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JOSE LUIS REYES VILLAMIZAR, identificado como aparece al pie de la firma,

conocido apoderado del opositor en el tramite de la referencia, estando dentro de
los términos de la prérroga solicitada, por medio del presente escrito me permito
ratificar y sustentar los argumentos del escrito de oposicion radicado dentro del
plazo de ley ante esa entidad.

l COMPLEMENTACION DE LA INFORMACION

Como se ha explicado, el solicitante pretende obtener privilegio de patente sobre
las sales de adicién de Acido mélico de Terbinafina (Reivindicaciones 1 a 3), sobre
las sales farmacéuticamente aceptables diferentes de una forma de sal de adicion
de acido malico (reivindicaciones 5 y 8), y sobre el uso de sales de adicion de
Acido mdlico de Terbinafina en la preparacién de un medicamento para el
tratamiento profilactico o curativo de enfermedades fungicas (reivindicaciones 9 y
10).

1.1. ABSOLUTA CARENCIA DE NOVEDAD Y NIVEL INVENTIVO DE LAS
SALES DE ADICION DE TERBINAFINA

Para efectos de evaluar la Novedad y el Nivel Inventivo de la solicitud vale
recordar que la fecha de prioridad invocada es 07-02-2001.



Con lo anterior en mente, me permito reiterar que la publicacién europea EP 0
024587 A1 - “Propenylamines, processes for their production, pharmaceutical
compositions containing them and their use as pharmaceuticals®, publicada en 11-
03-1981, revela compuestos de férmula general |, dentro de los cuales se
encuentra Terbinafina en forma de Base Libre, de Sales de Adicién, y en forma
de Clorhidrato. Por lo tanto, resulta obvio que en el género de las "sales de
adicion farmacéuticamente aceptables” conocido desde 1881, estan
comprendidas las especies ahora pretendidas, consistentes en ciertas formas de
presentacién —sales de &4cido maélico- derivadas de la primera revelacion
mencionada.

En segundo lugar, llamo la atencion a la materia revelada en la publicacion EP 0
515 310 A1, publicada en 1992-11-25 y equivalente a la patente US 6,121,314,
concedida en 2000-08-19, la cual revela el conocimiento de Terbinafina en forma
de base libre 0 en forma de sus sales acidas de adicién, y su utilidad como
agentes antifingicos.

La expresa reivindicacién que en esta patente, por cierto publicada hace cerca de
12 afios en Europa, se hace de “las sales 4cidas de adicion" de Terbinafina, es
decir, de todas las sales &cldas de adicién de Terbinafina, es suficiente para
demostrar que la materia ahora reivindicada CARECE DE NOVEDAD, pues
resulta obvio que en el género de ias “sales acidas de adicion™ conocido desde
1992, estan comprendidas |as especies ahora pretendidas, consistentes, como se
ha dicho, en ciertas formas de presentaciéon derivadas de la primera revelacion
mencionada.

Sin necesidad de mayores explicaciones, a primera vista y por obra de una simple
confrontacién, queda demostrado que la materia revelada en las anterioridades
citadas resta cualquier asomo de Novedad respecto de las especies de sales que
reivindica la solicitud en curso, y hace inaceptable su concesion por parte de ese
Despacho.

De igual manera, frente al requisito de Nivel Inventivo, cabe preguntarse si una
persona medianamente versada en esta materia técnica, conociendo las
anterioridades citadas, y combinandolas con otras de la misma categoria, estaria
en capacidad de derivar de ese conocimiento ciertas especies de la misma
sustancia, en especial considerando que los géneros de las Sales de Adicion y
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Sales Acidas de Adicién habian sido revelados en 1881 y 1992, esto es, hace
cerca de 23 aflos y 12 aflos, respectivamente. La respuesta es desde luego
afirmativa, en especial a la luz de las referencias literarias que se explicaran a
continuacion.

1.2. LAS PRETENDIDAS SALES DE ADICION DE ACIDO MALICO O EN
FORMA DIFERENTE DE UNA FORMA DE SAL DE ADICION DE ACIDO
MALICO Y LOS POLIMORFOS DE L{) HIDROGENO MALATO DE
TERBINAFINA O SU MEZCLA RACEMICA, SON SIMPLES FORMAS DE
PRESENTACION DE MATERIA CONOCIDA.

Sin perjuicio de reiterar lo expuesto, es del caso llamar la atencion a lo expuesto
en |la materia descriptiva de la solicitud para explicar de qué manera las
pretendidas sales de adicion, ya sean de acido malico o de otra sal de Terbinafina
y sus polimorfos, son simples formas de presentacién de una materia conocida,
razén por la cual estdn expresamente excluidas de la posibilidad de obtener
patente, al tenor de lo dispuesto por el literal f) del articulo 15 de la Decisién 486 y
por analogia con el articulo 21 ibidem, que impide patentar productos o
procedimientos ya patentados cuando se descubra para ellos un nuevo uso, o
para el caso, una nueva forma de presentacion. Sabe el Despacho que existen
numerosos ejemplos conocidos de sustancias quimicas, tanto inorganicas como
organicas que son capaces de presentarse al estado sdlido bajo distintas formas
cristalinas o amorfas!',

En este sentido me permito citar la Resolucion 060 de 14/01/2003, por la cual se
negd el privilegio de patente a ciertas formas cristalinas de Atorvastatina, en
donde se sostiene que “evidentemente el polimorfismo corresponde a variados
modos de agregacion de las moléculas en diferentes configuraciones de
ordenamiento en redes cristalinas o alternativamente sin orden alguno (sdlidos
amorfos), modos de agregacion que se dan segun las condiciones en las que se
encuentre, siendo este hecho extrapolable a otros estados de la misma materia
mas simples, como son por ejemplo el liquido y el gaseoso, los cuales se
presentan bajo diferentes condiciones de temperatura y/o presion, estados que
debido a su grado de agregacién molecular presentan, tal como los polimorfos,

diferentes propiedades slendo siempre la misma sustancia.” (Subrayado y

" Fyrmacotecnia Tedrica y Prictica Dr. Jos¢ Helman. 1982. Tomo IV. p 1139
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negrilla fuera del texto). Continda la Resolucion citada diciendo que “se debe
reconocer plenamente el hecho de que en la obtencion de polimorfos son las
condiciones las que determinan su formacion; es evidente que la_configuracién

cristalina_gue adopte una sustancia, depende Unicamente de su propia
naturaleza fisicoquimica y termodinadmica que dirigird su respuesta frente al
ambiente y posterior configuracién cristalina, por lo tanto, es la propia

molécula la que determina su forma de_cristalizacion en respuesta al
ambiente®. (Negrilla y subrayado fuera del texto).

De lo expuesto resulta claro que las distintas sales y polimorfos de Terbinafina que
se mencionan en la solicitud corresponden a formas de presentacién inherentes a
la molécula, lo que supone que en todos los casos se esta frente a la misma
sustancia — Terbinafina-, sin que el simple reporte de estas formas sea suficiente
como para considerarlas nuevas entidades quimicas y otorgarles privilegio de
patente.

En el mismo sentido, y de nuevo frente a la materia reivindicada, ruego al
Despacho se sirva tener en cuenta el articulo "Pharmaceutical Salts"™?, publicado
en 1977, el cual pese a no mencionar textualmente las sales de adicién de acido
mélico de Terbinafina descritas en la solicitud colombiana en tramite, si hace
referencia, como su nombre lo indica, al conocimiento general sobre sales
farmacéuticas, al uso potencial de las mismas, a los estudios fisicoquimicos entre
otros parametros, que pueden orientar la decision de escoger una u otra sal.

A continuacién me permito resaltar algunos aspectos relevantes del articulo en
mencion:

¢ La informacién sobre las sales es ampliamente divuigada en toda la literatura
farmacéutica.

e La formacion de sales es una reaccidon é&cido-base que involucra la
transferencia de un protdn o una reaccién de neutralizacion y es por tanto
controlada por factores que influencian tales reacciones. Tedricamente, todos

los compuestos que exhiben caracteristicas acidas o bésicas pueden participar

I*! BERGE, S. M; BIGHLEY, L. D. "PHARMACEUTICAL SALTS". Journal of Pharmaceutical
Sciences, US, American Pharmaceutical Association. Washington; Vol 88, N* 1, pages 1-19,
January 1977.
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en_la formacion de sales. Particularmente es importante la fuerza relativa del
acido o la base, las constantes de acidez o basicidad de las especies quimicas
involucradas, ya que estos factores determinan si ocurre o no la formacion y
son una medida de la estabilidad de la sal resultante.

e En latabla 1 se listan todas las sales que fueron comerciaimente vendidas en
1974 y sus porcentajes que indican la frecuencia con la que cada tipo de sal
ha sido usada, basada en el numero total de sales catibnicas o anidnicas
usadas en el mismo afo;, dentro de ellas podemos observar que se hace
refarancia al anién MALATOQ, el cual es el preferido en esta solicitud de
patente, y que es comerciaimente usado como uno de los tantos agentes
formadores de sales por lo mengs desde 1974.

» Es sabido que la formacién de sales es influenciada por un namero de
propiedades fisicoquimicas del compuesio de origen incluyendo, la tasa de
disolucion, la solubilidad, la estabilidad y la higroscopicidad; por tanto, estas
propiedades en su momento, afectan las caracteristicas de disponibilidad y
formulacién de la droga. Por ende, la industria farmacéutica emplea muchos
ensayos de preformulacion de las propiedades fisicoquimicas de cada nueva
entidad quimica para determinar la forma mas adecuada de formular la droga.

La combinacidn de estas enseflanzas — con muchas otras disponibles sobre el
tema en la literatura especializada- lleva necesariamente a concluir que la
reivindicacion de sales de adiciéon de Terbinafina, seleccionadas a partir de sales
de adicién de acido mélico o sales farmacéuticamente aceptables diferentes de la
forma de la sal de adicion de acido malico, es inaceptable por carecer de nivel
inventivo, puesto que para una persona medianamente versada en la materia no
representa un adelanto buscar y formular un compuesto o farmaco en las especies
de sales que pretende reivindicar la solicitud en curso, pues dichas sales son
simples formas de presentacion de una materia conocida.

1.3. LA COMPOSICION FARMACEUTICA REVELADA EN LAS
REIVINDICACIONES 4 Y 6 Y QUE CONTIENE LAS SALES DE ADICION
FARMACEUTICAMENTE ACEPTABLES, ES INDETERMINADA.

En este punto hago notar que la composicion que se pretende en la
reivindicaciones 4 y 5, ademds de ser absolutamente indeterminada, en tanto
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comprende una sal de terbinafina junto con cuando menos un vehiculo o diluyente
farmacéuticamente aceptable, carece de nivel inventivo, dado que la solicitud EP 0
024 587 A1, publicada en 1981-03-11, mencionada en el numeral 1.1., describe
textualmenta en su reivindicacion 13 una composicién de forma general que
comprende un compuesto como terbinafina, o una sal acida de adicion
terapéuticamente aceptable del mismo, junto con un diluente o vehiculo

terapéuticamente aceptable.

Una simple lectura de esta referencia permite concluir que las principales
caracteristicas de la formulacion ahora pretendida habian sido reveladas antes de
su fecha de prioridad, razon por la cual la misma carece de Novedad. Me permito,
entonces, hacer un paralelo entre la materia revelada en la solicitud en curso y en
la anterioridad que nos 6cupa:

EP 0 024 587 A1 CO/03-069-583

Composicion farmacéutica Composicion farmacéutica

Ingrediente activo: compuesto de | Ingrediente activo: Terbinafina, en
formula | (entre los que se encuentra | forma de base libre, en forma de sal
Terbinafina), en forma de base libre o | de acido maélico, o en forma de sal
de sal dcida de adicién #cida de adicién farmacéuticamente
aceptable diferente de la sal de adicién
del acido malico.

Un diluente o vehiculo [ Un vehiculo o diluente
farmacéuticamente aceptable. farmacéuticamente aceptable.

De lo anterior resulta claro que las principales caracteristicas de la formulacion
pretendida, es decir, todo el principio técnico ahora reivindicado, estan
comprendidas en el estado de la técnica al menos desde 1981 (esto es, hace mas
de veinte afios), razén por la cual las composiciones reivindicadas carecen por
completo de NOVEDAD.

1.4. EL PROCESO REVELADO CARECE DE NIVEL INVENTIVO

Una simple lectura de! proceso revelado en la reivindicacion 3 permite concluir que
el mismo carece por completo de Nivel Inventivo, teniendo en cuenta que esta
basado en pasos rutinariamente empleados en procesos de sintesis quimica, que
emplea materiales y reactivos comunes y conocidos, al igual que su aplicacién en



sorprendente que supone la aplicacién del proceso referido en la fabricacion de las
sales de Terbinafina frente a las revelaciones del arte anterior.

Aunque es un hecho notorio, recalco que el hecho de hacer reaccionar el
compueasto de férmula | en forma de base libre con una forma de acido malico
apropiada y la recuperacion de la sal de la reaccion, tal como se emplea en la
solicitud, es una reaccién simple y comun en la industria farmacéutica, muchas
veces el quimico farmacéutico elige empiricamente agentes formadores de sales,
teniendo en cuenta no solo ol costo de las materias primas, el rendimiento de la
reaccion, la facilidad de recristalizacion, sino caracteristicas basicas como la
estabilidad fisica y quimica, higroscopicidad, solubilidad, entre otras.

1.5. ES INACEPTABLE LA REIVINDICACION DE USO DE LA SAL DE ACIDO
MALICO DE TERBINAFINA

Ademas de ser claro que las patentes pueden concederse sobre “PRODUCTOS Y
PROCEDIMIENTOS" - siempre que cumplan con los requisitos materiales de
patentabilidad- y NO SOBRE USOS, COMO TALES, no lo es menos que en este
caso pretende el solicitante adjudicarse exclusividad retroactiva sobre el empleo
de Terbinafina, en forma de base libre o en forma de sales acidas de adicion, en
un medicamento para el tratamiento de enfermedades susceptibles a la terapia
con este compuesto.

Por tanto es inaceptable, sin mas, la pretension de atribuirse exclusiva sobre un
"Uso o0 empled”, categoria no incluida en el concepto de “Productos o
Procedimientos’ que establece el articulo 14 de la Decision 486 de 2000.

1.8. ES INACEPTABLE LA REIVINDICACION DE UN METODO TERAPEUTICO

Como el Despacho sabe que los métodos terapéuticos estdn expresamente
excluidos de patentabilidad bajo el Régimen Andino, simplemente dejo enunciada
esta afirmaciéon que puede corroborarse revisando la pretension contenida en la
reivindicacion 10. Es claro que ia misma, en la medida en que pretende obtener
exclusiva sobre un método de tratamiento, contraria la restriccién expresamente
impuesta por el articulo 20-d de |la Decision 486 de 2000.
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Por todo lo expuesto reitero la peticion de declarar fundada la presente oposicion,
de negar en consecuencia el privilegio solicitado, y de ordenar el archivo del
expediente respectivo.

V. PRUEBAS

Ruego que se tengan como tales, sin perjuicio de aquellas que puedan
presentarse al vencimiento de la prorroga solicitada y de aquellas que el
Despacho considere oficiosamente, las siguientes:.

¢ BERGE, S. M; BIGHLEY, L. D. "PHARMACEUTICAL SALTS". Joumal of
Phamaceutical Sciences, US, American Pharmmaceutical Association.
Washington; Vol 66, N* 1, pages 1-19, January 1977.

Sefior Superintendente,

o

JOSE LUIS REYES VILLAMIZAR
C.C. 79'152.473 de Usaquén
T.P. 44655de C.S.J.

130



1751
Industria y Comercio

SUPERINTENDENCIA

2020

Bogota, D.C., 1 5‘5}‘

Doctora: Oficio N°:
Jimena Escobar Uribe - (5348
Apoderada
ASUNTO: Radicacion PCT N®* 03-69583

Tramite 01

Evento 379

Actuacion 440

Folios 032
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Comunidad Andina, se le comunica que la oposicién presentada por el doctor José Luis
Reyes Villamizar, en su calidad de apoderado de la sociedad Novamed S.A., relne los
requisitos formales exigidos por la ley al momento de su presentacion.

En cumplimiento de lo dispuesto en la citada norma, se le concede el término de sesenta
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valer sus argumentaciones y presente pruebas.

Notifiquese el presente oficio conforme a lo dispuesto en el numeral 5.2, literal e), del
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REVIEW ARTICLE

Pharmaceutical Salts

STEPHEN M. BERGE *#, LYLE D. BIGHLEY *, and

DONALYD C. MONKHOUSE =

Reyphrazer 0 Pharmucoutical sales—gineral pharmucy. phystso-
chemlical propartias, bioavallabllity, pharmaceutiesl propertion, toxl-
cology, review O Salts, pharmacsutical—genaral pharmary, phystce-
chemical properties, bicawxilability, pharmaceutical propartiea, toxi-
cology, review O Phyalcochamlesl propecties—dlmolution, sclubility,
stability, and organoieptic properties of pharmaceusical sakts, reviaw O
Bicavallability.—farmulation effects, abwarption alteration and phar.
macokingtics of pharmaceutical salts, rwviaw O Taxieology—pharma-
ceutlical saks, reviaw

Salr.forming agents are often chosen empirically. Of the
maany salts synthesized, the preferred form is selected by
pharmacsutical chemists primarily on a practical basis:
cost of raw materials, sase of crystallizatlon, and percent
yield. Other basic considerstions include stability, hy-
groscopicity, and flowabllity of the resulting bulk drug.
Unfortunately, thers Is na'reliable way of predicting the
influence of a particular salt species on the behavitr of the
parent compound. Furthermors, even after many salts of

CONTENTS the same basic agent havs been prepared, no efficlent
. Sal seraening tachniques axist to facilitate selectlon of tha salt
Photeantoiedt Studlas |- i mostlikely to exhibit the desired pharmacokinetic, solu-
DHraohrtinn Rat . ....s.....ssesesvesossinssssnssonnnnns 5 Dbility, and formulation prafiles. .
Salobillty .. ..c.vvriersncenionncnerensdannsssronenntans T Some decisfon-making models have, however, been de-
Organoleptic Propectiss ......concoemiannnracnanns torens 8  wvelgped to help predict salt performance. For example,
i‘?"m‘v e T “9, Walkling and Appino (1) described two techniques, “de- .,
BooRTobily s rs e e e e III1IT T Jg cision analysis™ and “potential problem analysis,” and
Parmulation BLECLS . ... . ... soceeeessssersnensaremnnnnn {1 applied them to the selection of the most suitable deriva-
Absarption Altaration . .......eeevcnnniaiioiiiiiiinnaaes 11 tive of an organic acid for development as a tablet. The
G:ur.l o :: d"i:‘éi!m w“idc:lrgd were the free acid and the poh‘i.
PROCTECY 1o r-ronsennonazrnrsnstinriasrssnnens " um, sodium, and calciura salts. Both techniques are based
Drapoological Efet v1vovwneeoenme o 14 onthe chemical, physical, and biologleal propesties of these
MIscollaneous ... ..iiiieiii et 1¢  epecific derivatives and offer s promising avenus for de-
Tuzicological Conalderatians «i.ecieiiiseccnnnsosecncananas " 13 veloping optimal salt forms, .
W‘“’g:l“}‘"‘ ----------------------- 1ernens s Information on salts is widely dispersed throughout the
m“ﬁ'fm‘ FHOMR -overnranernanionannnae ettt 8 - pharmaceutical literaturs. much of which addresses the
ROPEPRRERE - oo e e ey 16 © uae of salt formation to prolong the release of the active

“~ 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 ealt, however, can be a very
difficult task, since each salt imparts uniqua properties to

component, thersby aliminating various undesirabls drug
propertlas (3-6). This review m:vmb literaturs m
25 years, emphasizing comparisons between the

of differant salt forms of tha same compound. Included also
is a slizcussion of potentially useful salt forms. Qur purpose

is twofold: to present an overview of the many diffarent
LI 2 T I e A dabam ane .
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Tuble I —FDA-Approved Commercially Marketed Salts

Anlon Parcant® ~Anlen -Percent?
Acatats 1.2 lodide . 202
Banzepesulfanate 0.55 [sethionata® 088

nzoate 0.51 Lactate 0.78
gielﬂmh &ég {..llcllnblmu .13
iLartzate - Mlalate i hER
Bromide 468 Naleale 3.03
g-::l‘l:"l“l ld.ll'lll g.;g ?d'mut:“ 0.3&
e .

Carbonate 0.38 Mlxv!hmnide 5.?!
Chlaride +.17 Mathyinhrate -033

Citrare an Methyliulfucs .
Dihydrochlaride 0.51 Mucats - 013
Edetate 0.25 Napaylate 013
Ediaylater 0.33 Nitraze 0.6
Estolate? 0.13 Pamoate (Embooats) 1.01
Eaylater D13 Pantotkanare 0.25
Fumarsie - 0.25 Phosphate/diphasphase i .18
Glusaptate! 0.18 Pulypalacturonate N 0.13
Gluconate 0.51 Salicylate 048
Glutamate 0.25 Srearate 0.26
Glyeollylarsanilates 0.13 Subacestare 029
Hedylresorcinate 0.13 Succinate 0.32
Hydrabamins 0.25 Sultate 146
Hydmbrowmide 1.8 - Tannato 0.88
E;:mhlmﬁ:h“ dg..:g ;l.l‘tll'll &I’;

raxyoaph 1] ‘soclalef

Triathicdide a1l

Cation Percentt® Cation Parcant*®

Organie: Matallic

anzathine¥ 0.86 Aluminum 0.65
Chloreprocalne 0.43 Caleiury 10.48
D e a8 Slagnes 13l

amize . agnegium

E ine 0.68 P 1052
Meglumio:! i Sodium 0l
Prucgine 0.8 Zing .85

= Pyreont Is bassd on total aumbes of snlonic or catianic salts in I.Iuthiw;h 197¢, ¥ Clnphﬂﬂlhﬂltf. LR Eﬂnu:-ldiudhau L Lnujllm

¢ Ethunssulfonats. f Glucohsptonats. # p- idop!

arsonaze, 8 N N"-Di{dakydros

h
{ 8-Chlorothaophyllinate. £ N N'-Dibencyls md.ll.nh:HIN- Mathylglucamine.

to assemble data that will provide, for the student and
5ncgiﬁoner alike, 2 rational basis for selacting a suitable
t form.

POTENTIALLY USEFUL SALTS

Salt formation is an acid-base reaction involving either
a protou-transfer or neutralization reaction and is there-
fore controlled by factors influencing such reactions.
Theoretically, every compound that exhibits acid or base
charactaristics can participats in lorm&?on Particu-
larly important is the relative strerigtid of the acid or
bass-~-the acidity and baslelty constants of the sénmul
specles involved. These factors determing whethier or not
formation occurs and are & measure of the stability of the
resulting salt.7 .

The number of walt forma available to a chemist is large;
survays of patent litarature show mumergus new salts baing

synthasized apnually. Varlous salts of the same compound .

.often bshave quite differently because of the physical,
chemical, and thermodynamic propartiss they Impert to
the parent compound. Far exampls, a salt's hydrophohicity
and crystal lattice can affect dissolution rate
and, hence, bioavailability. Ideally, it would be deairable
if one could predict how a pharmaceutical agent's prop-
erties would be affected by salt formation,

Tables ] and II Hat all salts that ‘were commaercially
marketed through 1974. Ths list was compiled from all
agents listed in “Martindale The Extrg Pharmacopoeia,”

26th ed. (7). Tabla I categorizes all salt forms approved by
the Food and Drug Administration (FDA), Tahls IT
lists those not approved by the FDA but in use in other
countries. (Only salts of orpanic compounds are coosiderad
because most drugs are organic substances.) The relative
frequancy with which sach salt type has been used is cal-
culated as a percentage, based on the tatal number of an-
ionic or cationic salts In use through 1874. Becuuse of
simple availahility and phy:lulocil:ﬂ reasons, the mono-
protic hydrochlarides have besn by far the most frequent
choica of the availebls anionic salt-forming radieals, out-
numbering ths sulfates nearly six to one. For aimilar rea-
sons, sodium has heen the most predominant cation. -
Knowledge that ons salt form imparts greater water-
solubility, 13 lesa toxic, or slows ‘dissolution rata would
greatly banefit chemists and formulators, In some cases,
such gengralizations can be made Miller and Heller (8)
discussed some properties associated with specific-classes .
of salt forms. They stated that, in ganeral, salt combina-
tions with manacarboxylic acids are insolubla in water and
lend themsalves to repositary preparations, while thoseof
dicarboxylic acids confer water solubility if ans carboxylic
group is left free. Pamoic acid, an aromatic dicarboxylic
acld, is an excoption since it iy used as a means of obtaining
prolonged action by fi slightly soluble salts with
certain basic drugs. Salas et al. (9) reviewad the use of this
salt form In prepering sustained-release preparations.
More recently, latentiation of dihydrostreptomyein (10)
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using pamoic acid reaulted in the formation of a delayed-
action preparation. Numerous studies using pamoate salts
are dispersed throughout the literature (11-16).
Alginic acid also has been used to prepare long-acting
icals. Streptomyeln alginate was prepared (16)
and shown to be effective In sustained-release prepara-
tions. A strfking example of & Jong-acting alginate salt ia
that of pllocarpine. When disperzed in sterfls water aod
.driad to a solid gel, this compound was found useful in the
preparation of long-atting ophthaimic dosags forms (17).
While liquid preparstions of the slginate and hydrochlo-
ride salts posseas similar wiotie activity, studles showed
that solid pilocarpine alginate flakes constricted pupil size
more effectively and inereased the duration of miosis sig-
nificantly when compared with the liquid preparstions,
Solid dose pilocarpine may be more uniformly available,
becausye it diffuses more slowly through the gel matrix
which holds the drug in reserve. In contrast, drops of the
commonly employéd solution dosage form release the dose
immed!ately to the conjunctival fluid.

Mélek et ol. (18) devised a unique way of prolonging
action through salt formation; they showed that the dis-
tribution of several antibiotics could be marksdly altered
by merqly preparing macromolecular salts. Since macro-
molecules and colloidal particles have an affinity for the
Ivmphatie svstem, streptomycin, neomycin, viomyvin, and

A
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streptothryein were cembined with high molecular weight
compounds such as polyacrylic aclds, sulfonic or phos-
phorylated polvsaccharides, 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 gava high blood levels but low lymph levels.} This
alteration in discribution caused the streptomyein to
prolong its passape through the body, since lymphatic
cireulation is quite slow. ’

The appropriate choice of a salt form has been found to
reduce tozicity. [t can be retionalized that any compound
associaied with the normal metabolism of food and drink
must be essentially nontoxic. The approach of choosing
orgunic radicals that are readily excroted or metabolized
opened up a new class of substances fronwwhich fo salect
a salt form. For example, cortain salta of ths strong base
choline have proven to be considerably less toxic than their
parent compound. The preparation and properties of
chaline salis of a series of theophylline darivatives ware
reported (19), and it was shown that chaling theophyllinate
possessed a greater LDy than theephylline or it other
salts (20). It was postuiated that this agent would be leas
irritating to the GI traet than aminophylline, becavse “its
basic constituent, choline, js an aimost completaly non.
toxic substancs of actual importance to the physiologle
economy.” This evidence led to the preparation of cheline
salicylate (21} as an attempt to reducs the GI disturbances
associated with salicylate administration. Clinical studies
{ndicated that choline salicylate elicited a Jower incidence
of GI distress, was toleratad in higher doses, and was cf
fmtl:ir bensfit to the patient than was acetylsalicylic acld

aspirin). .

Amino acids and acid vitaming also have been used as
salt-forming agents. Based on the evidence that coad-
ministration of aming aclds with amineglycoside antibi-
otles reduced their toxiclty, & series of aming acid nalts of
dihydrostreptomycin was prepared (22). In all but one
case, the acute toxicities of these salts were lower than the
toxicity of the sulfats. The ascorbate and pantothenate
also ware synthesized and shown to be less toxic than the
sulfate. Of the salts prapared, tha ascarbats had tha highest
L.Dso. ) '

The vitamins most commonly used for forming salts
exhibiting reduced toxleity are ascorbic and pantothenic
acids. Keller et al (23) were the first to use pantothenie
acid ay o means of “detoxifying™ the basic streptomyces
antibioties. Parentersl administration of the pintothen--
ates of streptomyrin end dihydroatreptomyein had & sig-
pificantly reduced incidence of acute neurctoxicity in cats
a5 compared with the sulfates. Subsequent studies (24-28)
suppotted this finding and showed that the pantothenates
of neomycin and viomycin also are lesa toxic. Tha lsem'hl'ta
of oleandomycin was synthesizad and its pharmacological
properties were raported (29). Upon-intramuscular injec-
ti;:: in rats, it produced Jess irritation than the phos-
phate,

p-Acstamidobenzoic acid, an innocuocus metabolite of
folic acid present in normal blood and urine, has been used
in preparing salts. In particular, i yields atable salts with
amines that atherwise tend to form hygreacopic products
with conventional ecid components (30). ) .

Oftan the salt form i chozen by determining a salt



01-15-04 00:02 FaX 6144173542

CAS DDS

component that will pharmacologically untagonize ao
unfavorable property or properties exhihited by the basic
agant. Salts of N-cyelohexylaulfamic acid are an example
of the practical application of this appreach. N-Cyclo-
hexyisulfamic acid salts, better known as eyclamatey, have
acharacteristic sweet, pleasing taste. Although presently
under investigation by the FDA for potentialiy carcino-
genie properties, salts incorporating this compound can
rander unplessant or bitter-tasting drugs acceptable. For
example, the cyclamates of dextromethorphan and
chiorpheniramine exhibit greatly improved bitterness
thresholds compared to commonly oecurring salts (81).
Furthermaore, their stability in agueona solution was de-
scribed as good when muintained at a pH not greater than

4. : .

N-Cyelohesylsuifamic acid salts of thiamine hydro-
ehloride and lincomyein also have been synthesized. Thi-
amine N-cyclohexylsulfamate hydrochloride was reported
to have u more pleasant taste than other thiamine salts
while having an equal or greater stability (32). Lincomyein
cyclamate, shown to possess an enhanced thermal stabilisy
over its hydrochloride, was prepared (33) to test the hy-
pothesis that reduced lincomycin absorption in the pras-
shce of emall quantities of cyclamates was due to a simple
metathetic reaction. However, this assumption was found
not to be trus. An extansive study of the preparation and
characterizmtion of cyclamic acid salts of several widely
used eladses of drugs including antihistamines, antibiotics.
antitussives, myospasmolytics, and local anesthaetics was
reported (34, 36).

Various salts of panlelllin end pasic amine compounds
have been formulated in en effort to produce a long-acting,
nonallergenic form of penicillin, Since antihistamines
appear to mitigate the symptomatology of penicillin re-
actions in some pstients, coadministration of the two bas
been advocated. The preparation of the henzhydralamine
salt of penicillin was an attampt to produce a repository
form of penicillin with antiallargie properties (36). Blood
Jevels acbisved with this salt ware comparable to those of
pémicillin G ; however, its antiallergic properties
were not evaluated. In fact, the investigators noted that
antihistamines can actually causes sansitization at times
and stated that “despite their occasionally favorable in-
flusnce on the symptoms of pepicillin sdnsitivity, they
coutribute directly to ths petential of drug sensitivity when
co-administered with penicillin.™

Silver salty'of sulfinilamide, penicillin, and other anti-
biotics have been prepared and repressnt cases where the
species (ions) are complemantary. When aqueous sahutions
of tha salts were applied topically to burned tissus, they
yielded the combined benefits of the olijodynamic action
I()’ silver and the advantages of the sntibacterial agents

a7).

Ths use of 8-subsdtuted xanthines, particularly the
8-submstituted theophyllines, as salt-forming agents was
first reparted in the preparation of a series of antihistamine
salts (35-41), 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
zenthines. When an slactronegztive group is introduced
into the xanthine malsculs at the B-position, the elec-
tron-drawing capacity of the substituent results in the
¢reation of en acidie hydroren at position 7. Thus, these

Qoos
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moderataly strong acidic compounds can undargo selt
formation with various organic bases.

The 8-halotheaphyllines were the first group of an-
tbines studied as potential salt-forming agents. Since the
report on the preparation of the 8-chlorotheophylline salt
of diphenhydramine (42}, synthesis of the 8-halotheo-
phyllinates of a number of erganic bases has been at-
temptad. The 8-chlorothecphylline salts of quinine,
ephedrine, and strychnine were preparsd and character-
ized (48). These salts’ were less water sgluble than the
cotresponding free alkaloidal bases In a similar report, the
8.chlorotheophyllinates of threa synthetic narcotics,
mq):aridine, levorphanol, and metopon, were prepared
) e

Pharmnaoloﬁcal and clinical studied Involving the 8-
bromotheophylline pyrilamine salt rev¥aled the unusual
diuretic propertiss associated with tha 8-halotheophyiline
portion of the compound (45, 46). This finding initiated
an investigation into the preparation of a soluble 8-bro-
motheophylline salt of high djuretic activity. With readily
available amines, over 30 salts were synthesized and
screened for diuratic activity (47). When tested against
theophylline salts of the same amines, the 8-bromothsoc-
phyllinates showad greater activity in svery case.

With the succassful formation of 8- Ilinates
of arganie bases, Morozowleh and Bope (48) propased that,
if the halogen moiety was replaced with a mare electro-
negative substituent such as a nitro group, a more acidic
campound would be formed. Presumahly, more stable salts
would result and precipitation of the free xanthine deriv-
ative in the stomach would be leas likely to occur. On this
pramiss, they auccassfully prepared pharmscologleally
effective §-nitrotheaphyllinates of several pharmaceut!-
cally uzaful bases. ;

Dussel et gl. (19), in their study of choline theophylli-
pate, prepared the B-chloro-, 8-bromo-, and B-nitrotheo-
phyliine saits of choline. Oral toxicity studies in mice
showed that the LDy, of the B-nitrotheopbyllinate was
much gréater than that df sither 8-balotheophylline. In
fact, it remained nonléthal at doses as highna 8 g.

Polygalacturonic acid, a derivative of pectin, has been
used to prepare quinidine sakts exhibiting reduced toxicity
(49, 50). The coropound possesses special demulcent
properties and inhibits mucosal irritation, The rationale
for use of this agent iy to zeduce theianic shock to the GI
mucosa resulting from tha flood of irritating ions liberated
by rapid dissociation of the conventiona) inorganic quin-
idine salty. Studiss have shown that it is four times less
toxic orally than the sulfate. This difference was attributad
to the alower releass of quinidine from ths polygalactu-
ronata.

Other compounds reported to bs potentially useful as
pharmaceutical salt forms are listed in Table IIL

PHYBICOCHEMICAL STUDIES _

Biologieal activity of a drug molecule is influenced by
two factors: its chamical atructure and effect at a specific-
site and its abllity to reach—and then be removed from—
the sita of action. Thus, a knowledge of the physicochem-
lcal properties of a compound that influsnce its absorption,
distribution, metabolism, and excretion is esrential for a
complets uniderstanding of the onsst and duration of ae-
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Sall-Formieg Agent Compound Madified Modifienion Releranca
Acxtylaminaacetic arid Lo ine Solubility Bl
N-Aceryl-L-msparasine Erythromyeln Solubility, activicy. stabiity 53
N-Acxtylevatine Daxyeycline Comblined #fTeet useful in preumoala 53
Adaaiole acid P faniden Srebity, tactery, organoleptlc peopertles 35

diple aci peras abilicy, | Q13 et
N.Alkylsulfazurey Ampizill'ln Abworption {oral) 56
Lireomycla Solubllity 57
Anthtaquinees-1,5-d!sclfoal: acid Caphalesin Stability. absorpticn 33
Arzbogalactict sulfale (arabioo) Vaxieurs alkaloids ~ Prolongad action 39,60
Arginine Cephalorpering, Tonicity &1
a-Sulfobenzylpenichilin Srability, hygroscuplelty, toxicity &2
Aspartaty hromyein Solubili 63
Bataine . Teracycling . Gantrical tion )
Bin{2-carhoxyshroman;5-yioxy)slkans T-{Aminoallytheophyilines Aruvity, prolonged prophylactic effect 63
Carniline - Matlvrmin Taict 5h
4-Chilord-m-tojusnesulionic weid Propozvphens Organoleptic properties \ .67
ggunv?uuu H*?m;innl Em‘l’ o schion - n g
incetyl sulfats Thumine wbility, hygrascopliel
Dibenevisthylensdismine cillin ProJonged action q 70,71
Ditthy! Roduced pain on infection 2
Dijuaiacy] phosphaca Tetracyelice Activl ' T3
Diocly] sulfasuceinate ¥incamioe Organcleptic propertins 74
Embunic (pamale) acid Taxlcity 73
] 2-Phanyl-3-methvimorphaline  Texiclty 78
Fructose 1,8-diphosphorie acld Tatracysling gﬁum i
W‘ jein !
Glueoss 1-phosphoric acld, glucons ‘I‘nnqcll"u - Solubility ™
0-|phnp e acid Erythromych - . Salubllity
L-Glutamine Erythromycia Sojublity, activity, stabilly 51
Hyd hthoars Bephenium Toxicity . 78
3-4-Lnldazolyllethylamize in ; i ™
Isobutano) Thaophylline Stability’ ; 80
Laury] sullsta Vincamineg wh:bfropul.l- . 51
Lyslne E-Sull‘.ll‘?bnnqlpe::!dllin Togleky, stabllity, bygroscopicity :?
ephaloaporing
Methanssullonic acid Prflldmn- 2.PAM) Solubiiity 42
N -Muthylglucamine a-Sulfobenzylpenicillin Toxivity, stability, hygrosoopicity 62
Cephalosporins Reduesd pein on Injection 12
N-Mﬂ.hglpipnrulm Phenylbutazona Toxleiry, g:lle‘. onset of actions 8
T s ulose e o educed e o sl i
. Nagp asulfon TOpOFY g ropatties
robsaseld rramplell
Taaaie acld Various amines P nﬂfon 88,01
Theobromine scetic acld - P hene Actl 23
34 5-Trimathoxybanmate T ing Orga toperticy £
Tromathaml pr rin el zgﬂ'pum fo:j! g
na
Dissprost (promaglandin Fa,)  Phyaical state ol

tion, the relative toxicity, and the possible routes of ad-
ministration (2). . .

In a review in 1960, Miiler and Hollaud (92) stated that
“differect salts of the sams drug rarely differ pharmaco-
logically; the differences are usually based on the physical
properties.” In a subsequent review (93), Wagner ex-
panded upon this statemant, asserting that, although tha
nature of the biological responses slicited 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
dissalution rate, solubility, stability, and hygroscopleity.
These properties, in turn, affect the availability and for-

mulation characteristics of the drug. Comqu;ﬂﬂéa B

pharmaceutics]l industry has systamatically exgh

extensive preformulation studies of the physicochemieal
propertiss of sach new drug entity Lo determine the most
suitable form for drug formulation. Published information
concerning such studiea, however, is sparse, Preformula-
tion studies have been outlined, and the influenca of tha
salt form on the volstility and hygroscopicity of an agent

In one such study, methylpyridinium-2-aldaxlmna
(pralidoxime) salts were Investigatad (95). This study set
out to prepare u aalt with water sollibility adequate to sllow
Intramuscular injection of a low voluwme (2-3 ml) thera-
peutic dose. The original compound, the methiodide, had
the dissdvantages of limited aqueous solubility and high
potential toxiclty, since its high lodide content could rasult
in indism. On the basis bf physicloglical compatibility,
bettar watar solubility, favorable stabllity, and relatively
high percentage of cxime, the chloride salt of pralidoxime
was selectod for tharapeutic adminfatration; it was claimed
that *‘the anjon used to form tha sajt can confer physical
properties of importance and significance for the formu-
lation and sdministration of the compound™ (95)-

Some physicochemical properties of a serles of mineral
acid salts of lidocaine also were determined (96). While the -
hydrocbloride and hydrobromide weres more hyyroscopis,
they were more scluble in a number of salvants than the
nitrate,; perchlorate, phosphate, or sulfats salta.

Dissolution Rate—Ths dissolution rate of a pharma-
esutical agent is of major importance to the formulator. In
many cases, perticularly with poorly soluble drugs, this
~ha=antarietin heet raflects the bioavailability of the com-
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pound. As a rule, 2 pharmaceutical salt exhibits a higher
dissolution rate than the corresponding conjugatse 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 be described by a diffusion laver model’
in terms of an equation developed by Nernst and Brunner
97k

S=Fe-o
where W i3 the mass of the solute dissolved at time ¢,
dW/dt is the rate of mags transfer per unit time, D is the
solute meleculs diffurion coefficient, § i the surface area
of the dlasolving solid, A is the'diffusion layer thickness,

(Eq. I

C ia the concentration of the drug in the bulk solution at «

tima ¢, and C, is the saturation solubility of the solute In
tha diffusion layer. .
The driving force for dissclution in Eq. 1 is the difference

betwesn the saturation solubility of the drug and tke,

concentration of the druy in the bulk fluid. If ths drug ia
not rapidly absorbed after it dissolves, then C, the con-
centration in the bulk solutlon, approaches C, end the
dissolution rate is retarded. When this occurs, absorption
is “absorption rate” limited (or “inembrane transport”
Jimited), If the absarption rate is rapid (or if the absorption
masy tranafer coafficient is much larger than DS/h of Eq.
1), however, C bacomes negligible compared to C, and
dissolution ocours under “sink” conditions. Absorption is
than sald to be dissolution rate limited, which is what oc-
curs with moat poorly soluble drugs. In either case, an: in-
crease In C., a3 in sali formation, increases dissolution.
Salts often speed dissolution by affectivaly acting as
their own buffars to alter the pH of the diffusion layer, thus
incraasing the solubility of the parent compound, C,, in
that layer over its inherent solubllity at the pH of the
dissqlution medium. Henee, dissolution is controlled by
solubility in the diffusion layer which, in turn, is deter-
mined by the pH of that Iayer, The influence of K, on the
solubility tarm, C,, and dissalution rate, should arr accu-
ﬁtuﬂhtion of ions be ellowed to oceur, will be treated

Nalson (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 selencas was its conclusion that, if
othar factors remainad constant, the dissolution rate of a
compound determinad the rates of buildup of blood levels
with time and the maximum levels obtained. Those salta
of the acidic theophylline with high diffusion layer pH's
had greater in vitro dissolution rates than thowa exhibiting
a lowsr diffusion layer pH. And, indsed, the rank order of
dissglution rates correlated well with clinically dstermined
blood levels. Presumably, ths kigher pH in the diffusion
layer retards hydrolysis of the salt, thereby maintaining
the anlanic chargs of the theophyllinate ion. This report
led to many additional studies which illustrats the influ-
ence of the salt form on dissolution and the beneficial ef-
fects of changing nonlonized drugs Into salts,

Juacher and Raaschou (99) demonatrated that the rank
order of peak blaod levels of penicillin V, obtained upon

* The sinhop ricriznize th exiscencs of gther maodely: chiy ons way chocan 1mply
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administration of three different saltz and the free acid,
was the same as the rank order of their rates of dissolution
ir vitra. 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 dimsolution rates and mean maximal blood
levels was: potassium salt > calcium salt > free acid >
banzathine salt.

Nelson (100) determined dissolution rates for several
weak acids and their sodium salts in media whose pH's
represented GI fluide In all cazes, the sodivm 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 appropriste medium; rather,
solubility affects whsorption only to the extent that it af-
fects dissulution rate. Ahsorption of is a dynamic
process, and the ultimate solubility of a drug in fluid at
ebsorption aites is of limited consequerice sines absorption
prevents the attainment of saturated solutions, Therefore,
dizsclution rate, more than solubility, influences absorp-
tion sincs {t is a preceding proceas.

1n two subsequent studies, Nelson and coworkers fur-
ther Hlustrated the effects of changing nonlonized drugs
Into salts. A report concerning tolbutamide (101), a weak
acid, showed that the initia] 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 mediz. Thiy difference, measured in vitro, reBected
the differénces observed between the free acid and the salt
when administered to human subjects. Oral adminiytration
of tolbutamide sodium produced’ an immaediate drop In
blood sugar comparabia to that produced by intravenaus
injection of the salt, while the slowly dissolving tolbuts-
stzng produced a smooth, sustained fall in blood sugar

102).

Correlation of urinary sxcretion rates and dissolution
rates of tetracyclive and some of its acid salts also was
demonstrated by Nelson (103). The salts that axhibitad
greater in vitro dissolution rates showad greater urinary
excretion rates, indicating mare rapid absorption.

Banet (104), In a distussion of the blopharmaceutical
basis for drug design, referred to the influence of the salt
form on dissolution. He compared the dissolution rates of
tetracycline and tolbutamida and their salts, as reported
in the studies previoualy efted, and explained why the rates
differ at the pH’s exhibited by physiological fluids.

Although salt formation usually increases the disyolutian
rate of a drug, studicy with gluminum acetylsalicylata (105,
108), warfarin §odivm (107), and benzphetamine pamoate
(108) showed that administration of the salt slowed dis-
solution of the drug and subssquent absorption comparsd
to the nonfenized form. Thia decrease appaared to result
from precipitation of an insoluble particle or film on the
w#urface of the tablet. Such a phenomenon decreases the
effective surface area and prevents deagyregution of the °
particles. Theoretical considerstions of tha processes
controlling dissolution of an acid salt of a base (108) and
the sodium salt of a weak asid (109, 110) in reactive madia
have been discussed. )

Tablet processing and various farmulation factors can
decreate the dissolution rate of a salt in human gastric juice
aver {ta nonionized form (111). Granulation and tableting

amreand Y L ManaT Ul en cnie Al ahamahashital eadiam ta
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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 illustraled a phenomenon that decreases
the dissolution rate of a salt below that of its nonionized
form. Lin et al. (112) studied the relationship between salts
and blologiesl activity by dissolving three salts and the free
base of gn experimental antibypertensive in water, 0.1.V
HCL, and pH 7.2 phosphate buffer. The dissolution rate of
the monchydrochloride salt was lower than that of the frae
base in 0.1 N HCl'end higher than the free base in both
water and phosphate buffer. These authors aseribad this
variation to the common ion effect and substantiated it
exparimentslly. Although the biclogical activity of the
de wag greater than that of the {ree base,
the implications of altered absorption characteristics on
the activity of any other hydrochloride salt in GI fluids
must be considered. Similar results also ware reported for
hydrochloride salts of some tatracyclines (113). "

Same consideration muat be given to the influenes 6f salt
formatibn on oral toxlcity, which often reflects the rela-
tlonghip between the in vivo dissolution rats and the ap-
pearancs pf drug in the drculation (114, 115). Morozowich
et al (114) showed that the relativs toxicities of a series
of salts of a drug reflect the rate of absorption, providing
the salt-forming agents themsslves are relatively nontoxlc,
They stated that “when abaocrption is rite-limited by
dissolution of the salt in'the gastrointestinal tract, as will
be the casa with slowly solubls salts, the toxieity of a slowly
dissolving salt will most probably be lower than that of »
mors rapidly dissolving salt.” Tha implications of salt
formation ou toxicology will be discussed under Tozico-
lagical Considerations. .

Several reviews dealt with the influence of the dissoiu-
tion rate on drug availability and, in particular, salt effects
(116, 117). Other reports illustrating the influence of salta
and salt form on dissolution rate ara listad in Table IV.

Solubility—Knowledge of the solubility charactaristica
of a pharmiaceutical agent ix easential, bacause aolubility

is usually an tmportant factor in the pharmacokinetic .

profils, the chemical stability, and, ultimately, the for-
mulation of the drug. As discussed previously, it is certalnly
a primary factor in controiling dissolution rates. Tha sol-
ubllity of a compound depends basically upon the physical
and chemical properties of the sohute; ey, a lower melting
point for a compound within a series reflects a decraased
lattice energy, whick would suggest a higher solubility.
Solubility depends as wall upon such elsments as tem-
perature, pressurs, solvent properties (such as resulting
polil). and, to a lessar extant, thes stats of subdivision of the
soiute,

An important solvent property which is often overlooked
involves the comyeon Ion effact; in particular, hydrochlo-
rides salts of druge often exhibit leas than desirable solu-
bility In gastrie juice because of the abundance of chloride
ioay. The equilibrium involved fa shown In Scheme L. -

DH*Cltotids 2 {DH Joq + (1 len
Schame {

F LN "™ --—-n-h-‘!or

Bioons
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Table [V-—-Additional Reforences oo Salt Formand
Dissolution Rate

Topic

Dissclutlon rate of miziures of weak acids and tribasic
sodium phosphata -
Phyilological avallabllity and in viere disaniution
actaristicy of some solid dosage formulations of
+ aminosalleylic meld and ity salts
Bigrhgmneeuﬂn. rate of diagolction: chronological
bliages

113
119

170
Biopharmaceutizs: rate of diszolution In vitro and in vive 121
Disanlutlon tasts and interprotation of anemalion observad 122

in’the diwoluzion process of sulfaquinoxalios besad
salt formati — =

1on
Inlluence of the dissolution rate of Lithium tabiets on side

[
Dissnlution kivetles of drugs In human gmatric Jui
Cotain oo il s s o
In vitro dissalution rates of aminarex dosage fonns and

thalr corralation with [n vitro avallability |

124
12%

126

considered as x means of {ncreasing a compound's water
solubility. As with dissolution rates, howsver, salt forma-.
tion does not always confer greater aolubility. Liberally
disparsed throughout the pharmaceutical Hterature are
studies that compare the solubilities of different salt forms
.of the same compound with those of its free acid or bese
(Table IV). Selection of the salt form exhibiting ths desired
solubility properties is crlticyl, since these riies often
dictate the formulation characteristica of the drug.

Phass solubility techniques ware used to study the far-
mation of complex salts of triamterena (127). The results
indicgted that the organic aeid salts of besic drugs, such
&5 amings, ware mors soluble In water than the corrs-
sponding inorganic (hslide) salta. This consideration is
important in the syritheals snd selsction of a salt form that
will exhibit enhanced bicavallability and deairable for-
mulation characteristics, ’

The en-ion concentration can =i tly atfect

Referénce

12 '

the golubility of a salt. Anderson (128) discussad the in-

fluence of pH on the solubility of pharmaceuticals,
Mathematical relaticnships batween pH and solubllity of
therapautically useful weak acids and bases and their salta
wers given alyng with some considerations in the formu-
lation of solutions of theae particular agents.

An extensive study on tha solubility Interrelati i
of tha hydrochloride and free bese of two pharmaceu

useful exfnes was reparted (129). Mathematical squations '

describing the total solubility at an arbitrary pH in terms
of the Independant solubilitiss of the hydrvochloride and
free base species aud the dissociation constant of the salt

were darived and fitted to experimental data with good -

results. This repart elucidated the point that, while the
solubllity of the amine hydrochloride generally sets the
mazimum obtainable concentration far a given amine, the
solubility of the free base aad the pKa detsrmine the
mazximum pH at which formulation as g solution is possible

(assuming that the desired concentration exceeds the free -
base solubdity). Shifting the pH-solubility pmﬁle 0 hl‘h!r _

pH values for formulation p may require

 increaying
ths solubility of the frea base. Thix Incroase might be ac-

complished by usiog an appropriste cosolvent Since the
dissaciation characteristios of carboxylic acids and other
atidic organtie spacies are similar to those of organic hy-
Arnehlnrides, it is expected that the pH-solubllity profiles
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of these organic acids, although reversed, cac: be charac-
tarized 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 golubilities of 18 salts (carboxylatas,
sulfates, sulfamates, and phosphates) of ihe weak hase
erythromyein were dependent on the size of the alkyl group
of the acid (130}, In a study with N-alkylsulfamates of
lincomycin (68), a similar phenomenon was observed:

solubility of these salis decreased as the size of the alkyl |

group attached Lo the acidie function increased.
Senior (131), in a study on the formulation and prop-

" grties of the antibacterial chlorhexidine, determined the

water solubilities of 35 salts and the fres base. He found
that inorganic salts had remarkably low solubilities while
those of the Jower aliphatic acids proved to be somawhat
more solubls. Hydroxylation of the acid increased solu-
bility, since salt formation with polyhydroxy acids, par-
ticularly the sugar acids, conferred extensive watar solu-
bility o the moleculs.

Seversl investigatory reported the influence of the sol-
ubility of a drug on its formulation and subsequent avail-
sbility from the dosage form. In a discussion of the prep-
aration and formulation of epinephrine salts in an aerosol
gystam using liquefied gas propellants, Sciarra et al. (132)
pointsd out that the solubility characteristies of the agent
are imporiant in two respects. First, the solubility of the

+  therapéutically active ingrediant in the varlous propellanta

is an important consideration if the product is to be used
for either local action in the lungs or systemic therapy.
Sacond, the salubility of tha drug in extrassllular fluids
plays an important role in selaction of the compound. Tha
bitartrate, malate, malsats, and fumarats salts of api-
nephrine were prapared and subjscted to solubility and
stability studies. While all salts had similar partidon
coefficients, the solubllity of the maleate in several pro-
pollants and its stability in formulated aerpsols made it the
drug form of choice.

Ephedrine hydrochloride was more rapidly relessed

than the fres base from theohroma oil suppositories con-
talning different surfactants (133). This enhanced rate of
relsase (dialysis) was ascribed primarily to the greatsr
aqueous solubility of the hydrochloride, which salubflized
faster from the oil-In-water emulsion, whersas the
eﬂdﬁmﬁﬂoﬁdhuunddmnm&hindlnthuﬂ
phase.
The solubility of the active Ingrediept in ointmant bases
can dramatically influence its diffusion properties. A study
of salicylic acid and [ts sodium palt showad that the dii-
fusian of both was very low from hydrophobic bases,
whereas the sclubllity of the drug significantly affected the
diffugion from kydrophilic bases. The more soluble sodium
salicylate diffused much faster from thess latter bases than
did salicylle acid (134). -

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

Organoleptic Properties—NModern medicine requires
that a pharmaceutical formulation be efficacious, safe,
siable, and acceptabla to the patient. Of primary impor-
tance in the development of oral dosage forms is taste ac-
ceptability. This factor prasents no major problems whan
the drug is to be administered as a tablet or a capsule and
swallowed as a unit but is clearly a prominent factor in

. mi:w

Toble V—Additiona! Referenees on Salt Form and
Solubility

Topic Reference
Iaflutnce of sslubllity on she rats of G1 abrorption of 186
uspien
Effact of dosuge form upon the Gl absorptioa rats of 138

l’l-‘di“.}.“;r jeal tier of polye rolld 157

paleal—chemical o s esters T

;,nd their -.w-:ﬁ:ﬂl'.' slnlu polyena ks >

Tsolstion und renczion praducts of orotie acid and amines 133
aad ckair 2olubility by water

Solubill:y ard suahility of erythramycia salty 139
Stadienan pharmaceutical preparations of orotlc acid: )
watyz-soluble ﬁppﬂm of orgtic aird salts .
Solchility of artibiozics in 34 solventa 2143, 142
Soluhility of antibioties {n 26 solventa 143 .

' I
patient acceptability when it s to be wdministered as a
liquid, chewable tablet, or lpzange.

Since taste is  chemical sense, & pubstance must be
dissolved if it is to elicit a taste sansation—either by taking
it as a solution or by its dissolving in the saliva. Therefors,
one method used to minimize undesirable crgancleptic
properties of pharmacenticals involves ths prepamtion of
a poorly solubls salt form of the drug such that the satu-
ration concentration is less than the taste thresheld.

Erythromycin estolats (lauryl sulfets) hes spproxi-
mately one-twelfth the sclublility of the frae base, is
tasteless, and is useful in the formulation of oral suspen-
slons (144). A study on exythromycin salts showed that the
bittarness level was dependent on two propertias: (a) the
water solubility of the salt, which iz dependent o the size
of the alkyl group attachad to the acid function; and (b) the

of the acld used to form the salt, i.e., the stebility
of the salt (130). The staaryl sulfamate calt posseased the
most desirable organoleptic properties,

Many problems concerned with formulgtion and sta-
bility of topical and oral pharmaceutieals containing
bacitracin have been overcome by incorporating bacitracin
into the formulation as its zine salt. Qna distinct advantage
over the parent compound is its lack of taste, ceused by its
relative insalubllity. a‘hu it is the preferred drug form for
preparations where taste ia a factor (145). Tusts panel
evaluations of the comparative bitternass of bacitracin zine
and bacitracin indicate that the taste of the zine salt is
mors easily masked and that the presauce of a bitter-
ness-masking adjuvant, asuch as sycrose, increases tha
bitterness threshold ratio differences between the two
compounds even further (146). .

Propoxyphens napsylate, nearly water inycluble, is only
slightly bitter to the tasts as.compared to the highly
water-soluble hydrochloride (147) and caa be readily far-
mulated into a flavored aqueous suspenaion. The tasts of
these suspensions can be improved significantly by the
addition of a common ion (sodium or caleium napsylate)
to depress solubility further.

A newer appreach to the improvement of drug pelata-
bility has been to form inseluble salty with ion-exchangs,
resins, Several investigators described and tested the
practical application of this method (148-150). Spross ¢
al (148) outlined the conditions necessary for improving
the pelatablility of a drug by adsorbing it onto an ion-ex-
change reain without appreciably modifying Its pharma-
cologleal effects. They found that: (a) the degree of drug
release from the lon-exchange edsorbats depends on the
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equivalent quotient between tha electrolytes in the sur-
rounding fluid and the inale drugs, (b) the amount of ions
is far less in tha saliva than in the gastric juice (the tem-
porary electrolyte contents can be estimated at 0.05 mEq
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 resinatea
formed between dextran gel? cation exchangers znd several
basic drugy wera in many cases much more plepsant tasting
than their parent compounds. Furthermors, release of the
drug from the ioa-exchange adsorbata wea quite rapid and
complate under conditions prevailing in the GI tract.

Similar findings were reported using a polymethaerylic
acid ion-exchange resin (150), In addition, coating the
adsorbate particles with a 4:1 ethylcellulose-hydroxy-
propy] methyleellulose mixture further reduced bitterness.
While in vitro release from the uncoated resinate was rspid
and complets, release from coated adsorbates varled with
the extent of coating.

Another approach ta improving the taste properties of

pharmaceutical agents Is to prepare a pleasant-tasting
soluble salt of & poor-tasting parent drug. This sapproach
often can be very difficelt, however, since solubilization
of the parent campound usually imparts its unpleasant
taste to the preparation. Nevertheless, some siceess hoy
been reported using the artificial sweetenera cyclamate
sodium and saecharin.

As described earliar, formation of N-cyclohexylsulfa-
mate salis of several drug subatances has produced better
tasting derivatives with enhanced solubllity properties (31,
82). The physicochemical end toxicological properties of
benzelkonium saccharinate and a series of saccharinates
of other quaternary ammonium compounds ware reported
(151). While conventional quaternary ammonium com-
pounds have a very bitter tasts, thelr saccharin analogs are
sweet

Potassium salts fraquently possess an unpleasant taste
and a metallic aftertaste. The palatability of some potas-
slum salts in flavored vehieles was reported (152); while
the selts had similar taste thresholds at effective theza-
mut; levels, all potassium salts exhibited inferior palat-

Table III includes several samples of other salts that
exhibit en improved taste relative to their free acid or bases

Stability—The chemicel and physical stability of a
pharmaceutical must ba known, becauss it can influence
ths choice of dosage form, the manvfacturing and pack-
nging, and tha therapeutic afficacy of tha final preparation,
Systematiz detarrzination’ of the thermal stability, solution
atability (at varicus pH's), and light sensitivity of & drug
and its darivatives, both alone and In the presence of
common additives, provides essential input townrd se-
lecting the most suitabls derivative and dosage form.

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

2 5sphades.
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drug in the dry siate. In soma cases, the salt-formeing red-
ical itself enhance the stability of the parent agent.

The stabilicy of penicillin G and its salts has been widely
studied due to the drug's therapeutic importance and its
characteristic instability. Schwarty and Buckwalter (153)
described some of the stability charscteristics of this an-
tibiotic, Ftating that, with prezent techniques, a solution
of penicillin cannot be made stable for more than 2 weaks,
even at refrigerator temperatures. They also discussed the
use of suspensions of sparingly soluble amine salts in

-aqueous vehicles a: a means of “allowing marketing of a

'ready-made’ penicillin product.” Procaine, benzathine,
and hydrabamine salts are marketed, and their acceptable
stability as aqueous suspenslons iz based muinly on thelr
insolubility and the minimization of degradation in solu-
tion. I

A theorstical treatment of the solubility of these salts
was presented in which equations were derived for caleu-
lating the solubility as & function of pH and the pH of
minimum solubility (154, 155). These equations are based
on the mass action law and [ts relationship to the Jonization
constants of the emine and the penicillin and the solubllity
of the salt in water. Since the salt in solution Is partially
dissociated, further suppression of the solubility mey be
achieved by the common jon effect. Swintosky et ol (158}

* demonstrated this effect with penicillin G procaine by

adding procaine hydrochloride to the preparation snd
further enhancing ita stability. The 8- heophylline
salt (or complez) 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 buffar effect
could account for the stabilization of this "salt.”

While penitlllin G procalne is maore stable in aqueous
vehicles, it i2 lgs thermally stable than the sodlum or po-
{assium salts, decomposing if heatad much above 60°. Tha
sodium end potassium salts are known to withstand
heating up to 100° for 4 days with Little loss in potency
(158). This Yehavior might well be dus to differences in
melting points—yiz., 108° for penicillin G procains and
~215° dee. for the potassivm salt,

Since hydrolysis of penicillin {s dependent on moisture
content, preparations in which moisture is rigoroualy ex-
cluded are quite stable in the dry state. A study on the of-
fect of moisture an penicillin salty found the calclum salt
to be less hygroacopic than the sodium szlt snd, hepce, .
e i g g o e
cillin G potasslum is my hygroscopic
penicillin G sodifin and has becoma the prefarred form for
marketing In the dry state (180).

Several studies reported the relative stabilities of thi-
amine salts, particularly ths hydrochlorida and the
sno&ni;ah (161-1-168];]'1‘119 mondo;l‘tlz:h iv J‘Lm to

e, ygroscopic end is accordi mu water
soluble than the rxydm:hlonde Thvestigutions of varioys
preparations including cormprassed tablets, multivitamin
capsules, and dry-filled vitamin B complex capsules at
verlous temperatures showed that the mononitrate was
mors stable than the hydrochloride (164, 165). The sta-
bilities of nurmereus thinmine salts were studied iv aqueous
solution and In dry powder preparations with variovs ex-’
cipients (166, 187). In aquegua solution, the resulting pH
was the chiaf factor controlling hydrolysis and oxidative
dacomposition of thismine sglts; thair stability as powder
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preparations was related (o their aqueous golubility, with
the aparingly soluble salts being more stable (and pre-
surnably less hygroscopic).

An orally edministered drug must be stable in acidic
ealption bacause it ganerally must pass intact through the
acidic envuonment of the stamach ifit is to exl:ub:t ther.
apeutic hldod letels! The a&va.ntlgn of erythromycin ea-*
tolate nv ir the fre{ ane hesfm ita lovplolublllr.} "In zutr;:
u:te. h ensblegit to ha‘admmu;

ii ]
behe or, lnd' wa.-pa '
Thé Influe of thaamcm on
of two charge lpedelf' dutmmotho:rphln
cling; was studied In the rat stdfrach (156, 187).: jinm
relatjonship it.lltad béfween thie rate of. Ehlorp‘hd! from
buffeunluh 4 of tha imom in lndthe:r ]

il

postuhted.to be s é

sq‘phun of 8 adrugfrogmad form, 100). no d1,4-
s of the two fhrms wers made, iispactiott
ot the data:shows tl';at the déagerega rate pf the s..!‘t

4l

Table VI—-Additional References on Salt Form and
Stabllivy

Topic Ralerence
Stability of chlorhaeidice salytiona 110 )
Stabilley of chlorhaxiding whin outoclaved . 1M .
Anhydkmwuimwdmlmd ‘-Gplﬂl:h mut:lmdm - 172 '
marke u‘ﬂ:_vc ine and 1048 pr: -1 .' v -
Solid:state mb1nyorsu=o e?l inA . 173 A

campounds -
'Ph mu:':emlul studies on the -ul'nl:ty af pméllm szl ! I ul
Light uuluv! y.of tewr ,
Hyyr i““ 1 1% ﬂ:l

1O : .’-.
i‘i&ﬂ“qiw&h a]u

availability a,u affecr.ed by
discussed ly, ad ring a ljl

drug ofien tobu.neffu vamaq.sofaltenn!du-
solution ratedfand a - B E
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Table VII—Additicoal Refcrances pn Bioavailabllity and
Formulation Effects

Topic Relerciit

Elfectaof mwun substances on the abrorption nf IIQT

totracycling in mats . -
Effects of dovage farz upan vhe GI absorption rate of 136

walicylates . ] .
Dateznination of in civd ad in Litro rélessy ol 183

theopbylline aminoipwbizanol ia a prolonged-action

Systass

ﬂulunie reain salu Yor oral therapy: earbinozasnine 199
hﬁrwm of dihydrestrepromyein by panaats 10

Solid-stats ophthalmie dogaze sy=tems in effacting 17
praloaged relessa of pllocarping in the cul-desac

Abf:rpﬁm of mythromyeiz: various phasmaceutical o0

ms . .

Comperative study of the abtorption of drugs from old 01
..5' oW rek3l prapasations ' .

Formulation Effects—Choice of the salt form of a drug'
may have a pronounced sffect on the formulation of the
parent compound. For example, Fenton and Warren (194)
found there was no relesse of medicament from proflavine
cream BPC, a water-in-oll emulsion contsining 0.1%
proflevine a1 the hemisulfate salt. Thay also investigated
the releass of various aalts of proflavina with aliphatic
carboxylle acids from water-in-oil cremm emulsions. Salts
formed with the water-acluble, oil-insoluble “lower” acids,
auch as formic and acetic acids, showed very poor release
from a water-in-oil cream. The “higher” acid salts (e.g.,

n-valeric, eaproic, cyclohexanecarboxylic, and caprylic).

all showed inereased diffusion froma similar eruleions since
thess salts are soluble in both water and oil. Their release
was even greater from oll-in-water emulsions, however, in
agrecment with their preferential oil aolubility. The n-
valerate salt provided tha most effective water-in-oil
croam. The primary factor responsibie for diffusion of
proflavipe from a water-in-oil cream is the low hydro-
philic-lipophilic balance conveyed to the sait by the acld.
This finding fMlustrates the desirability of carefully se-
lecting the s3]t gnign of & mtionle drug in lien of the anture
of the dosage form.

Studies of the effect of formulation an the bioavailability
of warfarin sodium relative to warfarin yielded intaresting
results (107, 195). Absorption of warfarin upon adminia-
tration of tha sodium salt as a Inctose-base tablet was no
better than that froni & sim{lar formulation of the fres acid.
In fact, shsorption was further depressed when the salt was
tormulated with starch instead of lactose, Later results
Indicated that the in vitro water dissolution rate of &
warfarin sodium tablet was 350 times that of u slowly dis-
solving warfarin tablst formulation, yet the latter exhibited
rapid and complets absorption in vivo, The virtval io-

B afati b moldla rapbrla flnide nrachndad li

T

calcium carbaspirin from several suppository bases was

*studied in dogs (196). The absorption of aspirin aluminum

from either cocoa butter or a palyethylene glycol base was
poor. While the maximum salicylate levels produced by
aspirin and aalcium carbaspirin from the cocoa butter base
occurred at a Jater time than from the other bases studied,
minimal plasma levels were exhibited by a polysorbate 61
base formularion. The highest peak and largest area under

the blood level curve were seen with calcium carbaspirin

in a vegerable fatty acid glyceride base. The poor absorp-
tion of "El'i“ aluminum from suppositories was not
unexpscted since it is pootly 10iuble. Furthermors, as
pointad out for aspirin aluminum tablets {105, 106), an
Insoluble gluminum eompound may forlQ op the surface
of the dissolving drug, further impeding its'dissolution rate
and bioavailability. .
Additiona] refarences on bicavailability and formulation
effacts are given in Table VII, '
+ Absorption Alteration—Several years ago, clinidans
¢laimed that certain salts of theophylline were therapeu-
tically preferable to other salts or to tha free acid (202-
204). For exarple, Schlugar et al, (204) found higher blood

“theophyiline lavels aftar administaring uncoated tableis

of theophylline ethylenediamine than 'were observed with
enteric-coated tablers of choline theophyllinate. These
results were at varianey with the in vivo work of Gagliani
et al. (202), who found that tha orel ingestion of choline
theophyilinate produced significantly higher blood levels
than the athylenediamine salt. This apparent discrepancy
could be explained by the formulation effects of tablet
coating, ¢tc., which was not discussed in thé work of Gag-
Liani et al Tn another study, a slightly more rapid rise In
blood concentration and a greater area under the curve
were observed with theophylline isopropanolamine than
with hylline ethylenediaming (203), It was suggested
that the difference was a result of the greater watar solu-
bility of the isopropanclamine salt.

Tha in vitro dissolution ratas of the choline and iso-
propanolamine salts of theophylline have been obaerved
to be thres to five ticies greater thap the ethyleaedlamine
atlt, depending on the dissolution madium (98). It has been
suggested that these differences in dissolution mte are
eon:listant with, and offer an explanation for, the clinical
resuits, .

In a corparative study of the absorption of ampicillin
trihydrate and ampicillin potassium following oral ad-
aministration (205), the potassium salt yielded 37% higher
poak levals and & larger area under the curve. Only 36% of
the gdministered ampicillin trihydrate was absorbed whila
53% of the potassium salt was absorbed. Determining the
percentage of each drug eliminated in the urine showed

that A% wan aliminatad fallowine administration of the
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multiple dosing (207). This finding is explained by the fact
thar this salt is acid stable and alkaline disaociable, per-
mitting lts paasage through the acid of the stomach bath
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 gerum levelx attained with
erythromycin estolate sugyest chat the salt form is mare
readily absorbed, Alao critlesl to efficacy, howsver, is Lhe
volurne of distribution of the drug, since axteruive binding
to plasma proteins can render a drug unavailable for ae-
tivity at the hiophase. Therefore, the significance of blood
level data gredtly depends on the measure of the free or
unbound fraction of total antibiotics in the blood, which
more dizectly indicates probable therapeutic benefit

. Wiegand and Chun (210) showed that, despita the
higher blood levels attained with erythromycin estolate
(after corvection for half-life differences), the stesrate salt
produced seven times more free drug in serum then did the

estolate salt, Thia finding expleined the higher total tissue _

levels observed on administration of the arearate. They
attributed the difference to a greater serum pratein
binding of the Intact erythromycin estolate, proving that
its higher asrum levels did not neceasariiy reflect more
efficignt absorption.

Marked differences hava been obsarved following oral
administration of various salts of penieillin, Penielilin G
potassiura has been compared with penicillin G benzathine
{benzathecil) (211, 212), penlclllin G hydrabamine (213),
penicillin V (214), penicilin G procaine (212), and pani-
cillin G ammonlum (215). As antlelpated, penicillin G
potassiumn produced higher and earlier blood lavels than
penicillin G bepzathine (211, 212). Furthermore, tablats
of penicillin G potassium buffered with sedium citrate
yielded higher peak levels than unbuffered penicillin G
potassium. While the absorption of buffered tablats was
apparently not significantly affectsd by food intake, the
unbuffered tablets yielded lower average levels and ir-
regular absorption under similar conditions.

When penieillin G potassium was comparsd with peni-
clllin G hydrabamine (213), u Isas soluble salt, blood Jevels
similar to those produced by penicillin G banzathine were
observed. When equivalent doses were administered, the
penicillemia that pecurred with penicefilin G hydrabamine
was only one-third or one-fourth as great and was of
shorter duration than that produced by penicillin G po-
tassium,

Budolfsen et al. (212) found that pesk concentrations
of penicillin G potassium wers thres to four times those
obtained with penicillin G procaine and five to six times
thoae of penicillin G benzathiae, indicating a more rapid
rate of absorption. The therapeutic action was related to
the maximum concentration attained, but it also depanded
on the persistence of penicilleris, which was greater with

* penidllin G potassium than with the other two compounds.
Tha authors suggested that the lower blood levels attained
with the relatively incoluble penicillin G benzathine were
caused by its destruction in the GI tract prior to absorp-
tion. This suggestion seems unlikaly, however, since tha
drug should not degrede vary rapidly a5 an undissolved
suspansion. . )
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V produces higher blood penicillin levels than corre-
sponding doses of penicillin G. As a resuls, extensive in-
vestigations have been conducted with various salts of
penicillin V (99, 214-220). For Instance, tablets, capaulss,’
and ora! suspensions of penieillin V ncid produced signif-
icantly higher blood concentrations than comparalle
penicillin G preparations (214). In the same study, the
average sarum levels produced by tha benzathine salt of
penicillin V were significantly higher than comparable
doses of penicillin G benzathine for the first 4 hr but lower
thereafter, again illustrating the vulue of using an insoluble
salt to prolong blood levels of an acid-unstabla compound.
In another study (215), penicillin V acid was shown to
produce higher and more prolonged plasma concentrations
than cither peniefllin G potassium orammonium, whose
propertles were comparable.

Plasma levels were correlated with dissolution rates of
various.forma of penicillin V (99). As solid dosage forms,
the readily soluble potassium and calcium salts produced
easlier and highar blood lavels in fasting subjects than ei-
ther the free acid or its benzathine salt. On the other haud,
when the potassium and banzathine salts were adminis-
tered orally as solutions, & was the same, implying
that the poor solubility of the benzathine salt was re-
sponsible for the inferior blood lavels obtained from its
golid dosage forms. Other studias found that, while the
potagsium salt is 40% better ahsorbed than the free acid
in fasting subjects, both forms produce tharapeutic levels
when administered with food (218).

Expariments with fistulated dogs indicated that peni-
cillin V is absorbed primarily frora'the atomach. Therefore,
it is not surprising that the potassium salt should show
higher blood levels on oral administration slnce it ia the
most soluble salt In gastric pH (216). In accordancs with
this abservation, It was also reported that the benzathine
salt exhibited higher serum levals in putients with gastric
achlorhydria (pernicious anemla) than in patients with
normal gastric funciion (219). Differences in gastric
emptying time may aiso explain this result.

Several studies compared ths absarptior. of tetracyeline
acd its salts (103, 221, 222). For exampls, serum concen-
trations in dogs and-humans ghowed that a phosphate

" complex salt of tetracyriine was sbsarbad more rapidly and

gave higher blood lsvels during the first 68 hr than did
tetracycline hydrochioride (?21). The total amount of drug
abmr:-ed was about twice as great with the former com-
poun . .

Another study (322) suggestad that tetracycling base
produced higher blood levels than tetracyeline hydro-
chloride. However, a subsequent investigation (223)
showed that, in the absencs of adjuvants or fillars, tetra.
eyeline hydrochloride and tstracycline bass wers absorbed
equally well. Resula obtained in this same study indicated
that tetracyeline hydrochloride ted with citric
acid produced highar serum concantrations than tetracy-
cline hydrechlaride mixed with hexametaphosphate or the
phosphata complex selt of tetracyelina.

In & study comparing urinary exerstion rates and in vitre
dissolution, tha absorption of tetracycline and tetracycline
phenolguifonaphthaleinats was rgta limited by their dis
solution rates, whereas tetzacycline hydrochlorids ab
so‘r‘p;tion was rate limlted by the absorption process itsel
1oy ;
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Several lincomyein salts were studied for thair com-
parative availability (224). In particular, the blood levels
obtaired with the relatively water-insoluble hexadecyl-
sulfamare saly wers compared to those of the hydrochloride
following oral administration. Higher and exteaded whole
blood and serum cuncentrations were obtained in mics,
rate, and doge with the hexadecylsulfamate. However,
subcutaneously administered lincomyein did not preduce
sighificantly different.fraccions ahsorbed. regardlesa. of
which tall was administered. It iz not known whether tha
greater area under the curve with oral administration of
lincomycin hexadecylsulfamate is due to greater absorp-
tion from the Gl tract, slower renal clearance, or greater
enterchepatic cirgulations.

Salts of streptomyecin, neomycin, viomyein, and strep-
tothrycin have been formed with: (a) polyacrylic acids, (b)
sulfonic er phosphorylated polysaccharides, and (¢) nat-
ural polycarboxyl acids from a serfes of polyuronic suh-
stances and polysaccharide derivatives containing carboxyl
groups (18). The report indicated that these salts were
absorbed from the injection locus primarily by thelymph
system, Blood levels from the salts were generally lower
but ware maintained for a longer time than the equivalent
amount of antibiotic alons, and higher conzentrations of
longer duration may actually bs producad in the lymphatic
drainage.

The ipfluence of salt formation on the onset and dura-
tion of pharmacological actlvity also was {llustrated with
tolbutamide and several of its salts (101). Following oral
administration, the sodium salt produced a repid decrease
in blood sugar level followed by a rapid recovery. By com-
trast, the fres acld of rolbutamide eaused a slow and pro-
longed drop in blood sugar level, a preferrad effect slnce
the chanee of hypoglycemic shock would be lessenad. This
finding also illustrates the often gverriding influence of the
actual diseasa state on the choice of drug form.

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

Pharmacokinetics—Because of the varfous new
properties that are usually imposed on a compound by salt
formation, the pharmacokipetics of the drug necessarily
change as a function of these properties.

For example, a pharmacokinetic evaluation comparing

ampicillin sodivm and potassivm with ampicilin 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 triby-
drate, resulting in earlier, higher peak concentrations with
two to three times higher serum concentrations during the
1st br. Yet, any differenced between ths 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 bioavailability remained unaffacted.
An interesting study of ths biliary excretion of eryth.
romyein base and ersthromycin estolate was reported
{244). Tha biliary excretion of erythromycin base was high,
while that of erythromycin estolate was much lower;
preferential secretion of erythromycin in the b.nlg could
partially sceount for the lower serum levels exhibited by
the base. However, the proportion of the ingested dose
casrated in the hile was small, and the total amounts in-
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Table VIII—Additional Relerences on Biunﬂab:;!
and Absorpton Alieration

s~ Topic
Blood lavels produced by threa theaphyllint-containing

elixir

i\;r?rm.. oral sbaarption characteristics

‘act of food on abuorption of 2 aaw funn of

arythromycin progiocats

Elfect of the nnitn on the abrozption; of tetracycline fror
the rot stomach

Bloud levels fellvwing oral admistzeazion of different
preparations of devobipcin

Abutrption of iepanolc acid asd it sodium sal:

Oral abscrption of speobashita) (quinalbarbizosa) acd ks
scdiva 't

AhloT_uau rate of barhiturates in huraana

Marphing and stzapine mucate

Exertlon of bapheniuca )ty o urine of human |

volunteers L]
Pnly:_-::l;y'lml biatlsothiuronium) salis: antizubareulosis

ucuvity :
Prolonged actitussive action of & Meln-bound soscapine

preparaliul

Pharmacology of aulinpyridine and sulfuthlazols

Evaluation of plastaa eonsentrations of propoxyphans
utilizing & hybrid principsl mmm: of

Annyr.ld: . mwﬁnl drug

Pr;LidnlintH whicy aftéy ; minieration to bumans

arnatoYinwiity i
i e o g s e i
A and aliminating ts

+ pralidoxima (2-PAM) 13 humazs after orsl
administratios .

Enhanceioant of GI absorption of a quaternacy |
ammonium ¢ompaund by trichloroacatare

volved were'not sufficlant to account entirely for the dif-
ferences In serum concentrations attatned. Undoubtedly,
the protein binding studies of Wisgand and Chun (210)
(discussed under Absorption Aiteration) more satisfac-
torily explain the difference In serucn concentrationg,

Often, salt formation can bs used to modify drug ab-
sorption and dose tolerances favorably. For example, ami-
nosalicylic acid exhibita a short half-lifs and, therefore,
requires large dud frequent doses which may cause gastric
irritation. Consequently, difforent chemiegl forms such as
salts have been prepared (119, 245-247) to reduce the in-
cidence of gamstric Irritation, increase absorption, and
prolong blood levels.

Aminosalicylic acid iy sn intaresting example in other
ways; conslderable confusion about this drug exists be-
causs many fail to recoguize its nonlinear pharmacoki-
netics. Several definitive studies were reported regarding
the absarption of the acld and ity sodjum, potassium, and
caleium salts from solution, suspension, and tablet for-
mulations (245, 246). Comparfaon of the relative
biowvailabilities of aminosalicylic acid od in water
and its salty dissolved in water showed that, while differ-
ences in rate of sbsorptior were found to exist, absorption
of both the acld and ity salts was essentially complete.
Absorption of the free acid from tablets reached anly 77%

Relerenca
21y

22§
a5
156
2%

S8 8 P @uE By

£ -EE 4B

of the dose, whereas that of the tableted salts was rapid and
. complete. .

Regardless of formulation, the area under the plasma
concentration~{ime curve of unmetabolized drug from free
acld administration was less than that for the salts. This
result was attributed to concentration-depandent me-
tabolisea during absorption: whan the rats of ebsorption
is high, the matabolic processes becams seturatad and
roore unmetabolized drug remains in the blood; conversely,
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Table IX—Additional References on Rivavailability and
Pharmacokinetics ’

Ro1ssom2

Ivs~

Table X—Additional References on General Pharmacy
sud Pharmacological Effeet

Taople Buofersnce

Topie Relerence

Pharmacodwranics of fafomzein (phosphandmye!n] afer |, 243
Intcavenous sdmainkezzation 1o kuizana

Pharoecodynamics af phosphomomyrin afler oral N9
c ldml'uinnﬁﬂ‘nd- 1o hundsn: St . a s50
‘ompirative sudies oz distriburion, sacrelion, an a5

metabolism af YH-hydroxyzine and fts MC-mackizdids !
in rat
Pharmycakinetics af a=pleillia tibydrate, sxapleillin 283

sodium, and dicloxacillin sedive: Eollowing

inframustulyr isjoezian . i
Fhyslolcgicu! disposition of fenoprofea in humans; 252

pharmacokinetic emparison of calcivin and sodium -

saltz administersd orally

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

“ Additional references regarding bioavailability- arid
pharmacokinetics are presented in Table IX.

GENERAL PHARMACY

Pharmacological Effect—Chlorpromazine ‘hydro-
chlorida and quaternary chlorpromazine chloride ware
Investigated with respect to thelr offects on the central
nervous system {CNS) (253). The quaternized compound
was less potant and more tozic in rodants than the parent
tartiary compound.

Naloxone, an sffective opiate antagonist, is generally
used as the hydrochloride salt; however, tig drug has a very
short duration of action. The mucate zalt was prapared to
extand its duration of actlon, since mucic acid Ia only
slightly soluble in water (254). In « t=st 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 Haron's (232) work suggested
that tha receptor had a greater affinity for morphine mu.
cate then for the frea base, it also should have a greater
affinity for nalozna mucate. The results disproved this
hypotheais. Furthermore, this theory impliss that intact
salt reaches the receptor, which is highly unlikely, re-
gardless of whether the drug is administared as a selution
O &S A suspensioa,

A saries of salts of 9-aminoacridine and its derivatives
way preparad and screened for antifungal and antibacterial
activity (255-257). By using salts of fatty acids, the anki-
fungal action was found to parailal the length of the carbon
chain of the anion, with maximal activity oecurring with
acridine eaproats, undecylats, and undecylanata (where
undecylanic acid also exhibics some intrinale antifungal
activity) (255). This result appears reasonabls, because
these salts would be more lipid soluble and could be ex-
pectad to pess through the cell wall of the infecting or-
ganism more readlly, probably as an ion-pair.

The efflcacy of bages or salts sa toplcal anesthetles for
relieving cutaneous itch, burning, and pain in unbroken
skin has also besn examined (258). In these experiments,
itching and pricking were induced by an alternating cur-
reot 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 ansathetics did not alleviate
itching or burning in any of the subjects, although satu-

B T T S 11 Py iy JEpsany 1 . T}

Diifaraztinl excrezion of bzolde and chloride icnased i 233
rele in hromide ratyntion

Pharmacalogical study of enleiua cethlansts 200
Syethesis and in vizro fungiatatie evaluation of vome N- 261
substituted pmides and amine salus of sorhic ueid
Aptiamebic atudiss on clamoxyquis [i-ehloze—?-[k!— 252
d!ﬂhyl:a_nmpﬂpflhmimlmﬂly |-&-quinalinel] in
vizrn sod in el:p;r m:nnﬂ)iilifeeted i:l::h e w3
Adjunctive vulne of gral praphylasiy wiz oxzlies
pralidaxime (2-PAM) rlu&u and pralidoxime |

mezkazviulfonats ta therupeutlc administruzion of !
atropina in dogy poisonsd By Inhaled sarin vapor

Pralidesime (2. hvdroxyininomethyl-N- : 284
mathylpyridinium) methanesulfonats and atynpine In,
Lhe treatmant of sewre organophosphate peiapning

Efficacy and limitations of oxims-atropine treatment of 256
organephoiphorus anticholinedterass poisoning

Antltouive setivity of enozolone (glycyrthotinic acid) and 268
its durivatives )

+  Pharmaeological propertics of [l:-tf:rkliinie acid 267
lt) .

Ganglionic blockleg sty oF & I 258
e
R,
T
?{m'):m:'ﬂyl!m pipor?:!‘im: pmm @

L

» alechol, and 10% glycerol were clsimed to ba effective: Such

transport phenomena across the stratum corneum ate
often dependent on the polarity of the drug and vehicle
and an the binding of the drug to keratin.

Additiorial references on pharmacological sffects can be
found in Table X, )

Dialysis—Dialysis through a cellophane membrane of
the hydrochloride or sodium salta has been studied with
several druge (270). In many cases, It appeared that the
Lemie form of the drug was bound to the membraria whereas
the nenionized form wes not. Ephedrine hydrochlaride
presented ap intereating example, however, since it di-

- alyzed considerably faster than Its corresponding base. It

was theorized that the chlorida ion dialyzed rapidly, en-
haneing the rate of dialysis of the ephedrine fon. Accord-
ingly, when chleride jon was present on both sides of the
membrane, the observed rate of dialysis for the ephedrine
fon wus comparable to the sphedrine base. . .
The diffusion of sodium chlorida through a lifoprotain
interface was very slow, espacially If calcium chloritle was |
present an both sidas of the interface (271). In the preante
of low concentrations of choline chloride or carbamyl-
cholins chlorida, the diffuslan of sodivm chloride Is more
rapid. Apparently, choline salts are able to increasa the
permeability of the lipoprotain to salts, which may relate
to the physiological action of chaline salts.
Miscellaneous—Release rates ware determined for
sminophylline, epbedrine alkaloid, and "ephedrine hy-
drochloride from theobroma oil suppositories containing
nonionic surfactants (133). While surfactants with hy-
drophilie-lipophilie balance (HLB) values less than 11 only
minimally affected release rate, rates ncreasad with suz-
factants of HLB values greater than 11. Under optimal
conditions, aminophylline was faster than ephedrine hy-
g::hlorldo which, In turn, was suparior to the ephedrine
Willis and Bapker (272) reported on the formation of

polymer-drug salts as an approach to the phywi

Aarire af Anrsva frrmz Dalefmathyl vinvl sther/maleic
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anhydride) salts of methapsyrilene 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 fram the free drug or Its hydrochluride salt.
Various poly(methy! vinyl ether/malsic anhydride) hem-
iester salts of methapyrilone exhibited substantially slower
release than the polymer ether salts, bydrochloride salt,
ot free base forms. Polymer—drug salts thus appear to bave
promise.

A series of metallic salts of ederic (sthylensdiamine-
tatraacetic) acid were tested in vizro to determine their
effect on blood coagulation (273). The results showed that
only the dipotassium and disodium salts bad any effect on
coagulation_ It was theorized that the lack of anticoagulant
activity resulted from an almast complete suppressipn of
ionization of the heavy metal salts.

Interesting research regarding the angins-preventive
effect of some chromone-2-carboxylate salts showed a di
rect correlation batween biclogical activity and pKa of the
salt-forming amines (274).

Lin et ol (112) investigated the relationship between
salt form and biological activity of a given antlhyperten-
sive. While the Intrinsic dissolution rates of the diiydro-
chlorida and disulfate salts ware many fold greater than
the monobydrochloride, the hypotenaive potancies of the
salts did not differ significantly from ope another in an
anesthatived dog study. Yet, when administered to renal
hypertensive dogs, the dihydrochloride and disulfate salts
procuced greater hypotensive sffects than did the mono-
hydrachlaride. ’

TOXICOLOGICAL -CONSIDERATIONS

Toxleity of Salt Ion--Any diacussion regarding the
tasicity of salts of a drug must considar the pharmaco-
logleal properties of the cation or anion used to form the
salt as well as those of the fres drug, since any of thesa may
produce toxic effects. The toxicology of several lona that
are commonly used ta form salts and that are relevant to
this review were discussed in dapth (273).

Toxicity from Ingestion of caleium salts of drugs is rare.
If bypercalcarsia occurs, however, calclum deposits in tha

kidney can bring op a reduction of renal function. The .

prineipel toxic offects of Lithium also involve the kidneys.
When small amounts of lithiuin are taken, no apparent
damage occurs; yet Iarge amounts of the inetal can lead to
Irreversible damage. An apparent correlation was observed
between lithium desage and sodium intaks (276). When
Uthium dossge was low or sodiuwm intsks was high, rets
wera abla to excrete all lithium given and sustained a re-
versible polyuria. Conversely, if large amounta of lithium
were adminiytarad to the rats or if thair sodium intake was
lowered, they incurred irreversible kidney damage. Am-
monium fon, slthough it serves a major rols in maintenance
of the acid-bass balancs of the body, can be totic in high
cancentrations and initiate CNS dersngements.

Sulfate ioms given orally tend to be minimelly absorbed
and may act a2 a laxative. Tha nitrats lop is irritating to
the GI traet, causing nausea and gastric distress. Also, in-
testinal bacteria may convert the nitrate ion to nitrite
which oxidizes hemoglobin to methemoglobin. Tha citrate
ion, an intermediary in carbohycrate metabolism, can form
a soluble complex with calcium which is poorly dissociabla
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and rarely causes any toxic reactions. While tartrate ions
are usually absorbed minimally from the GI tract, high
concentrations reaching ths circulation ean cause renal
dameage. )

Acetate and lactate ions are normal metabolitas and
appear to be well tolerated In relatively large amounts.
lodide and bromide ions can produce conditions known as
iodism and bromidiam, respectively. Bromide intoxication
occuxs quite frequently, since bromides are used as in--
gredients in some nonprescription preparations (277—280).
Bromide is slowly excreted by the kidney {its hali-life s
12 deys) and tends to aceumulate when taken for pro-,
longed periods or when used by patisnts with decreased
renal function (277).

Toxicity of Salt Form—Provided the salt-forming
agents are nontoxic, the relative toxitltiesof a sanes of salts
of & compound nre often observed to reflect directly their
absorption rates. For example, the toxielties of dibroxdids,
dichloride, diiodide, and dimathylsulfate salts of quina-
pyramins®, ¢ ypanocidal drug, wers determined (238).
The sparingly solubls halogen salts were much less toxic
subecutaneously or intramuscularly than the freely soluble
dimethylsulfate, yet all salts showsd about aqual toxicity
upon intravenous administration. Tha differsncs in tox- »
lcitles obviously resulted from rapid absarption of the
methylsulfats compared to ths slowly absorbed, poorly
soluble halogen salts. Similar reasoning has been used to
explain the acute oral toxdeity of propoxyphene hydro-
chloride in rodents, which is twies that of squimolar doses
of the napaviate calv (281). .

Several salts of benzphetaming and etryptamine were
prupared as potantial sustained -releass formulations (114).
The water sclubility, in vitre dissolution ratsy at pH 1.0
and 7.2, and the median lethal times (LTgo) were detar-
mined for aach salt. Both the LT m and LDy (dstermined
on only a few salts) Increased as the in vitro dissolution rate
at pH 72 decreased, Whils dissolution at pH L0 did not
correlata well with toxlelty, the LTs's were inversely re-
lated to the square root of the dissolution rates at pH
1.2

Toxicity ssudies comparing iopanoic acid, a cholecys-
tographic contrast medium, with its sodium salt (115)
showed that the salt form has 10-fold greater toxiclty. The
LDjgy’s of the fras acid and the salt were 22 and 2.92 g/kg,
respectively. It was postulated that the free acid precipi-
tated from the sodiuzm salt upon it 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 sven fine crystala
of the free acid. The faster and mars complete drug ab-
sorption then resulted in increased toxicity.

Salts exhibiting greater water solubility than their
perant compounds or less soluble salis are not alweys more
toxie. For axampls, varicus inarganic and organic ions were
used to prepare salis of methyl pﬁ:linium-%ﬂduximn
that would hava greater water solubility and would elim- -
inate undesirable side effects due to the iodide ion (95).
Even though the aqueaua solubility of the majerity of these
salts was many times greatar than the iodide, thair toxicity
on a molar basis was not significantly ditfaent, with the
exception of the dibydrogen phosphate salt which was 15%

 Arfuycide.



¥
) 01-15-04 09:19 FiX 8114173542 CAS DDS

uJﬂMAl

Table X1—Additlonal Reterenun on Toxicological
Considerations

Topic * Rafarence
Taxicity and alnorptmn of 2-nulfanlimidopyrldina and Iry ‘Hi
noluble sodium salt
Sorbix neld an a fungiatatic dgept for fonda: harmlussness m
of sarbic acid a4 & divtary coaponent

Tosl:i.y ad distribution of ¢ ein 287
logleal squdive mthﬁ;mye a 253,

::ﬁnnd m::k{we! o« ycin e.lil'nhh ﬂ

¢ 1pTopo 'l a -

rwlnf of ﬂ.:‘l;gpca!! ta lnrnlylde-dfu: 3 .
Nn- elazs of zaliblode of reduced toxicity <l
GI intolérance to oral iron nr'plmiom 21
Camparative toxfcolagy of iron compeun 292
Lnflyenca of thé diasoiution rate of htluu.n tablete unt dlde 153
Toxiclty amd tingue distriburtion studies an the 293

mehlnrlde. bismuth lodide complex, ahd 2 rminate

B-um:uc Ip pharmaesutical prapyrutions 1%
New approach t quaternary amugu ca 151
Pharmaeolopy of chollna thupbylllmh ) o

mors toxde, Further research with oximes revealed that
other salts are also toxie (282).

GI bleeding is a common toxic effact of aspirin for a large
percentage of the population. Conge quently, a séarch was
[nitiated for an aspirin derivative t.lu\‘. would not inducs
GI blood loss (283). All compounds preparad, however,
induding the sodium and calelum salts, cauned GI hem-
orrbage with a severity similar to aspirin.

Polyeue antibiotics are potent antifungal '‘agents but
baar considerable toxleity. Even though the methyl estsr
hydrochlorides of thase compounds are more saluble, thay
retain almost all. of their antifungal activity and, more

, Bhow a uniform decreass In toxisity emnpued
to their puent compounda (264).

Additiona] references on toxicological considerations

of salt formation are given in Table XI.

CONCLUSIONS
o e o
o acteristics of a t
ita chemical structure. , the aalt form can
have a dramatic influance on the pmputlu of the
parent compound. At present, selécting a salt form that

exhibits the desired combination of properties is a difficult
semiempirical ¢hoice. Pharmaceutical meghlta now ue-
ognize these facts and are bepmunghltggx

of different salt forms on. tl:nph)'lmnd:amcd_pmpcrbn.
bicavallability, and toxicity of drug substences.

now only & faw generalizations ars available
to predict the effect jeular salt forms on the ¢har-
jou of a drug, in tima it will be possible to

vé increasingly more powerful generalizations re-

_gardlnlthuffectntnultonthopmmrhuohhmnt
compound: In addition, we

predict that polymear-dryg salts
will have a revolutionary effect on future trands in drug
therapy, particularly in the areas of reducing drug toxicity
and in controlling the releasa profils of novel drug delivery
systeras.
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