Formation

Salt-forming agents often are chosen empirically by the
pharmaceutice] chemist primarily on the busis of the cost of
raw materials, ease of recryrtallsnlion and joreentage yicld,
Unfortunately, there is no reliable way of predicting the
influence of o particular sall species on the behavior of the
parent compound in dosage forma, Farthermore, even
when many salts of the basic compound have been prepared,
there are 1o effective sereening technigues which maoke the
selection process of the salt an ensier Lask (or the pharmacist,
The fundwnental considerstions which may hove some in-
fluence on aald selection are physicnl and chemical stalility,
hygroscopicity, fowability and solubility.

The nuraber of sall forms available to the chemist is tnrge.
Table 11 lists the cations and anions present in FDA-ap-
provod commereially morketed salts of pharmaceutical
agentst  The monoprotic hydioehlorides have been the
most froquent choice of the available unionic salt-forming
radicals, while sodivwm bas been the most predominant cat-
ion, During preformulation evaluation it is extremely im-
portant to establish that the particutar salt form in question
will have properties sl will result in & minimum of prol-
lems during the development of the dossge forms,  Since
Loxicity studies veually are initiated soon aller u compound
has been dasignated for further studios in s, 1L s impor-
tant that. Uhe salt form sclected has bemy given o oriticul
evaluation to determine whether or not [t propertios are
suitable.,

Since physical and chemical stability ave vilad to any phar-
maceutical product, it is imporative that the preformulator
evaluale both parameters, A systematic determination of
the thermal atability, solution stability (at several pli's) and
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light-senuitivity of the drg substance provides essential in
pud, townrd the seleclion of the most suitable derivative.
Stadies vaanlly are initiated early to klentily problems.
Samples of Lhe salts [o question usuadly are placed under
eragporaled conditions of hesl and lght in the presence and
absence of moisture and subsegquently analyzed 1o deter-
mine the amount of brealidown.  In many instances stabil-
ily-indicoting analylical methods muy vot he available, Tn
these cases it 18 necessnry Lo vesort Lo thin-layoer chromatog-
raphy to cetablish o guatitalive asgessmaent of stability, AL
(o anme Lime, samplos are placed under high-humidity con-
ditions and weighed periodienlly o detormineg the degroe of
hygroscopieity of the compounds.  Compounds that have a
tendeney to adsorh or nbsorb moisture may present fow-
ability problems during encapsalation.

Solubility chargelematics alwo are evalunted, When npar-
Lleulay sall forn has vory good sobubility (greater than 10%)
it gemetimes is difficult Lo prepure a suttable gromulation
uging an nouecus granulating fuid, espocintly {or high doses.
Granubations preparud by these methody will not diy srtis-
{actorily or the granulation will not flow uniformly from the
hopper, resulting (o arge weight varialion dyping the com.-
pression slago. A critical evaluation of this bype with ditfer-
anl.aalt. forms huw hoen proven quite eifoctive i ensbling the
preformubdor (o make the seleetion of the walt form of
chioiee for further development.

PREFOIMULATION 14405

Gomypreseibiity and Compactibility

Pabiots renain n preforred dosnge [orm, und mlormation
oltoined during preformulation studdies on the ability of
powdered drapa ta be compressed wnd compnetad enn be o
valuable aid to formulators. Compressibility and compacti-
bility relade direstly to tableting porformance.  Compress-
ibitity cun be defined ng the abitity of ¢ powdoer to decronse in
volume wundey pressure, while compaetibility cmn be defined
as the ability of a powder 1o b comprossed Lo o tallet of a
cortuin wbrongth or hardness,  Bven though powdered drugs
ugsunlly are formulated with excipients to modify compres-
glon and compaction propertiss, the properties of the pow.
dored drug slone may be the privury determinant of s
ability Lo be manufpefurad into o tablet. Significant ditler-
anged it compression and compaclion behavior often ean be
obmerved in different fole of the smne drag. For exnmple,
chamyres in orystallization ve milling procedures may produce
differences in behavior,

Sompression and compaetion moest oflen are evaluated by
measuring the tensile sirength and hordness of compacts,
Tensile strength compponly is measired by digmetnd com-
pression of round tablets, where the analysis of slrength
accavnts for the dimensions of the tablet” Pransverse com-
pression of square compacts belween platens namower than
the compact is reported Lo provide more ropreducilile remdis
or a wider variely of powdaers,

Fovdness can he delined as the resintanee ol asolid to loceal
permanent defopmation,  Deformalion bardness tosts usu-
ally are measured by stalic impression or dynanie methods,
The static method tnvelves the lormalion of a permanent
indentativg on o solid surface by a gradual and regularly
inerensing stress Joad,  Hardnoss is determined by the load
und size of the indentation nod isospressed s force per wait
aren.  In dynamic tests, Lhe olid surfnee s oxposed 1o an
ahrupt impact such as s swinging pondulum or an indenter
pllowed to fall under gravity onto the surface,  Horduess
then is determined from the relound height of the pendu-
T or the valume of the resadting indentalion,

Hieatand has used aduptations of n compression fesland o
hardness test 1o oblain measurements that are weod o for
mutate Lhree dimensionles parnmeters o indicest ‘Phe
indices are used (o characterize the velative tablebing por-
formance of individual components or mixtures.  The
Strain Indey s the rntio of dynmmic indentation hardneas to
reduced Young's maduluy, 'The Bonding Index js the ratio
of tensile strength to indentation hardnoss. Tha Bricele
Fracture Index iu obinined by compnring the (ensile
strengths of sguare compaets with and without g holo at
their comter, The indicos Lhemselves do nol mgasure intrin-
gie propertios of a4 chemical compound, bul sather Che Lails
that influence the tableting parformance of a specific lof of
chomical. JUis necessaey (0 lenow the magnitude of all (heos
indices to predict tho vaviety of (nhleting properlies tht
wmay be incurred.  Such informntion can aet an u guide in
solecling ewcipionts o overcome problem properbios of o
drug ingrediont,

Chemical Properlies

Tha evaluation of the physical and chemicsl stability of a
aew drug substancs s a0 important funetion of the profor:
nadation group. ‘The initiel work shoold he designed o
identify those Faetors that may resull in an atteration of the
drug substance under stwdy.  The plivsient pharmacist ind-
tially can anticipate the possible wype of breakdown that a
compound will be subjected 1o by examination of the chomi-
cal staenetne of the eompound.  For example, esters wnd
amides nre sensitive to hydrolytic degradation while acri-
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danes and entecholamines are sensitive (o oxidative degra-
dation.  With (his preliminary knowledye one may more
effactivaly design studies (o identify the problems early, At
this point the privnary concern is not the pnthway or mecha-
nism of degradation. A stability-indicating mathed of anal-
ysie usually is not available early in the preformulation
phase, ‘Techniques such as thin-layer chvomatography, dif-
fuae reflectance and thermal analysis can be used to provide
data to agaess preliminary stability,  Sometimes, tho peolim-
inary evaluation is complicatod by the presenco of impuri-
tics, It isowsential Lhat the drag under study he pure before
any stability Lests are undertnken, The prestnce of impuari-
ties can Jead to crroncous conelugions in the preformulation
evalualion.

Drug Substance Stability—11 i extremely important to
determine the stability of the bulk chemical us varly s
possible. One hardly would expect to prepare stable dasige
forms with a chemicnl substonce that was not slable in the
pure state, Samples of the chemical sre subjocted usually to
various conditions of light, heal and moisture in the pres-
ence and absence of oxygen, The chemiml ks placed m
nealed vials with nnd withoul meisture nnd stored at various
elovated temperatures which may vary to some degree {rom
lahoratery to lahoratory, Light-sensitivity is menaured by
exponing the surface of the compound to fight.  Suniamps
ave sometimes uked Lo exaggernte light conditions,  Hygro.
yeapicily is evalunted by placing the ¢lhiemical in open petri
dighes al. relative humiditien from 30 10 100%. The sumples
aie monitored regularly for physical changes, moistare piek-
up and chemical degradation,

Mot drug substandes ere cither stable at all eonditiong,
stable under special conditions of handling, unstable with
special handling or completely unstable. Whon drug sub-
stances are found to have some stability problems, ibmay be
impuortant to define the pathway of dagradation and initiate
sttidion to stabilize the compound with appropriste addi-
v

At this point, it may be advisable 1o copsider some of the
maore prominent renctions accounting for instability of new
drug substances.  Obviously, some compounds will not un-
dergo any nppreciable decomposition if kept dvy and away
from air in o seoled container, N must always be assumad
that the new drug substance is in some kind of formulation
environment that may load to instability problems.

Hydrolytic Degradation.. Hydralysin is probably the
degradativa process encountered mosl frequently in the for-
mutation of new drogs, Tt s sale Lo nssume that most new
drugs will be exposed Lo water al some stoge during process-
ing or during storage; henee, hydrolysis may eccur unless the
conditions are optimurm,  Hydrolysis ceeurs with esters, -
ides, salts of weak acids and strong bases and thioesters,
among othars, A fow drug compounds thal undergo hydro-
Iylie degradation are procaine, penieilling sspirin and chlo-
rothinzide,

Trom & kinetic stondpoint, hydrolysia veaclions are ase.
ond-order renctions beonuse the rate is preportional 1o the
comcentration of twa reactaurts, However, in aguects solu-
tions, sinee waker is usaally present in exeess mad at yelative-
ly conatant coneentration, the reactiona are treated experi-
mentally as monomolecular o first-order reactions, Thia
gimplification permits caleulations of the extent of decom-
position under procise exparimental conditions by less-coms
plicated means, Extrapolution of the axaggorated rates to
room tomperature makey il pousible to eatablidh moro expe-
ditiously shelf-iife stability of potentinl new drug products.

Tho rate of hydrolysia can be affocted by temperature and
by hydrogen or liydroxyl lon concentralion when the hydro-
Iytic procens is dependent on pId, 1y 76- L8 shows Lho pacus
do-first-order bohavior sz a function of p13 for earbuteral in
aqupous solution at constant ianie ateongth at 856°, The
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dupendency of carbuterel hydrolysia at pH 4.0 and 10.0.

effect of tempernture is illustrated i Fig 76-19 for carbu-
terol at pld 4.0 and 100 respeetively.!'  For solids, the
amount of maoisture present Js minimal. When eonsidoring
a druy substance that undergoes bydrolytic degradation,
studies are designed to estabdish the conditions of pl and
buffer concentration whese minimum decormnposition oceurs,
There sometimes is o wide range of pl adjustinent that o
drug sabstance can lolernte.  For example, idoxuridine wag
shown (o have maxbmnn stability over a pH range from 2.0
to 8.0, Fig 76-20 shows the pld-stability profile.™ Another
druy nubstance, carbuterol, hydrodyzed by aw intramolecular
process showed maximum glability over a wide pll range,
Evon thowugh these compounds exhibited a wide vange of pI
for optimum stability in nqueous selution, thay could nol. be
formulated and provide producte with satislnetory shelf
lives withoul apoecial cosolvent systems and/or special slore
age conditions. Cefaaolin was khown to have a narrow pH
range toy maximum siability ss indicated in Fig 75-21.%
Buffering aguoeous solutiona to provide a pH for optimum
stability can lead 1o stability problems,  Stability sometimos
iu affeeted by bulfer concentration; for example, carbutorol
atahility was shown to be affected by phosphmte buffer con-
centration.

Another munner in which the physicol pharmacist can
overcome an instabitity due to hydrolysis is fo rectmimend
the proparation of an inseluble salt form or o prepare nsolid
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Fg 121, pHRute profile of cefuzolln dogradation in agueous
solutlon at 602 (u s O8], Solid lne:  theorellcal profile; clréles:
oxperimeantal profile; squares:  (atos uncorrected for hulfar aftect.

dosngre form.  Insoluble ehlorobhiazide ix stable in neuteal
agueous suspensions, but solutions of the sodium salt al
relatively high pl decompose rapidly.  Frequently, the re.
placement of water by some othoer aolvent, such as alcohol or
the polyhydroxy selvents, reduces the hydrolylic rate of
degradation for some systems. Acetylsalicylic acid suspen-
wioms containing high concentrations of sorbitol improved
stability, Ampicillin also was shown Lo e more stable when
the eoncenlration of alecohol wan increased. The formation
of moleeular complexos with sromatic esters greatly redvces
the hydrolytic rate of degradation.

14 alse has been shown that atabilily of same compounds
may vary depending on whether or not they exist in the
micellar or nonmicellsy state. For example, a difforence in
tha chemical etability of penieillin exiats in the micellor state
fram that in the monomeric state.

Oxidation—Oxidative degradation is ss impartant as hy.
drelysis in the preliminary stability evatuation of new-drug
substunces,  Studics should he nitiated to establish the
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oxidative route, then steps should be daken to determing
what additives con minimize the degradation. Oxidative
degradation in common with many droag compounds.  Ascor-
hic acid, epinephrine, vitamin A, chlorpromazine, isoproter-
wnol, morphine, rosorcinel and wsaturatod fots wd oils are
sabject to oxidotive degradation. The oxidation reaclion
depends on several factors, including temperature, oxygen
cancenteation in the Hguid, impuritics prosent and the con-
centration of the oxidizable component, 'Tho tmnperature
affact in solutions is vsually minbnal; however, in the dry
state it is more pronounced since other factors such as mois-
ture dictate its stability behavior

Inilinlly, it is important to establish that oxidation s tak-
ing place.  Solulions of the drug substance in question are
aaposed Lo various exnggerated sonditions of light aud oxy-
gen {onsion in amber and flini-glass containers,  Samples
are analyzed Cor dogradation, When i has been established
that the oxidative route in the principal pathway for degra-
dation, appropriate additives are used to determine whal
alfect thay might have on the siability.  Sometimes pl s
eritical, sinee a great number of oxidationsreduction pro-
cosmen depend on the concentration of hydvogen or bydroxyl
ons, Light usaally necelerates degradation, thus the stor-
ape of producls in dark containers deos much to preserve
slability. Photochemical changes many times nvolve the
formation of other reactive compounds or free radicals
which funetion to propagate the deconiposition, onee shart-
ad, Aute-oxidatien may ocour in the abvence of Yight when
auscaptible materials, such g fats and oils, nre stored o Lhe
prosence of air. The anto-oxidation of phenolic compounds
s of apecial significance since compounds such as epineph-
rine and isoprotorenol degrade in this munner, JHenyy metal
Tonm, eg, cupric and ferric, accelernte the oxidation of mear-
bic ucid and the phenothinsines,  Wrequenidy, only trace
quantitios of these jons, occorring as impuaritios, may be
aufficient to cause an increased rote of decomposition, This
can he a consistent. problem sinee many of the so-called inert
ingredients may have heavy motal contaminants,

The oxygen concenteation in solution iz o factor In many
cases and often depends upon the temperature of storage or
the solvenl employed.  Oxygen is more soluble in water al
Tower lemperatures 5o thal oxygon-dependent reactions can
sometimen procead morve rapidly ad the lower temperatares,
Ascorbic seid s more stable in 90% propylene glycol or in
Syruyp USP than in waler, prosumably becruse of the lower
oxyren coneentration in these vehicles, Oxidative dogeada-
Lion is an oxteomnely complox process sinoe tie overal] vate is
dependent upan several faclors, Prepuralions sonwitiva 1o
oxidation are somotimes stabilized by effectively renoving
the oxygen and by the addition of suitable additives,  Nitro-
gon [ushing has beon used successfully for this porpose. A
wide variaty of reducing sgents and compounds Lo seguester
metals and inhibil chain reactions has been employed for
slabilination, hul roladively fow are acceplalile for parenteral
prodacts, Often, it is necessary 1o combine ingredients and
adiust pH to maximive stability.  Detpiled kinetic studien
have baen ropovied lor the oxidative decomposition of pred-
mmolone,

o physical pharmacist bas s difficult Lask with oxida-
tive degradation,  Initially, oxperiments must be designod
that will oncompass many variables, Preparing swnplos at
saveral concentrations containing anlioxidanis plus sequies-
toring agents at several pH levels and placing them in {lint or
amber coptainers with and without, nitrogen iy a common
procedure, Tho sulmeguent evaluation of these limited data
is oritical,  Lighlosensitivily studies with several formula-
fiong of prochlorperuzine resulted in the selection of o stable
formula,  In a study with idoxuridine il wos shown that
placing the squeous solution v oy amber conlpiner waa
guflicient W proteet the product from oxidative degradation,
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Drug Substance-Breipiont Intoraetion-Drag sub-
stanco-oxeipient studies are designad to determine a list of
excipients that con be used roulinuly in the final dosage
formy,  Lactose, sucross, enloium sulfate, diealeium phos-
phate, slareh and magnosinm stearate are some of Lhe suly-
stances routinely tested tn combinations, Some basic ohyer-
vations with the drug substance and/oy is salt form aome-
times cun dietale what oxcipionty ean be used.  Forexample,
one wonld nol connider wsing suerose or lactone if the drug
aubstance bohmy eonsidered is o primary amine.  This gys-
tem has the potontial for internetion lo form & colored com-
pound rendily detected by a color change,

Various menns have been used for detecting potential
interselions and incompatibilities.  Diffuse reflectance
technltues have beon used to deteot interactions, "This hay
heen done by comparisg the specirs obtained initially with
those obtained after storago at cxagpgerated contditions, A
shift in absorption has been intorpreted as an interaction,
Thin-layer chromatography also has been used, When ex-
cipients are present it i waually advisable to net a mixlura of
the excipients at the same conditions as the excipient-drag
nixtures.  Thiz will give a comparison of the chromato-
graros of both systems, 1 any new degradation products are
present, the source may he dotermined more eusily.

Mixtures contamining at least two levels of drag concentra-
Gion with excipients are sealod in vials containing 5% water,
"Phese vinle are stored under exaggeratod conditions of light
and heat for various tivie pericds. The resultant samples
aro ohserved physically and analyzed by an appropriate
technique Lo got a qualitative dederminution. At ihis point
in the stability evaluation, which is & preliminary sereening
process, it is nob nocessary W know exsctly liow much has
degraded, It is an ol -or-none effect. The soarch is for the
excipients thal have no cffect on the stability of the nctive
ingrediont.

Whan solution interactions are being investignted and no
incompatibilitics are evident, it is wiso to rocomnmend an én
piro experiment to evaluate availabilivy,  On ocepsion, inter-
action may accur in solution thal s not detectable with
routine procedures.  For exsple, clindamycin wag found Lo
interact with cyclamates, which interfere with the absorp-
tiom of the drug.

Other Changos—Optically active substances may lose
their optical activity; og, throvgh racemization. I the entio-
maphic compounds possess difforent degrees of physiologic
action, such changes may result it redueed thevapeutic of-
fects, LEpineplivine hag been shown to andergo racemization
under various acidie and basic condilions,  Allhough (he
potential for this to become evident during a preformulation
evaluption is rore, one should always bo aware of this porgi-
bility. Polynerization is alse a remote posaibility. Darken-
ing of glucose solution is attriduted Lo polymaerization of the
breskdown product, 3-(hyelroxymothyDfurfural,  Tsomer-
ization, which s the process involving the change of one
gtructure into another having W sping empirical formula
but with differont properbios in one or moro respects, olse
enn peeur; aain, the oseorrence is rare. Demmination and
decarhoxylation ean oceur somotimes. 'This type of change
waouk] be detected easily since he resaltant degradation
produets would have complolely different properties.

Permeability

A preformulation evaluation shauld include stodies 1o ns-
ey Lhe passage of drug molecules across biologieal mem-
pranes,  These membranes act oy lipid barviers (o most
drugs and permit the absorplion of lipid-soluble substaneces
hy pazsive diffusion.  Lipid-insoluble substances can eroes
the barrier only with cansiderable difficully. The pJ-pacti-

tion theory explaina the interrelationship of the dissociation
coustant, lipid solubility, pI at the absorption site and the
ahaorption choracteristicos of deags aeross membranes, The
theory has evolved folfowing o sories of investigations in
laboratory animals aond iy and i the Dasis of much of the
current underatnnding of absorption of drugs.

Datn obtained from boste physicab-chemical studies de-
seribied carlior may give the preformualntion scientisl an indis
ention of posaible alworption difficulties.  Faperimental
technigues aro available that con be used Lo give n more
pecurnde assessent of absorption problems.  An in vitro
system thal has heen vsed extensively consists of an agueots/
arganie solvent/nquecus system which hag the advantage of
heing wimple, allows for sccurste pH control, membrine
thiekness and other variables, I cun be described mathe-
matically in procise lerms,  Howaver, Lha interpretation and
careglation of data are limited when applied Lo biologic sys-
{ems.

Anather in pitro procedure, the everted sac technique, is a
simple and reproducible method Tor determining the ab-
sorplion characteristics of drogs.  Tuolated segments of yat
umall intestines are everted and fillad with a solution of the
drug being ovaluated, and the passage of druyg through the
membrane is determined,  This technigue hag beon used to
mensure the permeability of a number of dryg substances. '
It also cin evajuate hoth pussive and active transport of
drugs. The (act that the preparation bhas been removed
from the aninial and 4 normal blood aupply is o distinet
disadvantnge.

The fr sfty technigue developed by Doluisio, ¢t al,'® for
the study of membrane permeahilily appears to overcome
the disadvantages of the cverted sae technique. Since the
integtine is not. removed [rom its blood supply, the results
would be sxpocied Lo ba similar to those obtained in intact
animals, A disadvantage of the technigue is that the proces
dure does ol geeount for the losy of fluid from the solution
by absorplion in the intestine, Nonuhsorbable markers,
such ar phonol rod, can be added to the drug sohution to solve
thiy prohlem,

The tehniguoes doseribed ean give the preformulation sei
antist an indieation of possible abaarption problems or sug-
gost that little or no difficulty will be observed in the passage
of g particular drag product through the hiological mem-
branes, This information, along with eventual studies in
min, serves 1o establish posaible in vicrofin vivo correlation
forr dissodution and hivuvailability, Theae data are impor-
it in establishing quality-control specifications for the
products which will ensure conslstent biological perform-
ance from subsegquent, lots,

Proteins and Peptides

Proteins and peplides produced by the cormmercialization
of Wotechnology are presenting prefermulation scientista
with new chaliengos. In general, protein and poplide drugs
arce more expensive Lo produce, more potent and rore diffi.
cult Lo analyze than nonprotein and nonpeptide drugs.
They Mrequently are formulated as parenterals insiend of
oral dosage formas hecause they are unable W ho absorbed
from the GJ tract, unsinblo in GI fluids or sulject Lo rapid
firpt-pase motabolism, Degradation of proteing and pep-
tides oecurs not only by covalent hond reaglion but als by
denuturation. The prediction of shell-life by the Arrhenius
eguation is usually not applicable.

Degrendntion by reaction of the covalent lrond can be char-
acterizod by the following mnjor venctions: hydrolysis,
tranapeptidation, racemization, oxidation, diketopiperazing
formation, disulfide exchange and photodecomposition.
Hydrolysis eon oceur at the peplide Hnkage (I-NH-CO-13),
bul it in more stable than the ester linkeage (R-0.CO-R)
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unass clenvage is asnisted by a neighboring group. Honeo,
peptides such as oxytocin and caplopril are atabie onough
for liguid parenteral formulntions.  ‘rnspaptidation oc
eurs when amine acid residues eyelivo baclk mto the peptide
chain and the eyelic huermediate undergors hydrolysis,
Iacemization can oeour in actdic ar allialine medivm, and i
profine or glyeine oeeur i the Nederminal position, dikotopi
perazine formation i facilitated. Cysteine, metbionine and
tryptophan are mseoptible to oxidation, and sinee disulfide
exchange j4 concentration-dependeont, oligomers are formed
froquently ns a result of the ereation of disullide bonds
between peptide ehaing,  Photodecomposition ol {ryplo-
phan residues may lewd 1o discotorntion and photoproducts
of ingressed molecular weight.

Pagradntion vin denaturation oceurs when the eonforma-
Lional slrueture of & protein or peptide v altored,  Potentinl
{aetors What can denature a molecude inglude fonle strenpgth,
surface-noetive agents or pracessing eonditions that subject
the moloeule Lo shear or adsorption,  Jdentitication of the
preferrad conforimition, and mechanisns by which it can be
allered, v eritieal in formulating e molocole as o stable
drug.  MHydrogen honds el 1o siabilize conformational
gtructure ubd 1he presence of water promotes hydrogen
bonding. Mence, agents thot disrupt the water-pratedn ine
teraction sach as salis and moleculos with jonie side chaims
can promoete conformationst imstahility,

Several methods enn be wsed to study denuturation of
proteing, These inelade therma walysia, detarnination of
eritical micelle soncatration, determinalion of clogd.point,
light seattering and fluorescence speetrometry.  Thermal
analysis with useanning microcalorimeter 5 usud 1o measure
enorgios of transition ia solution and is usetul tor determin-
ing the effect of stabilizing excipients on proteing insolution.
Mensuremend. of the eritienl micelle soncentration alsn can
be used ag o Gool Lo atady the ability of un exelplent 1o
siabitize or disrupt the hydrophobic interactions which pro.
mote micellerization. Clond-point mensarements (the wni-
perature, when eooled, ot which aosolution becomeas cloudy)
also have been suggrested ag a tool Lo shudy the ¢ffocts of
solvents or excipients on denaturiation,  Flumescetioe gpoc-
trometry can be uged (o meagure thermal denafuration by
using a fAuorescent probe whose fluovescence ineresses whon
a protein iy denaturaed,

Proteine and peptides can he stabilized in many ways,
ustially employing cmpivical, rather than theorefienl, prove.
dures, For purenternl formulalions, excipients sre ndeed 4o
enhance sbability. Seram albumin, isel! orelatively stable
protein, is used eommonly as o stabilizer for peprides amd
proteing, 1t may inhibit surfuce adsorption and act s o
aryoprotectant during lyophilization.  Amino neids, sueh Ay
glutamic or agpuriic scid, may chelate metnls such as sine,
which may cause aggregation; howover, metal ong, sieh as
ealeitnn, are essential to the stability of certain wnyluses o nel
proteases.  Phospholipids and falky aeids wlao are potentinl
stabilizers, Ewven thouph surfuctants have a high denaturing
elfoed, they alae may inhibit the effeots of other denaturants,

Protoeing, as opposed to nonprotein drugs, may find a di-
lute aquecus medium unfavorable, Vherefore, one shonld
attempl fo create an environment similae Lo e natursd
habital of the apecilie protein,  Thin environment would be
rieh in proteins and carbobydrates, low in oxygen and hiave n
high degree of immoebilized water. However, as methodalo-

des for studying denaturation and degradation hecome
maore defined, Lhe number of excipionts needed to glabilive o
furmulation ean e limited selectively.

Formulation ingredients

Although prefiminary sereening of commonly used exeipi-
onts with new-thrm subs laneas has hecome routing in pafor.
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mwilation studies, theve ave socasions whan prolilems arise
bheenuse of the inferagtion witly additives such as preserva-
Lives, staly)ivers, dyes mid, posailly, favors, A diseassion of
some prohlemy thad have tisen [ in arcer Lo make fornula-
Lors awire Lthat they should be congurtzed nbout the patential
for intevaction whenever anathor ingpredient s added to o
formuition.

Presorvittives—Jiach Wme n lquid or semisolid pharma-
eentient dosnge form s propaved, it is necessary 1o include o
prosevvadive in the formulation.  Such preservatives as sodi-
um henzonte, sovbie acid and the methyl and propyl estors of
p-hydroxyhensoic acid (parabens) hove heen used in these
sysbems for many years, “There have been reports that the
pardiens hove boen inactivated when used in the presence of
various surface-active sgentsand vegetable gums, Thit Joss
of netivity might be due to the lormation of complexes be-
tween the preservative dnd Lhe sucfactant. A dinlysis tech-
nigue hos heen used Lo detonsteate an interaetion betweun
polysorbaie 8) and he parubens, "Thin observalion e
comus critionl if the level of presesvilive ndded is borderline
with respoct. Lo the prescevalivee-nclivity threshiold,  The
desired preservative effect may bob be achieved unless wn
excess of the preservative is adided Lo companunte for that
which iy comploxed, 1L also has been shown that molecular
contpalexes torm when the parabens are mixed with potyeth-
yhene glyeol, methyleellnlose, polyvinylpyrealidone or gela-
tin, The deprae of binding was less Chan that uhserved with
polyserhate 80, Sarbic acid nlso interacia with polysorhates
bk s not internet with polyethylene glycols. The gua-
ternary smmoninm compounds ulso are hound by polysor-
il 80 Lo redoce thelr preservative activity.  Bonzyl aleohol
wlko wis shows Lo be adeorbed by eerlain Gypus of mahber
stoppers.  Subseguent work has shown (hat buly] rabber
doer nof interaset with bonzyl aleohal.

Antioxidants--During the preformulation evaluation of
compoungds that mre sensitive 1o exidation often it is com.
munpiace to tost several levels of antioxidant eoncentrations
atlded (o ngueous systems in order o determine the relative
affoctiviness of the antioxidunts,  Swdivm bisulfite and
ancorbie acid sre two antioxidants that nre nsed widely in
pharmaeraticnl systoms, Sodium bisyfite yvields o colarless
waler-soluble salt when it s oxidized. It will add to double
lwonds, renct with aldehydes and certain ketones and eon:
tributen in bisullite oleavage reactions. Many of the reac
tions with bisullite are iveversible, and the resulting
sulfanic acids frequently are hiologicndly inactive, $ipineph-
vine s besn shown to interact with blsullite 1o forn o
bisulfite nddition product,  Other sympathomimetic drugs,
prineipally the orifes or para-hydrosyhonayd aleohol derive
atives, also react with bisulfite in 2 similar manner, The
meta-hydraxy nleohol does not react. Sometinies these i
Leraetiong are reversible as in Whe case with the adrenocortis
costeroid molecules.

Ancorbic neid, on the obher hand, s fems reactivie. Howev-
er, whan mixed with compounds having a primary nmine
nucieus, there is the tandency lor intaraction Lo ferm u high.
ly colored Schiff base.  One must be aware of Uhis possibility
when salepting 2 suitable antioxidant.,

Raspending Ageniy - Oecasionally, it will be necessary to
comsider e uge of o suspending agent Lo prepare some
preliminay suspension proparations for stability evalustion
prior (o stating toxicity testing,  The physical pharmagisl,
ghould be aware of the patentinl for these additives to react
with the dry substance belyg evaluated.  Anlonic water-
soluble compounds, sieh s sodiom cnrboxymethylcellulose,
nlginie neid, enrrageenin ad other hydrocotioids, slthough
peserntly consiclered inort, fraquently internel with drag
compounds in solution,  Coarboxymethyleellulose aud carig-
peonin form complexes, or posaibly solis, with many mediei-
nal agents inctuding procaine, chlorpromingine, henndryl,
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quinine, chlotphenivaming, neomyein and kanamyein, 1o
gome insLances the fopmation of the complex imparted bet-
Lar stability Lo the systent.  When this problem is suspectoed,
il iu importont to conduct appropriate tests to insure that un
interaction does not take place in the system being evaluat.
ud.

Dyes---Although preformulatiog tests asually are cone
dueled tong hefore any considoration of coloring the intend-
ed dounge forms, they should not be overlooked,  Dyon are
chemicnl in nature and contain ronctive wites capable of
cuuming ineompatibilities,  Sovernd studics have demon-
atrated that certified dyes do roact with drug substances.
Bupars, sieh g dextrose, luelose and suerose, wore found 10
increase the rate of fading of ¥D&C Blue #2. lusoiuble
complexes alse were furmed when quaternary ammoniam
compounds were farmulated with FD&C Blue #1.

Summary

The preformulation evaluation of new-drug substances
has become an integral part of the development process. A
thorough understanding of the physical-chemical propertien
of the new-druy substance under study provides the devel-
opment pharmacist with data that are essential in designing
stable and efficacious dosage forms, Moy of the problems
discussed and Uhe solutions offerad in this chapter resulted
from application of seientilic rnining of present-day phar-
maceutical scientists,  Theiv diverse skills, creative apti-

tudes and initiative provide the pharmaceuticn) industry
with the essenlinl ingredients 1o develop drug products that
help mainkain the healthecare process st [ts highest level of
excellence,
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Bicavailability and Bloequivalency

Testing
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Pharmacy is a profession that requires the use of a number
of scientific disciplines as well as the individual professional
expericnce of its practitioners, Compounding of medica-
tions has become a small part of the pharmacist's practice,
now replaced fargely by his major role and responsibility for
safeguarding drug-product quality through proper selection
of multisource drug products. One need pot becomes em-
broiled in the controversy of brand-name vs generie prod-
ucts, for this is not the issue. The problem is one of dis-
criminate selection of a drug product available from differ-
ent manwfacturers-—often of substitution of ene product for
another, whether it involves a brand-lo-generic, generice-to-
brand or generic-io-generic change.

For the pharmacist Lo accept such responsibility, he must
be reasonably knowledgeable in biopharmaceutics, with pat-
ticular cinphasis on drug bivavailability and hicequivalence.
Variable clinical response 1o the same dosage form of & drug
product supplicd by two or more drug manufacturers is well-
recognized. In this chapter only bioavailability problems
will he discussed. Chemical equivalence, lot-to-lot unifor-
mity of physicochemical characteristics and stability equiv-
alence are but a few of the other factors that are important,
as they too can affect a patient's ultimate clinical response Lo
adrug.

One must not Le led to a feeling of overconfidence in the
simplicity of product selection solely because the FDA pro-
mulgated bioavailability regulations. Even for the limited
number of multisource drug products that require some type
of bioequivalence testing, it should be recognized that the
testing is only on one lot of the product. Similaily, where
only in vitro assessment is required, data provided are limit-
ed to one {o three lots. There is a misconception that once a
product is marketed that the FDA centinues o Lest each lot,
"T'his is not the case as very few drug products ave followed up
at the FDA laboratories. The queslion of continued assur-
ance of bicequivalence and chemical equivalence must,
therefore, be posed by the pharmacist. This is where the
challenge lies, and the pharmacist hns to call on both his
Lechnical training and experience to male appropriate drug-
product selection decisions.

Bioavailability

In nny discussion of bicavailability and Dbiveguivalency
tesling, it is perhaps besl to start with the basic concepts and
factors that can affect the bicavailability of a drug and con-
sider how these can affect bioequivalency and the clinical
suleome of drag treatment. At the outsel, the terms used in
this chapter reguire carelul definition since, as in any area,
some lerms have been used in many different contexis by
different authors.

Bioavailability is an absolute ferm thatl indicates mea-
suremnent of bath the true rate and total amount {extent) of
drug that reaches the general eirculation from an adminis-
tered dosage form.

Equivalence is more a relative term that compares one
drug produet with another or with a set of established sian-
dards. Equivalence may be defined in several ways:

1. Chemical eguivatence iundientos thal two or more dostge forms
confain the labeled guontities (plus or minus specified range limis) of
e drog,

2, Clinical egeivalence aeeurs when the spme drg from o or mare
dosape Torms gives identical in nivo effects s neasared by a pharmaco-
fopieal respanse or by control ol a symptom vy disease.

3. Therapeutic equivalence implies thai one structurally differont
chemicil ¢an yield the game elinienl result as onother chemical,

4 Bioequivalence indicates that o drug in o ar move siteilar dosage
forms ronchos the general cireutalion at il same refutive eate and the
same refuffve extent, ie, that the plasma (blood or serumy} level profiles of
the drug obtained using the 1o dosage forns ave, within reason, “super-
imposable.”

Dosage Forms—In the dose titration of any patient the
abjective is, in canceptual terms, to attain and maintain a
blood level which exceeds the minimum effective level re-
quired for response, but. which does not exceed the minimum
toxic (side-elfecl) level, Thisis shown graphically in Tig 783~
1. Thereare three najor absorption factors which canaffect
the general shape of this blood-level carve and thus drug
response.

1. ‘The dose of the drug administered, iw, the biood levels will risc and
Talk in proportion o the dose administored,

9. The same a3 the firat bt brought about by a different process, is
the amaunt of drug absorbed from a given dosnge form. Thae elfect of
having onty ane-half of the drug absorbed from a dosape Torm is equiva-
lent io lowering the dose (Mg 76-2).

3. 'I'he rate of absorplion of the drugt. 1M ahsorplion from the dusage
forim iz more rapid than the rte of absorption which gave e profile in
Fig 76-1, toxie (side-eftect} levels can be exyecded. 11 absorplion from
the dosage form is sufTicientdy slow, minimum efleeiive levols may never
be attainod (Vg 76-3).

A combinalion of thess It e factors is aleo possible (Fig 76-4) and is
prolmbly the most Tikely vesull. in real dife.

In any of these instances, the Lime course and extent of
clinical response to the drug has been altered.

.. Miimum lexic Tevel

o,

“H“I:'Iinimum ellective level
~

i R

.

Plasma concentration

Time
Fig 76-1. Typical plasma-leval curve of a drug with effective and
taxic {side-offact) lovels defined.
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Fig 76-2. Effact of the extent of drug abscrption from a dosags form

on drug-plasma levels and efiicacy. The extent of absorption from
Dosage Form 81s 50% of that from Dosage Form A,

Minimum loxic level

.

\\Minimum effective levei

Plasma concentration

Time

Fig 76-3. Effacl of the rate of drug absorption from a dosags farmon
the plasma-level protile and effivacy. The rates of absorpiion from
Dosage Forms Band Care Yioand 10 times those from Dasage Form
A,

-y
.

Piasma leve! (arbitrary units)

Time {arbifrary units}
Fig 76-4.  Computer simulation of the plasma-level curves for two
dosage forms of the same drug assuming thal the rate and extent of
drug absorption for Dosags Form A ware 50% and 50%, respective-
ly, of thase tor Dosage Farm B.

Both factors, extent. and rate of drug absorption, can be
affected by the dosage form in which the drug is contained.
The effect may be intentional, as in sustained-release medi-
cation, or unintentional, as brought about by a change in the
composition gud/or method of manufacture of the dosage
formn,

It is important to remember that in most dosage forms the
only ingredient regulated by law is the active drug. The
choice of the other materials (adjuvants) used to prepare a
satisfactory dosage form is up Lo the individual manufactur-
er. It is through these changes, in composition and manu-
facturing technigue, that unintended changes in bioavail-

DisinLegamion Irenggrags:mn

Giranules Small prrticles

Selid dosage form ———— S
Binwnlaiin Elwsadaid iy Bsevlunion
al uf al
Arwg g Aty

drug w seluton

l Dhyug pharrlivg

Dy in blood

Fig 76-5. Sequence of events involved in the dissolution and ab-
s0rption of a drug from a selid oral dosage farm.

ability and bioequivalency may occur. A description of the
formulation of dosage forms and the factors which must be
considered by the formulating pharmacist is given in Chap-
ter 75.

Dissolution Rate—Por a drug to be absorbed, it must
first po into solution. In Fig 76-5, the steps in the dissolu-
tion and absorption of a tablet or capsule dosage form are
outlined. Similar profiles could be developed for any solid
or semisolid dosage form, ie, oral suspensions, parenteral
suspensiong or suppositories. The theory and mechanics of
drug-dissolution rate are described in detail in Chapter 81,
Suffice it to say that the physical characteristics of the drug
and the composition of the tablet {dosage form) can have an
effect on the rates of disintegration, deaggregation and dis-
solution of the drug. As such, these can affect the rate of
absorption and resultant blood levels of the drug.

Properties of the Drug—The physicel characteristics of
the drug which can alter bicavailability are discussed in
Chapters 35 and 75 and consist of: the polymorphie erystal
form, choice of the galt form, particle size, use of the hydrat-
ed or anhydrous form, wettability and solubility of the drug,
Chapter 75 also discusses several other properties which can
affect drug-product quality adversely, Many of these lac-
tors should be discovered during the chemical testing of the
drug product prior to the sale of the dosage form and should
not, therefore, affect, unknowingly, the bioavailability of the
drug product.

Properties of the Desage Form-—The various compo-
nents of the solid or semisolid dosage form, other than the
active ingredient, ave discussed in Chapter 83, Only an
averview, for tablet dosage forms, will he given here. In
addition to the active ingredient, a tablet product usually
will contain:

Binders are used to provide n free-flowing powder from the mix of
tablet ingredients so that the material wili flow when used on a tahler
machine, The binder also provides a cohesiveness to the tablet, ’I‘r}b
little binder wilt give fow problems and tablets which do not mnintain
their integrity; too mueh may affect adversely the release (dissolution
rate) of the drug from the tablet. .

Fillexs are used to give the powder bulk so that an acceptable-size
tablet is produced, Most commercial tablets weigh from 100 ta 500 mg
so it is obvicus that for many potent drugs the filler comprises a large
portion of the tablet. The binding of drug Lo the filler may oceur and
aliect bivavailability.

Disintogrants are used to cause the tablets o disiulegrate when
exposed Lo an aqueous environment. Too much will pmdu_ce tableta
which may disintegraie in Lhe botlle due o almospheric moisture; Lo
little may be insufficient for disintegration to occur and may thus aller
the rate and extent of release of the drag from the dosage form

Lubricents are used 1o enhanee the flow of the powder tu the tablet
machine and to prevent sticking of the tablet in Lhe die of the fablet
machine after the tablet is compressed. Lubricants are usually hydso-
phobic materials such as stearic acid, magnesium or caleium stearate.
T'ao little lubricant will not permit satisfactory tablets to be maﬁe; 00
much may produce a tablet with a water-impervious hgdrophpb:c coat,
which can inhihit the disintegration of the tablel and dissolution of the
drug. o )
The integrity of the manufncturer is not a Lrug physical ingredient
of the tablet, bt ibean have an effect on the clinical performance of the
dosape form. Many of the problems which arise here are related to, and
detectable hy, the physicel and ehemical quality eontrols Lhe manufae-
turer applies to his product (see Chapter 82). For cxa_unp}e, \Vll-?l fow-
dose polent drugs ihe determination that all the sctive ingredient
present, on the average, in the dosage {orm must be complemented by
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the defermination that each tablet containg the specified dose. 1 is
quite possible with potent drugs that Uhe nssay of combined tablets {1010
200y be wiibin compendial limits while the drog contents of individ-
ual tablets may far excecd these limits in both pesitive and negalive
directions.  Sueh variations in dose, and thus bioavailability, are detoot.-
shle and contredlalle by a chemical assay of the 1alilets,  However, these
assnys and othor detervinations may Dot always be done by manufnelur-
ers with low integrity. This defect may be out of ipnorance of the law or
intentional disvegard for it. The exislence of luws and federal regula-
tions does nod. menn that everyvone, sl any given poink in tine, is conply-
ing wille such lnws and repolations.

Bivequivalency Testing

The awareness of the potential for clinical differences
hetween otherwise chemically equivalent drug products has
been brought about by a multiplicity of factors which in-
clude, among others, better methods for clinieal efficacy
evaluation, development of techiniques to measure micro-
gram or nanogram quantities of drugs in biological fluids,
improvements in the technology of dosage-form formulation
and physical testing, awareness of a significant number of
reported clinical inequivalencies in the literature, increascd
costa of classical clinical evaluation, the objective, quantita-
tive nature of bioavailability tests and the increase in the
number of chemically equivalent products on the market
due to patent expirations on the wonder drugs of the 1350s
and 1960s,

The increase in the number of similar products from mul-
tiple sources frequently has placed people involved in the
delivery of health care in the position of having to select one
from among several apparently equivalent products.  As
with any decision, the more pertineni the data available, the
more comfortable one 1s in arriving al the final decision.
The need to make these choices, in light of the polential (or
in vive inequivalency among products, has increased the
demand for quantitative data on the clinical equivaience of
similar drug products. Bioequivalency lesting represents
one alternative solution to clinical testing for efficacy.

Requirements for bioequivalency data on drug products
should not be applied indiscriminately, For example, with
single-supplier drugs, for which clinical efficacy has been
cslablished, biovequivalency Lesting is mool. However, big-
availahility data on three lots would be an excellent measure
of reproducenble bicavailahility. 'This assures the quality of
the innovater and should serve as a guide for permissable
variability in the multiscore product. In Lhis context the
raison d'etre for bioequivalency testing should not be forgot-
ten, ie, it has been developed to substitute for the clinical
evaluation of drug products. Bioequivalency data cannot be
required i bicanalytical methodology is not available.
However, in a number of cases pharmacodynamic data may
provide a more sensitive, objective evaluation of a product’s
clinical equivalency than will clinical testing.

Pharmecokinetic evaluation of bioovailability data is not
necessary to show biveguivalence of twa drug products.
Pharmacokinetics has its major ulility in the prediction or
projection of dosage regimens and/er in providing a betler
understanding ol observed drug reactions or interactions
which result from the aceumulation of drug in some specilic
site, tissue or “compartment” of the body. The basis of all
gtatements Lhat two drug products are bioequivalent must
be that the responses observed (blood, serum or plasma
level, urinary excretion or pharmacologic response) for one
drug product essentially uve superimposable on the respons-
es observed for the second drug product.

The phrase “essentially are superimposable” must be con-
sistent with the clinieal realities of the situation, The easy,
but relatively rove, decisions in the evaluation of the bio-
equivalence of two drug products ore those where the lwo
products are exactly superimposable (definitely bicequiva-
lent) and those where the two products differ in their bio-
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cquivalency parameters by 50% or more (definitely bio-
ineguivelent). The demonstration of absolute differences
of 10% or less in the bioavailabitity of two desage forms is an
assignment which frequently is nol possible with teday’s
analytical tools and elinical facilities, In the area of 10 to
20% or even 30% differences between two dosage forms in
bicequivaleney parameters, clinical judgment must be ap-
plied to evaluate the significance of these differences. The
effect of a possible 10 to 80% change in dose on the patient’s
response must be considered carefully before one decides
that an apparent or possible 20% difference in bioavailabil-
ily is scceptable or imaceeptable. It should be noted that
the usual bioavailability difference allowed by the FDA is
+20%. There is no absolute reason why this value was
piclked.

TEven with dosage forms whose bioavailabilities have been
established (within 10 to 20%), there is a potential for unde-
sirable, unexpected clinical response when changing the
medication for a well-stabilized pationt from one drug sup-
plier to another.

1t is important to realize that a 10 to 20% hiocavailahility
difference abserved in normal, healthy volunteers eannot be
any less in a patient where {actors affecting drug absorption
already may be compromised. These relatively small hio-
availahility differences observed in healthy volunteers eould
be doubled or {ripled depending on the disease, the state of
the disease, the age of the patient, whether the patient is
hedridden, hag achlorhydria, has hypermotility or hypomao-
hility, ete. Variables aszociated with the patient in general
are unreconcilable and their individual cumulative eflect on
hinavailability is unknown. When one compounds this pa-
tient variability with a drag product that is less than opti-
mally absorbed, the outcome cannot be predicted. 'The pa-
tient for whom the drug is prescribed is the critical factor not
to he overlooked in product selection.

Bualuation of Biveguivalency Data

The following sections will highlight some of the tests that
should be considered when evalunting the data from bio-
cguivalency studies. The toples diseussed will be directed
specifically toward bleod- or plasma-lavel evaluations.
With minor modifications, the approaches outlined can be
ueed for urinary excretion measurements or for suitable,
guaniitative pharmacological response measurements,

General Study Design—Bioavailability studies usually
are conducted in normal, heelthy adults under standardized
conditions, Usually, single doses of the test and reference
product will be evaluated. However, in selected cases, mul-
tiple-dose regimens must be used, eg, acid-labile drugs. The
goal of the studies is to evaluate the performance of the
dosage forms under siandardized conditions. The assump-
tion that any change in conditions or subject health will
affect both dosage forms in a similar fashion is not valid and
separate tests should be performed.

The protocol should define the acceptable age and weight
range for the subjects to be used, 1t should define the
clinical parameters which will be used to characterize o not-
mat, healthy adult; eg, physical examination observalions,
clinieal chemistry and hematological evaluations. ‘The sub-
jects sheuld have been drug-free for at least 2 weeks prior to
tosting 1o eliminate possible drug-indueed influenees on liv-
er enzyme systems, Normally, the subjects will fast over-
night prior lo desing and will nol eat until o standard meal is
provided 2 to 4 hr postdosing. The doesage forms should be
given to subjects in a randomized manner, using a suitable
crossover design, so that possibie daily variations are distrib-
uted equally between all dogage lovins tested. The protocol

. should define sample-collection times and techniques Lo col-

lock the biological fluid. ‘The method of storage of the sam-
ples also should be defined.
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Bioavailability Assessmont and Data Lvaluation-—
Several paramelers are used Lo provide a general evaluation
of the oveorall rate and extent of absorption of a drug. An
analysis of all characleristics is reguired before one cen im-
plicate any one faclor or parameter as indicating bioequiva-
lence or a lack of bioequivalence.

The blood (or serum or plasma) concentration-time curve
is the foenl point of bioavailability essessment and is ob-
tained when serial blood samples taken after drug adminis-
tration are analyzed for drug conceniration. The concen-
trations are plotted on graph paper on the ordinate (or y}
axis and the times after drug administration that the sam-
ples were obtained on the abscissa (or x) axis.

A drug product is administered orally at time zero, and the
blood drug cancentration at this time clearly should be zero.
As the product passes through the gastroiniestinal sysiem
(stomach, intestine) it must ge through the sequence of
events depicted in Fig 76-5. As the drug is absorbed, in-
creasing concentrations of the drug ave observed in succes-
sive samples until the maximum concentration is achieved.
This point of maximumn concentration is called the pealk of
the concentration-time curve. If a simple one-compartment
model describes the pharmacokinetics of the drug tested, the
peak concentration represents approximately the point in
time when absorption and elimination of the drug have
equalized.

The section of the curve to the left of the peak represents
the absorption phase (usually absorption and distribution),
during which the rate of absorplion exceeds the rate of elimi-
nation. The section of the curve to the right of the peal is
called the climination phase, during which the rate of eliri-
nation exceeds the rate of absorption. It should be under-
stoad that elimination begina as soon as the drug appears in
the blood stream ond continues until all of the drug has been
eliminated. Blimination is classically the log-linear portion
of the curve. Absorption continues too for some period of
time into the elimination phase.

One must recognize Lhat elimination of the drug includes
all processes of elimination, urinary exeretion as well as
metabolism, of the drug by various tissues and organs, The
“efficiency” of meinbolism and urinary excretion will deter-
mine the shape of the elimination phaee of the curve.

Bioavailability studies are performed in healthy, adull
volunteers under rigid condilions of fasting and activity be-
cause the objective is to obtain guantitative information on
the influence of pharmaceutical formulation variables on the
drug-product’s absorplion. Drug blood-level profiles,
therefore, allow quantification of the rate and extent of drug
absorption and are critical in establishing the efficiency of
the drug product in delivering ihe drug to the systernic
cireulation.

Arguments thal bioavailability testing should bedoneina

400

Fig 76-6. Average cumulative amounts of
nitrofurantoin excreted from thres lots of 1wo
commercially availabie products after a single
cral dose of 100 mg of nitrolurantain,

20.0f /

Mitrefurantoin  {mgl

&
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“disense-state population” are nol tenable if the object of
the study is to assess drug formulations. If, on the other
hand, the purpose is to determine the effecl of ““disease” on
the efficiency of absorption from the drug product(s), then
one must use the disease-state population, The reasoning is
obvious. In order to assure that any differences observed in
the drug blood-level profiles are attributable to formulation
factors, one must hold all other variables constant, ie, food,
activity, state of disease, ete.

One need not be limited to drug blood-level profiles, butin
a similar manner many obtain cumulative urinary drug
amount-time profiles. Drug concentration is determined in
the urine at specified time intervals and the @mount excret-
ed per interval determined by multiplying the concentration
by the volume of urine obtained in that interval. The
amounts per interval then are cumulated and ullimately the
maximum amounl excreted in the urine is obtained. This
value is analogous to the area under the blood concentration-
time curve. A typical cumulative urinary drug amount-time
profile for several nitrofurantoin products i presented in
Fig 76-6.

In assessing the bioequivalency of drug products one must
quantitate the rate and extent of nbsorption. The factors of
the rate and exlent of absorption can be determined by
svaluating three parameters of a blood level concentration-
time profile. Three parameters describing a blood level
curve ave considered important in evaluating the biosquive-
lency of two or more formulations of the same drug; these are
the peak height concentration, the time of the peak concen-
tration and the area under the blood (serum or plasme)
concentration-time curve.

Peak Height Concentration—-The height of the peak of
the blood level-time eurve obviously represents the highest
drug concentration achieved after oral administration. Iiis
reporbed as an amount per volume measurement, eg, micro-
grams/ml. or units/mL or grams/100 mL, etc. The impor-
tance of this parameter is illustrated in Fig 76-7 where the
bisod concentration-time curves of two different formula-
tions of a drug arve represented. A line has been drawn
across the curve at 4 pg/ml.. Suppose the drug is an analge-
sic and 4 wg/ml is the minimum effective concentration
(MEC) of the drug in blood. I, then, the blood concentra-
tion curves in lig 76-7 represent the blood levels ohtained
after administration of equal doses of two formulations of
the drug and it is known that analgesia would not be pro-
duced unless the minimum effective concentration was
achieved or exceeded, it becomes clear that Formulation A
should produce pain relief while Formulation B, even though
it seemed well-absorbed, would not produce the desired
pharmacological effect and would be ineffective in produc-
ing analgesia,

On the other hand, if the two curves represent blood con-
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Fig T6-7. Blood concentration-thime curves obtalned for twoe differ-

@ni formutations of the same drug demenstrating rolationship of the

profites 4o the minimum ¢ifective concentration (MEC).

centrations following equial doses of two different formula-
tions of the same cardiac glycoside, and 4 ug/mL now repre-
sents the minimum foxic concentration (MTC) and 2 pp/mi
represents the MEC {Fig 76-8), Tormulation A, although
effective, may also be toxic, while Formulation B produces
concentrations well above the MEC but never achieves toxic
levels.

Time of Peak Coneentration—The second paraineter of
importance is the measurement of the length of tme neces-
sary to achieve the maximum concentration after drug ad-
minigtration. ‘This time is called the time of peak bood
gonecentration. In Fig 76-7, for Formulation A the time
necessnry to achieve peak blood concentration is 1 hr; for
Formulation Bitis 4 hr. This parameter is related closely to
the rate of absorption of the drug from a formulation and
may be used as a simple measure of rate of shsorplion,

To iflustrate its importance, suppose the two curves in Fig
76-8 now represeni two formulations of an analgesic and that
in this case the minimuin effective concentration is 2 ug/mL.
Forinulation A will achieve the MEC in 3¢ min; Formulation
B does not achieve that concentration until 2 hr, Obviously,
Formulation A would then produce analgesia much more
rapidly than Formulation B and would probahly be prefera-
ble as an analgesic agent. On the other hand, if one were
more interested in the duration of the analgesic effect than
on the time of onsel, Formulation B would present move
yustained activity, maintaining serum concenlrations above
the MEC for a longer time (8 hr) than Formulation 4 (8%
hr).

Areq Under the Concentration-Time Curve—The third,
and sumetimes the most important parameter for evalua-
tion, is the area under the serum, blood or plasma concentra-
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Fig 76-8. Blood concentration-time curves obtained for two differ-
ent formulations of same ke drig demanstrating retationship of the
profiles to the minimum loxic concentration (MTC) and the minimum
effectivo concentration (MEC).
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tion-time curve (AUC). This avea is reported in amount/vo-
tume ¥ time (og, gg/mbs X hours or grams/100 ml. X hours,
ete) and can be considersd vepresentative of the mmount of
drug absorhed following administration of a single dose of
the drug.

Returning to Fig 76-8, the curves, although much ditferent
in shape, have approximately the same areas (A = 34.4
pgiml < hours; B = 34,2 jg/ml X hours) and both formula-
tions can be considered o detiver the same pmount of drug
to the systemie cireulation, Thus, one can see that AUC
does not. represent the only eriterion on which bicequiva-
lency can be judged. All the results, as a compoesite, must be
used in reaching o decision as Lo bioeguivalency; no one
parameter serves this purpose.

Statistical Sense and Nonsense—When slatistical eval-
uations are employed in bivequivalency testing one must be
careful not fo assume, lrom a statement that “no statistically
signilicant differences were detected,” that two drug prod-
ucts are, therefore, bicequivalent. ‘The hasis of moat tests
for statistically signilicant differences is thal the two prod-
ucts are assumed to be the same until proven otherwise.
Therefore, if the data presented are highly variable (Jarge
standard deviation, ie, wide range of values), it would be
possible to show Lhat there was no statistieally signifieant
difference between an AUC of 100 units (%) wersus an AUC
of 40 units (%). In this case the statistica] test does not
indicate that the AUCe are truly similar; i simply means
that the data were too variable Irom patient to patient for
the statistics Lo be able to detect a 80.unit (%) difference in
areas, even if it exisied.

There are Lwo types of crrars associated with any statisti-
cal test. Those ara:

1. Alpha (&) Brear--This is the error with which mosi prople are
familiar and is the error associalod with e statement, “Uhe data have
been analyzed statisticaily.” o erver is e prohahilily (delined by the pp
value) iy saying the two trealments are difTerent when in fact they are
the same. It sheuld be noted that while highly significos p values
rachuee the slpha error, Uey provide no inciestion of the possibility Ut
the Lwo Lreatments being called Lhe same whes in fact they ave dilferent.

9. Beta () Brror-This is the ervor associobed with the possthilily
of calling two trentments the same when in fact they ave dillerent. As
the maximum percent dilference between means which ean he detected
with an « ervor of P S 0.08 is reduced, the f error also is veduced, ‘This
increase in statistical sensitivily dreduced o and 2 error) is obtained by
reducing the varinbility of the data. Variability usually is reduced by
increasing the mamber of data poinls (subjecls) in o bivavaitability
study. 1bis implicit that the analyiical methodology is specifie, sensilive
and precise.

T'he objective of slatistical testing for bivavailability eval-
uation should be to minimize both the o and # ervor.  Since
both errors are related mathematicolly to the variability of
the data collected, the solution is relalively simple. Suffi-
cient. data should be gathered so that the general statistical
test (o error test) would detect, if it existed, n predetermined
percent difference (20% for example) between the two dos-
age forms, 1f, for example, the two treatinents aye found
slatistically not to be (p < 0.06) different significantly, the
results indicate thal there is only I chance in 20 that the
rreatments are claimed to be different when in fact they are
the same,

If there were 18 subjects in the above example and a 20%
difference would have been significantly different statisti-
cally, there would e a /3 error of 4 chances in 20 that a 26%
dilference between means was not detected. That is, that
treatmenis whieh differed by moze than 25% were claimed to
be the same when in fael they were different. The level of
statistical sensitivity which ove feels is adeguate {(20% as a
rule of thumb) must be recvaluated for each drug product
iested Lased on the clinical performance of the drug,

Stalistical analysis also ean go Lo the other extreme, For
examnple, tests might show that an AUC of 100 units (100%)
was statigiieally significantly different from an AUC of 90
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units (90%). I the clinieal impression of the drug being
evaluated was that a 20% difference in dose (plasma levels)
would not be chinically significant, in this example it must be
concluded that the statistical test is too sensitive and the
difference observed, even if real, is not significant clinically.
Therefore, the drug produets are bicequivalent in spite of
the statistical findings.

Statistics should be used, in bicavailability testing, as a
tool to determine if sufficient subjects have been included to
minimize the effect of patient-to-patient variability in the
data analysis. The results of statistical testing should not
be used s the deeision but to help make the decision. One
must apply some statisticsl sense in order to avoid statistical
nonsense.

A Common Pitfall: Cress-Study Comparisons—Per-
haps the single most-common error made in interpreting
hivavailability duta is that of eross-siudy comparison. This
gecurs when the blood conceniration-time curve of a drug
product in one study is compared with the blood concentra-
tion-time curve of that drug product in another study.
There are three reasons why such cross-study comparisons
are dangerous and can lead to false conclusions. 'The follow-
ing examples used to illustrate the three points are taken
{rom actual bicavailahility data.

Different Subject Population—In Fig 76-9, a research lot
of potassium phenoxymethyl penicillin was compared with
the appropriata reference standard for that product. The
research-loi drug was found Lo be bivequivalent, with aver-
age peak-serum concentrations differing by 8% and the area
differing by only 9%. In another study conducted with a
full-manufacture lot of the tost product, the same lot of the
reference standard potassium phenoxymethyl penicillin was
used. The resulis of this study are shown in Fig 76-10.
Again, the two products were found to be hiceguivalent as
the peak and area parameters differed by less than 5%. In
these two studias, identicn] test conditions were used and the
same analylical procedure and Iaboratory was employed.
However, if one compares Lhe serum levels for the reference
standard lot found in Fig 76-9, with the levels for the same
lot of Lablets in the study in Fig 76-10, sizable differences in
blood levels are found as shown in Fig 76-11.

The average peak serum levels for this lot of tablets were
found to he B.5 units/mL and 125 units/ml in the two
respective studies, a difference of approximately 81%. Like-
wise, the average AUC was found to differ by approxzimately

91%. Such differences are the sole resull of cross-study
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Fig 76-9.  Average serum concentration of phenoxymethy! panicilin
foilowing oral administraticn of 500 mg given as one tablel of Recog-
nized Slandard {A), or of Tesl Product, Research Lot (O0).
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Fig 76-10.  Average serum concentration of phanoxymethyl penicil-
lin following oral administration of 500 mg given as one tablet of
Recognized Standard { A}, or of Tast Product, Full Mig Lot {B).
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Fig 76-11.  Average serum concentration of phenoxymethy! penicil-
lin following a single oral 500-mg dose of Recognized Standard, in
fwo different subject populations.

comparisons and are not due to differences in actual bio-
availability.

The same lot of reference standard tablets was used in
both studies. Hence, the difference must be due to the
experimental variables which occur normally from study to
study, The major difference between the two studies was
the subject population involved. In the first study, healthy,
adult, male, prison volunteers were used, whereas in the
second study, there were 17 females and 7 males in a hospital
clinie, also described ag normal, healthy volunteers, An
appreciable difference in gex distribution was obvious when
comparing these studies. Adjustiments for body weight and
surface area alone did not correct for the apparent discrep-
ancies in peak concentration or blood level AUC. It is diffi-
cult to determine the exact factors which caused the ob-
served differences. This example should serve as a note of
caution in comparing absoluie bioavailability values of peak
concentration and area under the curve from different stud-
ies.

Different Study Conditions—Parameters such as the
food or fluid intake of the subject before, during and after
drug administration can have dramatic effects on the ab-
gorption of certain drugs. Fig 76-12 shows the results of a
three-way crossover test where the subjects were fasted 12 hr
overnight and 2 br after drug administration of an uncoated
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Fig 76-12. Average sarum ervthromycin concentration adminis-
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Fig 76-13. Avorage serum erythwomycin concontration adminis-

ternd In 500-mg doses as three different tablet dosage forms, The
rogulls wore obtained from 12 healthy adult subjects with only a 2-hr
fast before drug administration.

tablet, a film-conted tablet or an enteric-conted tablet of
erythromycin,

The results of this study suggest that the wnprotected
tablet is superior to both the [iim-coated and enterie-coated
tablets in ters of blood-level performanece. These resulls
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Fig 76-15. Average plasma pradaisolone levels following 60 mg of
prednisono administered to 24 normal adults as a single oral dosa of
twelve 5-mg prednisone tablets from two different manufaciurers.
Plasma levais were determined by a competitive protein-binding
assay.

alsa suggest that neither {ilm-coating nor enleric-coating is
necessary for optimal blood-level performance.  Figure 76-
18 shows results with Lthe same tablels when the study condi-
tions were changed to only a 2-hr preadministration [asl
with a 2-hr postadministration fast. In this case, the blood
levels of the uncoated talilet were depressed markedly while
the film-coated and enteric-coated tablels showed relatively
lilile difference in hlood levels.

Tram this second study, it might be concluded that [ilm-
coating appears to impart the same degree of acid stability as
an enteric coating. ‘This might be acceptable if only one
dose of the antibiotic was required. However, Fig 76-14
shows the results of a multiple-dose study in which the
enteric-coated tablet and the film-coated tablet were admin-
istered 4 Limes a day, immediately alter meals, The results
show that the film coating does not impart the degree of acid
stability as does the enteric coating when the lablets are
administered immediately alter food in a typical clinical
situation.

Different Assay Methodology--Depending on the drug
under study, there may be maore than one assay method
available. Tor example, some steroids can be assayed by a
redioimmunoassay, competitive protein-binding, gas-liquid
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Fig 76-14.  Average serum erythramycin concentration-time profiles administercd in two differant tablet dosage forms.  The results were

abtained from 24 healthy adult subjects following administration of 250 mg 4 tines a day, with meals and at bedtime,
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Fig 76-16.  Average plasma prednisolone levals follewing 60 mg of
pradnisone administerod to 24 normal adults as a single oral dose of
12 5-mg prednisone tablets from two different manufacturers. Plas-
ma lavels were determined by a radioimmuncassay procedure.

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

Figures 76-15 and 76-16 show the results of a comparison
of prednisone tablets using a competitive protein-binding
method and a radiciinmunoassay, respectively. The seruin
concentration-time curves resulling from each method lead
to the same conclusion, that the products are bioequivalent.
However, Fig 76-17 shows & comparison of the absolute val-
ues obtained by the two assny methods with the same prod-
uct.

Qbviously, the wrong conelusion would have been reached
if one product had been assayed hy one method and the
other product by the other method and the resulis had been
compared. Even in cases where only one assay method is
employed, there are numerous modifications with respect to
technique amonyg laboratories which could make direct com-
parisons hazardeus.

The backbone of any bioavailability study involving plas-
ma (or urine} levels of drug, in addition to good study design
and subject controls, is the analytical methodology used to
determine the levels of a drug. In most cases one probebly
can assume that the precision and reliability of the method
employed in a given study have been established o a suffi-
cient. degree to make the resultg of the study internally
consistent. As demonstrated, major problemns arise when,
without. careful evaluation of the analytical methodology
employed, one attempts to compare the date of atudies from
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Fig 76-17. Average plasma prodnisclone profiles administered as a

single 60-mg dose to 24 normal adulls. Plasma levels warg deter-
mined by both a compelitive protein binding assay and a radioimmu-
noassay.

different laboratories. Even with simtilar analytical math-
odology performed by the same laboratory, it would be un-
reasonable to expect agreement, using the same dosage form,
of closer than 20 to 26% for plasma levels, AUCs, ete, from
one study to the next.

Under the best conditions, cross-study comparisons are
relatively insensitive, and at worst they can be misleading.
Cross-study comparisons certainly cannot be used to make
decisions or estimations of differences in drug products with
the generally acceptable sensitivity of difference detection
of 20% or less.

With insufficient data on the correlation of plasma levels
with clinical response, it is difficult to decide if it is the peak
plasma level or the totel body load of & drug that is impor-
tant. Changes in the rate of absorption require changes in
the dose given (body load) for maintenance of similar peak
plasma levels. Decisions as to which is more important,
body lond or peak level, are made with difficulty and tend to
reduce the objective quantitation sought in bioavailahility
testing.
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CHAPTER 79

Tonicity, Osmoticity, Osmololity and

Osmolarity

Frederick P Siegel, PhD

[Mrotessor of Phovmaceuids
College of Plagsiucy, Wriveisily of [Iinai
Chicaga. I 40612

1t ponerally v aceepled thet esmotic effects bave o major
place in the maintenance of homoostagis (the state of agui-
librium in ihe living body with respect to various funetions
and to the chemical composition of the fluids nnd Lissues, o,
temperature, heart rate, Dlood pressare, waler contenl or
blood sugar). To rgroat extent thess offects ocenr within or
Between eolls une Gissues whore they enmiot be measuwved.
One of the most troublesome probiemns in elinical medicine is
the maintenance of sdeguate body uidaand proper batance
between pxtracellulor and inteacellulne fluid volumes in seri
ovaly il patienis, TLshould be kept in mind, howevar, that
fluid and clectrolyte abnormalities are not direases, but sve
the manifastalions of disense,

Tha physiological mechanisms which contral watey intake
and entput appear to respond primarily b serom osmaolicily,
TItenal regulation of output is influenced by variation in rate
of release of pituitary antidiuretic hormone (ADH) and oth-
er factors in response 1o changes in aorum osmoticity, Os.
motic changes also serve an o stimudus Lo moderate thirst,
Thin mechanism s sufficiently sensitive to Hmit variations
i osmoticity in the normal individua to less than about 1%,
Hody fluid continually oscillates within this parvow range.
An ncrease of plasma asinoticity of 1% will stimulate AR
release, resuli in reduction of uring flow snd, ot the same
tima, stimalate irst that reaulls iy ineroased walar intadce,
Both the incrossed renal reabsorption of waler (without
selute) stimualated by circulating ADH and the increasert
water intake Lend Lo lower seram osmaoticity.

The transfor of waler through Uhe cell membrane oceurs a0
rapidly that any tack of osmotic equilibriunt between the two
[luid compartments in any given lsse asuatly s correetod
within a fow secondds and, a1 most, within a minute or so.
Heorwever, this rapid transter of water doos nol megn that
complete equilibration cceurs botwaen the extracellular and
imtracellular compartments throughout the entive hody
within this sume ghort poriod of time.  The reason is that
fhuid usually enters the body through the gut and then must
be tratmported Ly the cireulutory system to all tissues before
complete sguthlration csn osear. Tn the normal person i
my roquire B0 Lo 60 min to achieve reasonably good eguiti-
beation throughout the bady after deinking water,  Osmoti-
aity is the property thal largely determines the physiologic
acceptability of a variety of solutions used lov tharapoutic
and nuiritional purposes.

Pharmacenticnl and thorapeutic consideration of asmotic
effeets has been, 1o 4 great extent, directed townrd the side
offects of ophthalmic and parventerat medicinals due to ab-
normal osmoticity, and to either formulating to avoid Che
side effucts or finding methods of admindstration Lo mini-
ntize them, More vecently this consideration huy been ox-
temded 40 total (central) parentoral nutrition, to etteral hy-
peralimentation (“tube” feoding) and to concentrated-wid
infand formulag,!  Algn, in roecont yeurs, the importance of
asmometry of derwm and urine in the dingnosis of many
pathologica] conditions has lven meeognized,

There are a numbaer of examples of the direct therapeutic
affeet of osmotic nction, sueh ax Wie intravencas use of man-
nitol az o diuretic which ia filtoved at the glomeruli and thus
increnses the vsmotic prossure of tubolme uring. Waler
must then be reabsorbed againgt n higher vamotic gradient
than otherwise, so reabhorption is slower and diuvosis iz
observed. “The smme fundamental principle applics 1o the
intravenous administration of 30% urea used 1o affect intra-
cranial pressure in the control of corebral edema.  Peritone-
o) dinkysis fluids tend ta he somewhat byperosmotic to with-
draw wiuber nnd nitrogenows metaboiites. Two Lo five per-
cent godivin chioride solwiions or dispersions in an
oleapinons base (Mura, Bawseh & Lomb) and a 40% glucose
ointmeni are used topically for corneal edema,  Ophthalgan
(Ayerst) s ophthhhnic glyeerin wroployed for its osnotic
affect to clenr edematous cornea to facilitate an ophthalmo-
seopic or gonioscopic examingtion. Glyeerin solutions in 5
to 5% concentrations {Glyrol (70 Lad), Gsmoglyn (Aleon)]
and fsosorhide solution [lsmotic (Alcon)| are ornl osmotic
ngents for redusing imtraocatar pressure,  The onmotic prin-
ciple afso applies Lo plagma extonders such as polyvinylpyr-
rolidone and to saline laxatives such as magnesium sulfate,
magnesium citrate solution, magnesium hydroxide (via gas-
tric neutralizotion], sodium sullute, soditin phodphate and
sodiun biphosphate vral solution snd enema (FMleet),

An intoresting osmetic laxative which is a nonelectralyte
in a lactulose solution.  Lactuloge is a nonabaorbable disae-
charide which is colon-apecific, wherein colonic bucleria de-
grade soma of the disnccharide to Jactic and other simple
organic acida, These, in foio, lead fo an ovmatic effect and
loxation, An oxtension of this therapy is hutrated by Ce-
phulic (Merretl-Tow) solution, which uses the acdification
of the colon via lactulose degradation to serve a5 a trap lor
aminonia migrating from the bloed to the colon, The con-
version of amanonia of blood to the ammoniam ion i the
colon wltimately i coupled with the samotic elfect and laxs.
ton, thus expelling undesirable lovels of bleod spmonia.
I'his produet is emplayed Lo prevent and treal frontal sys-
Lemie encophabopathy,

Cumotic loxation s known with Uhe oeal or recial use of
glycerin and sorbitel, Fpsom zalt has been used i bathes
and compressos o reduce ederma arsociatod with spraine, A
relatively new approuch is (he indirect application of the
samotic effect in therapy via esmotic pump drug detivery
rystems,?

If o solution i placed in contaet with o membrane Lhat is
permeable o molecales of the solvent, but not to molecules
of 4he solute, the movement of solvent through the mem.
Brane is called ogmosis, Such o wembrane is often callecd
semipermoable. Aw the severnl types of nienbranes of the
body vary in teir permensbility, it is wall to note thut they
are aeloctively permenble. Mot normiat living-cell mem.
ranes maintain varicus solufe concentration gradionts, A
nelectively permenble membrane may be defined aither ng
one that does not permit free, unhampered diffusion of all
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