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Referenda Expediente No. 06019918 
Asunto So! icitud de Patente para: METANOSULFONATO DEL 

ESTER ETILICO DEL ACIDO 3-f(2-{[4-(IIEXILOXI-
CARBONILAMINO-IMINO-METIL)-FENILAMINO] 
METIL}-1 -METIL-IH-BENCI-MIDAOL-5-CARBONIL) 
PIRIDIN-2-lL-AMINOJ-PROPIONICO Y SU 
UTILIZACION COMO MEDICAMENTO 

Solicitante BOEHRINGER INGELHEIM INTERNATIONAL GMBH 
Clase ASi K 031/4439, A61 F 007/002, C07D 401/012 
Fecha de Solicitud 28 de febrero de 2006 

1. Ye, LUZ CLEMENCIA DE PAEZ, identificada como aparece al pie de mi firma, 
actuando como apoderada an el asunto de la referenda atentamente solicito a Usted se 
sirva concederme un plaza de treinta (30) dias, Para atender el oficio No. 9374 notificado 
porfijaciOn an lista del 14 Be agosto de 2009. 

2. Presento junta con este memorial, el recibo expedido por el Fondo Especial de 
a Superintendercia de lndustra y Comercio, an Conde costa el pago hecho par valor de 
$81000 an conformidad conic dispuesto an la resolucion No. 55819 del 26 de diciembre 
de 2008. 

Para Ia anterior presento copia autenticada de la sustitucion de poder del Doctor 
EMILIO FERRERO ala Doctora LUZ CLEMENCIA DE PAEZ. 

Seæora Jefe, 

N.T. 21-DIC-2009 91 COLO-09255-841-034-3 
ASG\MGM\1D-1 61 092\WP0L9255 NIT. 860.041.367-3 No M-2009-161092tksc 

LUZ CLEMENCIA DE PAEZ 
T.P.A. No. 23.555 
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Poderdante BOEXIRINGER INGELHEIM INTERNATIONAL GH 

Poder conferido el 12/12/1995 

Yo, EMILIO FERRERO, obrando como apoderado principal del 

poderdante arriba mencionado, rnediante el presente escrito 

sustituyo el poder a m– otorgado a la doctora LJUZ CLEMENCIA DE 

PAEZ, identificada con cØdula de ciudadania No. 35.456.344 y 

Tarjeta Profesional N°23.555, con todas las facultades que rue 

fueron conferidas. 

Hago la anterior sustitución confortne al articulo 56 del 

COdigo de Procedimiento Civil. - 

Seæora Jefe, - 

EMILIO FERRERO 
- 

T.P.A. N° 31.929 

C.C. N’ 438.019 de UsaquØn 

Acepto: 

2 J4r1 cE 
LUZ CLEMENCIA DE PAEZ 

T.P.A. N° 23.555 

C.C. No. 35456.344 de UsaquŒn 
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BOGOTA DC. 

4. 

COCIaFOirOn) quo a(s) firma(j) go’o aiareci(i 
an at presents documento es{son) la(s) suys(s) y 
quo of contenido del mismo as cleric. 
En constancla se firma esta diligencia. 

05 NOV. 2009 
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Referenda Expediente No. 06019918 

Asunto Solicitud de Patente para: !.TMTOSULFONATO 

DEL ESTER ETILICO DEL ACIDO 3-[(2-{[4-

(HEXILOXI -CARBONIL NINO-ININO-tTIL) - 

FENIL7}CNO] -TIL) -1-}TIL-1H-BENCI-MIDAOL-

SCARBONIL) -PIRIDIN-2-ILP3MINO] -PROPIÔNICO Y 

SO TJTILIZACION COMO }DICANENTO 

Solicitante ECEERINGER INGELHEIM INTERNATIONAL OMBH 

Fecha de solioitud: Febrero 28 de 2006. 

1.Yo, LUZ CLEMENCIA CE PASS, obrando como apoderada del 

solicitante en el asunto antes identificado, me refiero al oficio 

nümero 9375 notificado pot fijacion en lista del 14 de Agosto de 

2009, y atentamente presento junto con este escrito los siguientes 

artLoulos: 

� Mungall, BIBR-1048 Boehringer Ingelheim. Current Opinion in 

Investigational drugs. Pharmapress, US, Col. 3,6 June 2002 

(2002-06), pages 905-907. 

� Cairn M H: Crystalline polymorphism of organic compounds, 

Topics in current chemistry, Springer, Berlin, DE, Vol 198, 

1998, pÆginas 163-208. 

� Berge et al. J. Pharm. 301. 1997; 66 (1); 1-19. 

2. Puesto cjue se ban atendido a cabalidad ’as peticiones hechas per 

an Despacho sobre la presents solicitud de patente, atentamente 

solloito que Se continue an tramitación. 

Senora Jefe, 

COLO-09255-841-034-3 

!" MGM\PGM\ID-16!277\WPCL9255 
No. N-2009-161277\MGN 

NIT, 860,041 367-3 

(2 
LUZ CLEMENCIA DE PIJBZ 

T.P.A. No. 23.555 
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BIBR-1048 Boehringer Ingeihem 
Dennis Mungall 
Address 
Ohio State UnIVOTItV 
College of Pharmacy 
500W TWe!tth AvenuE 
colu  
0N43210-1291 
USA 
Em&!:ThOrtcb@aOLOOTfl 

Oaront Opinion In nventl9tllonnl D.I. 22 3(5)905-9O7 
o Pliarmap,essISSN 1472-4472 

BIER -1048, a Urronbhz inhibitor and an orally-active prdrug of 
BIBR-9S3ZW, is widn development by Boehringer bIgeHTCiIII as a 
potential aniithrontbotic agent (331S811. By 1999, ThR-1 048 was 
in pP:se Ilptiniaii triatsfw Ibonthnernbolism and the prevention 
ofsfroke due to atrialfibrillattn (SaiSBfl; by April 2002, proof-
of-prina)’k had t’esn demons Vaud in phase if trials in deep vein 
thrombosis [4465541. In July 2001, the wmpeay revealed that an 
INC was expected to befiled& BIBR-953ZWIn 2002 [4i5884J. 

Introduction 
Thron*in plays a critical role in thrombogenesis. Its primary 
roles are cleaving fibzinogen to form fibrin and activating 
Factor XIII. Thronibin a’so activates, Factor  and VIII, which 
leads to an increased production of thrombin. To counteract 
the effects of thront3n, three physiological mechanisms es 
antlthrombin III, hapaxin cofactor II and thrombouodulht 
Anfflhrombin m binds to thtOHIbi4 Factors IXa, Xa, X!a and 
)Cla, and this irreversible binding friaclivats the dotting 
fact OrL pharmacological  agents such as heparin can enhance 
He reaction with anuthrombin Ill. High doses of hepadn 
inactivate thrombin via heparin cofactor Th 

Indirect throntin inhibitors kndude unficticma ted hap atm 
and low molecular weight beparins, but fib ritbound &irombin 
is relatively resistant to their effects. Direct throntin ivlubftcts 
(DTh) mes a new class of anucoasu]anb which, mlilce Indirect 
throirnbin inhibitors, do not require ofaclom such as 
a,tthrombin ill to Inhibit thrombin, They also have the àLlfty 
to inhibit fibrjmbnund thrombin. Hirudin was the first agent 
discovEred In this class, and tlue intravenous agents asa HOW 
available bivaBru din (Angbmax; The MdJthns Company 
leprudin (Reiludan; Aventis Pharma AG) and argatroban 

ovasbn). Melagatran (Eantu; As&azezwca pl4 the acttve 
mebbolita of The oral prodrug dmeJagabn, is an oral dht 
thrantin h’hibitor, and is row in phase Ill trials 13776561 
Drugs such as melagatran have shown linear Imsfics, and low 
inthr-individual vadablilty in the deiesponse reiationshlp 
[4142741 [415870). 

A new synthetic, direct throntin inldbitor DThR-1048, an 
orally active, prodnig of BIBR-953ZW, is under development 
by Bcei liigelheioi, and is in phase if trials for 
thro,nboembolJsn and cerebronscular jschen,la [3318811. 

Synthesis and SAP 
Starting from the archetypal, peptide-like, thrombin inhibitor, 
N.2naphwl.sufonyI-gIycfrpaamidTho-phenylalanyl, 
piperi dine APAP), and using structure-based design 
tethniqun, a novel, nom-pepfithc, low molecular weight 
flunmign inhibitor, 5I3R-9532W, the active prodrug of En-
1048, was synthesized [415B701. 
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Originator Boebringer Irigeiheirn Corp 

Status Phase II ClInical 

lndlcatlon-Thromboembolicni, Cerebrovascular ischerria, 
Deep vein thrombosis 

Action Factor ha antagonist. CoaguLatIon inhibilo, 

Biotechnology Enzyme Inhibitor 

Synonyms & Analo9s8lRR-ID4ÆX BIBR-104838, 
BIBA;953ZW 

Pharmacology 
BM-953ZW is the pha macndynamically active principle of 
its double prodrug, 131BR4048. In vitro biochemical 
properties and effects on the coagulation assays activated 
partial thromboplastir. time (aPT!), ecarin clotting time 
(Eel) and prod-irombin time (rID were determined (4147/9), 
14242651. BIBR-953ZW Inhibited thrombin with a lvalue of 
45 t 02 nM (n = 2). Usbig the afl, humam were the 
most sensitive species (ED.= 023 – 0.021 pM, n 9). With 
LeT, however, the guinea pig wesThe most sensitive species 
(ED. = 0L90 * aoos PM n= 31 wMreaswith PT, it was the 
rat that was, the most sensitive species (ED  = 056 * 0D58 
IN; n = 3). In the tasted concentration range (1 riM to 10 
pM), BIBR-953ZW effectively Interfered with the coagulation 
cascade. 

In a rodent model of venous thrombosis 14147791, 
intravenous BISR-953ZW dose-dependently reduced dry 
clotweight from 10.3 – 1 (vehicle) La 9.1*15,62*22,3.3 – 
1.4 and 0 mg, at doses of 0.01, 003. 0.05 and 0.1 mg/kg, 
respectively. Regression analysis yielded an ED value of 
0.033 mg/kg, whereas In the same model, melagatnn 
showed an £D of 0.122 mg/kg. 

The antithrombotic effects of UIBR-953ZW and BIBR’1048 
were studied in a rabbit model of va’oas thromboetitholism 
[4187411, which combined chemically Induced local 
endothelial damage of both jugular veins with concvniltant 
blood flow reduction of the particular vessel segment in 
anthebzed rabbi This hterventioct resulted in the 
reproducible fcrwatioaof a venous dot in the damaged and 
partially occluded vessel segment Intravenous; 
adminlsatlon of BIBR-953ZW at doses of O03,0.1, 0.3 and 
03mg/kg (n = 4 in each dosage group) reduced the clot 
weight dose-dependently. The aPTr (control values 21–1 s 
a = 10) increased in a dose-dependent fashion after 
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administration of BIBR-953ZW. A significant inverse 
correlation was observed with increasing doses of BIBR-
953ZW between tha aP’lt prolongation and the clot weight 
[418741]. 

The prodrug BIBR-4048 was given orally at various doses to 
conscious rabbits in the same model of venous 
thromboembalisxn, and the anlithrontotic efficacy was 
evaluated 2h afteradminisatien Compared tt the vehicle-
treated animals, a dose-dependent inhibition of clot 
fontaon was observed a liar pretreatment with 1. 3A 10 (n 

4; pc 0.05) and 20mg/kg (n 3;p cODS). The inhibition 
of thrombus formation was accompanied by a. dose-
dependent prolongation of tha sPIT. In additional 
experimenL, the time-dependent anhthrombotic efficacy of 
BIBR-1048 was investigated alter nral preeatment of 
animals with the 10 mg/kg dose for different time periods. 
The direct thrombin inhibitor BIBR-953ZW and its oral 
prodnig, BIBR-1048, showed potent, doe- and time-
dependeat antithrombotic effects in rabbits A long-lasting 
anhthroznbobc effect, which correlated signillonuy with the 
er vivo aPTT prolongation, was observed after oral 
application of a therzpeutically effective dose [418741). 

Metabolism 
Pharmacokinetlr studies in both rat and rhesus mor.keys 
were dominated by the phamacodynanhical1y active 
principle BIBR-953ZW 14158911. In rats, C_ values of total 
radioactivity in plasma were about 300 ng/ml, and terminal 
t of total radioactivity was 17 K BIBR-953ZW in plasma 
demcnh-ated Cof2C0ng/nilanda tof Llh. in rhesus 
monkeys, the Cvaluewas50g/mt with a tof6handa 
mean residence time of 7 h. 

Bolus injection oft or 3 mg/kg iv BIBR-953ZW to rats time-
dependently prolonged the Lx viva aPfl up to 2 or 3k after 
admlnistraticm respectively 1414296]. Msc adininishtinn 
of 0.35 mg/kg Sc to rats (it = 4) Induced a tire-depdent 
prolongation of the al7rt, which reached a mamum of 22-
fold 15 mitt after administration, and a significant (p < OMS) 
increase was observed up to I It after administration 
Intraduodenal administration of &BR-953ZW exbthited a 
very weak aPIT prolongation. In contrast to BIBR-953ZW, 
oral admixu[sUation of BIBR-1048, the orally-active methane-
sulfonute salt, resulted in a dose-dependent prolongation of 
the aPfl in all species tasted 1414278]. 

Toxicity 
Hematuma and bleeding of mild severity at the vertipolicture 
silas ocruned in two of eight rabbits receiving 200 mg tin and 
at six 'f eight animals of the 4) mg fid dose group, and were 
considered drug-related. Multiple oral doss of EIBR-1048 
were well tolerated up In 200mg [418741]. 

Clinical Development 
Phase I 
in the first pcelo<onftohle4 pbze I triaL healthy -al-
m4sCs received single doses of 81flR4048 (10,30. 100,200 or 

400 mg) as oral solution. C values were 83,21,79,126 and 
243 ng/mJ, respectively The median time was 1.25 to 175 It 
Single oral doses up to 400 mg were well tolerated £4187401. 

In a second placebo-controlled phase I trial, the tolerability 
and the pharrnacoklnetic profile of BIBR-953ZW (50. 100, 200 
and 400 mg) were thvestigated after oral lid administration 
for 6 days. Average BIBR-953ZW tough pIsma 
concentrations of 20,58, 109 and 242 ng/ml were Observed, 
respectively. The coresponding mean values of C at 
steady state were 61, 187. 355 and 663 ng/nit, respectively. 
Plasma concentrations increased rapidly with a median T 
of 15 Ii. Mean tennimal elimination t?nf BIBR-953ZW were 
7.25,13.3,17.0 and 16.2 h, respectively [418740]. 

Thrombin activity was inhibited in a de-depeudent manner 
and coagulation parametem closely correlated with BIBR-
953ZW plasma concentrations. Ma,dittum prolongation of 
thrombin dotting time crcj, intemabornl normaiizad ratio 
(INR), aI’Tt and El were sn at pools BIBR-953ZW plasnia 
concentrations, A linear relationship with plasma 
con ertrUor ol BItR-9ZW and ThJR, TCT and ECr was 
demonstrated Anon.11near retatiorship was also dwronstrated 
between aPTT and plasma concentration. The inter-individual 

effi&,n of varmon, between concentration INR, Tcr and 
ECrrangfrom6 to 11% [419740]. 

Phase!! 
By 1999, BIBR-1048 was in phase H clinical trials [331881], 
and trials were ongoing in July 21 [4158841. No data from 
these trials are currently available. 

Side Effects and Contraindications 
No data are currently available 

Current Opinion 
BIB9S3ZW and its prodnig, 111BM048; posses substantial 
antithrombotic activity in anirnalmodel. In healthy volunteer 
these synthetic anuthrombin drugs showed a linear 
relationship between oncentiation and the coagulation tess, 
TCI’ INR and BCE The cocffide,t of varla lion is low, 
suggesting that the oral form may have predictable effects on 
coagulation. It should be pointed out that this relationship is 
non-linear with afit The key question is whather this 
relationship will hold whm treating the intended population of 
patients with thron,botholic disorders with standard doses 
and no moritoæng. Trials are, still in their early stages. If they 
prove sucM these oral, direct thrombin inEibitors will be 
anallornafive to Oral wadarin. 
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Introduction - 

The protean nature of irbenical substance, rthected in its ability to cry.4Wze 
in different structural arnogements (polymorfts)bn since its dlscuv�EY UI 
beer, a wurce of both fascination and frustration for chemists. At a 
temperature and pressure, only one polymorphic form or a subs tM%t is 
thermodynamically stable, all other forms be1n metastable Since the rate of 
transformation of mssmhh volvareentsm to the rnbk one may be don& It Is 

modlficsuons. cub whir thepóteuthl of  possessing unique properties (säubl. 
tjdensfty,meldngpoint.eotha3pyofoo,dtemlal reacdvlty6electdC4Cofr-

ductivtt3c to sine .kn% the chemist pharmaceadt cherubs, Or c$ei*al 
engineer Is presented with sdqrtedfledbilitydchoke for $ particilarppU-
cation. Blaj.Czd aplast this flexibility. traverser; an the conslddabic pmcttcal 
difficulties that an ark., both In enaurbig reproducible pre’exniän oft apçcl-
ftc polymorph and,d.sdng the Ukthutofits applktan.pre’ien*lsig lis$n-
aneous US IsfOItDI*IOn to on undesirable form. Sincefteeemngy dlffadnce, 
bnween poJy,tsorpbk brims of a given substace are cencnfly arcuth a few 
III th*’[lIaodthepuofaystaUiniionIsaffettedbyaaxqphysiapara-
metas4e.goaturº of the volventcooling and stun,1 rates, temperature; j’res-
sure, presence of ünpwfties). rothor nrtn Ions lii preparative couldidnartan tip 
thebalance In Sow of aystdhatlon ofapolymdphwhich is notnecz!sarIIy 
the thermodynsndallynt one. This element of unprelictability in thut-
cone of the c,taUJxadon procu has scions Implicadoiis Sr solids d4ii in 
crystal engine criag j3J,tere the repttt spŁcl&fty otmoledilar orgufization 
intbeaystalunestateismsdsL 

is referred to the above far a comprehensive view otwhat is a 
phcnomrnon In chtatuy and "bass pursuit Is cuntenUy enji 
of interest fromsoUd.aweresearcbers P). 

This report describes some recent denlopments In the ua& 
thetirLodyi:}smIc, kinetic and structural upect of organic 

In recent year. Numerous examples of potymqrpbk systems are talbcd to 
illustrate the applications of both older and newer techniques for the  bins. 
dgation. Thue laduds stadia dpseudopofrmo.pbism manifested bybjdnn. 

Iand solvents of the parent organic molecule. Finally, the crucial question of 

k 
tf.. 
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wntrol inpolymorphism isbrieftyaddhemsed.1thtVieWtO illustrating current 
strategies and their implications for the design otsoUds 

2 
Crystal PolymorphliOi � Theotetical Principles and Practical tmplicatons 

it 
Bcgrnund - The I.Ie of PoIyoi.,phbsi In ON PndodJo. Of Matedals 

jw of the jaconsjsnncjes eacow,tcrgdin pSS peifonn.oc. in the them-
c1, thtmk1 engineedas. phnłacntiaL food and related Wdsistrlts cam be 
,nribrn.d in rmlvn,nrohism.tt imrrortard tampleis IAcOIsIIQnt behaviour of 

have solubiEtles MhIdI 

to ptettpflaLIofl at 1W SomDte, !ncouoQynamIauy, WQEC semant puiymorpns or 
pseod*polynwrphs. ?. sense In - is the .rziipzototosl agent wetrorddaroIe 
beraoAtg wttb. when stored as an aues suspension below WC ii meta. 
aeble, lending Co p.ecipltazku and rowth of the LasoIuUe mosiohydntg 
fSP. 4O. 

D.rnitz and Iscruntrist (5) have rrandy don,mentod .mnl cases of s,-
MhIII pokymorpbs These are osuelly m.tast.bk forms wblcb4 despite their 
thermodynamic iIs*abflit$ may have ataIflS .pnfrztuubfly due to more 
npjd iwdniiwi. Stdh ommotable forms may persia adbe wad for ruanyynrs 
before b.lrig’tpkcadt, wbena thninodymamieeily more stable form is pie-
pared. Attempts to regenerathe or%i*al polymo,pt are frequently met with 
6Hure Spedtit compounds with such a history include tg l,ZtWa-
O-aCClyD-tIhO&,Wb$e benro&ae pkntc and zyIkoL This dlswxbMg 
pbtnwnnon exitS, to psndOpoIyThorpbLApnvi*o4boln m000bydntc 
of the andbloftc ampk4lfln has not been tbtaioe4 gba the sppearaoct of the 
LrThyorate N) A jossible explanation for this bebavlouc is that after minute 
oarticle, of the stthlt DolYmomb aster the environmenttn eventually be-

� compression and  milling an 
follows that artful ou.11tra 

determination of their CJIØmiaI and plqsS properties, 

tI4NA_.I. 
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� stabffltis, and temperatures - rMn of lntconenion an nentie for en-
string drug preparadons with repmdtak behaviour (24). Alrea4 1egiIsUoi’ 
req.4xing drug manufacturers to provide information relating to the oaurrence 

’. for uppercut absence) of polymorphism In their products bas been introduced 
(41]. Demonstrating the abreuce of � tendency to polymorphism Is not easy; 
most substances w)ieninvesdpxed for a suffkieudy long time will reveal more 
thaoiwpolymorpbl42). - 

� SuecessMprcpaxnofcrystatsoforgankcompollndE having special prop. 
tides (g secónd4wmonic pnnatiot metallic COU&CIFYUr) tiny binge an

� polymorphism, only one potyfripiph of the compound in question dlspkyln; . 
the desired property. Bernardo has .ncently described rtpusentedvcsystemS 

� wi,kh dearly ifluMnie the relationship between a polymorphic strudurt 
(a ay,tal arcidteçjure cMnacissd by weD4eoe4 molecular interacrlonsl 

� and the anlqpe physicil properties which that structure confers on the 50HÆ 
materlaltmj. 

These rwnr)ts serve to emphnise some of the more important tIcil 
implications; .si4 cQnsequ i,cn of polymorphism. Overcoming iS problems. 
a.countxred requires a deeper understanding of the Vrecesses,of nudatlon, 
cryS gowth and pomorp3k traath mad onjevera) recsm studies relating 
to these topics are reviewed in the amncdom. 

� � 2.2 
Cryttajilatlon and PotyinotpbIctmnfrnnotI.ns - The intl 
and kb.*Considerations 

� 

� crystathiadon of a spedflc pclymorph from 
a meL sdution o npoiu am,. 

meras with matladna. Le. the Awmalift of a dual SmbnoniC w.cius. - 

Imagined to ezist [34 the otcw of aystalihstiors Is 

a 

_Th 
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bN 4 
R I c GM. frtc Ønnp vs Walpa*twe frca a £b.$ic saum. .omiansi b enan. 
ttotr*fl5 C mono’ r*py 

at 

ew.n( 
don te 
appear 

The 
Srob 

1a).manr, 

the Sm, that may 

� be the nijca of inttnse Intnnt espsdaliy in the antezt of potyaorpblc 
contiol In ctfla.4aa 

mud cition and phm dmn 
dyi.amic 5ImuIgion, ait Co 
ted from electon &ffsactioi 
ia-of freezing of wnmmM 
1-butyl düoride have ban  

t of the nudeatln ptoces 1.zvc boon iansilased 
0) moth c,ds In a rert tetiS (44) the adnM.ps 
la daMn models Is sbnuktln the dynamia of 
es ban been Wjcwcd. In ibis apjno.cb, mcleahz 

tth - nnd rntn eatt-
apntn,. Ookchr sufltSooicJiL The dynam-
,CCI4 and wam and the phase nansfonoations of 
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approach Is visual rcpresentalion of Phase tnzdonnt(ions. Figure Z 
MD-derlve4 imps of avrys6fllne duster of 308 molecule, of I-but)’) cblori4Ø 
at various stages; offr.t21n8,MDthmaktions show that when svmcieatty super-

- - cooled, the tetagonal Phase poiaaneouily uansfornis to a lower tenipnature, 
crdeiedmonoclfaic phase. D48ndcn pattetal computed from the MV =of;-
color packing were consistent wftb experimeotai neutron powder paflerrn for 
this phase. - 

� Othsr iovatlgaton E453 ban recently designed a nuancrical mbiiet to 4e’ 
;cribe nsscle2doss and growth orpolymorpbs wttb the aim of &cuIa*ing the 

� t!n,anr.I nnonth– of ndSmt1oy, And Dhm tnmfothntion in meiniOlr 

a, weD as 

A 

�J6YT  
#3 U- c zw.ga oil ctuftiac duster of chpsit mekcaln at nrtia na of 
co.ft* hc&ng 4.wa lbs thtatS adgvein at. otts6on1fr öodsnd tcuannI 

- pbend ISeLb sddtptgseg b*isn.nJphne .tlflcnaj.cd 
moadik - .lso X .ftn UjftnnUo.Swbamâg tea to be &nr4eS aiD 

(Rqdtâ with pam3siWu (r*m 14’1. c@flri4bI 19$ Aawicn CktuvŁl 
Sodftyl 
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their relative vowth rata could be det nMued. The thermodynamics and 
kinetics cit cqst.Wzatioa of large nolecides from sohMoa have been discussed 
1491. Mo4efling of the crystalUatton Mprotela inolcot indicated that the 
concepts and numerics 41 coUoid stsb&tythcoct4redppmpxiat 

Receatstudks otpelymorphic transforthaliow inngank czysbisniediatzd 
by melt, soluIioj, and Sn&e have been reviewed 4). !nifa.medlated 
tnnfonnat$wi has only recntly been rccopkrd an distinct mode oifll 
morphie transformation. it invalses vadvalimand growth of i non, pMyntorph 
though miss transfer taoU the interface eonnecW*s 4bwftcrystals of two - 
digerem pe)ymmphs ad it &ffrers from solid-wild tnrSforma*Ions In that a 
,UIPOUO$C solution layer is required as aa.Watge thmfotmttfo,u medi-
ated by mel4 solution and interface are usually more tepid than .olid-solid 
tnnsitlwis  for the blase, the acth,tjon tangy is iarer due to the fact that 
nvrintlonndgzewth thea wphasewstbinasecotdpheseinolve diffusion 
and stn,cwni narrnwient .t the reaction Interface. The fundamental-

- thermodynamic miadombtps governing polymorphic solid state transitions 
have been reviewed (4 It Ms also been pointed out that the mechanism of 
polymorphic transitions In molecular aystals are largely, ’atbon thatgh 
order-disorder usnsWons are tiadentood in reasonable detail DI. An linpoc-
cwt tedtnku. for studying sqEd-soIl4 tranthtmatha. Is thaznl aSpis and 
� review of the basic thnmody,ismk Principles for Interpreting thermal vial-
- data for both polymorphic and p,euaop*lymozphk qtems has appeared 

� ii,). Kinetic and thermodynamic aspects of the thermal decomposition of 
Iqchislou compounds is special class of pseudopolymorpbs) have also tOy 
beendIsmsuedL5O.-

Theoretical and experimental studin of the Seof101vent on polymorphic 

various iolverit systems. Systematic van ad oa, of ..petatDzadon was employed 
In an snemptto crysslire each of the (put eauoz ofsulphatbfazoIeu pzØdktM 
by the OslwaId Is SoZOhiy studies showed Posm 7w be the most soluble 
loan, followed in ordcby Porms 111V and JU. The sepenatuntioo tipWan-
tiona using acct*n0 aceioneCMCl (3:2), n.p4.nol and’ w.te,revealed that 
only theacnonetRO, system yielded resolu in accord  with thzor Porm. I, in 
and TV being Isolated boa It by vuyirig the supenstzntion. Cryatalkadon 
from n-prpan4 fur enmplt,ytelded only mm I alsO süperaturatlmslev&s. 
That, the Gri’ling that some sohepts selectively fanvr the cryaWlirsuomi eta 

I. 

pcotn - 
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particular form (at term,) indicated th wilksopnsaturationlspn importodi 
factor determining aystaThzation of poiymorphs,;he zolwnt may plays darn-
mating role whict. Is not th.msodynamk in name, big rtther bnetk ’flit pro-, 
pc.ed edanän, moodyMtcdve aasovpt ion of different solvent molecules 
on opUiflC has of partict polymorpbs, s consistent with that suggested 
ndler[52) for the ,ftectsof.ddItivn.nd solnS.onayâ.Ln’orpbdogj& Such 
adltc adsorption vSg rnult in inhibition of ,mdeation of crWn 

p&r 

p%.te change of colwat, or more subtJc when a grathal change 
effected by dibstion of the tglnaI solvent with .notbet. The ci 

- - solvent systems water [531 and ethanol/water t541 on the cryn 
t.hM USepolymopbs ban been iuwsti axed. n aqueous sohalp 
electric point Uwas foxmd that both the  and B polyu.orphs preci 
andy conetsist ratio over a wide co,iceotradmi noe Howevez 

� formaonfrorna to! A (which done net norm ln the abMnaof 
� observed and pore A could evaiwsilybe IsoWeti Tht, taDsfprnisI 

smooth growth of the stable S. p4.motph and dlss,b4ion-of t 
form LThs ratio of the St constants for the appearance of A mW 
Uon of B Stated, growth-csnttollth n,chaaism for the trend 
subsequent experbnents lansftpiiug the effect of added elbanol 
was found that the, fractMit ofpomorpb in precipitates deae 
with inctessi v.lume frwion of ethanol in the minsr. and nw 

� I r - 
This type of behaviour Is no confined to polymorpbs but may atendlO 

ps.udopo’n.orphic forms such as bydratas łnd ,olv.tn A recent casio! 
� ,olnnx me diesed phise innsfonnzdon Involved polymorphic and pntsdopoly-

� morpbk km, of thinole wbw4Jc acid whet. the irandormadon l 
spin serisidve to the cornpSliot of the mixed selent Three Sins of the cqbs-
pound are bow.., en nhy*ous tons, iGihydrate, an  tSbbrdrate.ln � 
50-30% soludbns (% vol% MeOR-010), tnmformttlon of theL hydrate 
to the 0.5 b$xate was observed while tniiafarmatlon to the ouhydrous form 
oaoned In S5-1094 w)utions No snnstrMtlon ecains in 0-30% soFu-
tiwu. Detailed study of. 5otnnt-rnedissed polymorphic fraaxidou has $io 
been tarried out (or the an*jcexatM agent catgtidlne MI fr Which An 
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itleat of solvent n*tecuIn üom acceptor tad donor sites on the mofrc.jle 
LI was possible to reconcile the observed lo*amolead.r hydrogen bonding 
a,rtngemeutsinthseyst1s (infinite eWm in  adicintenin$4v.ith prob. 
able citea ojsbvgtioA onthe pIrolcant moleSt In iotveou of Menntpolui-
ties. I,, flt�wayjomeiio,, of the a- Mft-J4merpbs from at solvent 
system,  opold be rationdist6. Combjn3tion of pcJymaphic crysil structural 
dAa with apropht4’ detaiJed solvadon models wSô boa iisefoi adjUDCt So 
the etsting zaethods of ratio saUsing or pze4ktia the wlcome of polymorphic 
cyr4ai2izatioa bin sa)uUot - 

U 
Ptymoipb,m - Structural Condleathos 

Duaiu has recently developed the these of the aystd as no ordered supra’ 

the energy baxtftn sasSizj tnt minim. are sftdwUy law. these eon. 
(ormen co-aM th soteIian and sflgk aijidons it aydsThzaUoD an-
ditlon, may kid to their Mdivtdwl IoWitis Coi*fonnatknl polmo iph. 
Ii t3.SptemsoFtbIsty,e hsnbeenesplotted tosDidyboth the Influences of the 
crpiaTh.,e cn*o,mnt on m*s cookrmdos p well as ibtpicpenhes of 
mdenila which depend stoops conform ties I13 An example

 
of an-

form ations) patm.rpbism 10 wblth the snuctS cx ran gnnazs en dictated 
boO-Jjrecttonaj ,adaWas1sIorasojybshawt In Pig &The molecule 
questwnis pro deutu ed ntrolbcod4balesterol kftls. Rn., inter. 
molecular hydroa besdiag he tween bydrot$ pups In the crystals b prcven-
I4owincto frmnvuoleojlw stett aowdMggfthese pups by nÆgbbaorthg 
r-butyt suWdwezts. The molecules adopt distinedy dlffecnt cznformaciom in 
the two-polym.rpbs 159). the mort symmtzkal con tormad*n spptndtg 
point sytunuy C 

Plgure 4sbgw. repnentaUvthydrogenbw&d.d(N.H...O.C-ft..o)3syer,e 
planar nlcrofqrantojn molgcWss ocaxrins In the a. and ftpolymorpbs 160J 
which are tridIaic and monodirdci rnptcdveiy Is IbIs $yst.a the molecular 
CODIOTm*tJon,nthe two poiym iwphs anidSb,päbale but the symmeu*s 
of their Intermolecular b)tpn bon4b5 sdwmes differ 4ttfian4 The 
common mo}ecnlarcopktmaszon Aowu bert nun in fin modthadons (two 
pdymwphs ad thrtc pnudupolniorpbs) of ts compouad (dfl. The threes 
dimensional crystal stxuotuns of the polpnoxphs result (torn dose stacking 



H 

Uydwg.. bSS - in Stm(szntol4 ptlfrmnphn aion’sbfla.ni Mtp-
edhoiu$OJwiIt.pemkslea) - 

scat 
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c-3.2 Ai of the in PIg. 4. Thicewnpl. conveys an Idea 
of the variations In po)ym,phicstructun1 airangenerns that areponThiewith 
moleccontMninghytogen bonding MncdoSide& 

DuSg the last (ew ytam the devSpmeot of graph set ai.alysis (161 has 
greatly MUtsS the vinailn lion end t.mpcbon .1 palymorpldc structures. 
Here, hydren bonding networks arc da*slfi,d as WWOUS to one of four 

(n) cortiprising the pattern yields a coudse and Lnfonnw 
hydroen bo’idth aznn$ement. Ggn).A slapk (Rusts 
sctdao  gifts 3 Are apofr.nonphilth 
G2/6 Z=SY 162).Aflernlng hydrogen bonded ring m 
morptdc woctixe as a tesult of bifurcated hydrogen 1 
N-H grot.p h contrast, the other knows racemic tmodfl 
(ewe group P2,io, 2-4) 1631 contains only tenttOsyiq 
type l3(8).lppllcationotgtspb act analysistDthretpol 

- 

odic acid J641 has tel notonlyth facile Comparison of lb. 
hasÆopro.Ueda basia(orconclstdtwlpthnofthepc 
stjàns .ccwring  In that sptea Than; a & Vantr*a 
at the acid into suotber is simply dçsàibM as aconteal 
flasbten pointed out that - met analysis ofhydrogt 
proSesa mans far eeekbg qstcwa* conekdoog 
pattern% tat deaonsuaiflydregea bondptri, &t*ti 
apt maybe ratdlathtprediciionofayatahtnrnnt 
of materials with desired suptmolecuXar Lena, Li 
at app,o.t), to encompass IDICmOICCWaZ stom.tom 

� 

hydrogen bonding for the classification of poly,wrphi 
.eiwisqed as a natural and desirable dnopm.ni end is 
this dasxi&ecioa an be apeaed in Awwz 

EluddationotdetsfltdpmorpMcstructural(ntun 
� s accompanying olymor pit transformations, ides 

aysul X-ray diffraction tthdqize.The Inablihy to pr 

description of the 
ftbe use of graph 

itMe (Space group 
eSt in this poly, 
king involving; the 
on of thalidomide 
rtlaiinertof the 

tructores Is 
spread use of 

’tttunl dian. 
so, the single 

e crystals ui 

R.L Gispb st IientarbydsGpnbc.deddcgmMm Ia � polymaiph at thal4omJdt 
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the )abratocy1tspedØyfor  metastable polymorphs) his hinderid ptpfl$ In 
cesnrch on polym&rpbimn.lf.bowevn,a polyinorpb Is avail" in apthvdeftd 
crystalline form and a compvtattonat method Sn for predicting possible 
three.dimen4onal cryttal structures, then the latter an be used to genenle 
computed X-taypow&patterns rcompaSonwith theapnfmentalpatltrP-
Wbi3e thE scopeofthepresentrevlŁwdocs nctpvnnft detailed exposition of the 
Approaches - algorithm, employed In crystal structure prtdictiori, a sum, 

yolsomcreaitdcvdopants,cspdsllyastheyrelatetopotymorphIsm,is 
in order. The studio of polymorplilam and aystai sta.acnre prediction Bit 
indeed two face  of the.aine tonic (451. Additional ,ownb4 motivations for 

tion) to geente Æocular-dsfer& PoiioMag a search lot the most stable 
clusters on the potential hypernarface (caittdateit using empirical atom-atom 
potentials), uaasJatioD is applied to nflatc one or snore periodic structures, 
Pecking inertia are compuS and aczeptable structures or optimised. This Is 
s vety usdal means of go neraUng a series of polymorphic structures for a giveçi 
moleSt In this aroacJt, ccnsidnsUon Is usually given b only ,the most 
ponS space &ftOP (9396 of orgatic molecules being oon8ned to IS space 
groups L71)) thereby Oftning a amaltrit of an incorrect cbolct If an eq)er-. 
Internal N -my powder pattern of the matorM Is available, the correct aystt 

existence of $ snendpoiymorph whose aynsb were unsuitable for conpiete 
structural elucidation by X-ray aa2lysis. Only unit cell and spat. group data 
were anilsble for that undctenaiotd polysrpbs. Eadi starting molwsl* 
conformation, was assumed to be the same as that in the corresponding lofty 
dtanaethed p4tflotph sad was submlne4 to the PRO MET procedure. In all 
cases, sasisictosy, simetura ’vat generated, with predicted unit cell data in 
good, Movement with the tzpniosenrsJ ones lad with padthg enqle4 In the 
apectad s.nges. That result, represent authentic Crystal siructure prediction, 
assisted byp.nM Kay dale. The method I. thenkrs an altrnsadw to Jktct 
methods of structorel solution and also Implies thak ptovldgd cdi end space 

absence of other data.and that the occurrent of polyniorpbscontawng mole.

M’Th .w__i 
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colas in diffrrent cooforntations is omm@fl.hn point tns also made that the 
correct energy ot*xing of palymorpNc stnlcwr, by computadwnl methods 

� may bear no rdatS to the experiment4 situation. wbert kinetic factors may 

let

which polymor$ttcnsaflycrynaThzesoodngtvea condttlon.. 
the AAP approa& .4th some variations) has rectntI beep applied with 

� swylog &grncf snss to the predlnsonof seven! otheLstn1ct in-
didinsin bides of iwea*zg molt nplexitbi8bptessoreso14 phases 
of benzoe (’ak

 

theater

pelyinorphs of stdlthlsmlde P41, and the aw - 
igb mpenture phases of pol4hydrox)tenzak scfdi (71. 
MIS bütio mokcukr packing aots procedure (prcpa.n mpa) which 

tV* aiy 
prior,

 assumption of space soup 4mmetry he. recently been de-
tcrtbd 17610* tbe moltalar strait an’ the iota t$ AitreqÆc&at 
moputs.nddpzogm6atezttccid.ugymlnirnaforpadcam.pt-

� meAts for any

 

EN=numba of mt*s comprisln the asymmtdc unit. 
Space group symmetq opeatio As %tt pudleted in this procedure end suc-

� castul qpflauon to the ay.S structiue. of urea and benzenz nm-reported. 
It Is slguiftcain that the tnymnbdmatloo for the tires structuxeanted 
ic the couect speca giodp (P121m) ’iJIh has a frequency of occuneàc. of 

� UJ99& 
Quaatsu, n,ethan!al nnthods have abo been applied to cryst4 sziucbzre 

ptcdicdon. A nant’emmpl. h*yoMd the use utah (aIIM expel fidd inçfrhods 
with the £M (soptunokeole) model and the PC(point thar) model appUedto 
the three known polyxarphe of gjytint 77I. Comparison of the optlmlsŁd 
structures with published X-my struuuns for these Suns iMitated that the 
quantum-snetatcaliybued SM mode’ exnplo$rtg a 15-mokct duster pzo 
duced rest In bst agretirnut with aptlmeat that the PC model Mudt 
4escnibes the crpta1crMrÆ,aatpordy.kctrtstitkaUy 

Deapite the varying detract of sus stainabl, by àudt cosmpnlionel 

In quesdoa. (Runpks 01 such co,nhlrsed attidhc are dicusnd In Sec. 31). At 
the same time, it can be ntgued that &uaeaAd a fisitlo atai stras. pa- ’ 
diction (Le.ascuniiosonfrthemolecuierstaccurt ugivv$bywhat.nrmcn. 
Possible in the tiure, would rspnaeat a very 4ndIic.M ad" cox in the indee-
standing of the fundamentals tithe aptalliration procns. Seprdln% the lea-. 
dbiuty of crysW ,trvcture Predictions In gezLtraI, some pbUoaopbical sod tedi-
itsl points have been dbcuud together with emelleat practical recommen-
dation for a programme of ap.rimental ad theoaik,1 studios for duthdal- - 
lag the basic prindplea Of cipraic solid- stalt cbcxnisty jift). This is snn as a 
prteqStte to the solution 01 the Promote of aystnJ an.cswe prediction - - 

Some new insight bite ft aalwe of oran1c april polymorp)sm hive 
bag, gloanS from a recent sy.temet ambtis (?P) of data In po$notpblc,- - 
stngtwe, ,dgkyed ftovi the Ca211,64n &runurI TMtahn. A tatsi 
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With 1, 13 wIth and heiTh 4 puuuss.Dtffntnce, in molecolar pxoptdies (P) 
(e g. 4ensItç motetolar vobja4 packing coeffic(S11 AAP-cakulated $cIng 
e,Ie,gies and other thermodpamlc projiertla) wqç computed beiwot, cluster 
taeo,bem (U) as 6P=frP or &P1O(P1-P,)lP (1>1) (or a total of 204 data 
point. Both flonovaritte and bivaziatc statistical anaysTh were pnfłnned on 
the dat5,yWdU’g several revealing wends and correlation,. Ubtograzns of &f 
Iuenca inpropatsa between p,noiptdcpelzs, shown in ig óa-c,indicatt 
respeaivdy that dlRersacks in crysi packing energies, densities end latike 
ylbafi end cidrop its krpc4yaorp,s are rather small wbile Wi ed reveals that 
an appncisble propectloi (dctusThrlD%) olpolymorpbs hay? t> I (.heret 
ls the ntsmberofmoscWubtheabnma*tricur&t)Jsmef@rthst Impor-, 
taut oanduziovs drawn from ibis nudy are as (cRown both Ælculattd ada. 
perimnnai nba for the relslin ,bbiJltJt of ayt4 poiymwpbs era currently 
subject Co Iargt unccu,Ites polymorphe *ith V>laseu stable, or even more 
nbJt than those with t t hiajier a7stal daslty is, txpecte SM to 

Ca 

� it 

0 i4 5 44 $C 
-- AE% - - 60% 

N(45) - 
N(SZ1 � L. 

t ’AZ I 

Fig, k-S Higtagnsns of 4S&nes in pnpezdn bnwen pofrmosvlis s aS (paddI 
M Ii 60 (deaslty, %); CaS QdtlSthras5oos ta K’ m*’) I Af (no. 

un4mspneu with ptnsuka ken I’I. atfl)t t993. 
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correlate with higher paAgnergyPInafly.from thettrva*lon*baZ4% of 
the poymorpbJcpalrnyse4 cauprbe&botka ctntrosyrumeuic and anon-
centrosymnwtcic pneriit was concluded that the link beflqth molcculas 
properties 31,4 centrosymmecry of crjstals is &deotly wet The fader As 
referred to this seminal study (191 fr the ftdl aposliion of the aboç conch-
sions n4 their justttlatiou, as well as farther peceptW  ObkMtiOM on the 
Phenomenon of polymoypldsm. 

3 
MethWoloy for the Study ,f CtystM Polymetphkm 

31 
Review of Pr,fladve £MItIdS 

Research on ibepoymo,phi.m of a nrpjnthrnhr entity noniwily commenas 
with eperJmentaJ scnes$ng wtth m Thdk*. the Dcvurrtoa of mote than A 

one crlflne han o(thg substance. .4, innpeiSn metlwd *ftccb tt4ting Is 
hot stage microscopy HSMJ, wbicb bit been used E-ntyateuinfrend e 
Lively by; Ieadutgp.opoiseitt (501 for nanyyan t pnvfriepeIim1naxy bull-

hieulkhic 
(BOlvatvd). as welt asghzy (amoq,hns) bra.., .11 of which may have pnt*aI 
utUiq flrndopotymo.p)dc tom,, are molculu sddgcts romainbig wbtnt of 
aystsl&aion and have be*n CSUthSd I3) as sto&thlmdrk sofratns and non. 
stolcblametrtc indusio, corn uecslagdwmel,kyer csr ate (cbthraw) 
structures. floaduns h detectMg the etistetee of multiple, brms by NSM 
havebaaoudIued 

(ne Theaiiclude,for erazpIctMobsmaUoa efeolid-
solid tzu,sfotmahth opon beating the sokiante, ebseVISIOn efuasaformation 
(sponbrwous or mediaidcahy thdod) following the freezing of a mdt and 
dttectton of gas evoMlon as bt*bles trot. pseuaopomorphs Immm.d in 
MUcone OR daring bnsiDg (indk.SM of a srilld-*gn tsoIld uansfnatlon). 
Once u,e ,xlstence of nu4dpie forms!, cstablibed, practical rathods An the 
pnparstion of specic trait ost e Mrger scile may .1* eqiont Preqtently, 
recrynWzation oftt wmpound *.m aovsorsolnat siztnres spsrnnsa 
wide polIrltyrangehe& veinprodudgaerdofthtdIffutflmsji suf-
ftdent quantity for complete dmactetiudon by the aSytical methods to be 
discune&Modpstisdopo1ymorpbsnepnpxe4bycrynaJlbatim.oft),eptreot 
brganit compound frtt the respective sthesr, whereupon the latter becomes 
hi corpomS in the hew cry,taL ReayflaDltado* borne mixed solvent system 
may Øc34 a psetdopolpnorph cotuathing either or both solvents.

 

re of 
tin $rent orpuic wmpoun8 to npoun my *WG rtMt in tht fonnation of 
pseudopolymorphs (as occurs e.g. ehen anbydrout drugs mna with awios-
pheric waler to (aim 4drate;). This is ezuripilfied by the dnig thdornethacln, 
forwbith fowpotymo,phicfoxou (I-IY)havebnn idntftledjfl). Cq,taflln-  
Ito,, rJ the corn morcWly naflØle Pans I born owrfiftysolvea yields Parms t 
l,U,JVandn.Imrn of thae,as waIosnnberofp.ai4opM,pj,flnj -: - 
ensure subsequent teprodwcibthty in the preparation at specific (wins by 
crtltaWn

 
.Cars  Wcoton Cu the ddafls of" Ivan purity. dame of sob.-

a*_____,  
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tion agitation, temperature, supersaturation and the rate of cooling of the sob-

Hon is necessary. Detailed methods for isolating metastable polymorphs from 
the melt or from solution have been reviewed [81]. 

Desolvation of a pseudopolymorphic form by controlled heating leads to the 
formation of a polymorph or a mixture of polymorphs of the parent compound, 
hence providing an additional route to isolation of such species For example, for 

indoniethacin quoted above, twelve pseudopolymorphs with the general for-
mula indomethacin (solvent) (n02- 11) were isolated [83] and then pro-

ducts of desolvation were characterised. Whereas mixtures of Forms I and II 

resulted from heating the benzene,CCL,CHCl3and toluene pseudopolymorphs, 
pure Form It was obtained froth desolvation of the acetone pseudopolymorpb. 
The most soluble (and pharmaceutically desirable) polymorph, Form I\ was 
obtained in a pure stale by desolvation of the pseudopolymorph containing 
methanol. 

A technologically very important and potentially beneficial feature of some 
polyinorphs.łbtained in this way is the possibility that they may acquire altered 
rheological or other properties (flowabilit)c texture, particle size distribution, 
compressibility) when compared with the same polymorphic crystalline forms 
obtained by direct crystallization from solution. Two examples of considerable 
pharmaceutical relevance maybe cited, namely those of lactose and paraceta 
mci. The lactose used as an excipient in pharmaceutical tablets and capsules is 
a-lactose rnonohydrate.lt was found that thermal dehydration of this species or 
desiccation of u-lactose containing methanol yielded a stable product with 
superior binding properties and excellent flowability 1841. Tablets prepared by 
compaction of the stable product had an overall porosity nearly equal to those 
of tablets prepared with the original materials The very poor compression 
abilities of paracetamol prompted an investigation of solvatiouldesolvation as a 
process for preparing pure paracetamol with improved properties [85] A 
crystalline hemisolvate of paracetamol was prepared by cooling a hot saturated 
solution of the drug in dianne. Desolvation of this species yielded pure parace-
tamol with significantly improved technological properties including flowabth-
ty, die filling, and hardness/pressure profile. A crucial point is that this improve-
ment was not attributable to the production of a new polymorphic form of the 
drug; the X-ray powder diffraction pattern of the desolvated material was the 
same as that of the commercially available, monoclinic polymorph of paraceta-
mol. However, detailed examination with scanning electron microscopy reveal-
ed that desolvation produces material with an unusually porous, sintered-like 
texture which lends itself to compression more readily than other forms of the 
drug. Interestingly, solvation/desoh’ation using other oxygen-donor solvents 
(e.g. acetone, cyclohexanone) yielded paracetamol in the same (monoclinic) 
form but failed to produce paracetamol crystals with the required texture. An 
earlier review on polymorphism [37] lists several drug pseudopolymorphs 
whose desolvation leads to significant particle-size reduction (or nilcroniza-
tion) of the ensuing polymorphic crystallites. This usually results in improved 
dissolution and tabletting properties of the polymorph. 

Mechanical grinding and compression of compounds represent another 
possible route to polymorphs. In the former case, the local pressures induced by 
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t&meO)anicalstras may(nit(ate the transIorm,donoflM or%inai polymorph 
1nhi nather crvtINne nnFvam aji lnAutth1 ,iewcoa�th,dka and mm-

of 

cdspedfc s dsce area end enMnced sohzbflSes (eflçwlag uethaalcaJ old-
ban been rasS The same group reported the effects of euvir.MDnW 
wmpentore ad compreSonerszy on the potyatorpbk t!utmadoa of 
tilt antidlabetic chlorproptrnide (891 aud discnned the relauen btt., the 
polymorphktru’ioua.Uon pithwsy during grinding S the physIcochtntlCa 
properties of hulA powders of apbaiexis.cltnmpltenical palmitato md flt. 
mtthuia (901. teat tempentus vatiationc 4urtg triadin; may also play a 
rote In effect lug pulpdorphlc frai,skrmatioa tad kit dafrabk to sepente the 
Thu bfluenatThs wo recently ad2iend with cortboo. ante by cqegbd-
ix.g at 7$ K, dunn8 wbicb the mou odh* it form transformed to as orthorhombic 
form in tea miwstes partly byMeóanicsl effedi tLI. 

Prom,ged mdnnial grbdlng of a crystlhne conpoun4 may produce 
uattrial Ia an amorphow. (or glassy) te tbitb, dot totht )ukofIong-rane 
harnal order of the coasdtuat molco4es, diqiltys abroad melting tempera-
cun raup ad diffuse K-ny dMfractiÆ paw. A dtscwthu of polymor’ 
pbsm v4tbovt utenna 

w 

amorpbisw watzld eprcrt anions neglect oft 
Important aspect of phase behavint The asorpbots stare repreecats lbs 
thtuno4nathicsflykaflstible %nn of he comp.tm&tbaristqundybas 

tendency to revert to a more stable £ons.Thtsmorphou# m.tenl4 Is also the 
most xduble fort of the compound and this property Is used to advantage In 
phanuaczutiS preparations fnses .htre the schibility. of the aystallb. 
Sin

 
of the drug is lois leado to pow sytadc ebuorpdon. it well known 

uample Is the antlbacterla) uovobieda aci4 foe *t.Ith the wlubIIity of the 

slmuauon, waocnuy owurs Ia sapirsaca warn tnt oennoqyimimc o.aa,our 
of ibtIl p44 slats thisbiulip4d44oId pb eta sepuation or ateadeacytosnrds It. 

In conctudiug this discussinu of the methods of pepariug polyrnorphs, 
sew rat aampks,v.y be quoted of obserntio.0 or procedurer which, awing to 
their novefty or confinement to only one pacticiikr compound. censor be 

A 

’ SIIMM..S 
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described is gensfaI.Rowcvns1nce systematic study of the factor, which might 
be involved in effecdngor affectingpolymorpbic tnnsformadon in these cues 
could in principle find wider application, brief nation of such examples is 
Made here. The dfect of explosion on poyoiorpb; of chitin and thkossn has 
recently be" studied 1931. Explosion of cr-d,itin rwdtgd in no diangt, but 
explosion of hydrated diltosan of low crysisBiMty, yielded a product With 
hwieased crystsflutiiy as wdl as a small amount of the anhydrous phia The 
effect of all electric field pa $lymorphic trausbrmtion in attain classes of 
compounds maybe apbcnnersoncrrandnsyfleataticinVesClpd0a. Strong 
t..a. ne.stn r.4anA.aj-a af the el�. - nnlvn,an,lde trntiGns ni Itntttil natv-

to an electric field 1941:The eftcts of aeuuon-iuediatlon on the kinetics of 
polymorptdc phase tranaidoas r several lnorgauk compounds have been 
reported (95), but similar studies using organic compounds as substrte. en 
laacing.rt has, bo*ever,bten demonstrated that lonWag radiation an 

Wartapolymorphic trunformadoa In an ofganlc compsuitd.A polycryst4ih* sample 
of the P-polymorph oft diacetylene aitro*Mt has beta a1,orted to undtrgo 
tnnsltlen to the a.polymoph on irradjadn with CisKa or Co soartes (%). 
Xay powder diffraction was used to m.titoi this pbs.. ;ra,tormation. 

PInsfly.the role ofmtn&pltyia pioduSgpolymorpbs may be menttontd. 
Two reccet sa involved uivaccns$al attempu ° F’ dce ,nofraar °m 
pleas by reaction of tao oompollwb In solution, teadtibg Instead in the pie-
cipkation of czysSs of on. conepenat In a dcsinble polymorphic fern 
Attatpts to giow ctystals of methotrente by various tcthidques Wltd t’fl. 

�- &_� ’�7 

mthr Mile producing burned large crystals of From flofthe 
Is M). lacarestio& thspomorph of the dnfl theblo&ØaJLr 
&,ra, and is vaafly crystaflired from edsuol followed by rapid 
.e solution to-lrCTh2s yields smanpartidn with little oruogeo. 
M Mi. A possible exploration for tb ciystaiilzadon of Poem II 
pta to prptbaa the amploc has been  discussed 198). 

3.2 
Revfeweflaetig.theMethod; 

Havlfl outlined the methods of preparation of pomorpbs and pseudapoJp-
moryhs, this report now favors, on the Methodology read to stu&ythesefo.mt 
The dJw,asaon ammenets with a spiny of some welt established and still
widely used tedinlq*a, each of whiA Is Iflusuased by one or snore appllcatlon& 
This I, followed by a survey of ntwer methodology wHch is being used to 
porbeoWnfluryStstpolrodstphiMs 

A wide spectrum of analytical tecbnipses may be used to dactetire poly-
morphj arid pseudopolymogpbs to terms of their structure, spectral eacrgks, 
therrnodyoamtcswbuitie.kinnicsoftnnsformadon and solubility behaviour. 



The choice of analytical and pb.yskochemical method. for the charactorintion 
of poly,raorplu is dictated by the need to measure properties which utthnat4 
depenl on the different lnttrnl anIMeUlefl*S of the woe mokcules in tue 
phases. Vhen pseudopolyniorpbs an also considered) die ranp of suitable 
snajylical techniques s cignilian4 brodened owing to the presence n the 
cyst.) of the tainting m&ecuk and the possib1ity of arialying the pliyskal 
td chemical danges which n4 sccompanyboih formation n4 decomposi-
tiM’ofp4.udopoIymozphL - 

Some umarks on the use of white- and pQarIwd-Li&d microscopy serve as 
an appropriate introduction to this section. With the uinni ofmoresopbistica-
red aalyttcal methods, 

the

 uc of znto.copy h.s some aunt, ellen Into 

aide

This is rmkrtunate, since investment of rdatiniy lithe

 mph 

effort 
Instuddng a crptal ofapoymwph orpsn.dopooiphmkroscspycanbv 
in It, eaabiln8 ouc* assess the onraU quality of a rccrystalllatlon. to 
detect czystal M,hs, fractures and macroscopic indssleæs, and oWsia prelirn-

wMte-tigbt miceostopy is not necessadt’ W4IS at polymorphi5m since 
aped habit depends on aystall$adon coadilion, and may v,ry widely for a 
8w npo mot pbSowe wubi. method I, 055631 6rdlstimguithtnpo)ymorpin 
having differeot colours in reflected or tzanimftted light Pseadopolymorphs 
winch undergo pseudomorphoa (La. Ion of sotvebt on remowal 1mm their 
mothtg liquor) tt4 m Coon op.qoe, r,icxocryd4ine russ.. which are also 
dscemftt by crdlo2xyfnfcroafly. AddItion at. o1arikiattachmcntaUow 
disftncdon between opdSy koUopk aptsb sad .niotopk nysbis as well 
a. the measurement of refradive iadkes 110*). OptIafly Isotropic aystais -. 
bcloovtàthtcvblc system and hive a sin9len)a S their refradin Lutz The 
nstmaj$$tyofcrystallincorp* compound. an opdc4 ardsotople,bavin8 
sultipk refractive Indkn and displaying numerous optical eStts which

 

may 
be - to differentiate polymorphic to rag. MLsotxupk crystals rend theni-
seZws lqprodudngvaæthlt huafrrenci colours as well as ngole atliaction of 
plan.-paas;zedligbI on rptsdco of the miaoxep.s tage. They - be unlnl4 
(daracterhzd by two principal rofractive indices and bdoniotto the ulsonal. 
tetngortal or heaagono systems) or biaxial (with three refr.ninindices, said 
belonging to the tridIrdc moaodlnk or crib ortiomb It SyteThs). Meaaunaut 
of these refractive indices is anainly, a mans of identifying a polpsoqt 
uaeqtilrocafl

 
but is sddem done, for this ptpose. The unl*rM) or biazial 

natun of the a$t*i Is cuLl)’ ddcmtcd from obiervatlon of the tnpec*ive 
data deristic interference 5gmt when, the crystal Is viewed With condensed 
(concs4opic) light. Thken iogethe. extinction directions. ciystel morpholo5y 
and unlaxi4 or biaxial cbgrkcta can fadhtate die Idtndflatior. of, mn pOIy 

to the S 
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Measurement of the hitufaciat angLes of  aysS section both mkrucopicafly 
ànd wing a opdcsigontteryleWedvalosofl2OtIt.Th%aoewpoly-
morph belonging to either of the trigoul or beugonal systems was unep.ivo-
tally, idenIifie& This wutonfiraed hr sthseqetnt X-ray photography which - 

revealedautgonalspaapoopIlO4 - 

mp

 

Owing to tts was depth of field. scanning dectron ulCTOtCtfl CS) i 
widely used for observüig the tatwe, motpbology arid sisrhce features of 
both powders andlarge elogic aystalsofpàtyporphs.The high Æcuum, sea 

r ;alt obs.rntion precludes - of pseudo?ymorphs containing 
volatile solves bit SEM micrograpbsof palj’morphs are useIuLfor.purposs 
of identification pravtded that qstaflhzadon conditions and SIN sampling - 

me 

o"

 are caiefull control ted. 
� Crystd 4Sty is an important tedindogial paraiuetn slnceU affect, the 

flow pmcdes of bulk soljdaDue to the diffnestbuk dunities ofpolymorpbs 
� and their abilities to retain soLvent, diffautt isolsuon stnteØes asejtqnlred in 

Industry 124]. Pwihenz on, Wmlrtures of differmt solid pbans ale Ftflflt ins 
sample (e.g. in a pow&rcd pbmcei,dcal formulation). differences b Corn-
posentden$ttesxnqlndtoabeteroge,wou protct duringproces.Iag due to 
phasesegregation.Dlstiagultdngpolymorptwdthesame compoimdt donsi. 
ty mnsurement (d.wrmMed by flotation or gis dis$aam cut pycaometry) is 

I. --------------- .,._ -._ �.&_____ ------s-_-_.._ --------I- ----I -- * 

tuddn them condtfun,omb1ghow.sitiu may bi 
useM ln&aton at the prnice of psaidopolymorphs. Thus. e.j. a measured 
:dcn& Dy of L3(I) g cm’° fri a aysW f doxytatzie succWate obtained from 

� ethyt acetate was socIeotIy different (toni flat of polymorphic Form 
(p=131 (1) g ct-’)to ii,dIWe theprawceofapsa,dopolymox$.Subs.jient 

� tryaiziysis sSawzd the tipS to have the unexpected composition (dOZyI-
sosinesucdmte). (nwdnlc add) (103). 

Among the thanal methods of .miysk, thetmogravimetrk analysis (TGA). 
diffesu.dal theanal aaIyIs (DTA) and dWuenlial sanntng alailacuy (DSC) 
have beet usSntetsbeiyta qun1frthezmalents aaompazyingcontrofled 

� beating-of polymer ph. arid pseudopolymorph, (IL 231 Fipn 7 shows cob-
bind TGA and uSC nat for two peudopotymotphs of alrra&nntoln LEt), 

� mntalnMg nzpntMly W$-*ueth$Thrm.mids (DM) and dim etbyiSphorl-

In TGA the sample (-5�I0 crig) is listed at a pcdcermined rate and S  
wel0bt I. recordatas a Amctioo of tempenturt-Tbt technique MMdistb- - - 

pish petymorpk oft given organic csn.pows4 butt puudopoymorphs 
wblch Mae their induded solvent, - to melting or deco,,rpositlonof the 
pareot flosti ampotind. the pnrgIfls8e wcftbt loss maybe SCCUnST ma-
ured and used to calculate, the atokhioinetry of the pseudopolymorpli. Data 

- V 
reccrdgd from the m& nace, dwore, In Fig. 7 indiatM s ohrofutsnto1n: DMP 
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A, ta, I cotafrawi 7G%.DSC tmcc. for pn inpk of tftaMnto(, w,nhdn 
� PMFbVMSO (epmS with permi*tk Ss 
PubUsbns) - 

multi-step weig& butt Couftd with TGk nsond gu analpls (EGA) using 
IRot mad spzdrootttq b &b Utporlstmeaz stidntIfytassou. pm ducts 
USi vtd may be used to qaniity both the pyrotyts p,oducu from thnn,sI 
degndadou of polytmoxpbs as well as solvertts released from dezolndcn of 
paudopolyu.orphs. Mother htportaAt appUmdovs of the IGA method Is the 
deteTh,lsadoa of the ac6vsflors entgy for desolvnlon of. psasdopoiysnoph 
from traesucordcd atvuyinfleaungrates 9041. ttsa&adoutopwsdopo-
ynorp% of lotbitIthia2o%e ROS) m-.d tenoäcmu 11061. end to indusion 

� ’ ,i v � may oapwy WJOUU)CmUC  P. COITflJOUWB3 ID CCSDIflUO3 
(for p.ndop4imo,jib.) or fusion (S poymorpbs) and nothermic pet 
rqirestyding reu7st.Jlization ot dtcompontloa pxocten. In the xAked DSC 
technlque,the dJffcenct

 
in inny imp ob iota. compouad and sre(enoce sub-

,t*nc. is platted a821DSI T during . contrcVM tcmpenhlre programme. In 

- soac 
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theory; the area under the curve in sDSC tract is directly, proportional to the 
� enthalpy, change for The thnmjl alenh but special precautions are pecosary t 
obtain accurate valOes for this quantity II8J.Mi alternative method for deter. 
mining entbap1es of demlvation ofpspvdopomorpbs, based on direct vapour 
prwure meastremeat of the We,ated solvent ass function of temperature, has 
been described 50I. The.DSC watts in Pig.1 display eadotberms (peaks A, 
above the baseline) wkose tespnahue ranges correlate well with those of the 

- TGA traces, con&mthg that these p.alatepre.esfl dcio1ntiOfl processes. The 
bbtodal nature of these ,$detlaenn is difficult to interpret but evitlardy re-
fiect.complade,olndon mth.idsms.Thedlfferetwe ha the DSC temperature 

� rangsfcr1ouo(rn* (Ioo.i2SQ.n4bss o(DMSOU6O-235°C)lsatrihn3. 
These pseudopplyinorphs were subnqucndy shoicn by single ctystal X-rtZ 

� unuLiis to contain their rnpectM solvefl pt molecules in onnrictad 
channels fanned by the altroMamoin boat famnork cad, DMF moleSe s 
bound to on drug ,nolwile by a sin). hydrpgei. bon4 wbeze* each DMSO 
molecule fonis two hydrogen boat with ndghbourimg drug tholecuies. th,jz 
proSing a poalbleexphoatlon for liii aijnlfiaady higj.er onset temperature 
(or dwlosso(DMSclln thbcorinectienthnseofthe slmpIeparameter.T,-T 
(T=extTapolated DSC desolvaticm onset tzmper%ture, ;=botllngpolnt ofthe 
post solvent) has ban proposed as aposaftie meant o(thc relatIve-thermal 
subwttn of inclusion rmnp.unds (5O.Por both pseudapolymorpha refer red to 
in Pig. 7, dnolvadon produced the flpolyuwrpb, as confinned bythºcharacte-

� risflo sharp fSoneadothonn at 213°C foflowedbye.decomposMonexothtzm 
pakicgat279C. - 

Recent reviews of thermoanalydcal methods and their application to poly-
morphic staus uS. 231 indode descriptionsof modern instrumentation, $ 
dlscuasioM of the In that of Instrumental and sample panmetar, on inessr-
red data, as well as guides to the Interpretation of D$C traa One review I231 
includes asumanaryoithethermo8ya.n.ictoIes established by Burger [107) for 
distinguishing monorxo$c and eu.ntiouo pie transitions. It Is worth impS 
sisiar that In the absence devano tgcbMouessudi event atan mlcrosàtv 

(FLIR). errurs In the interpretation of DSCdStS may restit Retereuct 10 11314 
was-,  earlier in conuection with its use In screening recrystallized batcbes 
’of a tw’pouad to i&OrIfr polpnorphs and peudopeIymcqM. melt from its 
ability try,  meking points and transition teinperatmea t°r polymorphic 
changes orgasstranaldon.,RsMlsaiairntbleatVuvct to the DsCtethalçat 
in that visual recording of thnnsnl evets.( duo1vation recrystallization 
sublimation) may cor rob orate assigume,,u of eMothendt or aothermlc :-

peaks appeasing in D$Cuacca.Aspthated outreantly (lOSLvisnal obseivatlon 
n sometimes be more sensitive Indicators of phase changes than DSC mn-

� - smeaacafle repeff desaibn the construction and use of the dMa shown 
In Pig. 8, wtsJ& allows abStaaeoias DSC measnement and microscopic ob-
aervations with a ldeocsaera. A second cassava I. used to give� direct read-
out of the varying sample taup enlist.. 

S$detatt lnfraiet (IS) spatrocopy in the spectral range 400-4000 cm’ 
has been vsed atwulvdy to dlsdnjulth dWeertpolyrnorphic loans as welt as 
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ggL 34,cmztic dtscnptS of ax. apparatus lOT t,tttt vul ..d DSC obsnvsduas 
slag Utt MedlceThtni9sttenI moo (RprMa& Mgt pnmIuIoi from HO’)) 

74 

the exlsttuce 
of 

pelymorpbs by an is 
analysis.DiUerences In moleaaarconf 
difftrnn potymarphz of an organic 
maui thieth by frequtncv shifts an 

had been 
hydrogen 

pound manifest themteI,fl In JR 
tdnp he.. )i-IT,0.H and O"O 
cops Are praent) due to &iter.z.cn 
4ofmwabthis the deductionof 
SMA spectral effects, bin detailed 
uwkt asier to rationalist these 
dn caubtubtained torthtnzious 

- baa, our laboratory. A study of 
au,. rnaIcd that its polymorpbism 
he dxucrecryEallirad from action 
with itS 11091. Cenuoay,nmnxic - 
in the ayiaJ structure as shown 
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schematically in Pig. 9. Weobtalned erptals of a second polymorph of suipi. 
mtrnioe (110) by TWpSI(z.tion from methanol and established the space 
roup a,Pn2a.Zt This form contains theatre hydrogen bonded motif 

shown in Fig, 9, but it is ptndo-centrsymsoetrii The We polynorpbs are 
� distlngulsbabk from Ut spew., the form containing the ccntrosymmeuk 

dwter (M4th only one unique ?4-li���N hydrogen bred) yielding oofr vain 
peak (3453 aw9 u$gnab1e tovJ4H whezas that coratatnins the pseado-cen. 
trosymmetrk dhnn (whI twd &tinct.$-H N hydrogen bonds) displayed a 
douWtt (493.3478aE’). - 

We recsntfr reported Fl-It 9whoel dita for seven ciyste forms nf the 
androgen dthydeo.piaMsostexome III 11. shwlngth.i di&ra,ces in both Sue 

- - ,ftuCture and in the Ioadłns and  Intensities of m4or 4bueFtion bands can be 
used to dktJnp$sb them. X-nynysiM stnicturn of three forms wa. dater-
mIned (112), Form I to p.Iymorpb). Poem St (a 4t t hydrate) an& Form $4 (a 
methanol b2ii-sotnt4.Poun T(spaa Zion? P21. E4) contains Infinite ehaThs 
of steroid moleazlalht)rd had.to-iafl (shown sthematicdyln Pig. 10) bytwo 
CI7SSC$Xtpbl%IIT distinct lntnmotso4gr O-W�0.’C hydrogen bonds 

� consistent with two ebsuved 0-14 tretcb1riflauds (3501, 345 c&). Dubtts. 
� 

for the 0-H absorption bands observed also in both Forms Si and 54 can be 
� gorrelaled with d&bsct 0-H "0 hydrogm bonds observed by X-ray ou1t 
nd spa dfic.fly, v.5th onusuarflip-flof hydrogen banding in PTUL $4. In this 
study, attempts to dttnnS the thenuo.frnmic I*IEIOn5bJPs bawen the - 
venous potupr pbk Sims were based partly on the appliatioo o(azgn’t M� role to1 wbid. Sales Ut bndpuitions toMaUnstabMttes.  

The US of IRsp,drtto distinguish p*morpbs frDm psndopolynorpbs of 
the came pa.nr amp. un4 or to dktlogvhh psadopolymorpbs omcaking 
Winner soWean is relaiivdy snaisbtfonntd, since solvent mokse. wblc 
are commo yhiofl.onted to pseudopo1ymorpl4ceystals Cs. wate4ketona 

� . alcohols) will abiblt their own t,Etafstk sb.oistion bands. IR.spectos-
py was used to disliogubth potymarpha of the afttld*ab.6c thus ghbedab1dt 

ftca It, solvates with pentanol and toluat Ii is3 Pnudopolymorphs of the 

nfl $cMmnkccpitsoo ehyŁoccabeMed&wsrocccnflln n.npofr,narpfu 
a1.tIphntraint 

�’W ’&_._I IIIM_u 
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compound gotypol (notc coMtinztnt of cotton-seed) obtained from three 
different solvent showed characteristic difkrenccs in their 1k pectn in the 
3500 M-1 C8Dn it 14)PSeUdOpGlyThDrphS ole host cont.Inins the same guest 
in different molar raIio&aQ Soknown.M a&dicdlo o$th. helical tubulavd 
fanilyUtSl/orm$ nvea llogrephfrd laafceinclasMn complexes 
withl2-dichloiob.nrenehaviaghost.uatntfos dItfmid3t (116j These 
were readily disUnpisfied from their ER spettrirst fingerpxtnt ion, 

The spntrat tecbniques awilabi, En the dwacterlutbn of p*xuoiłts ad 
*hsve been reviewed 1271 .udthcmeiitsef FT-lt&pectromcopyfor the 

aqdonohigh-qualityspedrabayeb.en ,tnssetfl.retiewslso llsudtug - 
nbscanas witce polymorphism has been lnmtipted by lit-spec tro4cefl 
AnothcntcenttevMw on the use of

 

them

method tehivestlgazepe}ymorphizm 
Is based an spectrataraderlv.freofss4phs4cxluca.amadejcornpound (211. 
Dyncn… aspects of poIymotpbsm 

-Ch 

Ao ,menbletc tudy by JR spectios- .4 
copy The

 

affect

iTed of hydroget, bndin on eM lattice dynsioju, potymorptdsm, 
mesoriwphinn and p1ase tnnforriutions of long-chain cutorylic acids as 
pugrd hon-Ilk specirabsa reauttybeen reported  

A rc1$Itly new trend Is the appileaflon f oer-lx spectroscopy In voa-
pound  iJrmiflttion and quazthatkn in way Industrial jo, 
du&ngcbcmkal pn,ccssiq and food eden The adnsuAges of nat-ZR over 
convear4m4 1k sptctroscopy for the inwsdpdon of p.lymorphs have been 
described (I ll, A (au nStM pattern reapdtlbn method fW identifying a 
puLyn.oph and determining its quality wing near-IA çntra  has been dnel-
epe4 1)191. Pattern recognªton methods Involve training a computer to rt, 
cognize spectra of acMiable smpka of  material stht. reject unacceptable 
ones by multivariate statistical ane&yus. This Eii4 showed that the method 
described can dbaiminare behno the dsÆedpolymnpb surd DOW aysaiflns-
$armnsaheaalisdalnmhs Iing th4t1 as!own2%o(ao adaltenthg 
polymorph may be r.liably detected. The authors ,uiauM that the ant-ZR 
method. which an be automated, pro’tdes a relWtUty conipazabie to that of 

D for polymorphic identification but Is liksfl btlus ratify ta mplesent. - 
Than, lie growing interest In the ut of Rain spectro.copy for studying* 

polymorphism and pnudopol,morp)d.a 12fl. the RISn technique has 
recmndy been wed to dlstInpdA two-tridink PDIYMOXP14 of tereplttb.bc add 
112) and, in combination with Ut roscop to study the anfonntional 
polymorphism of I.Womopearane (121). 

’tcQ1!J  

fl1 Rnd�totail iy6rog. b-alliatt’10 torm let dabytespidsoflernc. A aM But 
trymraptticUyduztcl addiaacn ere Ia A 

- - - - - - 
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- The use of whlt.-li$t microscopy to Identify differently coloured - 
� morphs was mentionS above. Colour polymorphism may be quantified using 
UVivis electronic spectroscopy (diffuse reflectanà, fluorescence methods). 
Colour differences for poipwrpbs of the asons, compound may Origoatt from 
diffennces In char$e transfer interactions or different n,oleculu coBfonnatLs 
in the crystals.Pseudopolymorpbsmay also bedistinguished usingftaorescence 
spectroscopy since they may display char dsdcabsorptioo maxima as weflas 
fluonsceoee intensities Systems, which exhibit colons polymorphism hwie been 
reviewed (27). 

� - fmpildtin the ewnpls cited above to iBostrate applications ofv.rioasansl-
ytical methods for studying polyinorphNm is the definitive role of single 
crystal X-ray diffraction in providing unequivocal evidence for, the very 
existence of these forms. Different po)ymórplis of agiveri compound have, by 

_.____j qs4k..I 

only by this method1791. This techniqu 
differànt form,, providing In additions 
each speciet at a level of detail and prec 
analytical ted.niqun, Furthermore. as 
above, detailed knowledge.? the motec 
(eamrt, obtained by this method provid. 
preuatoo of results glassed dram other am 
much effort Is upended by resarcw 

structure dttcrmtnatjon is we 
dead moo c,graphs on the wbj 
routine zn.thodologyarewortl 
development. (to be discussed 

Existing sun dard methods 
0.1 O4 mm, aiaom$ed X.n 

- (our.drcle dtftnctometet) aü 
� dab.ptoccsstu structure sot 

collection Is common, despik 
cryostaüc devices for cooling 
dine, carried out on pseSop 
cukstendtohaveacesslvtb 
atuxt The advent: of fat date 
wire mica detectors) and mom 
greatly increased the speedi 
refined 11241. 

� IntheabstnctofsThgltcryi 
- der diffraction (W?) serves a 

singiures. the XDP pattern of 

h of structursi lnfbnnation for 
currently unsurpassed by other ) 

used by several of the examples 
parameters and crystal packing 
uy rnwzring basis for the inter- - - 
raltadiniqucs, For these reasons, 
rowing single Crystals of p.1)’-
qus&yforcomplete X-nynruc-

Iymorphs or pccudopolymo.ph, 
lea, the methodology .f crystal 
d the reader Is gefrrred to stun-

foycvcr, a few points on current 

widsu 
4a for 
edata-
4j with 
,.bome. 

mole. 
em per-
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sample preparation irivolva grinding in a mortar to to ant.ge paticle slit 
?lO0 un to udnimise preferred orientation elilci,,

 d‘4

possibftity cia pm-
sgre-induccd 

ho’

cnnskr,nEion during sample preparation must be Coil-
siderct The XRD pattern of a impound sample of the material any $ 
dieckedasaprflsutiou.y measure.Patternsarqenenuyrecorded on samples 
with mass range 200-560mg usIng automatic u1ractontetets

 with

strip chtrt 
satput The method is genenfly non.destructive, .flowing recovay of the 
umpe. Pflnt methods (&g the Debyo-Scberter ted,*e) require afew mg of 
maierW only and are stfll 

frequently

 ardor 

only stall imountsufpaly-
worpbic (arms cn be iseIa ted. Atcording to the ultlines specified ii, the US 
Phum,copela 11253. fltnrnna between aairIe and a refnenc4 standard 
Thould be within the calibrated precision of the dlftcactoinettt for  of
hge (t pia3lyanprodtwibilltyof*tlO-OlOtht2$) with Permissible reiat(ve 

intensity variations otuptł 20%. 
A recent nalytial study suessa the gzowMg *eed, prompted partly by 

legislatory requlr.mem; to difknmMepthpzphsad toqoanti(ypolymor. 
phjc mixtures npharmtceutkal production 1126). The compounds beazil and 
btnzoic

 arid

cl Were chosen as a modcl system to. the dneloprnmrn of an XRD 
protocol whiA could be extends to the qufifiadouof mixtures of drug 
poiyniozpIts The study rnvolved 

the

 evaluation of saatyk UücknS, the  deter-
mutation of preferred orientation etfrc*s optinwm raillin corrdidoos and the 
coastrvction 61 ffiacdon h4w,hy-caEposkion libnton nwns for mix-
tres  

"’he

f benzil andbcnzoic ac%&th.cethc composidonofsucli m%nluea nbe 
accurateLy determined byan independent mstho& ,ady UPIC. validation or 
the quand&auottot minuses by the )OU) pzotbcoI was ponlc. It was eons 

eluded 
thattheprota Hsaccura(rthemodrlsystnnto within wpercsnL 

ft is duinbfr that tbflsneS nudity of the appmath soggest.d be tested on a 
’v’g. of teal polymorpbic systems. 

Theinformatico comalnedinanxRl patttntofapowdered matted al is a sig 
ni$kanuy condensed vcpun of that obtained by snglt aystel X-ray analysis 
and it Is a routine matter to ircornuuct the 23W pattern of. polyr!tolph by 
computation, using as input the space group data, re&wd atomªc coord$natet, 
ro,nIc thenna)pinmatm and unit reD data vthicbhatbeen obtained from a 

thsle crystal Xrsy study of that species. Seine yesnnsr*to,,tu,tntd 

11271
 tInt computatloft of the XIW pittan of aaww polymorph should always 

be catted out if single crystal data become mUth1 The cothputed psttcro, 
being fret of npeStiutal aburadong, svw as the best taco pattern for 
the polymoepk hi question, We have Mowed Oil piactke and n surong’ an

done its useMnas, not coly for the purpose of Idatiin the polymnrphic 
form present In anty crystallized sample,bM also For asMasing the poty- - - - 

motphlcpurityofsicha,uupieMgurt II sboitheuperimeotalxRDpattezu 
of; potymorph of the nob -5 teaidal ant l4nflnnm atory dnigtenoxicasu asid, for 
comparison. the co,wuted oaftua based on thesh&ectvwtglZ-nvdaIa (led?. 
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at 

go so 

ntlib XRU pnun far p.lymoecŁ of ,csnIm, sop&r.na bnlotS r,m 
.iflka,sUl4aM.ERWtiCdw{i p.rnb4m. fton(lO63,api.it1l $9S,ArtukaA CismI 
W society and MnhiwPhatmgwthal M$odJIta.) 

from large single aptals previously ideciftied by Lay analyths. the overall 
agreement of the pattansrcvvals the noa-trMa  result thu gtb,dirs8 single 
crystal; or the poymorph do.. mat effecfe, plague tnndonuSon to another 
polymotph, In the Case of the drag probucol (Fig, S). the experimental XkD 
patlerns for the two polyniorpha wue ideadod as.uho(trathtmtdon of 

sity of nutroa beams demands relatively large .SJt a7stais (around 1 mIt’ or 
luger) which are seldomavUlable. Csystdlopapbk studics are therefore unisi-
ty carried out on pocryfldftae samples. yielding powder neQuon diffraction 
patterns analogous to )MD patterns. A blr recent devekpment is the use of 
pulsed newton sources coupled with tlm.ct-JUgIit .nalyts tIQO).M an m-

a 

of yielding detailed structural iafonosdon from vet’ small crystals 

I 
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(qpkafly DCI -0.01 nun). It liai been cited as.mose reliabje method for door-
mining crystal unit cell and apaa group data than corbputer4ssisted indexing 
otXRi) patterns IiOO).The cryibi structure of a highltmpexatiaepotymorpb 
of chitosan from electron diffncuon data has recently been reported jug) 
Structural modelling of tids complex molecule iavotv.d.comtnlned linktd-
arªn In*qarn refinement with stnodwStz&rtmintL 

Dilatometricsnaiysis I., lao wide3yuud tedmâque for cbnacterisiag poly-
marpb&bu1bat for example. beep applied to the study otpely.00rphk bear. 
(ounadons. ecctzrrMg to theobronw oil, methyl stank and Akorampbenicol 
1251. Substances which nwact as they trans(onn from a metastabk ((as 
dense) potymorph to a ssabk (more dense) potymorphan be studied by m.ea-
wring their specific volume as   6jnctlon of temperature. A recent study in-
volved the combined use of-dnaioinetry and neutron scattàbis to characterbe - - - 
the orlbocbomblcand morroctinic polymorphsoIm-oitophe,l (130crysta1s 
of bed, polymorphs showed algntftwd anisotopy of atpvaioa and it vras 
possible to reconcile the direction of lowest npnslonwidt that oldie hydrogen 
bonding intennioa Mtempts to correlate that restdts with those obtalntd 
from lItn,dRaman speclra isere subs.qoeDdy,epond 1I31J 

solubiljiy and 44$0316D0 nit an)yin we of vital Importance for p4" 
morpb, and PflUdOPOJYOIOII,4,S M pbarmaaiukal rdsnace. ?on Øvea dna, 
me.asiabfr polymozpbs tznd to bm blgbn s&tiblida and Mites dlssebaiao 
,was thas the stable pe)ymorp b. When metntable fowuareemp)oyed In solid 
doter knits (tablets. apwk4 they generally yield higher and eadier Mood 
serum levels 12* Thus 6,r potent drugs with £IIWnoWSZaDeUdC (ea. 

fore anied out routinely as pan of the quality ’ontol of manu6cwtd tablets 
and capsula. It may ilm be pdolomeal directly on powdasorsiIe crystals of - 
the drug patyu,otpha or pseudolymoqbs comprising the active agent Bssen. 
MU34th1, involves placing the no$e lathe dMso%utlon fluidatatiag It in a 
reproducible manner at constad teu.penturc (usually 37’q and snnsntng 
the drug concanrndon in soWilon as a tonctiad of time. Conpmdlal taring 
mthods include the rotutiug bsket. rotathigpaM)e, and flow-tough coD 
techrdqgnMstomated systems tir.pW a palsWUc pump vÆith &næata the 
dissolution fluid through . IN specuvphotoibctEt flow-cell for cootbsuoo, 
mDnkoxing of drug roncaundon. The advantages and disadvantages of 
modem analytical tethnlqun nlab)Ł for diuoIution testing haft been Fe-
viewed rn.nflyj2fl 

Poiymórpbs geaenfly dMoht more rapidly than their hpintes, but there 
hAvcbeennports o(dnpse40po2yowrphs coswning,e.g,cthyl acetate or 
rr-pentuw,wIdcb diaplayenh,,ad solubjifties, both is viva and in iivo,whtn 
ctmptred with their twrisoketedforass (25. Figare 12 shows powder 4l4otu 
lion rate curet, (or two potymorphs of oiuolbrantoin. The significance of the 
tur125 fort}IIS system is that the retarded initial dineltalmot rare for the a-poly-
norpb may reader it more faottable for pharmaceutical formulation since 
there isevidence that advern stde efnt -ne..t u.4.k �A  .U.�
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ft IL Po.tout4on me r1i, An vo ifro6u.j,łjc p.ly&q)w (R.pthiS with 
pvmAsoi from t6t 11 ajrljbt 199G6r&fl*4 Jtnd. Pbblisbtfl) 

Menurements oflhe iquillbrium seiubilitke ell pnorph isa bmct3on of 
temperature ptxudt walnfton Of the eo04y of dinotuuon from a v.m Hoff 
pot(Le.ioprithm otsolo.biUtyva r’). The point at which scdt p1Db Intersect 
for two different potjmozphs of the some composed corresponds to the trani-
&ntemptratnre (orth&intercoswnston 

It thoaid W strewd thatAeanlfiicai meth od, aneyS abzwcadâevflbelr 
spUtum effectiventa and lead re, deeper imigbts into polymorpbism end 
pnudopoiymorpbistu when used in combination. A simple illusU.tA is the 
COUMU4 use Of dissolution mts endysis sad eryttal strucWrt analysis of rose 
poiymcrpi.s. Used iwfivWusW. that tednLqua would produce merely dais, 
when., thnoiubwid approath could ltd to an ep3ansS&krthe4Xł1rncn 
In dissobidoxi ma based on diffenuces in crystal paw*"

 
rcpot 

Ill to ori Linterynoleadar hydrogen boadingtnures were deduced from lit 
specuoscopyand this sethedwas also ebawn to dutinguish en the irmsMe.- -’ 
sneraen.of the intrindc d4ssobaioaata indIcated (unapectoWy) that Form, 
njliwdlvhadaBghtowervlunthaathnofthnlabidwm.Rnziltsofthis 
Idnatre Inn3uabIreSmctfonnidaUonofIhtdzugSemeampJn 
of other important dziag pMymorpblc ymms for v4Uch ümilar, Mdy coin-
prehen4ve nvdit have recently bten sepontd Include acyclo* P83k me-
prdmmat. (’4L ptulemne (IiiJ, reniddine hydrochlorIde (zssJ, and chior-
anmftenlalpWmitatejl3sj. 

� Other campoonds whn poiymoxpbThm and/orpnudopolymoqtinm have 
bten icvesdpted in rtcat yeast, togethe. with the method. ’ned. include 
peutacbloropyrids (DSC, Ramn sad 1K spectmscopy) 113Th cyclohtnrtoj 
(tar-rn, adiabatic a$thnet,y) [1351, nIfedipine (HSM. flt D$C) [t9l.su!ftr,U-



amiØs (bQXRD) jikparaffins C - C,(DtA,tbtrmobarometricsnal>rsis) 
{is) and bipalmitin (DSC, *erwodiftractometrz ml accai&riteiry) 1142). 
This list represents a terysmaa sdecfloà,merdyurvingLo indicate the variety 
of tethntquc employed. 
� evqnl rtant devekpmtnu in the areas of stmaury de*mnlnatian lie 
liaviva significant inipact on the study olorpak ctyttal polymorphism-sad -. 
thug arc pow surwyrd. tognber wld naples if appUrations to specific 
sstenu.n the ditcussloa bove; it has been n,aintalned that a ktowi CdCe of the 
aystal ,trucWre of a pofrmorpb prbvldcs sound bath hr tuterpretadon of 
otbtr anWytkal data pflitg to tht species sod is czucW (or even a mdi-
atntary ind,ntartdthg of phase traniformatlons at the mo%ecol*r leveL it is 
also well knowu that many pup,zorphs oIttdtnolesIcal intbrest cannot readily 
beobAined assne aysrstsnirable%X-rsynrnsduddalloa}Iowenri 
sixscetheadntofthePie4or"whole.pauert, refinaneattechuqae

 
11431 

which ’1oic’ aystal structure rc6nanent usiq X-ray or na$xen powder 
dtctlon d*ethe status oIpowderxBi) hssbtett4svgedontthat

 
01’a unit 

fiogexprind,ig techniqu. to łne of fouuid.Me pwn ass snucture,olvins 
tooL1hispowcbssbeensIcsrn1yeol.angdbyreaosp,op.s to obtaining 
Will .uuctinl modâs for kin Id ,ene,nm dincty from the diffraction 
late lties.$incedw powder pam in oa.dimqnsioÆl p*ct2oa<oo 26) of 
the a-dfrowiond sSgle crystal dtfftscdon data, a key pnbtern b this 
dullengin6 :esn,ch axes Is unravdliIn& the fttteniftfvs of severely, or exactlyo 
ov*pp log reection. In a reunt nu4 ai algortthm for achieving this waz 
mponedj 1443 eat tognha MS oftwart roulinn for space group dnamin, 
lion aod a fast hsrałveMt.non  squaring rootintj this comblaauon 7th to the 
AUCaSSM aS birlo cqtaI ;tructurc determination of an alumbioflosphate-
basdni.tecuhr flew front X-ray powder dataadwtv4 it Is nctewoetIy that 

)4orareceada method wini; powderdifEractimtonftucturhoiDtion was 
desaiba In which st,nnl in&mnadon Ii no( atncS directly 6mm mc 
inteSdos; Iastesd, crWstnsau,es ne genentcd using a Monte Cait, approach 
8451 commencing with a cotleedon .Ittou.s inItially nndomly, placed in the 
cry" unit ctlLA aorta of trial structures is then generted by readout move-
mat of the atom,, cad, tiM nuactuxc being "tad or re3 acted depeodhig 
on the leyd of agreement between the calSated end npeæmwtal powder 
pattern. The Mint. Cat method e,ipoysd ii based on the Meup&Is fmper. 

ncs .unpliag agot utiag the ccystaflognpbk R-tctor as the basis for 
mastrarthsSt models. The best rao4et Is than used In. convenUonsi 

� Riepald i*finement The suixctvres of two codipowAs,wtth eleven and twelve 
nor.aydroges atoms In the ttpecdn asymmetric .oh, watt wind by this 
Procedure w4 hifls-rtselution powder X-ny iasky data stand with 
posldont3bn detector. The nayd k.ture of this method is the use oldie 
Monk Carla SJgOIit]Im S Factating trial sftucture, 

Crystal structure prediction based on IndozeneWinmlsationha already 
been discussed and attention has been dawn to the serious drawback, of this 

- � - 
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appro.cb -be* wed on its own. Rowcw4 used In Warbination with the Rtetved 
method, it, chances of socas$ are very significantly Improved; Is TlWeflt)7 
detuonstrated föya polymorphic aystein (1461. Of two potymorphi,A and Lof 
a panidiril dettnuve (1), rely LORD B was avoilabte in the form of ewe 
crystals and its structure was solved in the conventional IDSZIMT USirI3 Ltty 
diffrzcUonmethads.Poly.nwpbsnsaniiable Dz)yfla powder and tbenruc-
rural ptoblea, was father complicated by molecular ftamrn alo*g not only 
for dIffaatwnfortesr at&t mokcule.buc*lsodWerenvtvzwn,ers, Indexing 
o($Uraesofan)abpaftetofpolymorphkmeas.iredona Cuiztcanffled. 
to the anipnem of tbvtrldinic systirn. Thcrgy nkuiatioo, usfr.g )4OPAC93 
were used to tears for likety conlmers and tau*oMas suitable tot Ct75*RI 
packing calculations. ffigh-recIsleA ab tnIto qi&,tum mechanical methods 

paddng analysis using a coinned Dtt&g force-54d. IW wows were put-
"a -rood, one aunming the XRD indexing nsults, die other lsn4rinE them, lathe 

ttnt aseawmetures were generated for the spice gtoup F! only, leidng 
to a most stable itrueture with tuft all parameters nq close to those dSiced 
from the bidSn. $ubnqi.sat optbnisat4on and RltTnM ieesunt yielded a 
finzlnructnre wltbattR.ftdorofirouj,d tO%.Wbcn the bdezi4!tflltswert. 

best agteeaent with the nrsilnnisai XRD pattern turned out tb be me in the 
space group Pt PoBowh.g interactive RJetwhl ,efinemoni this structure 
(gzadIa*) converged o the sutton, at determined .ssurniag the iudcxn 
racuki A vay lmpnnt femsn of tblz study was die use of an ordinary fit. 
house XBV pattern (as opposed to a high. resohttion patton) (dfl the Lad rating 
and Rktveld rtfineweat steps. The authou pointed out that both the %b thit!o 
quantum m,cbathcai as intl as the packiug c*ohflons for this problem con-
sumed resonant amounts of computational nsoutcn.Thq nevertheless prt-
diced that stn.ann determination based on an erdittarv nowdar r.attein md 

� The strvctun of a mescabIe and shertlived polpnorph of the dpi; 
- pütwm(z)hasbnnufredframxRndstausingtMtsp  ’"hod 0471, 
This species (FonD I) ym prepared by heaflus * minute of tomus U and lit 
and qu.acbft.g.t room temperature, Eouo I spontaneoustytraosforms into U 
at Zfl K wkbln 2 few hOUrS of quenching, bUt it Was Possible to apunt 
bii-raoutioii flU data ,ttbin two hgurs using a po.ltion’sen4tiv. ddcc-
tetfle same (known) moitct cDnfc.rnat3on as oeasn WSrms U and 1fl 

I guaad,o dsjaGve 2 pacetam 

- 
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was assumed In the crystal packing calculations and the AM’ method yielded 
two distinct minima, only the higher energy structure being correct (con-
sistent with the metntabiiiiy, of Form I) as shown by. suec.ssftd Rietveld 
rtflneuRnL This impressive study supports the contenttoa thiL the need far 
single crystals for structure sobstion Is becomIng less critical 1651 and also 
demonstrate, that even shbfllind organic p*lymorjt4c species can bed ruC 
tursflyd,amcerised. 

Another rnjor development which continues to have a sipifiant impact on 
structure determination of potymospbs has been the advent of synchrotron 
radiation as a source for diffraction studies 1148 This radiation, which W 
ii.neÆle and whose intwsity, exceeds that e(convenuonal X-ray ;otzrcc, by 
oraenotm.sputuae iLbttj[ng abouts cvoiudon in structure  
not oSv for p*lvmort but IDr mstuWs In irnenl. In Particular, very small 

floAoIa drug iS varied b 
crystallization due to than 
wiid s drculate4 tbzouJ 
parim.. 
NY the  

tion patwrus mtasured a 

on 

VCfl 

on 

d with ultn-rapli detection devjczi. Time-
to study wkJtsynchrotron radiation uwfng to 
,csstbiflty of recardin$ the X-tay diffraction 
n n-lint syflerm using in situ X-ray dlffrtc-
or examination of the polymorphic form of 
comprises a temperansxe.ceoolIed stainless 
wl%ts attached to a two4rclg dftaqometer 
cbnwonkadiatiomsouscefltpflofasvlu-
Dfl in a giass so!uUo2-snturatioa vessel and 
e solote solubility yields taystallizS sh2rry 
I for continuous monitoring of its diffrtction 

wntlpted. PIS. 13 shows a udn of dtc-
t temperatures. Fears thea, the traosfo tint-
rugaarotud3b9 lcisdeulyeMdeatUslng 
ekasa (allowing cestiUfratiod can also be 
pentute of the aystallbdtimt solmlon. The 
annas of 1St importance of understanding 

tptdaity themicals in prows tedaology 
on-line characterization tethdques. In situ 
irt the adcantagcç of non-InvusM cbanc1 
rolymosphk changes, and the ponlbillty, of 

g.m and pseudopolymorptdsm by means of 

flmctuK, From which valuabtt in-
environments n be deduced. To 



196 M.LQsIra. 

� ISSK SOLVATEC. 

SOSK SOLVATEA 

323 K 

C I I 

- - 2ttOE&IEES 

s 

0. In mu L147 diIhtho ptwas at a a,Ktatk ivbstac far ayasflkatiaa nge 
283-323 L(Rt$M4WWl p.1ofm*ltOJ) 

�’u ap_, 
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400 Zo$OO 250W0 l 100 O 

RgK ,J cPMAS.PecUs krthoc pcfrn r f ?ht itS4!tde4Sfltfrfl (PepdnS wij 
ptn.hsiou born flfl.ctpy.igbt t$6!Godo sad flnvt?vbThbers) 

dsffrttccs nfl used to Axactasc onfc’nntSons and cryw1 packing due.. 
TCDCU in the three fonnL Etampin oUppkkattons of U’MAS tł the Mudy of 
potymori*sJsm and pw.dootynorpbhm of pure drug ndntwcu 1271 as welt 

� aa dnzg-ndpIent nttuzn (1321 have beto described. 
In a recent study of the mo!eculr malm to the crystal of the ssit.(4), the 

tnuirs of ’C CPMAS NM and blfl-rewiizdon pander flW were combined 

CN 
3 hnIderot.dvnvaliv laM 
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1153)An iniportantfranireolthis study was the determination, oIthe atintion 
energy for rotation of one of the N-methyl pups In the crystal from mrtble 
temperature t*.IR dna. The X-ray cry,ta3 StrictUre was solved froM.bIShfl5ol-
udoupówde, nfl data using dftat phasing methods and refined by the 
luetcrld ,nrbo&lc was posst to reconcile the NMR.dedvgd acüntonaneIgy 
with the aysW packing which rtvetltd that one at the Smethyl grotp is 
s3gil&aiUymore hide,edtha the cther.Thi, stndyOhsstntn the potential oI 
.comblned approach to probing molecular mDtlon lathe solid-state. Its *L 
cat ba to peIymorphi sptthis ban obviots arid desirable extension. 

3.3 
PonrØflt 

$m’n 

and P.iyraa.pbk (Nug.. - Case Studies 

Pow nlfld St studies we dtei here to Wmtraie some of the difficulties 
encounte red

 
in resnydioxi organic crystal polyto iphism, even when rdthtIy 

simple motecuIn areüwolnt Sim space does not pennftdkasslorbpdcftor 
these model studio are presented is the hope that the htrestcid reader will 
consult the oig1n4 absorbing accounts lot details. 

The polymorpbisus of snthzanhik add has ban fludjEd (or Over a center$ 
Dn$te thh. many properties of "ads otdth simple molecule remain obscure 
and a recut tt.flajuinaticn of the phase transitions was undertaken using 

In 

natort 

A. two polymorphs whldi reS*s In th& XJkD patterns beg .Iinut lndhtln-
gubhabk.Th. sadflstablithe& (Irder aBa) conditions for crys*allidn the two 
krm,, fin 4b3 dial their oavn en corns ddtrmlned by towth solvent only and 
was indepeodom of the isle of aystallSd. The orthoshombk polynozph 
was town tobe metastabkrdativeto the monodlTdc poIymo* 

Thephthalk add (U) Ii an imp.rtaot £bdla*TW chemkai used in the pro. 
tdionofpolyntnJtspudflatio fr,volvn muJtl-slap rwystal1tzatiot under, 
nunn. conditions the pbase d,amctesuioi, sad morpbolotes of Poruss I 
and II of TA vere studied by IfS& tMrm.l walysis,Ram. pectoscopys&e 
cr)tl but X-ray diThacfloo. lark. tangy and morphoJoicaI nlcoIitloos 
tts?l. Contrary to earlier npons, this nudy avealel that Porn, U (not Ptrnt I) the

 *amodynmicaltjr stale rm of TA undc an,bient cojidMons. The 
apparent stability of Penn I was shown to be due to twiJng In aniumsrisly 



cow,Pm.lpflhImolOt,nkC*mdt 199 

lead to colleclNe Mabfliadofl". which preV011t$SpOfltatWOU$ tmrts(or.netf on 
to Ionn JL 

Structural, thermody-namkiWneticlod medianisdc aspects of phuelnsis-
rannt;ns amoss, thrndl&teritiv coloured ILUmS of dieSl 3.6-dkidoro-

md pdcaI mkroscop) using the appararna shown In 

extraordinary pelymorpbic btbaviow are now lotewa to b conThrmatioaaJ 
pofymorphs and die traefonnàtions among then, appear to occur by nizds-
don andgrowthof the new phase ouidt the mSof the old one, notbY 
single-crystal to d k.crystal tzansfonntlou. Seine perspective on research on 
psiymorpldsm can be Pineal from the concluding zema,t of this towtt 
which stress that prevailing lack of understanding of the complexity of phase 
trestdons and the formidable experimental difficulties experienced in ob-
tining reproducible results, 

.4 
Towards Control of polymorphism - 

41 
The 14.td for P4ymwpNc Central 

Ii,a review skMdftglbe importaitdevdopmMu in syvdmthcoxgwlc chem. 
nt during the put 23 years and prSkdn8 fawn 4kections (151J. It was 
tn,phathed that Ina exciting synthetic targets today art no longer sDleatles to 
be preptrvdlo: their own nkt, but rathet tbey are sytems post eulog .pedfic 
kncdons or pxoperdes. The systems wbidt an bekig ptnue with thk goal - 
in mind are WpIy then whose properties are gomn .4 by nos..wnlezt Inter-
*ctiorn, as evWcnc.d by the rapid growth of the discipline of supnmolect 
chemistry in recent years. In the tot solM-statt ckemis this gO4s of 
a7$U] engineering 131ous.tbe4gnaMpnparati000fmaterials 
with specific properties (ed. snetaThc condoctMt thumotomi,m, photo-
,ctivfry, second.harmothc genaafion). that prtperdes being strictly dictated 
by the crystalline assembly orstzpramokcul.r organization in the soliJ-twe. 
Preparation of sud, assemblies has been severely Impeded by the lack of an 
underlying theoretical tramewo& for understanding the subtle interplay of 
ftctora determining aymi pukü.g.There Is naguaremsefis the fiat lnitance, 
that a gins mMscule wIN loon stable a7.S wtdth wifi sorviw the treatment 
to which it win be .ubwted-The occismacc of polymorphism (In which both 
thermodynamics and kinetics plays role) Is Æsddiiionl complicating ftcto; 
änce the Uuwdimencion4 nay possessing the dashed property It but Oat, 

unique artaement vn0n5 may Alternative arrays having simflar free enen 
gies, but lacldag that propntc As as enrnpl., ont property of solid materials 
currently attracting widesprad attention is that o(nou-lthear optical (NLO) 
b.havooz whoa, cffect is secoad-banao&c generation SnG. This property 
has potential for the design of lasetrdetces1 optical cenamensications and in-
formation processing. $116 depends on both the molecular hyperpolarbaulaility 
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(fl)ofthecompoind in question and on the orientadon of the molecules in the - 
cryswl. Spedfically, a nob-centroymJnetTic packing arrangement is required 
for a soMw càtbLNLO pioperties and,whUe it IpossMeto alteruthe val.e of 

p bysyntheicmodfficetion,etcouraingmOltduIS to adopt 

an 

non.antrosym-
metric paddngarrangement II hçu.itb4e cbalknga 

Thequesdon ofwh&thetpotymosphlsm hthCemesLs of CTYStaIdSSjgDaWU 
discussed at ltngtb needy adtads ago Lfl 5nca then, howewr. sysinnidc 
studies lnih areas of crynh dedjm, poMb and morphology have ted to 
deflitite proposals let ntkml siexeosped& cantro) of polymorpbisrn as WIeS 
eome wean In Lu attanma,* In ipectal usa L36hThusiwbfle ab bide crystal 
structur pre&ctitn Ia nEt a dis*an*jo*l f12) and the prtpsraudn of specific. 
deslied phases s still shsslve,tbare Is at Itnt the possibility of ratiGnd Later-
nation during the jtucleado,i or growth stages of cysnjlitation

 

W:

or infliciidng 
the outcome, provided that the deiaIledpatymozpbic behawlo sir of the system 
has

 

been eSNI*ed from systeMade nu4 
This

 split provides strong justif-
Iadonftrtheapptionoflwi&ranpóttcd.niquesforcomprehenswe 
studies of syslems exhibklng polymorphism. As Implied by cast studies d-
cilbed carlicr La thisreport.tberearenumtronlncn InindusuW atvI,ou-
ments wber. couitrul oIbolh crystal morphology and the pelyniorpbbc form of 
tcumpouwd is it4 ndbatoutlaokfornaccess.basedon thesirategiato 
be desatbed briefly below, is prombhig. 

4., 

OjirOt SIra*les and Proqa.ds to 
anti 

E.InwIr4 

a&ft&in 4tkb could rJppien or Shibit 
dm.&tselective realecularton 

that 

£1015 yptar Is mC.flCU pIWUt IIWZIIUIV annung UI UC waIootO5u. aflo am-- 
meids1mport.nce OIIhmOt$S coticirned. Apaentfot the pceparafioa of - 
?om I of the ,1d47 used end alceativt dru1MtldinebydxoaottdØ describes 
ka aystaliadon from a mixed solvent in the prence of ecd crystals, the 
prefare& psocas invoking in situ reaction of 00 with the free-base 1159) 
bØjstxW-tgle preparation of the stable polymorphic form of 
phenvj)ttt$nmlde a e&cte& by sacceasM diamIal reactions with all-nm 
retipole iddn the nattini raatedal 11*1. lb. deslre4 polorph 1 formed by 
recrysaflWrug the wet produa from 95% E&OH. The a -form of an Apnlc phos. 
pldze.repwS to be en stain pmcas atabliSe for polycilefim. has bees. pt.-
par lby healing the conipoimd at I35°Cin *ke sbsuta ols&vun [ifl 

Desolvatlon of pseudopolyniorpha may be considead si amn,u of poly-
morphic coutroL This was discussed earlier it, tblt report In the context of 

r 
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altering the theological properties, of drug polymorpbs in particular. However, 
the/mgi treaurnt or neunm drying has giso been Øplie4 to our general 
inclusion compounds containing both natnnl and synthetic host molecules in 
order to

 

are

purepolymorphic forms of the host Of the seven potymorphic 
nisofgossyp& (3) identhtisfartló2),00hltWOMereObtalfledbyappro-

priaw ncrystathadons from soludon,vI1Ue the remainder 
rnt,ltedfromdeso)-vatlon o1vaxiajs gossypol cIatI*teL The latter could be 

.7i

£nto isonrvc-
tnlalgrwps anditwasfovndthn aflmembemoI.givtngroupyielded thesame 
polyuorph on dnolvadon. These unusual and intrlping rest imply the 
tzistnwe ofattmptatteffect In this systenslmUaraperimtrds with pseudo-
pdnnorphs of indoinethacin () also yteld*d a satin of lsostnttonl pseudo. 
polymorpbs (83],but in this cne there was virtually no corrStion between a 
gvns sex lea arid the identity of the polyirsorph rezthting (loin dc.solvatioa A 
systematic study ul such 

sys.0a
ems to eluddate the mechanism, of dosolyation j 

desirable if this process Is to be exploited in predictive way for the centrol of 

Polymorphic inclusion compounds of a host molecule with the same guest 
an occur iftheliost.giaen intenctiorasue łaThle enough  to aflownez4y equl. 
energetic, but aystallognphically dàthst host.vnt packing arraogemwts. 
Raptures ofthe 1neparations of such polymotphnremre (163).buwould pit-
ably Increase in frequency It a variety of preirowhis conditions were to be 

As with most organic compounds, tucluthn cimplaes are usually prepazed 
only once and the chances of detecting pólptoqblsm are corresponØy 
sast The well known host rnoltcult tholic acid (7) has been iSowa to form 
different polyni or%hIc Inclusion complexes with the same guest (t&41. The polp 
nph wtdth csystalliza Is detemiMed by the absence or preswrm of a third 

cf.emial specks. Crystallization of chobc add &om.ag.ayIonitriIyidded - 

nitrlls wa- saturated activation of the host in buta-t-o! yielded a 1:1 cholic 
add. alonuilecomplawithspacegrotpPzj.X.rayanalysnconftrncdthat 
the polyinorpbscontalntd diffrrentpackingahesgezunts as welas different 
hydrogen bondiag nework& The controlling role of the third component in 
effecting precipitation eta specific polymorph was not clarified tothe report 
botselective adsoiption ofsolventmoleculnon thesuthcesofgrowin crystals 
maybekwolved. 

Dutingthelast iestynrs,considenNeprogrtsshtsbnnmade in the contrgl 
sad mo&ficarion of crystal preperties ’mlioto,ade miliarieC t33. 34 
These auxiliaries may act either as promoters of crystal powth (making them 
useful for the study of nvclenloa processes) eras inhibitors (for use Inth. con-
trol at c.&. merpbologj enaaflomnic resolution and pdyluorphisin). The - 
atrateforeffectlnflinedcresoIufloa ofacooØcmerate bnolvez the deelguof 
third-resolved polymeric inhibitors with wit in solution, bind selectively to 
Only on, Of the VWL enandoiticS 

’m’" PI thus puvendng its 
srowth and permitting unhindered v.w} of the other enndomnk phase 
What simultaneous aynallizmtion of the racemlc phase might occur,dslgn of 
The inhibmr would have to take this Into ECOISnL It must be emphasised that 
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successful design of auzi]Iazies depends on adet.iledknotuiedge of the packing 
azr2ngemems,as well as the rdadonkp between packing arnagemSs and 
crystal morphology fat all spedes the might appear in the SySIeJn. An sW 
demonstration of this appawdi (which was subsequently wssfulIy applied ’0 
seven) other systems) involved resolation of racemic histidins bydrochionde -. 
(1651jn the upon of this ,esolztion,It wusrneiftloned that this approacIivns 
beiritestd for use in the precipitation of metastable polymorphic crystal*by 
kinetic controL 

OR

 
S gossd $Indmothadn 

nO’  r-r 

- 7 chec.8cal 

Recent application of these principles to polymorphic control is .bown -* 
schanatcaflyin Pig. 15 fbra hypotkdlcaldimotpblcsystem In which on, poly’ 
morph h centrosymmetr(c ad the otheraystalbzn inapolar sptce group (1-
In the former crystal, the molecules are arranged,  in autipnalld orient.tfon 
whtnsintke Ianntbeytealigned along acommon dlrectlon.A tailor-made 
auxUirywhlch),hdstobothaystalswoidddo Se atthePRo(indIstinguiSbab!e} 
ends of the canrosyiumetxk ayst4 but only at one and of the polar cryctal.The 
latter would therefore crow at the apensa of the former and polymorphic 
conuol will ban bees achieved. 

This conapt was succnsfofly applied to t-(2-acetamldo-4’-ntropbenyl)pyr. 
roil dent (PAN) where aystal$IzalioJ’ oldie nietnaWe petynorph of PM4 a,uld 
be induced by addition of $ remarkably entail amo,20t (0.03%) of the designed 
hMftor 1361. Gencia}isadon of this strategy Is not gnlgbtforweg4. hc.ir,-
sine polar erystils may bdotig to space groups of rdatkely high symmetry 
Wbid.reCJIIrC the coaatltueatmqlecv)u to adopt a variety of ostentatious  
respect to the polar axis 135.Statnjec which have been explored to enonr 

� non.ceEtrosylnmtüy fnt.ayslals for 24W properties ha’c been listed In a 
rdctnt paper dea ngthe polymorphism of i.3-bis(m-oltxupbmyl)um 11663, 

Research on theu, oftallor-mat striate, r promotion of fludeatlon has 
been pursued In pAraflel with studies of crystal grcwthiohLldon [33, 36].The 
objective here Is to pin, deeper uódentnding of the xnethuiism of,noletular 

-d’___’ "-d&J�t 
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ammh htiffo 

11111111 ttitiii 

11  ii 11 CcS,�QflThmeWCIIfl 
;u \/\/\/\/ 

� \/ 
\f\/\/\/  

� - G*M7A 
4 Put Gt*wthIflØflflet4adaJSVbJ  fr 

rts .SdcmMUhatrflfen otth.vsddann*ntmtM Iatp.Iat;Mt.ctsU.qitttMc 
atS. time iDea of. J&geed sMtJtar on aptsl growth. CM.pad born IU1 With 
pctniitsloii 

dusteæng AsothS with the forma6tus of pre-aitiS bUSt of cqstdlinc 
� phases. The rdevana for organic crystal polym orphlsm is that dkcd observe. 

tion
bserva-

tion of the dyinmia of crystalnucientoncoidd elucidate the ffects of additives 
on polymozpbiccoMzo& Much of this work Ms been bastd era the use .f fAng-
muir 8hu to Mdua nucleation at the afr-watet h,terªcie 134’lb iUu*ntc the 
)neror lnterpreta don wbtth is cunenny.pouible from such uperimeats a 
reant study of the aS .anembb’ of cyatalline monolsyen and mukilaycis of 
n-a]kaneson twit, 
using  synchrotron grazing lnddence X-ray dith*ction and spoculaf X-iay 
rtftectivity. Then allowed dtiiiled dsnacttrisation of the caystailine Bbns 
inctwlMg det*nnLnttion of theft space groups. It Is notewocthy tht that were 
found to be Manna] to thow of the wnnpuJngthne-dimMsJ anal aystal& 
thus deinw,sinting that the Ml czyfla symmety already exists ens for 
ctystaUket wbose thiclax., corresponds to only a few loiccular lyus. 

Relate4to the abovntrategyls the concept of eng4needng saUd siortcn for 
promoting nucleation and qdtathl gttwth of desired polymorpbs. If it is as-
sumed that the prei.udauon aajregate Ins polymorpk resembles ’he maize 
crystal, it should be pan’ We to deign a sur4a wtldi mit a particular 
cryna] plane of the dented species1 And iip.m with beterogenhoua audn don 
will trait and epittudalpob’morpblcpowth will tnttldshss been realised 
n the tcAthque of k6e-dizfld epitaxy 116$J in which the lnterscdon of a 

recent Pines and astepon a crystal surface (sledge) IunctIoz, ass rsudntton 
site for organic crystak For polymorphic control, the coSt requirement is that 
two weli.d.fine dose-p.cked crystal plan" ofthepolymorpb have a dIhed,l 

’c1 ’IP 
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soe winch matches that of the substrate ledge site SUCCeSSfUL application, of 
"principle to the sàcthe miclestlofi and growth oft thermodynupkUy. 
lea ftvoured polymorpb of a complex organIc salt on suSft$e add sh%&t 
aysWsasumarateshsrtràityb..nrtporte4fIa 

The approadtes outlined above continue to provide new iri&fl$ into tIe 
fundeoenta1 process of aysttadon o1orgnic molecules and studies of the 

tyfl ducrlbed promlsew contdbuts very signlficanily In the b*sre ta detai’-
e6understnndbg of the niolecular origins of crystei polymorphism and to its 
effective control. Thc suthot belicves that the pbeoomenonpf poly,norpbutn 
włJ notwkthaandInj.0 progass,ketsin its aiim isa remarhbe manhftsta 
jion ót?atrnA divenIty . . 

A*tØtnaS Myth.nb are ties tovaoWeetp. Prof I. ft }laaJmbenl far cm,aaaht 
� tommtatswdtaFiona J (ores .uawlthlbnsyr .c.fluard.suppo,t trot. ’lw 
utdvtflhtytIC&p* Town ad tht PRO (Prgtzds) Is gzu.Mbadiao.4cdte&1 
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The chemical, biological, physical, and economic char-
acteristics of medicinal agents can be manipulated and, 
hence often optimized by conversion to a salt form. 
Choosing the appropriate salt, however, can be a very 
difficult task, since each salt imparts unique properties to 
the parent compound. 

Salt-forming agents are often chosen empirically. Of the 
many salts synthesized, the preferred form is selected by 
pharmaceutical chemists primarily on a practical basis: 
cost of raw materials, ease of crystallization, and percent 
yield. Other basic considerations include stability, by-
groecopicity, and flowability of the resulting bulk drug. 
Unfortunately, there is no reliable way of predicting the 
influence of a particular salt species on the behavior of the 
parent compound. Furthermore, even after many salts of 
the same basic agent have been prepared, no efficient 
screening techniques exist to facilitate selection of the salt 
most likely to exhibit the desired pharmacokinetic, solu-
bility, and formulation profiles. 

Some decision-making models have, however, been de-
veloped to help predict salt performance. For example, 
Walkling and Apphio (1) described two techniques, "de-
cision analysis" and "potential problem analysis," and 
applied them to the selection of the most suitable deriva-
tive of an organic acid for development as a tablet. The 
derivatives considered were the free acid and the potassi-
um, sodium, and calcium salts. Both techniques are based 
on the chemical, physical, and biological properties of these 
specific derivatives and offer a promising avenue for de-
veloping optimal salt forms. 

Information on salts is widely dispersed throughout the 
pharmaceutical literature, much of which addresses the 
use of salt formation to prolong the release of the active 
component thereby eliminating various undesirable drug 
propeiies (2-6). This review surveys literature of the last 
25 years, emphasizing comparisons between the properties 
of different salt forms of the same compound. Included also 
is a discussion of potentially useful salt forms. Our purpose 
is twofold: to present an overview of the many different 
salts from which new drug candidates can be chosen and 
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Table 1-FDA-Approved Commercially Marketed Salts 

Anion Percenv’ Anion Percent’ 

Acetate 1.26 lodide 2.02 
0.88 

Be nze n esul lunate 0.25 rae lb jonate 
0.76 

Benaoate 0.51 
0,1.3 

Lactate 
Lactobionata 0.13 

Bicarbonate 0.63 Melate 0.13 
Bitartrate 
Bromide 4.68 Moleate 3.03 

Calcium edetate 0.25 Mandelate 0.38 
2.02 

Camsylateh 0-25 Myj4te 
MelTI3iThSinirIe 0.76 

Carbonate 
Chloride 

0.38 
417 Methylnitrate 0.38 

Citrate 3.03 Methylsulfate 088 

Dihydrothloride 0,51 Mucale 0.13 
0.25 

Edetate 025 Napsylate 
0.84 

EdisyloteA 
Estolated 

0:48 
0.13 

Nitrate 
Panioate Embonate) 1.01 

Bsylate 0,13 Pantathenate 0.25 

Fumarate 0,25 Phosphate /diphosphate 3.16 

Gluceptate! 0.18 Polygalacturonate 0,13 

Gluconate 0.51 Salicylate 0.88 
0.25 Glutamate 0.25 Stearate 
0.38 Glycollylarsanilate’ 0.13 Subacetate 
0.38 Heiylrorcinate 0.13 Succinate 
746 Hydrahamine 0,5 Sulfate 
0.88 Hydrobromide 1.90 Tannate 
3.54 Hydrochloride 42,98 Tartrate 
0.13 II ydrox 

y 

no phth oate 0.25 Teoclate’ 
0_1a Triethiodide 

Cation Percent’ Cation - - Percents 

Organic: Metallic: 
0,66 Rem,athmel 0.66 Aluminum 

Choroprocaine 033 Calcium 1049 
Choline 0.33 Lithium 1,64 
Diethanolamine ’ 0.98 Magnesium 1,31 
Ethylenediamine 0.66 Potassium 10,82 
Meglumine’ 2.29 Sodium 61,97 
Procaine 0.66 Zinc 2,95 

Percent is based on total number of anionic or cationic salts in use through 1974. I Camphorsulfonate. 1,2.Ethanedisulfonate. Lauryl sulfate 
Ethanesulionate. I Glucoheptonate. 9 p-GLycoltamldophen3llarsonate. a N,N-Di(dehydroabietyl)ethylenedlamine. 2-Rydroxyethanesulfnnata. 

I 8-Chlorothenphyll nate. NN-DibenzyIethylenedlmine. i N-Methylglucamine, 

to assemble data that will provide, for the student and 

practitioner alike, a rational basis for selecting a suitable 

salt form. 

POTENTIALLY USEFUL SALTS 

Salt formation is an acid-base reaction involving either 

a proton-transfer or neutralization reaction and is there-

fore controlled by factors influencing such reactions. 
’... Theoretically, every compound that exhibits acid or base 

characteristics can participate in salt formation. Particu-

larly important is the relative strength of the acid or 
base-the acidity and basicity constants of the chemical 
species involved. These factors determine whether or not 

formation occurs and are a measure of the stability of the 
resulting salt. 

The number of salt forms available to a chemist is large; 
surveys of patent literature show numerous new salts being 
synthesized annually. Various salts of the same compound 
often behave quite differently because of the physical, 
chemical, and thermodynamic properties they impart to 
the parent compound. For example, a salt’s hydrophobicity 
and high crystal lattice energy can affect dissolution rate 

and, hence, bioavailability. Ideally, it would be desirable 
if one could predict how a pharmaceutical agent’s prop-
erties would be affected by salt formation. 

Tables I and II list all salts that were commercially 
marketed through 1974. The list was compiled from all 
agents listed in ’Martindale The Extra Pharmacopoeia," 

26th ed. (7). Table I categorizes all salt forms approved by 
the Food and Drug Administration (FDA), while Table II 
lists those not approved by the FDA but in use in other 
countries. (Only salts of organic compounds are considered 
because most drugs are organic substances.) The relative 
frequency with which each salt type has been used is cal-
culated as a percentage, based on the total number of an-
ionic or cationic salts in use through 1974. Because of 
simple availability and physiological reasons, the mono-
protic hydrochlorides have been by far the most frequent 
choice of the available anionic salt-forming radicals, out-
numbering the sulfates nearly six to one. For similar rea-
sons, sodium has been the most predominant cation. 

Knowledge that one salt form imparts greater water 
solubility, is less toxic, or slows dissolution rate would 
greatly benefit chemists and formulators. In some cases, 
such generalizations can be made. Miller and Heller (8) 
discussed some properties associated with specific classes 
of salt forms. They stated that, in general, salt combina-
tions with rnonQcarboxylic acids are insoluble in water and 
lend themselves to repository preparations, while those of 
dicarboxylic acids confer water solubility if one carboxylic 
group is left free. Pamoic acid, an aromatic dicarboxylic 
acid, is an exception since it is used as a means of obtaining 
prolonged action by forming slightly soluble salts with 
certain basic drugs. Saias eta?. (9) reviewed the use of this 
salt form in preparing sustained-release preparations. 
More recently, latentiation of dihydrostreptomycin (10) 
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Table Il-Non-FDA-Approved Commercially Marketed 
Salts 

Anon PervenlA 

Adipate 0.13 
Algirnite 0.13 
Aminosalicylate 0.25 
Anhydromethylenecitrate 0.13 
Arecoline 0.13 
Aspartate 0.25 
Bisullate 0.25 
Butylbromide 0.13 
Camphorate 0.13 
Digluconate 0.13 
Dihydrobromide 0.13 
Disuccinate 0.18 
Glycerophosphate 0.88 
Hemisulfate 0.13 
Hydrofluoride 0.13 
Ilydruiedide 0.25 
Methylenehis(salicylate) 0.13 
Napadisylat’ 0.13 
Oxalate 0.25 
Pectinate 0.13 
Persulfate 0.13 
Phenylethylbarhiturate 0.13 
Picrate 0.13 
Propionate 0.13 
Thiocyanate 0,13 
Toylate 0.13 
Undecaiioate 0.13 

Cation Percentc 

Organic 
Benethamine 0.33 
C}emizolod 0,33 
Oietby[amine 0,33 
Piperazine 0,98 
Tromethaminee 0.33 

Metallic: 
Barium 0.33 
Bismuth 0,98 

1 Percent is based on total number ofanionic and cationic salts in use 
thrDugh 1974. b 15-Naphthalenedisulfonate. tNBenzy[phenethyIamine. 

1-p-Chkrohenzyl-2-pyrrolidin-1-ylmethylbennmidazote. Tyis(hv-
d roxymethyflaminomethane. 

using parnoic acid resulted in the formation of a delayed-
action preparation, Numerous studies using pamoate salts 
are dispersed throughout the literature (11-15). 

Alginic acid also has been used to prepare long-acting 
pharmaceuticals. Streptomycin alginate was prepared (16) 
and shown to be effective in sustained-release prepara-
tions. A striking example of a long-acting alginate salt is 
that of pilocarpine. When dispersed in sterile water and 
dried to a solid gel, this compound was found useful in the 
preparation of long-acting ophthalmic dosage forms (17). 
While liquid preparations of the alginate and hydrochlo-
ride salts possess similar miotic activity, studies showed 
that solid pilocarpine alginate flakes constricted pupil size 
more effectively and increased the duration of miosis sig-
nificantly when compared with the liquid preparations. 
Solid dose pilocarpine may he more uniformly available, 
because it diffuses more slowly through the gel matrix 
which holds the drug in reserve. In contrast, drops of the 
commonly employed solution dosage form release the dose 
immediately to the conjunctival fluid. 

MAlek et aI. (18) devised a unique way of prolonging 
action through salt formation; they showed that the dis-
tribution of several antibiotics could be markedly altered 
by merely preparing macromolecular salts. Since macro-
molecules and colloidal particles have an affinity for the 
lymphatic system, streptomycin, neomycin, viomycin. and 

streptothrycin were combined with high molecular weight 
compounds such as polyacrylic acids, sulfonic or phos-
phorylated polysaccharides, and polyuronic derivatives. 
Parenteral administration of these compounds produced 
low blood levels of the antibiotic for long periods, while 
lymph levels were high. (In comparison, streptomycin 
sulfate gave high blood levels but low lymph levels.) This 
alteration in distribution caused the streptomycin to 
prolong its passage through the body, since lymphatic 
circulation is quite slow. 

The appropriate choice of a salt form has been found to 
reduce toxicity. It can be rationalized that any compound 
associated with the normal metabolism of food and drink 
must be essentially nontoxic. The approach of choosing 
organic radicals that are readily excreted or metabolized 
opened up   new class of substances from which to select 
a salt form. For example, certain salts of the strong base 
choline have proven to be considerably less toxic than their 
parent compound. The preparation and properties of 
choline salts of a series of theophyfline derivatives were 
reported (19) and it was shown that choline theophyllinate 
possessed & greater LDo than theophylline or its other 
salts (20). It was postulated that this agent would be less 
irritating to the GI tract than aminophylline, because its 
basic constituent, choline, is an almost completely non-
toxic substance of actual importance to the physiologic 
economy." This evidence led to the preparation of choline 
salicylate (21) as an attempt to reduce the GI disturbances 
associated with salicylate administration. Clinical studies 
indicated that choline salicylate elicited a lower incidence 
of GI distress, was tolerated in higher doses, and was of 
greater benefit to the patient than was acetylsalicylic acid 
(aspirin). 

Amino acids and acid vitamins also have been used as 
salt-forming agents. Based on the evidence that coad-
ministration of amino acids with aminoglycoside antibi-
otics reduced their toxicity, a series of amino acid salts of 
dihydrostreptomycin was prepared (22). In all but one 
case, the acute toxicities of these salts were lower than the 
toxicity of the sulfate. The ascorbate and pantothenate 
also were synthesized and shown to be less toxic than the 
sulfate. Of the salts prepared, the ascorbate had the highest 
LD50. 

The vitamins most commonly used for forming salts 
exhibiting reduced toxicity are ascorbic and pantothenic 
acids. Keller at al. (23) were the first to use pantothenic 
acid as a means of "detoxifying" the basic streptomyces 
antibiotics. Parenter& administration of the pantothen-
ates of streptomycin and dihydrostreptomycin had a sig-
nificantly reduced incidence of acute neurotoxicity in cats 
as compared with the sulfates. Subsequent studies (24-28) 
supported this finding and showed that the pantothenates 
of neomycin and viomycin also are less toxic. The ascorbate 
of oleandomycin was synthesized and its pharmacological 
properties were reported (29). Upon intramuscular injec-
tion in rats it produced less irritation than the phos-
phate. 

p -Acetamidobenzoic acid, an innocuous metabolite of 
folic acid present in normal blood and urine, has been used 
in preparing salts. In particular, it yields stable salts with 
amines that otherwise tend to form hygroscopic products 
with conventional acid components (30). 

Often the salt form is chosen by determining a salt 
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component that will pharmacologically antagonize an 
unfavorable property or properties exhibited by the basic 
agent. Salts of N.cyclohexylsulfamic acid are an example 
of the practical application of this approach. N-Cyclo-
hexylsuffamic acid salts, better known as cyclamates, have 
a characteristic sweet, pleasing taste. Although presently 
under investigation by the FDA for potentially carcino-
genic properties, salts incorporating this compoud can 
render unpleasant or bitter-tasting drugs acceptable. For 
example, the cyclamates of dextromethorphan and 
chlorpheniramine exhibit greatly improved bitterness 
thresholds compared to commonly occurring salts (31). 
Furthermore, their stability in aqueous solution was de-
scribed as good when maintained at a pH not greater than 
4. 

N-CycLohexylsulfamic acid salts of thiamine hydro-
chloride and lincomycin also have been synthesized. Thi-
amine N-cyclohexylsulfanmte hydrochloride was reported 
to have a more pleasant taste than other thiamine salts 
while having an equal or greater stability (32). Lincomycin 
cyclamate, shown to possess an enhanced thermal stability 
over its hydrochloride, was prepared (33) to test the hy-
pothesis that reduced lincomycin absorption in the pres-
ence of small quantities of cyclamates was due to a simple 
metathetic reaction. However, this assumption was found 
not to be true. An extensive study of the preparation and 
characterization of cyclamic acid salts of several widely 
used classes of drugs including antihistamines, antibiotics, 
antitussives, myospasmolytics, and local anesthetics was 
reported (34,35). 

Various salts of penicillin and basic amine compounds 
have been formulated in an effort to produce a long-acting, 
nonallergenic form of penicillin. Since antihistamines 
appear to mitigate the symptomatology of penicillin re-
actions in some patients, coadministration of the two has 
been advocated. The preparation of the benzhydralamine 
salt of penicillin was an attempt to produce a repository 
form of penicillin with antiallergic properties (36). Blood 
levels achieved with this salt were comparable to those of 
penicillin G potassium; however, its antiallergic properties 
were not evaluated. In fact, the investigators noted that 
antihistamines can actually cause sensitization at times 
and stated that "despite their occasionally favorable in-
fluence on the symptoms of penicillin sensitivity, they 
contribute directly to the potential of drug sensitivity when 
co-administered with penicillin." 

Silver salts of sulfanilamide, penicillin, and other anti-
biotics have been prepared and represent cases where the 
species (ions) are complementary. When aqueous solutions 
of the salts were applied topically to burned tissue, they 
yielded the combined benefits of the oligodynamic action 
of silver and the advantages of the antibacterial agents 
(37). 

The use of B-substituted xanthines, particularly the 
8-substituted theophyllines, as salt-forming agents was 
first reported in the preparation of a series of antihistamine 
salts (38-41). Synthesis of these xanthine salts was an at-
tempt to find a drug to counteract the drowsiness caused 
by the antihistamines with the stimulant properties of the 
xanthines. When an electronegative group is introduced 
into the xanthine molecule at the 8-position, the elec-
tron -drawing capacity of the substituent results in the 
creation of an acidic hydrogen at position?. Thus, these 

moderately strong acidic compounds can undergo salt 
formation with various organic bases. 

The 8-halotheophyllines were the first group of xan-
ththes studied as potential salt-forming agents. Since the 
report on the preparation of the 8-chiorotheophylline salt 
of diphenhydramine (42), synthesis of the 8-halotheo-
phyllinates of a number of organic bases has been at-
tempted. The 8-chlorotheophylline salts of quinine, 
ephedrine, and strychnine were prepared and character-
ized (43). These salts were less water soluble than the 
corresponding free alkaloidal bases. In a similar report, the 
8-chlorotheophyllinates of three synthetic narcotics, 
meperidine, levorphanol, and metopon, were prepared 
(44). 

Pharmacological and clinical studies involving the 8-
bromotheophylline pyrilamine salt revealed the unusual 
diuretic properties associated with the 8-halotheophylline 
portion of the compound (45, 46). This finding initiated 
an investigation into the preparation of a soluble 8-bro-
motheophylline salt of high diuretic activity. With readily 
available amines, over 30 salts were synthesized and 
screened for diuretic activity (47). When tested against 
theophylline salts of the same amines, the 8-bromotheo-
phyllinates showed greater activity in every case. 

With the successful formation of 8-halotheophyllinates 
of organic bases, Morozowich and Bope (48) proposed that, 
if the halogen moiety was replaced with a more electro-
negative substituent such as a nitro group, a more acidic 
compound would be formed. Presumably, more stable salts 
would result and precipitation of the free xanthine deriv-
ative in the stomach would be less likely to occur. On this 
premise, they successfully prepared pharmacologically 
effective 8-nitrotheophyllinates of several pharmaceuti-
cally useful bases. 

Duesel et al. (19), in their study of choline theophylii-
nate, prepared the 8-chl0ro-, 8-home-, and 8-nitrotheo-
phylline salts of choline. Oral toxicity studies in mice 
showed that the LD0 of the 8-nitrotheophyllinate was 
much greater than that of either 8-halotheophylline. In 
fact, it remained nonlethal at doses as high as 5g. 

Polygalacturonic acid, a derivative of pectin, has been 
used to prepare quinidine salts exhibiting reduced toxicity 
(49, 50). The compound possesses special demulcent 
properties and inhibits mucosal irritation. The rationale 
for use of this agent is to reduce the ionic shock to the 01 
mucosa resulting from the flood of irritating ions liberated 
by rapid dissociation of the conventional inorganic quin-
idine salts. Studies have shown that it is four times less 
toxic orally than the sulfate. This difference was attributed 
to the slower release of quinidine from the polygalactu-
ronate. 

Other compounds reported to be potentially useful as 
pharmaceutical salt forms are listed in Table III. 

PHYSICOCHEMICAL STUDIES 

Biological activity of a drug molecule is influenced by 
two factors: its chemical structure and effect at a specific 
site and its ability to reach�and then be removed from�
the site of action. Thus, a knowledge of the physicochem-
ical properties of a compound that influence its absorption, 
distribution, metabolism, and excretion is essential for a 
complete understanding of the onset and duration of ac-
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Table Ill�Potentially Useful Salt Forms of Pharmaceutical Agents 

Salt -Forming Agent Compound Modified Modification Reference 

Acotylaminoacetic acid Doxycycline 
Erflhromycin 

Solubility 
Soluhility, activity, stability 

51 
52 N-Acetyl-L-asparagine 

N-Acetylcystine Doxycycline Combined effect useful in pneumonia 53 
Adamantoic acid Aikvlbiguarndes Prolonged action 54 
Adipic acid Piperazine Stability, toxicity, organoleptic properties 55 
N-Alkylsulfamates Ampicillin Absorption (oral) FAR 

Lincomycin 

Solubility 57 
Anthraquinone-1,5disu1foIic 

acid Cephalexin Stability, absorption 58 
59,60 Arabogalactan sulfate (arabino) Various alkaloids Prolonged action 

Arginine Ceehalosporins 
a-Sulfol,eil2ylpenicillin 

Toxicity 
Stability, hygroscopicity, toxicity 

6 
62 

Aspartate Erythromycin 
Tetracycline 

Solubility 
Gastric absorption 

63 
64 

Betaine 

Bis( 2- carboxych romon -5 -yl oxy) alkaries 7- (And noalkyl 
) theoph 

ylli flea Activity,  prolonged prophylactic effect 6 
CarniUneMetformin 

Toxicity 66 
67 4-Chloro-m-toIueriesulfOflic acid Propoxyphene Organ,  properties 
68 Decanoate Heptarninol Prolonged action 

Diacetyl sulfate Thiamine Stability, hygroscopicity 69 
D,benzylethylenediamine 

Ampicillin Prolonged action 70,71 
72 

Diethylamine 

Cephaloaporins Reduced pain on injection 
Diguaiacyl phosphate Tetracycline Activity 73 

74 Dioctyl sulfosuccinate Vincamine Organoleptic properties 
Embonic 

(panoic) acid Kanamycin Toxicity 75 
2.Pbenyl.3.methylniorpho!ine Toxicity 76 

Fructose 1,6-diphosphoric acid Tetracycline Solubility 77 

Glucose 1 -phosphoric acid. glucose 
6-phosphonc acid 

i-Glutamine 
Hydroxynaphthoate 

2.(44midazolyl)ethylanhine 
Isohutanol am no 
Lauryl sulfate 
Lvsine 

Methanesuilonic acfll 
N- Methylgl ii cam no 

N - Methylp pc razine 
Morpholine 

2-Naphthnlenesulfonic acid 
Dencrusate 
Probenecid 
Tannic acid 
Theohromine acetic acid 

345Trimethosybenzoate 

Tro metham inc 

tion, the relative toxicity, and the possible routes of ad-

ministration (2). 
In a review in 1960, Miller and Holland (92) stated that 

"different salts of the same drug rarely differ pharmaco-
logically; the differences are usually based on the physical 
properties." In a subsequent review (93), Wagner ex-

panded upon this statement, asserting that, although the 
nature of the biological responses elicited by a series of 

salts of the same parent compound may not differ appre-

ciably, the intensities of response may differ markedly. 
The salt form is known to influence a number of physi-

cochemical properties of the parent compound including 
dissolution rate solubility, stability, and hygroscopicity. 
These properties, in turn, affect the availability and for-
mutation characteristics of the thug. Consequently, the 
pharmaceutical industry has systematically engaged in 
extensive preformulation studies of the physicochemical 
properties of each new drug entity to determine the most 
suitable form for drug formulation. Published information 
concerning such studies, however, is sparse. Preformula-
tion studies have been outlined, and the influence of the 
salt form on the volatility and hygroscopicity of an agent 
under investigation was discussed (94). 

action 

Ac properties 
action 
(oral) 

77 

52 
78 
79 
so 
81 
62 
61 
82 
62 
72 
83 
72 
84 
68 

86,87 
88 
89 

90 
9’ 

In one such study, methylpyridinium-2-aldoxime 
(pralidoxime) salts were investigated (95). This study set 
out to prepare a salt with water solubility adequate to allow 
intramuscular injection of a low volume (2-3 ml) thera-
peutic dose. The original compound, the inethiodide, had 
the disadvantages of limited aqueous solubility and high 
potential toxicity, since its high iodide content could result 
in iodism. On the basis of physiological compatibility, 
better water solubility, favorable stability, and relatively 
high percentage of oxime, the chloride salt of pralidoxime 

was selected for therapeutic administration; it was claimed 
that "the anion used to form the salt can confer physical 
properties of importance and significance for the formu-
lation and administration of the compound" (95). 

Some physicochemical properties of a series of mineral 
acid salts of lidocaine also were determined (96). While the 
hydrochloride and hydrobroinide were more hygroscopic, 
they were more soluble in a number of solvents than the 
nitrate, perchiorate, phosphate, or sulfate salts. 

Dissolution Rate�The dissolution rate ofa pharma-
ceutical agent is of major importance to the formulator. In 

many cases, particularly with poorly soluble thugs, this 
characteristic best reflects the bioavailability of the corn-
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pound. As a rule, a pharmaceutical salt exhibits a higher 
dissolution rate than the corresponding conjugate acid or 
base at an equal pH, even though they may have the same 
equilibrium solubility. The explanation for this result lies 
in the processes that control dissolution. 

Dissolution can bed ascribed by a diffusion layer model’ 
in terms of an equation developed by Nernst and Brunner 
(97): 

(Eq. 1i 

where W is the mass of the solute dissolved at time t, 
dW/dt is the rate of mass transfer per unit time, Li is the 
solute molecule diffusion coefficient, S is the surface area 
of the dissolving solid, h is the diffusion layer thickness, 
C is the concentration of the drug in the bulk solution at 
time t, and C. is the saturation solubility of the solute in 
the diffusion layer. 

The driving force for dissolution in Eq. 1 is the difference 
between the saturation solubility of the drug and the 
concentration of the drug in the bulk fluid. If the drug is 
not rapidly absorbed after it dissolves, then C, the con-
centration in the bulk solution, approaches C. and the 
dissolution rate is retarded. When this occurs, absorption 
is "absorption rate" limited (or "membrane transport" 
limited). If the absorption rate is rapid (or if the absorption 
mass transfer coefficient is much larger than DS/h of Eq. 
1), however, C becomes negligible compared to C and 
dissolution occurs under ’sink" conditions. Absorption is 
then said to be dissolution rate limited, which is what oc-
curs with most poorly soluble drugs. In either case, an in-
crease in C, as in salt formation, increases dissolution. 

Salts often speed dissolution by effectively acting as 
their own buffers to alter the pH of the diffusion layer, thus 
increasing the solubility of the parent compound, C,, in 
that layer over its inherent solubility at the pH of the 
dissolution medium. Hence, dissolution is controlled by 
solubility in the diffusion layer which, in turn is deter-
mined by the pH of that layer. The influence of Ks,, on the 
solubility term, C, and dissolution rate, should an accu-
mulation of ions be allowed to occur, will be treated 
later. 

Nelson (98), in a study of theophylline salts, was the first 
to show the correlation between diffusion layer pH and 
dissolution rate. The major impact that this study had on 
the pharmaceutical sciences was its conclusion that, if 
other factors remained constant, thedissolution rate of a 
compound determined the rate of buildup of blood levels 
with time and the maximum levels obtained. Those salts 
of the acidic theophylline with high diffusion layer pH’s 
had greater in vitro dissolution rates than those exhibiting 
a lower diffusion layer PH. And, indeed, the rank order of 
dissolution rates correlated well with clinically determined 
blood levels. Presumably, the higher pH in the diffusion 
layer retards hydrolysis of the salt, thereby maintaining 
the anionic charge of the theophyllinate ion. This report 
led to many additional studies which illustrate the influ-
ence of the salt form on dissolution and the beneficial ef-
fects of changing nonionized drugs into salts. 

Juncher and Raaschou (99) demonstrated that the rank 
order of peak blood levels of penicillin V obtained upon 

administration of three different salts and the free acid, 
was the same as the rank order of their rates of dissolution 
in vitro. While the investigators ascribed these differences 
to the solubility properties of the salts, their experiments 
actually compared dissolution rates, not solubilities. The 
relative order of dissolution rates and mean maximal blood 
levels was: potassium salt > calcium salt > free acid > 
benzathine salt. 

Nelson (100) determined dissolution rates for several 
weak acids and their sodium salts in media whose pH’s 
represented GI fluids. In all cases, the sodium salt dis-
solved more rapidly than the free acid. This finding re-
solved the misconception that absorption of drugs is re-
lated only to solubility in the appropriate medium; rather, 
solubility affects absorption only to the extent that it af-
fects dissolution rate. Absorption of drugs is a dynamic 
process, and the ultimate solubility of a thug in fluid at 
absorption sites is of limited consequence since absorption 
prevents the attainment of saturated solutions. Therefore, 
dissolution rate, more than solubility, influences absorp-
tion since it is a preceding process. 

In two subsequent studies, Nelson and coworkers fur-
ther illustrated the effects of changing nonionized drugs 
into salts. A report concerningtolbutamide (101), a weak 
acid, showed that the initial dissolution rate of tolbutamide 
sodium was approximately 5000 times more rapid than the 
free acid in acidic media and 300 times more rapid in 
neutral media. This difference, measured in vitro, reflected 
the differences observed between the free acid and the salt 
when administered to human subjects. Oral administration 
of tolbutamide sodium produced an immediate drop in 
blood sugar comparable to that produced by intravenous 
injection of the salt, while the slowly dissolving tolbuta-
mide produced a smooth, sustained fail in blood sugar 
(102). 

Correlation of urinary excretion rates and dissolution 
rates of tetracycline and some of its acid salts also was 
demonstrated by Nelson (103). The salts that exhibited 
greater in vitro dissolution rates showed greater urinary 
excretion rates, indicating more rapid absorption. 

Benet (104), in a discussion of the biopharmaceutical 
basis for drug design, referred to the influence of the salt 
form on dissolution. He compared the dissolution rates of 
tetracycline and tolbutamide and their salts, as reported 
in the studies previously cited, and explained why the rates 
differ at the pH’s exhibited by physiological fluids. 

Although salt formation usually increases the dissolution 
rate of a drug, studies with aluminum acetylsalicylate (105, 
106), warfarin sodium (107), and benzphetamine pamoate 
(108) showed that administration of the salt slowed dis-
solution of the drug and subsequent absorption compared 
to the nonionized form. This decrease appeared to result 
from precipitation of an insoluble particle or film on the 
surface of the tablet. Such a phenomenon decreases the 
effective surface area and prevents deaggregation of the 
particles. Theoretical considerations of the processes 
controlling dissolution of an acid salt of a base (108) and 
the sodium salt of a weak acid (109,110) in reactive media 
have been discussed. 

Tablet processing and various formulation factors can 
decrease the dissolution rate of a salt in human gastric juice 
over its nonionized form (111). Granulation and tableting 
caused the dissolution rate of phenobarbital sodium to 

I Ie ar hr rr reco!i i,p the cx itsnce of ho Mp], Its, one was chosen simply 
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decrease but had the opposite effect on phenobarbital. 
Therefore, as a tablet dosage form, the dissolution rate of 
the sodium salt was slower than that of the free acid. These 
results were attributed to differences in the disintegrating 
properties of the tablets; in some instances, rapid disso-
lution may in fact be a problem for very soluble drugs. 

Others have illustrated a phenomenon that decreases 
the dissolution rate of a salt below that of its nonionized 
form. Lin et at. (112) studied the relationship between salts 
and biological activity by dissolving three salts and the free 
base of an experimental antihypertensive in water, 0.1 N 
14 Cl, and pH 7.2 phosphate buffer. The dissolution rate of 
the nionohydrochloride salt was lower than that of the free 
base in 0.1 N tic! and higher than the free base in both 
water and phosphate buffer. These authors ascribed this 
variation to the common ion effect and substantiated it 
experimentally. Although the biological activity of the 
monohydrochloride was greater than that of the free base, 
the implications of altered absorption characteristics on 
the activity of any other hydrochloride salt in GI fluids 
most be considered. Similar results also were reported for 
hydrochloride salts of some tetracyclines (113). 

Some consideration must be given to the influence of salt 
formation on oral toxicity, which often reflects the rela-
tionship between the in viva dissolution rate and the ap-
pearance of drug in the circulation (114,115). Morozowich 
etal. (114) showed that the relative toxicities of a series 
of salts of a drug reflect the rate of absorption, providing 
the salt-forming agents themselves are relatively nontoxic. 
They stated that ’when absorption is rate-limited by 
dissolution of the salt in the gastrointestinal tract, as will 
he the case with slowly soluble salts, the toxicity of a slowly 
dissolving salt will most probably be lower than that of a 
more rapidly dissolving salt." The implications of salt 
formation on toxicology will be discussed under Toxico-
logical Considerations. 

Several reviews dealt with the influence of the dissolu-
tion rate on drug availability and, in particular, salt effects 
(116, 117). Other reports illustrating the influence of salts 
and salt form on dissolution rate are listed in Table IV. 

Solubility�Knowledge of the solubility characteristics 
of a pharmaceutical agent is essential, because solubility 
is usually an important factor in the pharmacokinetic 
profile, the chemical stability, and, ultimately, the for-
mulation of the drug. As discussed previously, it is certainly 
a primary factor in controlling dissolution rates. The sol-
ubility of a compound depends basically upon the physical 
and chemical properties of the solute; e.g., a lower melting 
point for a compound within a series reflects a decreased 
lattice energy, which would suggest a higher solubility. 
Solubility depends as well upon such elements as tem-
perature, pressure, solvent properties (such as resulting 
pH), and, to a lesser extent, the state of subdivision of the 
solute. 

An important solvent property which is often overlooked 
involves the common ion effect; in particular, hydrochlo-
ride salts of drugs often exhibit less than desirable solu-
bility in gastric juice because of the abundance of chloride 
ions. The equilibrium involved is shown in Scheme!. 

DRCl&id) (DH)A + 

Scheme I 

Table TV�Additional References on Salt Form and 
Dissolution Rate 

Topic Reference 

Dissolution rate of mixtures of weak acids and tribasic 118 
sodium phosphate 

Physiological availability and in vitro dissolution 119 
characteristics of some solid dosage formulations of 
aminosalicyltc acid and its salts 

Biopharniaceutics, rate ofdissolution: chronological 120 
bibliography - 

Biopharmaceutics; one of dissolution In vitro and In uiuo 121 
Dissolution tests and interpretation of anomalies observed 122 

in the dissolution process ofsulfaquinoxaline based on 
salt formation - 

Influence ofthe dissolution rate oflithium tablets on side 123 
effects 

Dissolution kinetics ofdrugs in human gastric juice 124 
Comparison of dissolution and absorption rates of 125 

different commercial aspirin tablets 
In vitro dissolution rates ofaminorex dosage forms and 126 

their correlation with in vitro availability 

considered as a means of increasing a compound’s water 
solubility. As with dissolution rates, however, salt forma-
tion does not always confer greater solubility. Liberally 
dispersed throughout the pharmaceutical literature are 
studies that compare the solubilities of different salt forms 
of the same compound with those of its free acid or base 
(Table IV). Selection of the salt form exhibiting the desired 
solubility properties is critical, since these properties often 
dictate the formulation characteristics of the drug. 

Phase solubility techniques were used to study the for-
mation of complex salts of triamterene (127). The results 
indicated that the organic acid salts of basic drugs, such 
as amines, were more soluble in water than the corre-
sponding inorganic (halide) salts. This consideration is 
important in the synthesis and selection of a salt form that 
will exhibit enhanced bloavailability and desirable for-
mulation characteristics. 

The hydrogen-ion concentration can significantly affect 
the solubility of a salt. Anderson (128) discussed the in-
fluence of pH on the solubility of pharmaceuticals. 
Mathematical relationships between pH and solubility of 
therapeutically useful weak acids and bases and their salts 
were given along with some considerations in the formu-
lation of solutions of these particular agents. 

An extensive study on the solubility interrelationships 
of the hydrochloride and free base of two pharmaceutically 
useful amines was reported (129). Mathematical equations 
describing the total solubility at an arbitrary p11 in terms 
of the independent solubilities of the hydrochloride and 
free base species and the dissociation constant of the salt 
were derived and fitted to experimental data with good 
results. This report elucidated the point that, while the 
solubility of the amine hydrochloride generally sets the 
maximum obtainable concentration for<a given amine, the 
solubility of the free base and the pKa determine the 
maximum p11 at which formulation as a solution is possible 
(assuming that the desired concentration exceeds the free 
base solubility). Shifting the pH solubilityprofile to higher 
pH values for formulation purposes may require increasing 
the solubility of the free base. This increase might be ac-
complished by using an appropriate cosolvent. Since the 
dissociation characteristics of carboxylic acids and other 
acidic organic species are similar to those of organic hy-
drochlorides, it is expected that the pH solubilityprofiles Salt formation is perhaps one of the first approaches 
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of these organic acids, although reversed, can be charac-
terized theoretically using the same treatment. 

Several reports showed that the structure of an organic 
salt-forming radical influences the solubility of the re-
sulting salt. The water solubilities of 16 salts (carboxylates, 
sulfates, sulfamates, and phosphates) of the weak base 
erythromycin were dependent on the size of the alkyl group 
of the acid (130). In a study with N-alkylsulfamates of 
Jincomycin (66), a similar phenomenon was observed: 
solubility of these salts decreased as the size of the alkyl 
group attached to the acidic function increased. 

Senior (131), in a study on the formulation and prop-
erties of the antibacterial chlorhexidine, determined the 
water solubilities of 35 salts and the free base. He found 
that inorganic salts had remarkably low solubilities while 
those of the lower aliphatic acids proved to be somewhat 
more soluble. Hydroxylation of the acid increased solu-
bility, olwbility, since salt formation with polyhydroxy acids, par-
ticularly the sugar acids, conferred extensive water solu-
bility to the molecule. 

Several investigators reported the influence of the act 
ability of a drug on its formulation and subsequent avail-
ability from the dosage form. Ina discussion of the prep-
aration and formulation of epinephrine salts in an aerosol 
system using liquefied gas propellants, Sciarra et at. (132) 
pointed out that the solubility characteristics of the agent 
are important in two respects. First, the solubility of the 
therapeutically active ingredient in the various propellants 
is an important consideration if the product is to be used 
for either local action in the lungs or systemic therapy. 
Second, the solubility of the drug in extracellular fluids 
plays an important role in selection of the compound. The 
bitartrate, mottle, maleate, and fumarate salts of epi-
nephrine were prepared and subjected to solubility and 
stability studies. While all salts had similar partition 
coefficients, the solubility of the rnaleate in several pro-
pellants and its stability in formulated aerosols made it the 
drug form of choice. 

Ephedrine hydrochloride was more rapidly released 
than the free base from theobroma oil suppositories con-
taining different surfactants (133). This enhanced rate of 
release (dialysis) was ascribed primarily to the greater 
aqueous solubility of the hydrochloride, which solubiized 
faster from the oil-in-water emulsion, whereas the 
ephedrine alkaloid base tended to remain behind in the oil 
phase. 

The solubility of the active ingredient in ointment bases 
can dramatically influence its diffusion properties. A study 
of salicylic acid and its sodium salt showed that the dif-
fusion of both was very low from hydrophobic bases, 
whereas the solubility of the drug significantly affected the 
diffusion from hydrophilic bases. The more soluble sodium 
salicylate diffused much faster from these latter bases than 
did salicylic acid (04). 

Additional references on the relationship of salt form 
and solubility are listed in Table V. 

Organoleptic Properties�Modern medicine requires 
that a pharmaceutical formulation be efficacious, safe, 
stable, and acceptable to the patient. Of primary impor-
tance in the development of oral dosage forms is taste ac-
ceptability. This factor presents no major problems when 
the drug is to be administered as a tablet or a capsule and 
swallowed as a and but is clearly a prominent factor in 

Table V�Additional References on Salt Form and 
Solubility 

Topic Reference 

Influence 

ofsoluhility on the rate of GI absorption of 135 
aspirin 

Effect of dosage form upon the 01 absorption rate of 136 
balicylates 

Physical-chemical properties of polyene macrolide esters 137 
and their water-solub’e salts 

Isolation and reaction products of cretin acid and amities 138 
and their solubility in water 

Solubility and stability of erythromycin salts 139 
Studies on pharmaceutical preparations of arctic acid: 140 

water-soluble properties oforotic acid salts 
Solubility of antibiotics in 24 solvents 141,142 
Solubility of antibiotics in 26 solvents 143 

patient acceptability when it is to be administered as a 
liquid, chewable tablet, or lozenge. 

Since taste is a chemical sense, a substance must be 
dissolved if it is to elicit a taste sensation�either by taking 
it as a solution or by its dissolving in the saliv& Therefore, 
one method used to minimize undesirable organoleptic 
properties of pharmaceuticals involves the preparation of 
a poorly soluble salt form of the drug such that the satu-
ration concentration is less than the taste threshold. 

Erythromycin estolate (lauryl sulfate) has approxi-
mately one -twelfth the solubility of the free base, is 
tasteless, and is useful in the formulation of oral suspen-
sions (144). A study on erythromycin salts showed that the 
bitterness level was dependent on two properties; (a) the 
water solubility of the salt, which is dependent on the size 
of the alkyl group attached to the acid function; and (5) the 
strength of the acid used to form the salt, i.e., the stability 
of the salt (130). The stearyl sulfamate salt possessed the 
most desirable organoleptic properties. 

Many problems concerned with formulation and sta-
bility of topical and oral pharmaceuticals containing 
hacitracin have been overcome by incorporating hacitracin 
into the formulation as its zinc salt One distinct advantage 
over the parent compound is its lack of taste, caused by its 
relative insolubility. Thus, it is the preferred drug form for 
preparations where taste is a factor (145). Taste panel 
evaluations of the comparative bitterness of bacitracin zinc 
and bacitracin indicate that the taste of the zinc salt is 
more easily masked and that the presence of a bitter-
ness-masking adjuvant, such as sucrose, increases the 
bitterness threshold ratio differences between the two 
compounds even further (14). 

Propoxyphene napsylate, nearly water insoluble, is only 
slightly bitter to the taste as compared to the highly 
water-soluble hydrochloride (147) and can be readily for-
mulated into a flavored aqueous suspension. The taste of 
these suspensions can be improved significantly by the 
addition of a common ion (sodium or calcium napsylate) 
to depress solubility further. 

A newer approach to the improvement of drug palata-
bility has been to form insoluble salts with ion-exchange 
resins. Several investigators described and tested the 
practical application of this method (148-150). Spross et 
at. (149) outlined the conditions necessary for improving 
the palatability of a drug by adsorbing it onto an ion-ex-
change resin without appreciably modifying its pharma-
cological effects. They found that: (a) the degree of drug 
release from the ion-exchange adsorbate depends on the 
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equivalent quotient between the electrolytes in the sur-
rounding fluid and the ionic drugs, (6) the amount of ions 
is far less in the saliva than in the gastric juice (the tem-
porary electrolyte contents can be estimated at 0.05 mlki 
in the saliva and at 10 mEq in the gastric juice), and (c) the 
exchange rates should allow the equilibria to be attained 
within a fairly short period. Insoluble drug resinates 
formed between destruct gel2 cation exchangers and several 
basic drugs were in many cases much more pleasant tasting 
than their parent compounds. Furthermore, release of the 
drug from the ion-exchange adsorbate was quite rapid and 
complete under conditions prevailing in the GI tract. 

Similar findings were reported using a polymethacrylic 
acid ion-exchange resin (150). In addition, coating the 
adsorbate particles with a 4:1 ethylcellulose�hydroxy-
propyl methylcellulose mixture further reduced bitterness. 
While in vitro release from the uncoated resinate was rapid 
and complete, release from coated adsorbates varied with 
the extent of coating. 

Another approach to improving the taste properties of 
pharmaceutical agents is to prepare a pleasant tasting
soluble salt of a poor-tasting parent drug. This approach 
often can be very difficult, however, since solubilization 
of the parent compound usually imparts its unpleasant 
taste to the preparation. Nevertheless, some success has 
been reported using the artificial sweeteners cyclamate 
sodium and saccharin. 

As described earlier, formation of N-cyclohexylsulfa-
mate salts of several drug substances has produced better 
tasting derivatives with  enhanced solubility properties (31, 
32). The physicochemical and toxicological properties of 
benzalkonium saccharinate and a series of saccharinates 
of other quaternary ammonium compounds were reported 
(151). While conventional quaternary ammonium com-
pounds have a very bitter taste their saccharin analogs are 
sweet. 

Potassium salts frequently possess an unpleasant taste 
and a metallic aftertaste. The palatability of some potas-
sium salts in flavored vehicles was reported (152); while 
the salts had similar taste thresholds at effective thera-
peutic levels, all potassium salts exhibited inferior palat-
ability. 

Table III includes several samples of other salts that 
exhibit an improved taste relative to their free acid or base 
forms. 

Stability The chemical and physical stability of a 
pharmaceutical must be known, because it can influence 
the choice of dosage form, the manufacturing and pack-
aging, and the therapeutic efficacy of the final preparation. 
Systematic determination ofthe thermal stability, solution 
stability (at various pH’s), and light sensitivity of a drug 
and its derivatives, both alone and in the presence of 
common additives, provides essential input toward se-
lecting the most suitable derivative and dosage form. 

Depending on the route of degradation, different salt 
forms impart different stability characteristics to the 
parent drug by various mechanisms. Most commonly used 
are sparingly soluble salts which, when used in the for-
mulation of suspensions, reduce the amount of drug in 
solution and, hence, its degradation. Differences in hy-
groscopicity of several salts influence the stability of the 

drug in the dry state. In some cases, the salt-forming rad-
ical itself enhances the stability of the parent agent. 

The stability of penicillin G and its salts has been widely 
studied due to the drug’s therapeutic importance and its 
characteristic instability. Schwartz and Buckwa]ter (153) 
described some of the stability characteristics of this an-
tibiotic, stating that, with present techniques, a solution 
of penicillin cannot be made stable for more than 2 weeks, 
even at refrigerator temperatures. They also discussed the 
use of suspensions of sparingly soluble amine salts In 
aqueous vehicles as a means of allowing marketing of a 
’ready-made’ penicillin product." Procaine, benzathine, 
and hydrabamine salts are marketed, and their acceptable 
stability as aqueous suspensions is based mainly on their 
insolubility and the minimization of degradation in solu-
tion. 

A theoretical treatment of the solubility of these salts 
was presented in which equations were derived for calcu-
lating the solubility as a function of pH and the pH of 
minimum solubility (154; 155). These equations are based 
on the mass action law and its relationship to the ionization 
constants of the amine and the penicillin and the solubility 
of the salt in water. Since the salt in solution is partially 
dissociated, further suppression of the solubility maybe 
achieved by the common ion effect. Swintosky et al. (156) 
demonstrated this effect with penicillin G procaine by 
adding procaine hydrochloride to the preparation and 
further enhancing its stability. The 8-chiorotheophylline 
salt (or complex) of penicillin G was reported to be water 
soluble, yet stable in solution (157). Since 8-chlorotheo-
phylline is acidic, it has been postulated that a buffer effect 
could account for the stabilization of this salt." 

While penicillin G procaine is more stable in aqueous 
vehicles, it is less thermally stable than the sodium or po-
tassium salts, decomposing if heated much above 60°. The 
sodium and potassium salts are known to withstand 
heating up to 1000 for 4 days with little loss in potency 
(158). This behavior might well be due to differences in 
melting points�viz. 106° for penicillin G procaine and 

215° dec. for the potassium salt. 
Since hydrolysis of penicillin is dependent on moisture 

content, preparations in which moisture is rigorously ex-
cluded are quite stable in the dry state. A study on the ef-
fect of moisture on penicillin salts found the calcium salt 
to be less hygroscopic than the sodium salt and, hence, 
more stable in moist atmospheres (159). Similarly, peni-
cillin G potassium is also much less hygroscopic than 
penicillin G sodium and has become the preferred form for 
marketing in the dry state (160). 

Several studies reported the relative stabilities of thi-
amine salts, particularly the hydrochloride and the 
mononitrate (161-163). The mononitrate is observed to 
be less hygroscopic and is accordingly much less water 
soluble than the hydrochloride. Investigations of various 
preparations including compressed tablets, multivitamin 
capsules, and dry-filled vitamin B complex capsules at 
various temperatures showed that the mononitrate was 
more stable than the hydrochloride (164, 165). The sta-
bilities of numerous thiamine salts were studied in aqueous 
solution and in dry powder preparations with various ex-
cipients (166, 167). In aqueous solution, the resulting pH 
was the chief factor controlling hydrolysis and oxidative 
decomposition of thiamine salts; their stability as powder 1 Sephadex. 
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preparations was related to their aqueous solubility, with 

the sparingly soluble salts being more stable (and pre-
sumably less hygroscopic). 

An orally administered drug must be stable in acidic 
solution because it generally must pass intact through the 
acidic environment of the stomach if it is to exhibit ther-
apeutic blood le,els. The advantage of erythromycin es-
tolate over the free base lies in its low solubility in gastric 
juice, which enables it to he administered with food with-
out any decrease in attained blood levels. The salt is more 
stable in the stomach because it remains undissolved. 
Therefore, it retains its potency even when exposed to 
acidic environments for extended periods (144). 

In a study on the preparation and characterization of 
lincomycin cyclamate (33), it was noted that the cyclamate 
salt had an enhanced thermal stability over the hydro-
chloride. In a subsequent report (168), differential thermal 
analysis and thermogravimetric analysis showed that while 
the hydrochloride easily undergoes thermal degradation, 
the cyclamate anion confers a considerably greater thermal 
stability on the lincomycin moiety. 

Mullins and Macek (169) showed that the physical and 
chemical stability of the calcium salt of novobiocin makes 
it the form of choice for the formulation of a liquid prep-
aration of the antibiotic. The amorphous calcium novo-
biocin salt proved to be tasteless, yet fully biologically 
active and perfectly stable in aqueous suspension. Neither 
the sodium salt nor the free acid is suitable; the sodium salt 
cannot be formulated in a liquid due to its chemical in-
stability, while the crystalline free acid is not absorbed 
from the GI tract Amorphous novobiocin is absorbed but 
is metastable in solution and slowly converts to the on -
absorbed crystalline form, - 

Other reports of alterations in stability characteristics 
due to salt formation are listed in Table VI. 

Miscellaneous Properties�The salt form has been 
reported to influence other physicochemical properties of 
a drug substance. Studies illustrating the effect of the 
salt-forming radical ms surface tension, deaggregation 
behavior, and ion-pair extraction have appeared. 

The influence of the anion on the absorption processes 
of two charged species, dextromethorphan and tetracy-
cline, was studied in the rat stomach (186, 187). A linear 
relationship existed between the rate of absorption from 
buffer solutions of the anions under investigation and their 
surface tensions. Thus, the absorption process was related 
to the surface activity of the various salts and not to their 
lipid solubilities. This change of surface activity with the 
buffer (or salt) species is similar to the results reported in 
a study of the surface activity of various phenothiazine 
salts (188). 

The antibacterial chiorhexidine possesses surface ac-
tivity. A study of the colloidal properties of some chlor-
hexidine salts showed that the counterion can affect the 
critical micelle concentration of a surface-active agent, and 
this effect was usually associated with a change in micellar 
size (189). 

The deaggregation behavior of a relatively insoluble acid 
and its sodium salt was studied, and deaggregation was 
postulated to be a possible rate-limiting step in the ab-
sorption of a drug from a dosage form (190). While no di-
rect comparisons of the two forms were made, inspection 
of the data shows that the deaggregation rate of the salt 

Table VI�AddiLional References on Salt Form and 
Stability  

Reference 

Stability of chiorhexidine solutions 170 
Stability of chlorhexidine when autoclaved171 
Anhydrotetracydine and 4.epianhydrotetracycline in 172 

marketed tetracycline and aged tetracycline products 
Solid-state stability of some crystalline vitamin A 173 

compounds 
I’hysicochemical studies on the stability ofpenicilhn salts 174 
Light .sensitity of tetracyclines, 175 
i-iygroscopic properties, thermostability, and solubil,ty of 176 

oIeandomycinsaR-
Stability oforotic acid and its amine salts in aqueous 177 

sojution 
Some factors influencing the stability of tablets (aspirin) 178 
Stability of aqueous solutions of sodium anin&alicylate 179 
l-iyroscopic properties of various preparations of 180 

erythromycin 
Physicochemical studies on the decomposition of 181 

aminosa!icylic acid and its salts 
Stabilities of aqueous solutions of 2-diethylaminoethyl-3- 182 

methyl-2.phenylvolerate hydrochloride and its 
me th obroni de 

Investigation marine properties nfpenioillin 0 salts 183 
Stability of ferrous iron tablets onstorage 84 

185 Stability of aspirin aluminum compounded with antacids 

was considerably more rapid than that of the free acid in 
equivalent dosage forms. Therefore, if absorption is de-
pendent on the dissolution rate, which in turn is dependent 
on the deaggregation rate, the salt should produce the 
highest and earliest blood levels. On the other hand, it is 
possible that hygroscopic (and deliquescent) salts can 
absorb atmospheric moisture, cause a sticky surface, and 
inhibit deaggregation. 

Iliguchi and coworkers presented an extensive study on 
the physicochemical basis of the ion-pair extraction of 
pharmaceutical amines. Distribution ratios of dextro-
methorphan (191) and chlorpheniramine (192) between 
an organic layer and water were highly dependent on the 
concentration and nature of the anion present. Less hy-
drophilic anions yielded more readily extractable ion-pain. 
A study of the thermodynamic properties, enthalpy, free 
energy, and entropy, involved in the extraction equilibria 
of dextromethorphan ion-pairs indicated that the entropy 
change associated with transfer of the different anions 
between phases is the main controlling factor in the ex-
traction process (193). 

I3I0AVAILABILITY 

Most drugs prescribed in the United States are admin-
istered in solid and polyphasic dosage forms. Conse-
quently, dissolution of the drug must precede the ab-
sorption process. The simplest model that adequately 
describes this process is shown in Scheme II. 

I 2 

di5soIutiQT, . ahsorptinn 
solid drug �dissolved drug drug in circulation 

Scheme H 
Since the dissolution rate is generally slow for drugs with 

poor solubility, Step 1 is frequently rate limiting in the 
overall absorption process. As a result, the onset, intensity, 
duration of pharmacological activity, and, hence, bio-
availability are affected by changes in dissolution rate. As 
discussed previously, administering a salt of the parent 
drug often proves to be an effective means of altering dis-
solution rate and absorption. 

10 / Journal of Pharmnrgutical Scie,tc.q 



M. 

Table Vu�Additional References ni, l3ioavailability and 
Formulation Effects 

Reference 

Effect_s of various substances on the absorption of 197 
tetracycline rn rats 

Effects of dosage form upon the tl absorption rate of 136 
sal icyi ates 

Determination of in at. and in ratio release of 195 
theophylline aminoisobutanol in a prolonged action
system 

Ion-exchange resin salts for oral therapy carhinoxamine 199 
Latentiation of dihydrostreptomycin by promote 10 

formation 
Solid-state ophthalmic dosage systems in effecting 17 

prolonged release of pilocarpino in the cul-de-sac 
Absorption of erythromycin, various pharmaceutical 200 

forms 
Comparative study of the absorption of drugs from old 201 

and new recta! preparations 

Formulation Effects�Choice of the salt form of a drug 
may have a pronounced effect on the formulation of the 
parent compound. For example, Fenton and Warren (194) 
found there was no release of medicament from proflavine 
cream BPC, a water-in-oil emulsion containing 0.196 
proflavine as the hemisulfate salt. They also investigated 
the release of various salts of proflavine with aliphatic 
carboxylic acids from water-in-oil cream emulsions. Salts 
formed with the water-soluble, oil-insoluble "lower" acids, 
such as formic and acetic acids, showed very poor release 
from a water-in-oil cream. The "higher’ acid salts (e.g., 
n-valerie, caproic, cyclohexanecarboxylic, and caprylic) 
all showed increased diffusion from similar emulsions since 
these salts are soluble in both water and oil. Their release 
was even greater from oil-in-water emulsions, however, in 
agreement with their preferential oil solubility. The n-
valerate salt provided the most effective water-in-oil 
cream. The primary factor responsible for diffusion of 
proflavine from a water-in-oil cream is the low hydro-
philic-lipophilic balance conveyed to the salt by the acid. 
This finding illustrates the desirability of carefully se-
lecting the salt anion of a cationic drug in lieu of the nature 
of the dosage form. 

Studies of the effect of formulation on the hioavailability 
of warfarin sodium relative to warfarin yielded interesting 
results (107, 195). Absorption of warfarin upon adminis-
tration of the sodium salt as a lactose-base tablet was no 
better than that from a similar formulation of the free acid. 
In fact, absorption was further depressed when the salt was 
formulated with starch instead of lactose. Later results 
indicated that the in vitro water dissolution rate of a 
warfarin sodium tablet was 350 times that of a slowly dis-
solving warfarin tablet formulation, yet the latter exhibited 
rapid and complete absorption in viva. The virtual in-
solubility of warfarin in acidic gastric fluids precluded its 
absorption from the stomach. However, the strongly acidic 
medium was necessary for tablet disintegration, which, in 
turn, was critical for absorption. Following initial exposure 
to 0.1 N HCI, in vitro dissolution of the warfarin tablet in 
pH 7.4 buffer was 14 times faster than that of the sodium 
salt, a result that explained the otherwise contradictory 
in vivo blood level data. Therefore, absorption was ulti-
mately dependent upon gastric emptying rate and gastric 
PH, as long as the formulation disintegrated properly in 
the stomach. 

The rectal absorption of aspirin, aspirin aluminum, and 

calcium carbaspirin from several suppository bases was 
studied in dogs (196). The absorption of aspirin aluminum 
from either cocoa butter or a polyethylene glycol base was 
poor. While the maximum salicylate levels produced by 
aspirin and calcium carbaspirin from the coarn butter base 
occurred at a later time than from the other bases studied, 
minimal plasma levels were exhibited by a polysorbate 61 
base formulation. The highest peak and largest area under 
the blood level curve were seen with calcium carbaspirin 
in a vegetable fatty acid glyceride base. The poor absorp-
tion of aspirin aluminum from suppositories was not 
unexpected since it is poorly soluble. Furthermore, as 
pointed out for aspirin aluminum tablets (105 106), an 
insoluble aluminum compound may form on the surface 
of the dissolving drug, further impeding its dissolution rate 
and bioavailability. 

Additional references on hioavailability and formulation 
effects are given in Table VII. 

Absorption Alteration�Several years ago, clinicians 
claimed that certain salts of theophylline were therapeu-
tically preferable to other salts or to the free acid (202-
204). For example, Schiuger etal. (204) found higher blood 
theophylline levels after administering uncoated tablets 
of theophylline ethylenediamine than were observed with 
enteric-coated tablets of choline theophyllinate. These 
results were at variance with the in viva work of Gagliani 
et cii. (202), who found that the oral ingestion of choline 
theophyllinate produced significantly higher blood levels 
than the ethylenediamine salt. This apparent discrepancy 
could be explained by the formulation effects of tablet 
coating, etc., which was not discussed in the work of Gag-
liani et cii. In another study, a slightly more rapid rise in 
blood concentration and a greater area under the curve 
were observed with theophylline isopropanolamine than 
with theophylline ethylenediamine (203). It was suggested 
that the difference was a result of the greater water solu-
bility of the isopropanolamine salt. 

The in vitro dissolution rates of the choline and so-
propanotamine salts of theophylline have been observed 
to be three to five times greater than the ethylenediamine 
salt, depending on the dissolution medium (98). It has been 
suggested that these differences in dissolution rate are 
consistent with, and offer an explanation for, the clinical 
results. 

In a comparative study of the absorption of ampicillin 
trihydrate and ampicillin potassium following oral ad-
ministration (205), the potassium salt yielded 37% higher 
peak levels and a larger area under the curve. Only 36% of 
the administered ampicillin trihydrate was absorbed while 
53% of the potassium salt was absorbed. Determining the 
Percentage of each drug eliminated in the urine showed 
that 39% was eliminated following administration of the 
trihydrate and 52% from the potassium salt. The entire 
difference between the two drug forms was accounted for 
in the initial 4 hr postadministration. 

Several studies compared blood levels obtained with 
erythromycin and its salts and esters. Erythromycin es-
colors produced blood levels that were severalfold higher 
than those obtained with erythromycin base or erythro-
mycin stearate (206-208). These differences were found 
to persist in the fasting as well as nonfasting subjects (207), 
indicating that food did not appreciably alter the absorp-
tion of erythromycin estOlate when given under single or 
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multiple dosing (207). This finding is explained by the fact 
that this salt is acid stable and alkaline dissociable, per-
mitting its passage through the acid of the stomach both 
in fasting and nonfasting subjects (209). Accordingly, the 
antibacterial activity remained essentially the same when 
this form of erythromycin was given, regardless of the state 
of fasting of the subject (209). 

On first inspection the higher serum levels attained with 
erythromycin estolate suggest that the salt form is more 
readily absorbed. Also critical to efficacy, however, is the 
volume of distribution of the drug, since extensive binding 
to plasma proteins can render a drug unavailable for ac-
tivity at the biophase. Therefore, the significance of blood 
level data greatly depends on the measure of the free or 
inbound fraction of total antibiotics in the blood, which 
more directly indicates probable therapeutic benefit. 

Wiegand and Chun (210) showed that, despite the 
higher blood levels attained with erythromycin estolate 
(after correction for half-life differences), the stearate salt 
produced seven times more free drug in serum than did the 
estolate salt. This finding explained the higher total tissue 
levels observed on administration of the stearate. They 
attributed the difference to a greater serum protein 
binding of the intact erythromycin estolate, proving that 
its higher serum levels did not necessarily reflect more 
efficient absorption. 

Marked differences have been observed following oral 
administration of various salts of penicillin. Penicillin G 
potassium has been compared with penicillin G benzathine 
(benzethacil) (211, 212), penicillin G hydrabamine (213), 
penicillin V (214), penicillin C procaine (212), and peni-
cillin C ammonium (215). As anticipated, penicillin G 
potassium produced higher and earlier blood levels than 
penicillin G benzathine (211, 212). Furthermore, tablets 
of penicillin G potassium buffered with sodium citrate 
yielded higher peak levels than unbuffered penicillin G 
potassium. While the absorption of buffered tablets was 
apparently not significantly affected by food intake, the 
unbuffered tablets yielded lower average levels and ir-
regular absorption under similar conditions. 

When penicillin C potassium was compared with peni-
cillin G hydrabamine (213), a less soluble salt, blood levels 
similar to those produced by penicillin G benzathine were 
observed. When equivalent doses were administered, the 
penici!lemia that occurred with penicillin G hydrabamine 
was only one-third or one-fourth as great and was of 
shorter duration than that produced by penicillin C po-
tassium. 

Budolfsen et al. (212) found that peak concentrations 
of penicillin G potassium were three to four times those 
obtained with penicillin G procaine and five to six times 
those of penicillin C benzathine, indicating a more rapid 
rate of absorption. The therapeutic action was related to 
the maximum concentration attained, but it also depended 
on the persistence of penicillemia, which was greater with 
penicillin C potassium than with the other two compounds. 
The authors suggested that the lower blood levels attained 
with the relatively insoluble penicillin C benzathine were 
caused by its destruction in the CI tract prior to absorp-
tion. This suggestion seems unlikely, however, since the 
drug should not degrade very rapidly as an undissolved 
suspension. 

Because of its superior stability in gastricjuice, penicillin 

V produces higher blood penicillin levels than corre-
sponding doses of penicillin C. As a result, extensive in-
vestigations have been conducted with various salts of 
penicillin V (99, 214-220). For instance, tablets, capsules, 
and oral suspensions of penicillin V acid produced signif-
icantly higher blood concentrations than comparable 
penicillin G preparations (214). In the same study, the 
average serum levels produced by the benzathine salt of 
penicillin V were significantly higher than comparable 
doses of penicillin G benzathine for the that 4 hr but lower 
thereafter, again illustrating the value of using an insoluble 
salt to prolong blood levels of an acid-unstable compound. 
In another study (215), penicillin V acid was shown to 
produce higher and more prolonged plasma concentrations 
than either penicillin G potassium or ammonium, whose 
properties were comparable. 

Plasma levels were correlated with dissolution rates of 
various forms of penicillin V (99). As solid dosage forms, 
the readily soluble potassium and calcium salts produced 
earlier and higher blood levels in fasting subjects than ei-
ther the free acid or its benzathine salt. On the other hand, 
when the potassium and benzathine salts were adminis-
tered orally as solutions, absorption was the same, implying 
that the poor solubility of the henzathine salt was re-
sponsible for the inferior blond levels obtained from its 
solid dosage forms. Other studies found that, while the 
potassium salt is 40% better absorbed than the free acid 
in fasting subjects, both forms produce therapeutic levels 
when administered with food (218). 

Experiments with fistulated dogs indicated that peni-
cillin V is absorbed primarily from the stomach. Therefore 
it is not surprising that the potassium salt should show 
higher blood levels on oral administration since it is the 
most soluble salt in gastric PH (216). In accordance with 
this observation, it was also reported that the benzathine 
salt exhibited higher serum levels in patients with gastric 
achlorhydria (pernicious anemia) than in patients with 
normal gastric function (219). Differences in gastric 
emptying time may also explain this result. 

Several studies compared the absorption of tetracycline 
and its salts (103, 221, 222). For example, serum concen-
trations in dogs and humans showed that a phosphate 
complex salt of tetracycline was absorbed more rapidly and 
gave higher blood levels during the first 6-8 hr than did 
tetracycline hydrochloride (221). The total amount of drug 
absorbed was about twice as great with the former com-
pound. 

Another study (222) suggested that tetracycline base 
produced higher blood levels than tetracycline hydro-
chloride. However, a subsequent investigation (223) 
showed that in the absence of adjuvants or fillers, tetra-
cycline hydrochloride and tetracycline base were absorbed 
equally well. Results obtained in this same study indicated 
that tetracycline hydrochloride encapsulated with citric 
acid produced higher serum concentrations than tetracy-
cline hydrochloride mixed with hexametaphosphate or the 
phosphate complex salt of tetracycline. 

In a study comparing urinary excretion rates and in vitro 
dissolution, the absorption of tetracycline and tetracycline 
phenolsulfonaphthaleinate was rate limited by their dis-
solution rates, whereas tetracycline hydrochloride ab-
sorption was rate limited by the absorption process itself 
(103). 
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Several lincomycin salts were studied for their com-
parative availability (224). In particular, the blood levels 
obtained with the relatively water-insoluble hexadecyl-
sulfamate salt were compared to those of the hydrochloride 
following oral administration. Higher and extended whole 
blood and serum concentrations were obtained in mice, 
rats, and dogs with the hexadecylsulfamate. However, 
subcutaneously administered lincomycin did not produce 
significantly different fractions absorbed, regardless of 
which salt was administered. It is not known whether the 
greater area under the curve with oral administration of 
lincomycin hexadecylsulfamate is due to greater absorp-
tion from the CI tract slower renal clearance, or greater 
enterohepatic circulations 

Salts of streptomycin, neomycin, viomycin, and strep-
tothrycin have been formed with: (a) polyacrylic acids, (b) 
sulfonic or phosphorylated polysaccharides, and (a) nat-
ural polycarboxyl acids from a series of polyuronie sub-
stances and polysaccharide derivatives containing carboxyl 
groups (18). The report indicated that these salts were 
absorbed from the injection locus primarily by the lymph 
system. Blood levels from the salts were generally lower 
but were maintained for a longer time than the equivalent 
amount of antibiotic alone, and higher concentrations of 
longer duration may actually be produced in the lymphatic 
drainage. 

The influence of salt formation on the onset and dura-
tion of pharmacological activity also was illustrated with 
tolbutamide and several of its salts (101). Following oral 
administration, the sodium salt produced a rapid decrease 
in blood sugar level followed by a rapid recovery. By con-
trast, the free acid of tolbutamide caused a slow and pro-
longed drop in blood sugar level, a preferred effect since 
the chance of hypoglycemic shock would be lessened. This 
finding also illustrates the often overriding influence of the 
actual disease state on the choice of drug form. 

Additional references on the implications of salt for-
mation on absorption are listed in Table VIII. 

Pharmaeokinetics�Because of the various new 
properties that are usually imposed on a compound by salt 
formation, the pharmacokinetics of the drug necessarily 
change as a function of these properties. 

For example, a pharmacokinetic evaluation comparing 
ampicillin sodium and potassium with ampicillin trihy-
drate was performed after oral administration to beagle 
dogs (243). The absorption rate constants of the sodium 
and potassium salts, which were similar, proved signifi-
cantly greater than the rate constant of ampicillin trihy-
drate, resulting in earlier, higher peak concentrations with 
two to three times higher serum concentrations during the 
tat hr. Yet, any differences between the fraction absorbed 
for the three products were not statistically significant. 
Apparently, although dissolution of the ampicillin trihy-
drate was the rate-limiting step in its absorption, the 
overall extent of hioavailabiiity remained unaffected. 

An interesting study of the biliary excretion of eryth-
romycin base and erythromycin estolate was reported 
(244). The biliary excretion of erythromycin base was high, 
while that of erythromycin estolate was much lower; 
preferential secretion of erythromycin in the bile could 
partially account for the Lower serum levels exhibited by 
the base. However, the proportion of the ingested dose 
secreted in the bile was small, and the total amounts in-

Table V111 AdditionalReferences on Rioavailability 
and Absorption Alteration 

Reference 

Blood levels produced by three theophylline- mutual ng 225 
elixlrs - 

Naproxen oraL absorption characteristics 226 
Effect of food on absorption of a new form of 227 

erythromycin propionate 
Effect of the anion on the absorption of tetracycline from 1813 

the rat stomach 
Blood levels following oral administration of different 228 

preparations of novobiocin 
Absorption ofiopanoic acid and its sodium salt 229 
Oral absorption of secobarhital (quinalbarbitone) and its 230 

sodium salt 
Absorption rate of barbjlurates in humans 231 
Morphine and atropine mucate 232 
Excretion of bepheniun salts in imine of human 233 

volunteers 
Polyrnethylene his(isothiuronium) sells: antituberculosis 234 

activity 
Prolonged antitussive action of a resin bound nosenpine 235 

preparation 
Pharmacology ofsulfapyridine and sulfathiazole 236 
Evaluation of plasma concentrations of propoxyphene 237 

utilizing a hybrid principal component analysis of 
variance technique: eqwmolar doses 

Antrycide, a new trypm.ocidal drug 238 
Pralidoxime methanesulfonais: plasma levels and 239 

pharmacokinetics after oral administration to humans 
Intestinal aborption ofpTalidoxime and other nlcloximes 240 
Blood plasma levels and elimination of salts of 241 

pralidoxime (2 PAM)in humans after oral 
administration 

Enhancement of Ci absorption of   quaternary 242 
ammonium compound hy trichloroacetate 

wAved were not sufficient to account entirely for the dif-
ferences in serum concentrations attained. Undoubtedly, 
the protein binding studies of Wiegand and Chun (210) 
(discussed under Absorption Alteration) more satisfac-
torily explain the difference in serum concentrations. 

Often, salt formation can he used to modify drug ab-
sorption and time tolerance favorably. For example, arid-
nosalicylic acid exhibits a short half-life and, therefore, 
requires large and frequent doses which may cause gastric 
irritation. Consequently, different chemical forms such as 
salts have been prepared (119 245-247) to reduce the in-
cidence of gastric irritation, increase absorption, and 
prolong blood levels. 

Aminosalicylic acid is an interesting example in other 
ways; considerable confusion about this drug exists be-
cause many fail to recognize its nonlinear pharmacoki. 
relies. Several definitive studies were reported regarding 
the absorption of the acid and its sodium, potassium, and 
calcium salts from solution, suspension, and tablet for-
mulations (245, 246). Comparison of the relative 
bioavailabilities of aminosalicylic acid suspended in water 
and its salts dissolved in water showed that, while differ-
ences in rate of absorption were found to exist, absorption 
of both the acid and its salts was essentially complete. 
Absorption of the free acid from tablets reached only 77% 
of the dose, whereas that of the tableted salts was rapid and 
complete. 

Regardless of formulation, the area under the plasma 
concentration time curve of unmetabolized drug from free 
acid administration was less than that for the salts. This 
result was attributed to concentration-dependent me-
tabolism during absorption: when the rate of absorption 
is high, the metabolic processes become saturated and 
more unmetabolized drug remains in the blood; conversely, 
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Table DC�Additional References on Binavailability and 
Pharruacokinetics 

Topic Refere’ 

Pharmacodynamics offosfomycin (phosphonomycin) after 248 
intravenous administration to humans 

Pharmacodynaniics of phosphoriornycin after oral 219 
administration to humans 

Comparative studies on distribution, excretion, and- 250 
metabolism of H -hyd roxyzine and its ’4C_methiodide 
in rats 

Pharmacokinetics of empicil]in trihydrate! ampiciilin 25 
sodium, and d icloxacijim sodium following 
intramuscular injection 

Physiological disposition of fenoproleri in humans: 252 
pharmacokinetic comparison of calcium and sodium 
salts administered orally 

when the absorption rate is low, as for the free acid, a 
higher percentage of drug is metabolized. 

Additional references regarding bioavailability and 
pharmacokinetics are presented in Table IX. 

GENERAL PHARMACY 

Pharmacological Effeet--Chlorproniazine hydro-
chloride and quaternary chlorpromazine chloride were 
investigated with respect to their effects on the central 
nervous system (CNS) (253). The quaternized compound 
was less potent and more toxic in rodents than the parent 
tertiary compound. 

Naloxone, an effective opiate antagonist, is generally 
used as the hydrochloride salt; however, the drug has a very 
short duration of action. The mucate salt was prepared to 
extend its duration of action, since muck acid is only 
slightly soluble in water (254). In a test on the blocking of 
morphine activity in mice, however, the mucate salt did 
not differ in duration from the hydrochloride. These in-
vestigators assumed the same receptor site for naloxone 
as for morphine and, since Heron’s (232) work suggested 
that the receptor had a greater affinity for morphine mu-
cate than for the free base, it also should have a greater 
affinity for naloxone mucate. The results disproved this 
hypothesis. Furthermore, this theory implies that intact 
salt reaches the receptor, which is highly unlikely, re-
gardless of whether the drug is administered as a solution 
or as a suspension. 

A series of salts of 9-aminoacridine and its derivatives 
was prepared and screened for antifungal and antibacterial 
activity (255-257). By using salts of fatty acids, the anti -
fungal action was found to parallel thelength of the carbon 
chain of the anion, with maximal activity occurring with 
acridine caproate, undecylate, and undecylenate (where 
undecylenic acid also exhibits some intrinsic antifungal 
activity) (255). This result appears reasonable, because 
these salts would be more lipid soluble and could be ex-
pected to pass through the cell wall of the infecting or-
ganism more readily, probably as an ion -pair. 

The efficacy of bases or salts as topical anesthetics for 
relieving cutaneous itch, burning, and pain in unbroken 
skin has also been examined (258). In these experiments, 
itching and pricking were induced by an alternating cur-
rent of low amperage and voltage applied to the skin or by 
exposure of the skin to UV light. Interestingly, aqueous 
solutions of salts of the local anesthetics did not alleviate 
itching or burning in any of the subjects, although satu-
rated solutions of their bases in a mixture of water, 40% 

Table X--Adcjitionnl References on General Pharmacy 
and Pharmacological Effect 

Topic Reference 

Differential excretion of bromide and chloride has and its 259 
,.In in bromide retention 

Pharmacological study of calcium methionate 260 
Synthesis and In vitro fungistatic evaluation of some N- 281 

substituted arnides and amine salts otsorbic acid 
Antiamebic studies on cl station in I5-diloro-7-IIIa- 262 

axis with the oximes 263 
and pralidnime 

264 
and atropine in 

Eflicacy and imitations of oxime-atropine treatment of 265 
organ op h osphonis anti chol nesterase poisoning 

Antitussive activity of enoxolone (glycyrrlietinic acid) and 266 
its derivatives 

Pharmacological properties of glycyrrl’etiriic acid 267 
hydrogen succinate (disodium salt) 

Ganglionic blocking activity of diastereomerie 268 
dimethylaminohornyl acetates and their methiodides 

A new potent nonnareotic antitnssive, I -methyl -3-[bis(2- 269 
thienyl)methyene]pipericline: pharmacology and 
clinical efficacy 

alcohol, and 10% glycerol were claimed to be effective. Suth 
transport phenomena across the stratum corneum are 
often dependent on the polarity of the drug and vehicle 
and on the binding of the drug to keratin. 

Additional references on pharmacological effects can be 
round in Table X. 

Dialysis�Dialysis through a cellophane membrane of 
the hydrochloride or sodium salts has been studied with 
several drugs (270). In many cases it appeared that the 
ionic form of the drug was bound to the membrane whereas 
the nonionized form was not. Ephedrine hydrochloride 
presented an interesting example, however, since it di-
alyzed considerably faster than its corresponding base. It 
was theorized that the chloride ion dialyzed rapidly, en-
hancing the rate of dialysis of the ephedrine ion. Accord-
ingly, when chloride ion was present on both sides of the 
membrane, the observed rate of dialysis for the ephedrine 
ion was comparable to the ephedrine base. 

The diffusion of sodium chloride through a lipoprotein 
interface was very slow, especially if calcium chloride was 
present on both sides of the interface (271). In the presence 
of low concentrations of choline chloride or carbarnyl-
choline chloride, the diffusion of sodium chloride is more 
rapid. Apparently, choline salts are able to increase the 
permeability of the lipoprotein to salts, which may relate 
to the physiological action of choline salts. 

Miscellaneous�Release rates were determined for 
aminophylline, ephedrine alkaloid, and ephedrine hy-
drochloride from theobroma oil suppositories containing 
nonionic surfactants 1133). While surfactants with hy-
drophilic-lipophilic balance (HLB) values less than 11 only 
minimally affected release rate, rates increased with sur-
factants of HLB values greater than 11. Under optimal 
conditions, aminophylline was faster than ephedrine hy-
drochloride which, in turn, was superior to the ephedrine 
base. 

Willis and flanker (272) reported on the formation of 
polymer-drug salts as an approach to the physicochemical 
design of dosage forms. Poly(methyl vinyl ether/maleic 
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anhydride) salts of rnethapyrilene were prepared and 
tested with the free base for in vitro dissolution and dial-
ysis. Their dissolution and dialysis rates were not appre-
ciably different from the free drug or its hydrochloride salt. 
Various poly(methyl vinyl ether/maleic anhydride) hem-
lister salts of methapyrilene exhibited substantially slower 
release than the polymer ether salts, hydrochloride salt, 
or free base forms. Polymer-drug salts thus appear to have 
promise. 

A series of metallic salts of edetic (ethylenediamine-
tetraacetic) acid were tested in vitro to determine their 
effect on blood coagulation (273). The results showed that 
only the dipotassium and disodium salts had any effect on 
coagulation. It was theorized that the lack of anticoagulant 
activity resulted from an almost complete suppression of 
ionization of the heavy metal salts. 

Interesting research regarding the angina-preventive 
effect of some chromone-2-carboxylat.e salts showed a di-
rect correlation between biological activity and pKa of the 
salt-forming amines (274). 

Lin et at. (112) investigated the relationship between 
salt form and biological activity of a given antihyperten-
sive While the intrinsic dissolution rates of the dihydro-
chloride and disulfate salts were many fold greater than 
the monohydrochioride, the hypotensive potencies of the 
salts did not differ significantly from one another in an 
anesthetized dog study. Yet, when administered to renal 
hypertensive dogs, the dibydrochloride and disulfate salts 
produced greater hypotensive effects than did the mono. 
hydrochloride. 

TOXICOLOGICAL CONSIDERATIONS 

Toxicity of Salt Ion�Any discussion regarding the 
toxicity of salts of a drug must consider the pharmaco-
logical properties of the cation or anion used to form the 
salt as well as those of the free drug, since any of these may 
produce toxic effects. The toxicology of several ions that 
are commonly used to form salts and that are relevant to 
this review were discussed in depth (275). 

Toxicity from ingestion of calcium salts of drugs is rare. 
If hypercalcemia occurs, however, calcium deposits in the 
kidney can bring on a reduction of renal function. The 
principal toxic effects of lithium also involve the kidneys. 
When small amounts of lithium are taken, no apparent 
damage occurs; yet large amounts of the metal can lead to 
irreversible damage. An apparent correlation was observed 
between lithium dosage and sodium intake (276). When 
lithium dosage was low or sodium intake was high, rats 
were able to excrete all lithium given and sustained a re-
versible polyuria. Conversely, if large amounts of lithium 
were administered to the rats or if their sodium intake was 
lowered, they incurred irreversible kidney damage. Am-
monium ion, although it servos a major role in maintenance 
of the acid -base balance of the body, can be toxic in high 
concentrations and initiate CNS derangements. 

Sulfate ions given orally tend to be minimally absorbed 
and may act as a laxative. The nitrate ion is irritating to 
the GI tract, causing nausea and gastric distress. Also, in-
testinal bacteria may convert the nitrate ion to nitrite 
which oxidizes hemoglobin to methemoglobin. The citrate 
ion, all intermediary in carbohydrate metabolism, can form 
a soluble complex with calcium which is poorly dissociable 

and rarely causes any toxic reactions. While tartrate ions 
are usually absorbed minimally from the 01 tract, high 
concentrations reaching the circulation can cause renal 
damage. 

Acetate and lactate ions are normal metabolites and 
appear to be well tolerated in relatively large amounts. 
Iodide and bromide ions can produce conditions known as 
iodism and bromidism, respectively. Bromide intoxication 
occurs quite frequently, since bromides are used as in-
gredients in some nonprescription preparations (277-280). 
Bromide is slowly excreted by the kidney (its half-life is 
12 days) and tends to accumulate when taken for pro-
longed periods or when used by patients with decreased 
renal function (277). 

Toxicity of Salt Form�Provided the salt-forming 
agents are nontoxic, the relative toxicities of a series of salts 
of a compound are often observed to reflect directly their 
absorption rates. For example, the toxicities of dibromide, 
dichloride, diiodide, and dimethylsulfate salts of quina-
pyramine3, a trypanocidal drug, were determined (238). 
The sparingly soluble halogen salts were much less toxic 
subcutaneously or intramuscularly than the freely soluble 
dirnethylsulfate, yet all salts showed about equal toxicity 
upon intravenous administration. The difference in tox-
cities obviously resulted from rapid absorption of the 

methylsulfate compared to the slowly absorbed, poorly 
soluble halogen salts. Similar reasoning has been used to 
explain the acute oral toxicity of propoxyphene hydro-
chloride in rodents, which is twice that of equimolar doses 
of the napsylate salt (281). 

Several salts of benzphetamine and etryptamine were 
prepared as potential sustained-release formulations (114). 
The water solubility, in vitro dissolution rates at pH 1.0 
and 7.2, and the median lethal times (LI’50) were deter-
mined for each salt. Both the LT50 and LD50 (determined 
on only a few salts) increased as the in vitro dissolution rate 
at pH 7.2 decreased. While dissolution atpfl 1.0 did not 
correlate well with toxicity, the LT’s were inversely re-
lated to the square root of the dissolution rates at pH 
7.2. 

Toxicity studies comparing iopanoic acid, a cholecys-
tographic contrast medium, with its sodium salt (115) 
showed that the salt form has 10-fold greater toxicity. The 
L050’s of the free acid and the salt were 22 and 2.32 gAg, 
respectively. It was postulated that the free acid precipi-
tated from the sodium salt upon its reaction with gastric 
hydrochloric acid. The fine, amorphous particles of pre-
cipitated acid had a greatly increased surface area and, 
therefore, dissolved more rapidly than even fine crystals 
of the free acid. The faster and more complete drug ab-
sorption then resulted in increased toxicity. 

Salts exhibiting greater water solubility than their 
parent compounds or less soluble salts are not always more 
toxic. For example various inorganic and organic ions were 
used to prepare salts of methyl pyridinium-2.aldoxime 
that would have greater water solubility and would elim-
inate undesirable side effects due to the iodide ion (95). 
Even though the aqueous solubility of the majority of these 
salts was many times greater than the iodide, their toxicity 
on a molar basis was not significantly different, with the 
exception of the dihydrogen phosphate salt which was 15% 
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Table X!-Additional References on Toxicological 
Considerations 

Toxicity and absorption of 2-sultanilimidopvridine and its 285 
soluble sodium salt 

Sothic acid as a fungistatic agent for foods: harmlessness 286 
of sorbic acid as a dietary component 

Toxicity and distribution oferythromyciri 287 
Further toxicological studies with erythromycin 288 
Pharmacology and toxicology of erythromycin estolate 289 
Erythromycjri propionate (propionylerythromycin); a 290 

review of 20,525 two reports for side-effect data 
New class of antibiotic salts of reduced toxicity 22 
GI intolerance to oral iron preparations 291 
Comparative toxicology of iron compounds 292 
Influence of the dissolution rata of lithium tablets on side 123 

effect 
Toxicity and tissue distribution studies on the 293 

hydrochloride, bismuth iodide complex, and a rinate 
of emetine 

Bacitracin 7inc in pharmaceutical preparations 145 
New approach to quaternary ammonium compounds 151 
Pharmacology of choline theophyllinate - - 294 

more toxic. Further research with oximes revealed that 
other salts are also toxic (282). 

01 bleeding is a common toxic effect of aspirin for a large 
percentage of the population. Consequently, a search was 
initiated for an aspirin derivative that would not induce 
GI blood loss (283). All compounds prepared, however, 
including the sodium and calcium salts, caused GI hem-
orrhage with a severity similar to aspirin. 

Polyene antibiotics are potent antifunga] agents but 
bear considerable toxicity. Even though the methyl ester 
hydrochlorides of these compounds are more soluble, they 
retain almost all of their antifungal activity and, more 
significantly, show a uniform decrease in toxicity compared 
to their parent compounds (284). 

Additional references on toxicological considerations 
of salt formation are given in Table XI. 

CONCLUSIONS 

Salt formation is a means of altering the physical, 
chemical, and biological characteristics of a drug without 
modifying its chemical structure. Clearly, the salt form can 
have a dramatic influence on the overall properties of the 
parent compound. At present, selecting a salt form that 
exhibits the desired combination of properties is a difficult 
semiempirical choice. Pharmaceutical scientists now rec-
ognize these facts and are beginning to study the effects 
of different salt forms on the physicochemical properties 
bioavailability, and toxicity of drug substances. 

Although now only a few generalizations are available 
to predict the effect of particular salt forms on the char-
acteristics of a drug, perhaps in time it will be possible to 
evolve increasingly more powerful generalizations re-
garding the effect of a salt on the properties of its parent 
compound. In addition, we predict that polymer-drug salts 
will have a revolutionary effect on future trends in drug 
therapy, particularly in the areas of reducing drug toxicity 
and in controlling the release profile of novel drug delivery 
systems. 
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