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No. Solicitud internacional PCT/HU2008/000044
Fecha de Presentacion Internacional 13 de marzo de 2008

Como resultado del Examen de Fondo realizado, con fundamento en el Articulo 45 de
la Decision 486 de la Comisidn de la Comunidad Andina, se comunica:

1. Documentos estudiados

Descripcién: Folios 28-39 12 de diciembre de 2009
Reivindicaciones: Folios 40-42 12 de diciembre de 2009
Dibujos: Folios 44-47 12 de diciembre de 2009
Prioridad: HU P07 00339 11 de mayo de 2007

2. Analisis de ia Prioridad

Se acepta la reivindicacion de Prioridad porque esta solicitud fue presentada dentro
del plazo establecido (Art. 9 D 486) y su contenido técnico corresponde con el de la
prioridad reivindicada.

3. Objeto de la invencidn

Titulo de fa solicitud: "Sales Novedosas de piperazina como antagonistas D3/D2"
El problema planteado en esta solicitud consiste en la necesidad de proporcionar
sales del compuesto frans 4-{2-[4(2, 3-diclorofenil)-piperazin-1-il]-etil}-N N-
dimetilcarbamoil-ciclohexilamina, que exhiban excelentes propiedades de solubilidad,

aislamiento, manipulacién pureza y estabilidad.

Para resolver este problema técnico la solicitud en estudio proporciona sales
monoclorhidrato, diclorhidrato, monobromhidrato, maleato, metanosulfonato del
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compuesto tfans 4-{2-{4(2,3-diclorofenil)-piperazin-1-il}-etii}-N,N-dimetilcarbamoil-
ciclohexilamina y sus formas cristalinas, un procedimiento para prepararlas y
composiciones farmaceuticas que las contienen.

£l objeto de la presente Solicitud se relaciona con la Clasificacion Internacional de
Patentes (CIP): C07D 241/04; AB1K 31/495: A61P 25/00.

4. Excepcion a la Patentabilidad (Art 20 D 486 literal (d))
El objeto de las reivindicaciones 11-13 no es patentable de acuerdo con el Art citado.
5. Reivindicaciones relativas a un uso o a un segundo uso (Art 21 D 486)

El uso de las reivindicaciones 8-10 no es patentable, de acuerdo con el articulo 21

6. De la Solicitud de Patente
Reivindicaciones (Art 30 D 486, Art 22 PCT)

Las reivindicaciones 1 y 2 no son claras ya que reclaman la misma materia. Se
requiere que se elimine una de estas.

La reivindicacién 14 se encabeza por la sal, pero en realidad el verdadero objeto es
una forma cristalina de la sal clorhidrato.

Se sugiere para al solicitante redactar esta reivindicacion de la siguiente manera:

“una forma cristalina | de la sal de! acido clorhidrico del compuesto..... en la dicha
forma cristalina se caracteriza por

D) ... un patron de difraccién de rayos X en polvo que tiene picos de
difraccion ...( colocar aqui por lo menos 20 picos correspondientes a las
intensidades de los haces difractados o a los espacios interplanares dhkl segun
los indices de Miller (hkl} medidos de acuerdo con el angulo de difraccion de
Bragg 26 en el intervalo mas representativo comprendido entre 5° hasta 90°) .
Aqui no solo pueden ir los angulos 28 sino también las intensidades. Y

c) Unespectro...........

La reivindicacion 16, 18 y 20 hacen referencia a las figuras, segun la expresion
“como se representa en la figura”, y esta manera de reclamar no es admisible en la
reivindicacion a no ser que sea estrictamente necesario. Para el presente caso no lo

es porgue los polimorfos se definen por sus picos de patrén de difraccion de rayos X,
espectro de Raman etc.

Las reivindicaciones 15, 17 y 19, no son claras cuando utilizan la expresion
aproximadamente, ya que no definen un valor especifico y no permiten delimitar el
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alcance de la invencion. Se sugiere eliminar esta expresion de! alcance del pliego
reivindicatorio.

La reivindicacion 20 no es clara porque reclaman una forma cristalina, pero es
dependiente de la 2, que reclama una sal. Se requiere la correccion necesaria.

7. Determinacion del Estado de la Técnica
El Estado de la Técnica se determind con base en la fecha de Presentacién de la

Solicitud de Prioridad: 11 de mayo de 2007 y se encontraron los siguientes
documentos que anticipan el objeto de esta solicitud:

item Documento Titulo Fecha de Publicacion*

{Thio) Carbamoyl-Cyclohexane Derivatives
D1 WQ02005012266 As D3/D2 Receptor Antagonists 10 de febrero de 2005
Journal of Pharmaceuticals Sciences

page 002-020

n2 Pharmaceutical salts Enero de 1977

Remigton Farmacia ,
19 Ed. Editorial

D3 Panamericana tomo Capitulo 20. Remigton Farmacia , 19 Ed. 1998
! paginas 371-375 y Editerial Panamericana tomo | paginas
tomo |1 paginas 2226 371-375y tomo Il paginas 2226 a 2241
az2241
Handbook of

Capitulo 1 Form Selection of

D4 Pharmaceutical Pharmaceutical Compounds Page 13-20

Analysis

2002

D1
http://worldwide.espacenet.com/publicationDetails/originalDocument?CC=WO&NR=2
005012266A1&KC=A1&FT=D&ND=&date=20050210&DB=&locale=en EP

La presente invencion se refiere a nuevos ligandos selectivos de los receptores D3,
de formula (I) a composiciones farmacolégicas que lo contienen para su uso en
terapia, los procesos para producir los mismos.

D2

Journal of Pharmaceuticals Sciences, Pharmaceutical salts Sciences folios 70-88,
paginas 002-020

Divulga que la obtencién de sales farmacéuticas para mejorar las propiedades
fisicoquimicas y reologicas de los principios activos es una practica comin en la
industria farmacéutica. Y se busca frecuentemente mejorar caracteristicas tales como
la solubilidad, higroscopicidad, fluidez de dichos activos.

D03

Remington Farmacia , 19 ed. Editorial Panamericana (Folios 128-138, paginas 371-
375 y paginas 2226 a 2241)

Ensefia el estudio del polimorfismo (formas cristalinas) como una tarea rutinaria
dentro del campo farmacéutico en la preformulacion de preparados farmacéuticos y
que la variedad de formas cristalinas de un compuesto permiten variar propiedades
como la solubilidad, estabilidad, velocidad de disolucién entre otras.

D4 Handbook of Pharmaceutical Analysis  Capitulo 1 Form  Selection of
Pharmaceutical Compounds (folios 99-106,Page 13-20)
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Ensena los procedimientos de obtencién de sales como como una tarea rutinaria
dentro del campo farmaceéutico en la preformulacion de preparados farmacéuticos
con el fin de mejorar caracteristicas como la solubilidad, estabilidad, velocidad de
disolucién entre otras.

8. Examen de Patentabilidad (Art 14 D486)

Nivel Inventivo (Art18 D486)

Las reivindicaciones 1, 2, 3, 4 y 5 consisten en las sales monoclorhidrato,
monobromhidrato, maleato y metanosulfonato del compuesto trans 4-{2-[4(2, 3-

diclorofenil)-piperazin-1-il]-etit}-N,N-dimetilcarbamoil-ciclohexilamina. (Ver folio 40).

Comparacion de las caracteristicas técnicas esenciales, con las del Estado de la
Técnica:

Caracleristicas esenciales D1 D2
Divulga el compuesto Divulga que las sales

Sales monoclarhidrato,

monobromhidrato, maleato y
metanosulfonata del compuesto
trans 4-{2-[4(2, 3-diclorofenil)-
piperazin-1-il}-etil}-N,N-
dimetlilcarbamoil-ciclohexilamina,

trans 4-{2-[4(2, 3-diclorofenil)-
piperazin-1-ilj-etil}-N,N-
dimetilcarbameil-ciclohexilamina
y sugiere |la formacién de sales
cen el acido clorhidrico, acido

monoclorhidrato, diclorhidrato,
monobromhidrato, mateatos y
metanosulfonatos son sales de
interés farmacéutico

maleico y metanosulfonico

El documento D1 se considera el estado de la técnica cercano a la invencién definida
en |a reivindicacion 1, porque describe de manera especifica el compuesto 1 (pagina
19, lineas 28-29, pagina 20, lineas 8-9), y sugiere la formacién de sus sales
farmacéuticamente aceptables, como aquellas que se forman con los acidos
clorhidrico, acido maléico (pagina 4, linea 15) y metanosulfonico (pagina 4, linea 18)
las cuales también se describe que los compuestos de D1 son antagonistas de los
receptores D3/D2.

La diferencia entre la invencién, definida en la reivindicacion 1y el compuesto de D1
es |la formacion de sales especificas del compuesto trans 4-{2-[4(2, 3-diclorofenil)-
piperazin-1-ilj-etil}-N,N-dimetilcarbamoil-ciclohexilamina.

El efecto que logra el incluir la formacion de sales especificas del compuesto trans 4-
{2-[4(2, 3-diclorofenil)-piperazin-1-il]-etil}-N,N-dimetilcarbamoil-ciclohexilamina
(especialmente monoclorhidrato, diclorhidrato, monobromhidrato, maleatos,
metanosulfonatos) consiste en que el compuesto exhiba excelentes propiedades de
solubilidad, aislamiento, manipulacion y estabilidad. Sin embargo, a lo largo del
capitulo descriptivo no se presenta evidencia de esto.

Por lo tanto, el Problema Técnico Objetivo que pretende resolver esta invencion se
puede formular asi: “como obtener alternativas mejoradas del compuesto trans 4-{2-
[4(2, 3-diclorofenil)-piperazin-1-il]-etil}-N,N-dimetilcarbamoil-ciclohexilamina, con
excelentes propiedades de solubilidad, aislamiento, manipulacién y estabilidad.

Sin embargo es conocido a luz de D2 que la formacién de sales sirve para mejorar
las propiedades farmacocinéticas de los ingredientes activos tales como la
solubilidad, fluidez, estabilidad etc., y que dentro de las sales de uso comun
farmacéuticas son aquellas formadas por los acidos clorhidrico (mono y di),
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bromhidrico y maleico (folic 81, tabla 1 sales comerciales aprobadas por la FDA), y
las que corresponden al acido metanosulfénico (folio 84, tabla 3).

Por lo tanto, habria sido evidente para una persona normalmente versada en la
materia, en el momento de la invencion para combinar las ensefanzas de D1 y D2
para obtener las sales monoclorhidrato, diclorhidrato, monobromhidrato, maleatos.
metanosulfonatos, monobromhidrato, y metanosulfonato de trans 4-{2-[4(2, 3-
diclorofenil)-piperazin-1-il]-etil}-N,N-dimetilcarbamoil-ciclohexilamina de la
reivindicacion 1.

De fa misma manera las reivindicaciones 2-5 y 7 no introducen caracteristicas que
hagan nueva o inventiva la reivindicacion 1 por lo que también se consideran obvias.

La reivindicacion 6 consiste en un procedimiento para la preparacién de los
compuestos de las reivindicaciones 1-5 caracterizado por que la base del compuesto
trans 4-{2-[4(2, 3-diclorofenil)-piperazin-1-il]-etil}-N,N-dimetilcarbamoil-ciclohexilamina
se disuelve o suspenden un disolvente o mezcla de disolventes adecuados, y
continuacion, se adiciona un acido, o una sal del mismo preparada con una base mas
debil que la trans 4-{2-[4(2, 3-diclorofenil)-piperazin-1-il]-etil}-N,N-dimetilcarbamoil-
ciclohexilamina, o una disolucion de la misma y, opcionalmente, la mezcla de
reaccion se concentra y/o enfria y, a continuacion el producto se aisla mediante
filtracion.

Caracteristicas esenciales D1 D4
precedimiento para la
preparacion de sales
caracterizada

Divulga un proceso general de

La base del compuesto trans 4-
{2-[4(2, 3-diciorofenil}-piperazin-
1-il]-etil}-N.N-dimetilcarbamoil-
ciclohexilamina se disuelve o
suspenden un disclvente o
mezcla de disolventes
adecuados

Divulga el compuesto

trans 4-(2-[4(2, 3-diclorofenil)-
piperazin-1-il]-etil}-N,N-
dimetilcarbamail-ciclohexilamina
y sugiere la formacién de sales
con el acido clorhidrico, acido
maleico y metanosulfonico

formacién de sales donde la base
libre del farmaco se combina con
el acido que contiene el contraion
deseadoe en relaciones molares
especificas en un sistema
disolvente adecuado.

El producto se puede aislar de

diferentes maneras, a menudo
simplemente por evaporacion del
disolvente.

Se adiciona un acido

L.a mezcla de reaccién se
concentra y/o Enfria y, a
continuacién el producto se aisla
mediante filtracion.

pero No se Menciona su procesoc
de preparacion

Eldocumento D1 se considera el estado de la técnica cercano a la invencion definida
en la reivindicacién 1 porque Divulga el compuesto frans 4-{2-[4(2, 3-diclorofenil)-
piperazin-1-il}-eti}-N,N-dimetilcarbamoil-ciclohexilamina en su forma de base libre y
sugiere la formacion de sales con el acido clorhidrico, &acido maiéico vy
metanosulfdnico.

La diferencia entre la invencion, definida en la reivindicacion 6 y el compuesto de D1
consiste en se divulga un procedimiento para la obtencion de sales especificas del
compuesto trans 4-{2-[4(2, 3-diclorofenil)-piperazin-1-ii]-etil}-N,N-dimetilcarbamoil-
ciclohexilamina.

El efecto que logra el incluir éste procedimiento es que provee un método para la
obtencion de sales monoclorhidrato, diclorhidrato, monobromhidrato, maleatos,
metanosulfonatos del compuesto irans 4-{2-[4(2, 3-diclorofenil)-piperazin-1-il]-etil}-
N,N-dimetilcarbamoil-ciclohexilamina.
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Por lo tanto, el Problema Técnico Objetivo que pretende resolver esta invencion se
puede formular asi: “coOmo proveer procedimiento de obtencidon de sales
monoclorhidrato, diclorhidrato, monobromhidrato, maleatos, metanosulfonatos del
compuesto trans 4-{2-[4(2, 3-diclorofenil)-piperazin-1-il]-etil}-N,N-dimetilcarbamoii-
ciclohexilamina”.

Sin embargo, un procedimiento general para la obtencién de sales es divulgado con
anterioridad en D4 (folio, 106, pagina20, capitulo 1, literal C, numerales 1, 2, 3) el
cual se refiere a la formacién de sales con fines farmacéuticos.

En consecuencia, la persona del oficio normalmente versada en la materia, el
procedimiento obtencidén de sales divulgado en D4 para la obtencién de sales del
compuesto de D1 para llegar asi al objeto de la reivindicacion 6 de la solicitud. Por lo
cual se considera obvia.

Conclusién:
La reivindicacion 6 cumple el requisito de novedad (Art. 16), pero no cumple con el
requisito de nivel inventivo (Art. 18).

Teniendo en cuenta que la reivindicacion 15 no se encuentra definida por el patrén
de difraccion de rayos X, como se debe hacer con los cristales se tomara para
efectos del examen de patentabilidad la reivindicacion 19,

la reivindicacion 19 consiste en la forma cristalina de la reivindicacion 14 en la que el
patrén de difraccion de rayos X de polvos comprende picos a aproximadamente 6,8,
aproximadamente 7,3, aproximadamente 13,2, aproximadamente 14,2,
aproximadamente 14,6, aproximadamente 16,9, aproximadamente 21,1,
aproximadamente 224, aproximadamente 24,8, aproximadamente 26,5 vy
aproximadamente 26,6° + 0,2 grados 26

_ SOLICITUD D1 D3
Sal clorhidralo de frans 4-{2-[4(2, 3-
diclerofenil)-piperazin-1-il]-etil}-N,N-
_dimetilcarbamoil-ciclohexilamina Divulga el compuesto base
patran de difraccidn de rayos X de
polvos comprende picos a trans 4-(2-{4(2, 3-diclorofenil)- Ensefa que el fenémeno de
aproximadamenie 6,6, piperazin-1-il]-etil}-iN,N- polimorfismo es la capacidad
aproximadamente 7.3, dimetilcarbamoil-ciclohexilamina de cualquier elemento o
aproximadamente 13,2, (pagina 18, lineas 25-31) compuesto para cristalizar en
aproximadamente 14,2, mas de un sistema cristalino y
aproximadamente 14,8, Y sus sales farmacéuticamente qQue para su caracterizacion el
aproximadamente 16,9, aceptables entre las que se patrén de difraccion de rayos X
aproximadamente 21,1, | encuentra la sal clorhidrato {pagina es un metodo convencional
aproximadamente 22,4, 4, linga 11).
aproximadamente 24.8,
aproximadamente 28,5 y No se especifica el patrén de
aproximadamente 26,6° + 0,2 grados 28 difraccion de rayos X.

1. Determinacién del estado de la técnica mas cercano.

El documento del estado de la técnica més cercano es D1 el cual ensefia el
compuesto  denominado trans 4-{2-[4(2, 3-diclorofenil)-piperazin-1-il]-etil}-N,N-
dimetilcarbamoil-ciclohexilamina en forma de base. Sin embargo el mismo
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documento sugiere la formacién de la sal clorhidrato clorhidrato (Ver pagina pagina 4,
linea 11)

2. Determinacion de las diferencias técnicas de la invencion con respecto al
estado del estado de la técnica mas cercano.

La solicitud se diferencia con D1 en que se reclama de manera especifica la sal
Clorhidrato del compuesto trans 4-{2-[4(2, 3-diclorofenil)-piperazin-1-il]-etil}-N,N-
dimetilcarbamoil-ciclohexilamina en su forma cristalina.

3. Determinacion del efecto técnico obtenido por las diferencias técnicas de la
invencion con respecto al estado de la técnica mas cercano.

El Efecto Técnico que logra la diferencia consiste en proporcionar una forma
cristalina de la sal Clorhidrato del compuesto trans 4-{2-[4(2, 3-diclorofenil)-piperazin-
1-il}-etil}-N,N-dimetilcarbamoil-ciciohexilamina, que sea soluble, manipulable y
estable.

4. Establecer el problema técnico objetivo a solucionar con base al estado de la
tecnica mas cercano.

El Problema Técnico Objetivo de esta solicitud consiste en cémo obtener una forma
cristalina de la sal clorhidrato del compuesto trans 4-{2-[4(2, 3-diclorofenil)-piperazin-
1-il)-etil}-N,N-dimetilcarbamoil-ciclohexilamina, cumpla con los requisitos de
solubilidad, manipulacion y estabilidad.

5. Comprobar que el problema técnico objetivo de la solicitud fue solucionado.

De acuerdo con la informacién suministrada en la descripcidn de la solicitud en los
folios 44 a 47 con el fin de soportar el objeto de la solicitud se observa que:

Y por ultimo datos del termograma de DSC y diagrama de TG de la forma 1 se
esquematizan en la figuras 4 y §, de donde se concluye que la forma 1 del cristal de
|la sal clorhidrato del compuesto trans 4-{2-[4(2, 3-diclorofenil)-piperazin-1-il}-etil}-N,N-
dimetilcarbamoil-ciclohexilamina se funde a aproximadamente 260.94°C, mostrando
asi, que no hay una pérdida significativa hasta el punto de fusién, indicando la falta
de solvente residual y/o agua retenida en los cristales.
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Tal como se puede observar segiin lo expuesto anteriormente, se describe el punto
de fusion del cristal anhidro de la sal clorhidrato del compuesto trans 4-{2-[4(2, 3-
diclorofenil)-piperazin-1-il]-etil}-N,N-dimetilcarbamoil-ciclohexilamina, pero no existe
una comparacion respecto del compuesto base; lo que hace que esta evidencia
tecnica no permita comprobar la solucion al problema técnico objetivo planteado en
la solicitud porgue no hay comparacion entre la forma cristalina 1 que se reclama en
la solicitud con respecto al compuesto trans 4-{2-[4(2, 3-diclorofenil)-piperazin-1-il]-
etil}-N,N-dimetilcarbamoil-ciclohexilamina en forma ya conocidos en D1.

Por lo tanto, se puede concluir que no existe un efecto técnico probado, porque no se
demuestra la ventaja de la forma cristalina 1, la sal clorhidrato del compuesto trans
4-{2-[4(2,  3-diclorofenil}-piperazin-1-il]-etil}-N,N-dimetilcarbamoil-ciclohexilamina
reclamadas en la actual solicitud, con respecto al compuesto base o ya divulgada en
D1

6. Evaluar si habria sido obvio solucionar el problema técnico objetivo por la
invencion reivindicada.

Extracto capitulo 83: preformulacion, (Folios 107-117, paginas 371-375 y paginas
2226 a 2247)

De tal manera que la solucién al problema técnico planteado por la invencion
reclamada se considera obvia porque la anterioridad D3, ya divulga que las
diferentes sales y formas cristalinas para un mismo compuesto difieren en sus
propiedades fisicoquimicas tales como la solubilidad, estabilidad, velocidad de
disolucion, higroscopicidad, biodisponibilidad entre otras, y es ademas una practica
habitual en estudios de preformulacién dentro de los cuales se incluyen rigurosos
trabajos para determinar su presencia en los medicamentos con el fin de evitar su
inestabilidad o falta de efectividad. Dentro de estos estudios, se investiga
habitualmente (i) la cantidad de polimorfos que existen (Folio 110, pagina 22286,
columna de la derecha, ultimo parrafo-pagina 2227, columna izquierda, primer
parrafo), (ii) el grado relativo de estabilidad de los diversos polimorfos (Folio 111,
pagina 2228, columna derecha, ultimo parrafo), (iii) las gamas de estabilidad térmica
de cada polimorfo, (iv) solubilidades (Folio 112, pagina 2231, columna derecha,
ultimo parrafo),(v) método de preparacion de cada forma (Folio 111, pagina 2229,
columna izquierda, penultimo parrafo), (vi) efecto de la micronizacién o tableteado e
interaccion con los componentes de la formulacion, y que una vez establecido que el
compuesto presenta polimorfismo, existen procedimientos con los cuales el
preformulador puede preparar las diversas formas en cantidades mas grandes para
su evaluacion adicional y adecuarlas para incorporar en las formas posologicas (Folio
111, pagina 2229 columna de la izquierda).

También es conocido en el campo técnico que los polimorfos son diferentes arreglos
estructurales dentro de un cristal de una misma molécula o sustancia, por lo tanto
una persona del oficio normalmente versada en la materia, conociendo que en D1 ya
se divulga de manera especifica el compuesto trans 4-{2-[4(2, 3-diclorofenil)-
piperazin-1-il}-etil}-N N-dimetilcarbamoil-ciclohexilamina en forma de base y sugiere |a
formacion del acido clorhidrico en forma cristalina (Ver pagina 4, linea 9-11), y que
en D3 se conoce que las reacciones de neutralizacion y la subsiguiente obtencion de
nueveos polimorfos se da ampliamente en los medicamentos de uso farmacéutico,
esta persona se encontraria motivada a utilizar métodos como los revelados en D3
para identificar las sales de interés y las formas polimérficas de la molécula en
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cuestion, que ademdas pueden ser analizadas por métodos de cristalografia
conocidos. De tal manera, no es posible concluir que la formacion de la sal
clorhidrato del compuesto trans 4-{2-[4(2, 3-diclorofenil)-piperazin-1-il]-etil}-N N-
dimetilcarbamoil-ciclohexilamina en su forma 1 cristalina, tal como se reclamaen la
actual solicitud envuelvan actividad inventiva, como quiera que la base del compuesto
y su capacidad de formar sales en forma cristalina ya era conocida y sugerida con
anterioridad; es decir, la identificacion de la forma cristalina reclamada vy
caracterizada mediante la técnica de difraccion de rayos X de polvos, no representa
un avance técnico real y tampoco un saito cualitativo a la regla técnica porque el
efecto asociado no fue demostrado en la descripcion de la solicitud, como quiera que
no se encontré alguna prueba o ensayo que permitiera determinar las ventajas
reales de la sal clorhidrato del compuesto trans 4-{2-[4(2, 3-diclorofenil)-piperazin-1-
nj-etif}-N N-dimetilcarbamoil-ciclohexilamina frente al compuesto base ya conocido
con anterioridad que permita probar, un efecto realmente inesperado asociado a una
mayor estabilidad, solubilidad o manejo.

En consecuencia, una persona del oficio normalmente versada en la materia,
encontraria la sugerencia o motivacion suficiente aplicando los métodos y
conocimientos que se tiene sobre neutralizacion y polimorfismo revelados en D3, del
compuesto trans 4-{2-[4(2, 3-diclorofenil}-piperazin-1-il]-etil}-N,N-dimetilcarbamoil-
ciclohexilamina divulgada en D1, con el fin de encontrar una forma cristalina que
cumpliese con todos los requisitos de solubilidad, manipulacion y estabilidad, tal
como la sal cristalina reivindicada, y adicionalmente utilizaria las técnicas de
neutralizacion-cristalizacién y recristalizacion basadas en la disolucién de la moiécula
en diferentes solventes, tal como lo establece la bibliografia basica utilizada por el

técnico mediot™ por lo que resulta obvio disefiar una secuencia de neutralizacion-
cristalizacién—recristalizacion en diferentes solventes o estos mismos en diferentes
proporciones, con el animo de obtener el polimorfo de interés, mas aun si se conoce
el fundamento tedrico'? que ensefia que las sales de cloro presentan mayor
solubllidad y brindan mayor estabilidad que el compuesto base, con la expectativa
razonable de encontrar fos ordenamientos cristalinos reivindicados.

Conclusidn:
Las reivindicaciones 15-20 cumplen el requisito de novedad {Art. 16), pero no
cumpien con el requisito de nivel inventivo (Art. 18).

9. Conclusion

Los requisitos de Patentabilidad de la presente Solicitud estan afectados asi:

Item Documento Reivindicaciones afectadas Requisite que afecta
D1 W02005012266 1-20 Nivel Inventivo

(M

Helman José, Farmacotecnia teérica y practica. Tomao IV, Editorial Continental,_Tercera impresién,
México, Noviembre de 1982. Capitulo 30 Cristalizacién pag 1103 a 1143,

2
{ )Lena Ohannesian, Handbook of Pharmaceutical Analisis. Marcel Decker Inc, USA, 2002, Capitulo 1

Form Selection of Pharmaceutical Compounds Page 13.
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D2 Pharmaceutical salts 1-5y7 Nivel Inventivo

23 Remigton Farmacia, 19 Ed. 15-20 ) Nivel Inventivo

04 Handbook of Pha_rmaceutlcal 6 Nivel Inventivo
Analysis

En cumplimiento del articulo 45 de la Decision 486 de la Comision de la Comunidad
Andina, se le indica que debe dar respuesta dentro del término de sesenta (60) dias
contados a partir de |la fecha de notificacion de la presente comunicacion. En caso de
no dar respuesta al presente requerimiento, o si a pesar de la respuesta subsistieran
los impedimentos para la concesion, se denegara |a patente.

Notifiquese el presente oficio conforme a lo dispuesto en el numeral 5.2, literal e), del
capitulo quinto del titulo primerec de la Circular Unica No. 10 de 2001.

/‘éﬁ—t“f

JOSE LUIS SALAZAR LOPEZ
Director de Nuevas Creaciones (C)

El anterior requerimiento fue notificado por fijacion en lista, de fecha
23 SET. 2010

Elaborado por: Harvey Alonso Jaramillo Vergara ©OIKC b
Revisado Por. Jacqueline Alfonso
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” The chemical, biological. ph sical, and economic char-
acteristics of medicinal agents can be manipilated and,
hence, oftzn optimized by conversion to a salt form.
Cheosmg the appropriate salt, however, can be a very
d'iffz'-:uh task, since each zalt imparts unigue properties to

CAS DDS
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Salv-forming agents are nften chesen omqiri.aii\ Of the
many salts synthesized, the preferred form is sefected by
pharinaceutical chemists prirnarily on a practical basis:
cost of raw materials, ease of crystallization, end percent
yield, Other basic cnnexde‘at‘ons include stability, hy-

groscopicity, and flowability of the resuiting bulk drur
Unfortunately. there i3 1o reliable wav of predicting the
influence of a particular ssit species on the behavicr of the
paren: compound. Furthermore, even afier many salts of
the sume basic agent heve baen prepared, no efficient
screening technigues exist to facilitate selection of the salt
mast Lkely to exhibit the desired pharmecakinetic, solu-
bility, and formulation profiles.

Some decision-making models have, hosvever, been de-
veloped to help prediet salt performance. For example,
Walkling and Appino (1) described two techniques, “de-
cision analysis” end "“potential problem analysis,” and
applied them to the selection of the most suitable deriva-
tive of an organic acid for development g6 8 tablet. The
derivatives considered were the free acid and the potassi.
um, sndium, and calcium salts. Both techniques ere based
on the chemical, physical, and biological properties of these
specific derivatives and offer a promising avenue for da-
veloping optimal salt forms.

Information onealts is widely disperaed throt.choht the

. Dhs.rmaceutlca.] literature, much of which addresses the

use of salt formation to prolong the release of the active
co:mpenent, thereby ehmmalmg various undesirable drug
properties (2-6}. This review swrveys literaturs of the lest
25 vears, emphesizing comparisons between the properties
of different salt forms of the ssme compound. Included also

iz 2 -fizcussion of potentially useful salt forms. Our purpese

is L\--uuld to present an ove—new of the many difterent

D R |
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Anson Percapt? ~Anion Peecenc?®
RILIRt i ide 2qQ?
Banzengsalfonate Ise hinnate! 033
Crrragts Lactate Q.75
Eizarhonacs Lactobicoate uls
Pitartrale — Mlalgte 0.13
Dropide Maleate 303
Caletum adezats Mandeinle 38
Canmsvlata® Mesylata A
Carboonte Melbvibrozi i2 015
Chloride Mathvlnizrate FINE
Citrate Muthplailtuis .83
Dihydrochloride Murgrs 013
Yratate .35 Mapsvlate 0.3
Edizylater 0332 Nipreis 054
Earglate” 0.13 Famnate (Emboasts) 1.01
Laylate® 0.15 Fantathenats 0,23
Fumsrale L 0.5 Phosphate/diphosphs:s i alq

0.13 Pulygelasiuronars N 0.1

0.51 Salieylate 0.53

: 0.25 S:zarate 0.25

Gly 0.3 Subacstaze 0.3%

H T 0.13 Syceinate 0.3%

:drsbamiing® Q.23 Sulface 746

Hvdrrbromide 1.5 Tashate 0.55

Hyvdrochloride $2.88 Tartrate 3.54

Hydrorygaphibonte 023 Taoclste/ 0.2

Trimtbivdsde AR}

Cation Forceat? Cation . Percent®

Matallic:

Benzathine! 1] 4 Alumiruz 11.65

Chluroprocaias 0.3 Caleivy 048

Chelize 0. Litaive 184

ia i} hlegmzilirn 131

0.5 Potasium 1082

2.2 Sodum BL.B7

0.5 Zing¢ 2,93

* Percent is baaed on total numbes of anianic or catineic salts In yse through 1874, ¥ Campborsulfonete, ¢ 1,2-Ethanedisnlforats, ¢ Lauryl sulfate.
" Ethanesulfonate, / Glucoheptonate. # o-Glveollazid uph::{]wsnngu. = N N'Di{dekydroubistyliethylanediamine, ' 3-Hydraxyethanesulfonate,

f g.Chlorathasphyilinate, © &,NV-Dibenzylethvienedianine.

10 assernble data that will provide, for the student and
practiticnier alike, 2 rational basis for selecting a suitable
st form.

POTENTIALLY USEFUL SALTS

Salt formatien is an ecid-base reaction involving either
& proton-transfer or neutralizetion reaction and is there-
fore controlled by factors influencing such reactions.
Theoretically, every compound that exhibits acid or base
characteristics can participate in salt formation. Particu-
larly importent is the relative strefgilt of the acid or
base—the acidity and basicity constants of the chemical
species involved. These factors determine whethet or not
formation gccurs and are a measure of the atability of the
resulting sglf,? :

The number of salt forme available to a chernist is large;
surveys of petent literaiure show numergus new salis being

synthasized annually. Various salts of ihe same compourd .
.often hehave quite differently because of the physical,

chemical, and thermodynamic properties they impart to
the parent corapound. For exemple, & salt's hydrophobicity
and high cryvstal lattice energy can affect dissolution rate
end, henve, bivavailability. Ideally, it would be desirable
if one could pradict how g pharmaceutical agent’s prop-
erties would be affected by salt formation.

Tables [ and IT list all salts that were commercially
marketed threugh 1974, The list was compiled from all
agentz listed in “Martindale The Extra Pharmacopoeia,”

N-Maihyizlocaming.

26th ed. (7). Table I categorizes all salt forms approved by
the Food and Drug Administration (FDA), while Table I
lists those not approved by the FDA but in use in other
countries. {Only salts of organic compounds are considerad
because most drugs are organic substances.) The relative
frequency with which gach salt type has been used is cal-
culeted as a percectage, based on the total number of arn-
jonic or cationic salts in use through 1974, Because of
simple availability and physiological reasons, the mano-
protic hydrochlorides have been by far the most frequent
choice of the gveilable anionic gali-forming radicals, out-
nurabering the sulfates nearly six to one. For aim{lar res.
50n3, sodiam has been the most predominant cation,
Knowledge that one selt form imparts greater water-
solubility, is less toxic, or slows dissolution rate would
greatly benefit chemists and formulators, In some cases,
such generalizations can be made. Miller and Heller (8)
discussed some properties associated with specific classes .
of salt ferms, They stated that, in gensrsl, salt combina-
tions with monocarboxylc acids are insoluble in water and
lend themselves to repository preparations, while those of
dicarbexylic acids confer water sclubility if one carboxylic
group is ef} free. Pamoic acid, an aromatic dicarboxylic
acid, is ap exception since it is used a9 2 means of obtaining
prolonged action by forming slightly soluble salta with
certain basic drugs. Salas et al. (9) reviewed the use of this
salt form in preparing sustained.release preparations.
More recently, latentiation of d:hydrostreptomycin (10}
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using pamoic acid resuited in the formation of a delayed-
action preparation. Numerous studies using pamoate salts
are dispersed throughout the literature {11-13).

Alginic acid alsa has beer used to prepere long-acting
charmaceuticals. Streptomyein elginate was prepared (16)
and shown to he effective [n sustained-release prepara-
tinns. A striking example of a long-acting aiginate salt s
that of pilocarpine. When dispersed in sterile water and
dried to a solid g&l, this compound was found useful in the
preparativn of long-aéting ophthalmic dosage forms (17).
While liguid preparaticns of the alginete and hydrochle-
ride salts possess similar migtic activity, studies showed
that selid pilocarpine alginate flakes constricied pupil size
rare effectively and increased the duration of miesis sig-
1ifcantly when compared with the liquid preparaticns.
Sclid dose pilocarpine may be more uniformly available,
because it diffuses more slowly through the gel matrix
which holds the druz in reserve, In contrast, drops of the
commonly employed solution dosage form release the dose
immediately to the conjunctival fluid.

Malek e¢ ¢l (18) devised 2 unique way of prolonging
action through salt fermation; they showed that the dis-
wribution of soveral antibintics could be markedly altered
by merely preparing macrumoleeulur selts. Since macro-
melacules and colloidal particies hive an affinity for the
lamnhztic svstem. Strepiomyein. haemyvein, viemyein, and

—
o1
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streptothryein were combined with high molacular weight
compounds such az polyacrylic acids, sulfonic or phos-
phorylated poivzaccherides, and polyuronic derivatives.
Parentera} edminisiration of these compounds produced
low blood levels of the antibiotic far leng periods, while
lyinph levels were high. (In comparison, streptomycin
subfate gave nigh blaod levels but low lymph levels.) This
alteration in disurtbution caused the streptomycin to
prelonz its passage through the bedy, since lymphatic
cirouiation is guite slow,

The appropriate choice of g salt form bas been found
reduce toxizity. It can he rationalized that any compound
associated with the nermal metabolism of feod and drink
must be esseniially nontexic. The approach of choosing
organic tadicals that ere readily excreted pr metabolized
opened up 2 new cless of subsiances frommvhich to select
a salt form, For example, certain salts of the strong base
choline have proven to be considerably less toxi¢ than taelr
parent compound. The preparation and properties of
choline salts of a series of theophylline derivatives were
reporied (19), and it was shown that chaline theophyllinate
possessed a greater LDz than theophylline or its other
salts (20), Tt was postaisted that this agent would be less
irritating 10 the Gl tzact than aminophylline, because “its
hasic constituent, choline, is an almost completely non-
toxic substance of actizal importance to the physiologic
ecancmy.” This evidence led i the preparation of choline
salivviate (21) 25 an atzempt to reduce the Gl disturbances
associnted with salicvlate administration. Clinical studies
indicated that choline salicylate elicited a lower incidence
of (I distzess, was tolereted in higher doses, and was rf
greater benefit to the patient than was acetylealicylic acid
(azpirinl, .

Amino acids and acid vitamins also have been used as
salt.forming agents. Based on the evidence thet coad-
ministration of amino acids with aminoglycoside antibi-
oties reduced their texicity, s series of amino acid 3alis of
dihydrostreptomycin was prepared (22). In all but one
case, the acute toxicities of these salts were Jower than the
toxicity of the sulfate. The ascorbate and pantothenate
also were synthesized and shown to be less toxic than the
sulfate. Of the salts prepared, the ascorbate had the highest
LD, :

The vitamins most commanly used for forming salts
ethibiting raduced toxicity are ascorbic and pantoshenic
acids. Keller 2t af. {23) were the first to use pantothenic
acid as a means of “detoxifying” the basic streptomyces
sntibiotics, Parenteral administration of the pantothen-
ates of streptomycin and dihydrestreptomycin had a sig-
nificantly reduced ingidence of acute neuratoxicity in cats
as compared with the sulfates. Subsequent studies (24-28)
supporied this fnding and showed that the pantothenates
of necmycin and viomyein also are lesa toxic. The ascaorbate
of oleandomycin was synthesized and its pharmacological
properLies were teported (28). Upon intramuscular injec-
tion in rats, it produced less irritation than the phos-
phate.

p-Acetgmidobenzoic acid, an innocuous metabolite of
falie acid present in normal blood and urine, has been used
in preparing salis. In particular, it yields stable salts with
amines that otharwise tend ta form hygrascopic products
with conventiona! acid compenents (30).

ften the salt form is chosen by determining a salt

.




eomponent that will pharmacologically antsgonize ap
unfsrorable propereye or properties exhibited by the baszie
ggent. Salts of A.cvelohexyisulfamic acid are an exaziple
of the practical applicatisn of this approach. N.Cycla-
hexyisilfamic acid sally, better known as eyclansates. have
f characteriztic swee?, pleasing taste. Although gresently
under investigation by the FDA for potentialiy carcine-
genic praperties, saits incorparating this compound can
render unpleasant or bitrer.tasting drugs acceptahle. For
exampie, the cydamates of dextromeiborphan and
chicrpheniramine exhibit yreatly improved bitternes:
threshelds compared 10 commoniy cecurring salts (31}
Furipermaore. thelr stability in agueous solaticn was de-
scribied as goad when malntained et 2 pH not freater than
4. - .

N-Cyelonersisulfamic acid saits of thiamine hydro-
chigride and Lincomyein also have been synthesized. Thi-
amine V.cyoiohexylawlfamate hydreochloride was reported
te have a more pleasant tasie than other thiamine salts
while having an equal ar greater stability (32). Lincomyeln
cyclamute, showtt to possess an enhanced thermal stabilicy
cver its hydrochloride, was prepared (23} to test the hy-
pothesis that reduced lincomycin absorption in the pres-
ance of small quantities of eyclamates wzs due to a simple
metathetic reaction. However, this assumption was found
not to be true, An extensive study of the preparation end
characterization of cyvclamic acid salts of several widely
used efasses of drugs including antihistamines, antibiotics,
antiiussives, myospasmalytics, and local anesthetics was
reported (e, 353,

Various salts of penicililn and oasic amine compounds
have heen formaulatad in ex affort to produce a long-acting,
ronallergenic Torm of penicillin. Since zntihistamines
appear to mitizate the symptomatology of penicillin re-
actinns in sume patiente, coadministration af the two has
heen advocated. The preparstion of the benzhvdralamine
salt of penieillin was an attempt to produce 2 repository
form of peniciliin with antialleryic oroperties (36). Blood
levels achieved wath this salt were comparable to these of
penicillin G potassium; however, irs antisllergic properties
were not evaluated. In fact, the investipatars noted that
ertihistamines cans artuallv eause sensitization at times
and stated that “despite their occasionally favorable in-
fluence on the symptems of penicillin sensitivity, they
consribuie directly to the potential of drug sensitivity when
co-administered with penicillin”

Silver salts of sulfanilamide, penicillin, and other anti-
biatics have been prepared and represent cases where the
species (ions) are cumplementary. When aqueous solutions
of the saliz wera applied tapically to burned tissue, they
vielded the combined benefits of the oligodynamic action
of silver and the advantages of the antibacterial agents
(37).

Tha use ¢f 3-substituted xanthines, particulsrly the
S-substituted theapayllines, as salt-forming agenta was
fiest reported in the preparation of s series of antihistamine
salts (38410, Synthesis of these xanthine salts was an at-
tempt o find a drug to counteract the drowsiness caused
by the antihistamines with the stimulant properties of the
xanthines. When an eleclronegative rroup is intreduced
intn the xanthine mulecule at the 8-position, ihe elec-
tron-drawing capacity of the substituent results in the
creatinm of an acidic hvdrocen at pesition 7. Thus. theze

U1o15:08 08107 FAX 61444735348 £a$ DOS @oms B3

mederately strong acidic cumpounds can undergo salt
foration with various ezganic bases,

The B-halotheophyllines were the first group of san-
things studied as potential salt-forming agents. Since the
report on the preparation of the §-chloratheophylline salt
of diphenhydramine (42), syathesis of the §-halotheo-
phylinates of a mwunher of erzanic bases has been at-
temptzd. The B-chisrotheophylline selts of quinine,
ephedrine, and strychnine were prepared and character-
ized (432). These salts were leas water soluble than the
comesponding free alkaloidal bases. In a similar repart, the
S.chiorotheophyllinates of three synthetic narcotics,
mepzriding, levorphanol, and metopon, were prepared
(44).

Phermacologicsl and clinical studies involving the 8-
bronatheophyliine pyrilamine calt revdaled the unusual
diureric properties associated wich the 3-halotheaphyliine
portion of the compound (43, 46). This finding initiated
an investigation into the preparation of s soluble 8-bro-
ragtheophyliine salt of high divratic activity. With readily
available amines, aver 30 salts were synthesized and
screened for diureiic activity (47). When tested against
theophylline salts of the same amines, the 8-bromotheo-
phyllinates shawed greater activity in every case.

With the suceessful formation of 8-halotheophyllinates
of urganic bases, Morezowich and Bope (48) proposed that,
if the halogen raolety wss repleesd with a more electro-
negative substituent such as & nitro group, & more acidic
compound would he formad. Presumably, more stable salts
wauld result and precipitation of the free xantbine deriv.
ative in the stomach would be lass likely te accur. On this
premise, they succesefully prepared pharmacologically
effsctive 8-nitrotheophyllinates of several pharmaceuti-
cally usaful bases,

Duesel et ¢l (18), in their study of zholine theophylli-
nate, prepared the 8-chloro-, 8-bromo-, and §-nitrothen-
phylline salts of chaoline. Oral toxicity studies in mice
showed that the LDgy of the 3-nitrotheophyilinate wes
rouch greater than that af either 8-halotheophylline. In
fact, it remained nontethal at doses as high rs 5 g

Polvgalacturonic acid, a derivative of pectin, has been
used to prepaze quinidine salts exhibiting reduced toxicity
(49, 50). The compound possesses speciel demulcent
properties and inhibits mucosal irritation. The rationale
for use of this agent is to reduce theionic shock to the GI
mucosa resulting {rora the flood of irritating ions Lberated
by rapid dissociation of the conventional ingrganic quin-
idine salts. Studies have shown that it is four times tess
toxic orally than the sulfate. This difference was attritbuted
o the alower release of quinidine from the polyzalactu-
ronite.

Other compounds treparted to be potentielly useful as
pharmaceutical salt forms are listed in Tahle HIL

PHYSICOCHEMICAL STUDI ES

Biclegical activity of 2 drug molecule is influenced by
two factors: its chemical struciure and effect at a specific
site and its ability to reach—and then be removed (rom~-
the site of action. Thus, a knowledge of the physicochem-
ical properties of a compound that influence its abserption,
distribution, metaboelism, and excretion is ¢scential far a
complete understanding of the onset and duration af ac-
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tion, the relative toxicity, and the passible routes of ad-
ministration (2). :

In 5 review in 1960, Milier and Holland (92) stated that
“aifferent salts of the same drug zarely differ pharmaca-
Jogically; the differences are usually based on the physical
properties.” In a subsequent review (93), Wagner ex-
panded upon ihiz staterzent, asserting thet, although the
hature of tile biological responses elicized by a series of
saits of the sare parent compeund may not differ appre-
ciably, the intensities of respobse may differ markedly.

The salt form is known to influence a nurzber of physi-
cochemical properties of the pareat compound including
diszotution rate, selubility, stability, and hyeroscopicity.
Tiese properties, in tura, affect the availability and for-
mulation characteriatics of the drug. Conaequg}-it}:-'.i the
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pharmaceutical ndustry has systamatically engagea in
extensive prafornsulation studies of the physicochemical
praperties of each new drug entity Lo cetermine the most
cuitahle furm for drug formulation. Published information
concerning such studies, however, is sparse. Preformula:
tion studies have been vutlined, and the influence of the
seit form on the volatility and hvgroscopicity of an agent

In one such study, methylpyridinium-2-aldoxime
(pralidoxime) salts were investigated {35). This study set
out 10 prepare a salt with water solubility adeguate to allaw
intramuscular injection of a low volwme (2-3 ml) thera-
peutic dese. The original compound, the methiodide, bad
the disadvantages of limited aqueous solubility and high
potential toxicity, since its high todide content could reault
i iodiam, On the basie of physiclogical compatibiiity,
better water solubility, favorable stability, and relatively
high percentsge of axime, the chloride salt of pralidoxime
was selected for therapeutic administration; it was claimed
that ""the anion used to form the salt can confer physical
properties of importance and significance for the formu-
latior and administration of the compound’ (35},

Scrae physicochemical properties of a serles of mineral
acid salts of idocaire also were determined (86), While the
hydrochloride and hydrobromide were more hygroscopic,
they were more solubleina number of solvents than the
nitrate. perchiorate, phosphate, or sulfate salts.

Dissolution Rate—The dissolution rateof a pharma-
ceutical agent is of major importance 1o the formudator. In
many cases, particularly with poorly soluble drugs, this
emsartomintin hoot reflprts the bioavailabilivy of the com-
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pound. As a rule, a pharmaceutical salt exhibits a highar
dissolution ste than the corresponding conjugaie acid or
base at an equal pH. even though they may have thesams
vauilithrium salubilizy. The explanatinn for this result lies
it the proceszes that control dissolution,

Dissalution can be described by a diffusion laver mede!”
in tezms of an equation developed by Nernst and Brunner
[MEER

T T
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3.
where Wil the uass of t‘n solute dissolved at tioe 4,
¢ WG 1R the rate of mass tranzfer per unit time, D {5 the
sulule inclecule [lufu ion coefficiznt, S is the surface area
of the dissolving solid, A iz the diffusion laver thicknesy,
C iz Lhe eancentration of the deuzin the bulk salution at
time ¢, and C; is the saturation solukility of the solute in
the diffusion layve:.

The driving fozce for dissolution in Eq. § is the difference
between the samration solubility of the drug and the
concentration of the drug in the pulk fluid. If the drug is
net mpidlv absarbed after it dissolves, then ¢, the con-
centration in tne bulk solution, spproachna C, and the
diszojution rateis rauuden When this ocours. absorpt:on
is "absorption rate’ limited {¢r “membrane iransport”
linited). If the abeorption rate is rapid (ot if the abserption
rmass Lzansfer enefficient is much larger than DS/ of Bg.
i1, however, € lhecomes neglizible compared to C; and
dizsolution oceurs under Ysink” conditione. Absorption is
then waid to be dissolution rate limited, which is what oc-
cuars with mest pooriv soluble drugs Ineither case, anin-
crease in (L, as in salt formation, increases dissotution.

Salts often speed dissolution by effectively acting as
their own buffers to alter the pH of the diffusion layer, tous
incrassing the solubility of the parent compound, C,, in
that layer over its inherent solubility &t the pH of the
dissolution mediuvm. Hence, dissolutinn I contralled by
solubility in the diffusion layer which, in turn, is deter-
mined by the pH of that layer. The m"uem.ﬂ of K,p onthe
solubility term, C,. and diszolution rate, should an accu-
Inmle.‘.ion of ions be allowed to oceur, will be treated
aAter,

Nelson (38), in a study of theophylline salts, was the first
to show the correlation between di¥usion layer pH and
dissplution rate. The wajor impact that this study had on
the pharmaceutical sciences was its conclusion that, if
other factors remained constant, the dissolution rate of a
compound determined the rate of buildup of blood levels
with tiroe and the maximun levels abtained. Those salts
of the ecidic theophylline with high diffusion laver pH's
nad greater ini vitre dissolution rates than those exhibiting
a lower diftusior: laver pH. And, indeed, the rank order of
disselution rates correlated well with clinically datermined
bicod levals. Presumably, the higher pH in the diffusion
{sver retards hydrolysis of the salt, thereby maintaining
the anionic charge of the theophyllinate ion. This report
led o mary addisional studies which iliustrate the influ-
ence of the sslt furm on dissolution and the beneficial ef-
frets of changing nunionized drugs inte salts,

Jurcher and Raaschou {99} demonsirated that the rank
orger of paak blsod levels of penicillin V, ebtained upen
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administzation of three different salts and the free acid,
wi; the same as the rank order of their rates of dissolution
in witre, While the investigators ascribed these differences
{0 the solubility properties of the salts, their experiments
actually compared diseolution rates, not solukilities. The
relstive arder of dissoluticn rates apd mean maximal biocd
levels wns: potassium sals > caleium salt > free acid >
Lenzathine zalt.

Nelson (130) detenigined dissolution rates for several
veak acids and their sodium salts in medis whose pH's
represented GI fluids. In all cases, the sodium salt dis-
selved more rapidly than the free acid. This fl“dLug re-
solved the mwc.oncept:om that absorption of druga is re-
iated ornly to rolubility inthe appropriate medium; rather,
salubility affects absorption only o the extent that it af-
fects dlssuluhon rate. Absarption of d: ugs is a dynamic
process, and the uliimate solubility of a drug in Auid et
absprpiion sites is of limited consequerice since absorpiion
prevents the attainment of szturated solutions. Therefore,
disschition rate, more than selubility, influences absorp-
Lion since it i a praceding process.

1n two subsequent studies, Nelson and cowarkers fur-
ther ilustreted the effects of chunging nonionized drugs
into salts. A report concerning tolbutamide (101), a weak
acid. showed that the initial dissolution rate cf tolbutamide
sodium wos approxmately 5000 times more tepid than the
iree acid in acidic mediz and 390 times more rapid in
neutra! media. Thiz qifference, measured (n uitrs, reflected
the difierences observed between the free acid and thesalt
when adreinistered to human subjects. Oral ad:ninistration
of tolbutamide sodium produced au immediate drop in
blood sugaz eomparable to that produced by intravenous
injection of the salt, whils the slowly dissolving tolbuta-
mide produced & smooth, sustained fall in blood sugar
(102).

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

Eenet {104), in a discussion of the bicpharmaceuticat
basis for drug design, referred to the influence of the salt
forrn on dissolution, He compsred the dissolution rates of
tetrscycline and tolbutamide and their salts, as reported
in the studies previously cited, and sxplained why the rates
differ at the pH’'s exhibited by physiological fluids.

Although salt formaticn usually increases the dissolution
rate of a drug, studies with aluminum acetvlsalicylate (103,
106), warfarin sodium (107), and benzphetamineg pamoate
{108} showed that admiristration of the salt slowed dis-
solution of the drug and subsequent absorption compared
1o the nonionized forr. This decreass appeared to result
from precipitation of an insaiuble particle or film on the
surfaee of the tablet. Such & phenomenocn decreases the

effective surface aree and prevents denggregation of the

particles. Theoreticsl considerations of the processes
controlling dissolution of an acid salt of a bzae (108) and
the sodium salt of a weak acid (108, 110) in reactive media
nave been discussed,
Tablet processing and various formulation fectors can
decrease the dissolution rate of a salt in human gastric juice
ovar lt.s nomomzer‘ form {111), Granulation and, tebleting
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decrease bu: had the opposite eifect oo phenobarbital.
Therefore, 85 a "ablet dosage form, the disselution rateof
the sodium sabi was siower thae that of toe Gze acid. These
results were attributed to differences in the disinlegrating
properties of the eblels n sowe instances, rapid disso-
Lution may i fact be @ problem for very sotuble drugs.

Otners have illusteated a phenomenon that decreasss
shy dissolutior 7ate of a salt below that of its nonionized
form. Lin at el (1121 siudied the relationship herween salts
and biolagical activity by dissolving three 2alts and the free
base nf 2o experimestal antiypertensive in water, 0.1 N
HCL, and pH 7.2 phosphate tfter. The disselutinn rate of
the manchytrochlorde sait mas lower thag that of the free
biase in 0.1 A HCVand highes than the free base in buth
water and phosphate buffer. These authors ascribed this
variation to the common ion effect and substantiated it
experunentally. Although the biolngical activity of the
monohydrochioride was greates than that of the fr2e haze,
the implications of altered absorption charzcteristics on
the activity of any other hydrochloride sult in GI fluids
must be considered. Similar results also weve repurted for
nydrochloride salts of sowe tetracyclines (113).

Sorme corsideration must be given to the influencs of salt
formation on oral toxicity, which eften reflects the rela-
tignship between the in uivn dissolution rate and the ap-
pearaace of drug i the circulation (114, 113), Merozomich
et al. (113) showed thet the relative osicities of a series
of sults of 2 drug reflect the rate of abserption, providing
{he salt-forming agents themselves are relatively nontoxic.
They stated that “when absorption ig rate-limited by
dissolution of the salt in'the gastrointsstinal tract, as will
Le the cate with slowly solubie salts, the toxicity of a clowly
gissolving salt will most probably be lower than thatof a
mare rapidly dissolving salt.” The implications of salt
formation on taxicolozy will be discussed under Texico-
Ingical Considerations.

Several reviews dealt with the influence of the dissolu-
tion rate on ¢rug availability and, n perticular, salt effects
(116, 117). Other reports illustrating the infiuence of salts
and salt form oo dissolution rate are listed in Table Iv.

Solubility—Xnowledge of the solubility characteristics
of a pharmaceutical agent is essential, because solubility

is uscally an important factor in the pharmacokinetic .

profile, the chemicsl atebility, apd, ultimately, the for-
smulation of the drug, As discuased previously, itia certainly
a primary factor in controlling dissolution rates. The sol-
ubility of a compound depeads basically upon the physical
and chewnical propesties of the solute; e.g., alower mwelting
point for a compound within a series reflacts o decreased
lattice energy, which would suggest & higher selubility.
Solubility deperds &s well upon such elements g5 tem-
peratire, pressure, solvent properties (such as resulting
pH), and, to a lesser extent, the state of subdivision of the
soluta.

An imporiant solvent property which is often overlooked
involves the common ion effect; in particular, hyvdrochlo-
ride salte of drugs often exhibit less than desirable solu-
bility in gastric juice because of the abundarce of chloride
ions, The equilibrium involved is shown in Scheme I -

OH Tl i = {DH g + {017
Srieme !

-

Tabie IV—Additionzt References on Salt Form and
TNissoiuticn Rate

Tupic Reference
Uhssclytion rate of misluwres of weak acids fod wibdasic 113
sedivm shasphate .
Physintssiedl availability and in vitre dissedution 112
churactesizties of enme solid dosage furmulations of
antinssaiioyic acid and i salts
Blophdrmaseytics, rale of dusolvtion, enranclogieal el
bibiiography
Biapharmaceutics: rate of dissalution fn vicrs ced in vivy 123
Bissolutivn tazts and interpzatation of anooialies abserved L1z
in the dizzelution procsss of sulfaguicoxalise basd o3
s2lt formacion
influeace of the dissalntion rate of Lthium wbietz on e 123 !
effects
Disandutinn winetics of drugs in bumar gasine juicey 174
Campazizan of dissolutizs ©e abaorption retes of § 125

different comrescial pspirin wblats
In vitre dissoluiion rales of aminorax dosage forms and 126
their cocselation with in vitry availability

considered as a means of increasing a compound's water

solubility. As with disselution 1ates, however, salt forma-
tion does not always confer grestes salubility. Liberally
dispersed throughouat the pharmacestical literatuze are
studiee that compare the solubilities of different sait forms

of the same compound with those of its free acid or base

{Tzbie V. Selection of the salt form exhibiting the desired
solubility properties is criticel, since these properves often
dictate the formulation charactetistics of the drug.

Phace solubility technigues were used to study the fer-
mation of coraplex salis of triamterens (127). The resulis
indicated that the organic acid salts of basic drugs, such
a5 emines, were more spluble in water than the corre-
sponding inorganic (halide) salts. This consideration is
important in the synthesis and selection of & salt form that
will exhibit enhanced bicavailability and desirable for-
mulation characteristics. :

The hydrogen-ion concentration can significantly affect
the sotubility of 8 salt. Anderson (128) dizcussed the in-
fluence of pH on the solubility of pharmeceuticals.
Mathematical relationships hetween pH and solubility of
therapeutically useful weak acids and bases and their salts
wete given along with some considerations in the formu-
lation of solutions of these particular agents.

An extensive study on the sotubility interrelationships
of the hydrochloride end free base of two pharraareutically

useful amines was repozted (129). Mathematical equations

describing the total solubility at an arbitrary pHin terms
of the independent solubilities of the hydrochloride 2nd
free base species and the dissociation constant of the salt

were derived and fiited to experimental data with cood -

results. This report elucidated the point that, while the
solubility of the amine hydrochloride generally sets the
mayimum ehtainable concentration for a given amine, the
solubility of the free base and the pKa determine the

rraximum pH at which formulationasa solution is possible

(assuming that the desired concentration exceeds the free
base solubility). Shifting the pH-solubility profile to higher
pH values for formulation purposes may require increasing

the sclubility of the free dase, This increase might be ac-

complizhed by using an appropriate cosolvent. Since the
dissociation characteristics of carboxylic acids and other
acidic organic species are similar 1o these of organic hy-
Areerlardes, it is exnected that the pH-solublity profiles
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of these organic acids, altbough reversed, can be charac.
terived tkegrenically using the same {rsaiment.

Several reports showed that the structere of an orgabic
salt-{orming radical influences the solubility of the re-
sulting salt. The watar solubilities of 16 salis {carboxylstes,
suifaes, suliamates, and phosphates) of the weak base
prythromyein were dependant on the size of the alkyl group
of the acid (1 In 2 study with N-slhylsullamates of
Uncomyein {561, o similar ptenomenon was observed:

solubility of thesa salrs decreased as the size of the alkyl |

graur attached 1o Lae acidic funcilon incrsased.

Seniar (131), ia ¢ study oo the forulation and prop-
erties of the anzilacterial chlarhexidine, determined the
water solubilities of 33 saltz and the fres base. He found
that inarganic sglie had remarkably low solubilities while
these of the lower aliphatic acids proved to be somewbat
mote saluble. Hydroxylation of the acid incressed solu-
bility, since salt formation with pelvhydroxy acids, par-
tirwlarly the sugaracids, conferred estensive water solu-
Lility Lo the molecute.

Several investizators reported the infiuence of the sol-
ubility of 8 drug on i1s formulation and subsequeni avail-
ability from the dosage form. In o discussion af the prep-
aration and formulation of epinephrine salts in an aeroso)
gvstem using liquefied gas propelants, Sciarra et af, {132)
pointed out that the selubility characteristics of the agen:
nre Duportant in two respects. First, the souhility of the
inerapéutically wesive ingredient in the various propellants
is an important consideration if the product is to be used
for either loeal zction in the lungs or systemic therapy.
Second, the solubility of the drug in extraceliular fiuids
plays au important rele i selection of the compound. The
hitartrate. melate, mzleate, and fumarate salts of epi-
nephrine were prapared znd subjected to solubility and
swability studies. While il salts had similar partition
coefficients, the salubility of the maleate in several pro-
pellants and its stebility in formuleted aernsols made it the
drug form of choiee.

Epkedrine hydrachloride was mote rapidly relessed
than the fre= base rom theobrowa cil suppoesitories con-
tsining different surfaczants (133). This enhanced rate of
release (dialvsis) was ascribed primarily to the greater
aquecus salubility of the hydrochleride, which solubilized
fagter from the oil-in-water emuision, wherzas the
ephedrine alkaloid base tended to remain behind in the il
phase.

The solubiiity of the active ingredient in ointment bases
can dramatically influence its diffusion properties. A study
of salieylic acid and its sodium salt showed that the dif-
fusion of both was very low from hydrophobic bases,
wherees the solubility of the drug significantly affected the
diffusion from hydrephilic bases. The more soluble scdium
salicvlate diffused rnuch faster from these latter bases than
did salicylic acid 1134). -

Additional references on the relationship of salt form
and soluhility are listed in Table V,

Orgeaoleptic Properties-——Modern medicine requires
thet g pharmaceutical farmulation be efficacious, sale,
stable, and acceptable to the patient. Of primary imper-
tancein the development of oral dosage forms is taste ac-
ceptability. This factor prezents no major probles:s when
the drug is to be adminiscered us s tahlet or 2 cepsule and
swallowed as 2 unit but is clearly a proinent facior in
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Table VmAdditional References ou Tajt Form and
Solubilly

Topic Relsrence
Taflyenee al zzlubiliry oo he rate of Gl aheosption of 137
s
Effe::t nf dasage ‘orm upen tbe 5] absorption vate of L]
ER o Oy
PPhes il properties of polyens meerulide eatera 135
and thgin water-zalobie salts
T=alatice ung rescuea producis of orotic tets ang smines 158
and thair 2etublity by wacet
Salebitity and swbiity of anthromysin saits 130
Stuciar oo pharmsceutical preparasions of erotic acid: 142
olubit prapertivs of orotic aaid sajis
;5 antizictics in 24 solvents 1142
v of antidiclics In 76 solvents 43 .

. 1
natient acceptability when it is to be wdministered a3 s
linuid, chewable tablet, or lozenge.

Since taste is a chemicel sense, & substance must be
dissclved if it is to elicit a taste sensation—either by taking
it as a solution or by its dissolving in the saliva. Therefore,
one method used to minimize undesirable orgacocleptic
properties of pharmaceuticals involves the preparation of
a poorfy seluble salt form of the drug such that the satu-
ration concentration is less than the taste thresheld.

Erythramycin estelste (lauryl sulfate) has approxi-
mately one-twelfth the solubility of the free base, is
tasteless, and is useful in the formuiation of oral suspen-
sians (144). & study on envthromycin salts showed that toe
bittarness level wes dependent on two preperties: (a) the
water solubility of the salt, which is dependent on the size
of the alkyl group attached two the acid function; and (5} the
strength of the acid used to farm the salt, i.e., the stability
of the salt (130). The stearyl sulfamete salt possessed the
most desirable organoleptic properties.

Many problems concerned with formulation and sta-
bility of topical end oral pharmaceuticals containing
bacitracin have been overcome by incorporating bacitracin
into the formmulation as its zine salt. One distinct advantage
over the parent compound is its lack of taste, catsed by its
relative insolubility. Thus, it is the preferred drug forw for
preparations where taste i3 a factor {143). Taste panel
evaluations of the comparative bitterness of bacitracin zine
and bacitrecin indicate that the taste of the zine salt is
meore easily masked mad that the presence of 2 bitter.
ness-measking adjuvant, such as sucrose, increases the
bitterness threshold ratio differences between the two
compounds even further {146). '

Propozyphene napsylate, neazly water insoluble, is only
elightly bitter to the taste as.compared to the highly
water-soluble hydrochleride (147) and can be readily for-
mulated into a flavored z2queocus suspension. The taste of
thege suspensions can be improved significantly by the
addition of 2 comman ion (sodium or caleium napsylate)
to depresa solubility further.

A newer approach to the improvement of drug palata-
bility has been to form insoluble salts with lon-exchange.
resins, Several investigators described and tested the
practical application of this methoed (148-150). Spross et
al. (149} cutlined the conditions necessary for improving
the pelatability of 2 drug by adsorbing it onto an jon-ex-
change rasin without appreciably madifying its pharma-
cological effects. They found that: (z) the degree of drug
release from the ion-exchange adsorbate depends oun the
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gguivalant quotient between the electzalvtes in the su-
rounding fuid and the ionie diags, (&) the armount of ions
i far less in the sa'iva Lhan in the gastric juice (the tero-
notary elactzolyte contents ¢AD be estimated at 0.05 mEq
in the seliva and at 10 mEq in the zasimic juiced, and () the
exchanee rates should allow the equilibsia to be attained
within a fairly shert peried. Tnsoluble drug resinates
farmed benwesn dexiran gel® cation eschangers and seve ral
hasic drugs were in many cases much more pleasart tasting
than their sarent compeinds. Furthermore, release of the
drug from the fz-exchangs sdsorbate was guite rapid and
complete under eonditions prevailing inthe GI trant.
Similer findings were reparted using 2 poamethacrylic
a0id iun-exchangs résin (1301 In addition, coating the
adsorbate particles with 2 411 ethyl elinlose~hydroxy-
propy} methyicelluiose mixiuse further reduced bitterness.
While in vitro ralease from the uncoated retinate was rapid
and camplate, Telease from coated zdsorhates varied with
the extent of coating.

Ancther epproach to improving the taste properties of

phurmaceutical agents is to prepare a pleasant-tasting
coluble salt of a poer-tasting parent drug. This approach
often can be very Gifficuls, however, singe solubllization
of the parent compound usually imparis its unpleasant
taste Lo the preparaticn. Nevertheless, some success has
been reported using the ardiicizl sweeteners cvclamate
sodium and gaecharin,

As described eartier, formation of Neeyelohexylzilfa-
rrate solts of several drug subatunces has preducec better
tasting durivatives with enhanced solubility properties (ai,
31). The physicochemical and toxicelogical properties of
benzalkonivin saccharinzte and a series of saccharinates
of other quaternary ammoniwm compounds ware reported
(151). While conventional quaternary ammonium com-
pounds have a very bitter taste, their srccharin analogs are
swesl.

Patassium salte frequently posiess an unpleasant taste
asd s metallic aftertaste. The palatability of seme potas-
sivm salts in flavored vehicles was reported (L32); while

e salts had similar taste threshalds at effective theza.
peutic lavels, all potassium salts exhibited inferior palat-
ability. '

Table I1] includes several samptes of other salts that
exhibit an impzoved taste relative to their free acid or base
forms.

Stability—The chemical and physical stability of &
pharmaceutical must be known, because it can influsnce
the choics of doszge form, the manufacturing and pack-
aging, and the therapeutic efficacy of the final preparation.
Svstemnatic deterrnination of the thermal stability, solution
stability (at various pH's), and light sensitivity of a drug
and its derivetives, both alone and in the presence of
common additives, provides essential input toward se-
lecting the mmnst suitable derivative and dosage form.

Depending on the route of degradation, different salt
forms Impart different stability characteristics to the
paren® drug by variows mechanisms. Most cornmonly used
are sparingly scluble salts which, whea used in the for-
mulation of suspersions, reduce the amount of drug in
soluiion and, hence, its degradation, Differences in hy-
groscopicity of several salts influence the stability of the
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drug in the dry state. In some cases, the salt-forming rad-
ieal itself enhances the stability of the parent agent.
The srahility of penicillin G and its salts has been widely

‘studied due to the drug's therapeutic ireportance and its

characteristic instability. Schwartz and Buckwaites (153}
described some of the stahility charecteristics of this an-
tibiotic, stating that, eith pregent techniques, 8 selution
of penictilin cannot be made crable for more than 2 weeks,
even i refrigerator teraperatures. They elsn diseussed the
use of suspensions of sparingly soluble arnine alis in
aquecus vehicles a3 a means of “allgwing marketinz of &
‘ready-made’ penicildin product.” Procaine, benzathine,
and hydrabaming salts are marketed, and iheir acceptakle
stabiity as squeous suspensiabs i3 based maioly on their
inzolubility and the minimization of degradation in solu-
tigu. i .

A theoretical treaiment of the solulility of these salis
was presented in which equations were derived for caicu-
lating the selubility #s a function of pH and the pH of
minimum sobubility (154, 135}, These equations are based
on the mass action law and its relationship to the jonization
corstants of the amine and the peaicillin and the selubility
of the salt in water. Since the salt in solution Is partially
dissociated, further suppression of the salubility may be
achieved by the common ion effect, Swintasky et al. {156}
demonstrated this effect with penicillia G procaine by
adding procaine hycrochloride to the preparation and
further enhancieg its stability. The 8-chlorotheophylline
galt {or complex) of penicillin G was reparted to be water
seluble, vet stable i solution {157). Since S-chlorotheo-
phyiline is acidic, it has been postulated thata buffar effect
could account for the stabilization of this “salt.”

While penicillio G procsine is more stable in aguecus
vehicles, it is less thermally stable than the sodium ar po-
tassium salts, decomposing if heated much above 50°. The
sodium and potassium salts are known to withstand
heating up to 100° for 4 dava with little loss in potency
{153). This behavicr rmight well be due to differences in
melting points—uiz., 1067 for penicillin G precaine end
~215° dec. for the potassium sait.

Since hydrolysis of penicillin is dependent or. moisture
¢content, preparations in which moisture is rigorously ex-
cluded are quite stable in the dry state. Astudy oo the ei-
fact of moisture op penicillin salts found the caleium salt
to be less hygrozcopic than the sodium salt and, hence, .
more stable in moist atmospheres (159). Similarly, peni-
cillin G potassium is 2130 much less hygroscapic than
penicillin G sodivm and has become the preferted form for
murketing in the dry state (160},

Several studies reported the relative stabilities of thi-
anine salts, particularly the hydrechloride and the
mononitrate {161-163). The mononitrate ie abserved to
be_less hygroscopic and is accordingly muck less water
soluble than the hydrochloride. Investigations of various
prepatations including compressed tablets, multivitamin
capsules, and dry-filled vitamin B complex cepsules at
various temperatures showed that the mononitrate was
ora stable than the hydrochloride (164, 165). The sta-
bilities of numerous thiamine salts were studjed in aqueous
salution and in dry powder preparations with various ex-’
cipients (168, 167). In aquecus solution, the resulting pH -
was the chief facior controlling hydrolysis and oxidative
decomposition of thiarmine salts; their stability as powder
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oreparation: was related to their aquecus solubility, with
t}‘c spincly soluble salis being more stable (and pre-
urzaliv fess hyzroseopic).

Ar orally administered drug must be stable ia acidic
solution bagause it «enerall} MUt pass s intact through the
aridic cn‘-’Jon_mEnf of the stomach it is to Ekhlblt’ ther-
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out any decre;w |n mtalnea blend levels. The saltis maTe
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the cyclamate anign "c,.fef’ a conslderab‘ gr:!ate, luermai
stablluy on the lmcomycm moxety it !
Mullins and Macek (169) chowed:thatth‘-‘pll\'“ICJLand
il tahlhty of the calcium salf of novaBinein makes
of chigice for the formlilatson ofa hqu.ld Qrép-
¥ tszonc:"Thn a.mb Tphous calcium dove-
5b19rm 2l o proy: sd to be' uJ.!aste]e:;l; Vet fuﬂ)’1b10 ogicaliy
| active imd mert=ctly fmble n aquefuf-. suspension, Ne:tha
;{ the so lum Q‘Bl»nO' the f e& acid is Shitable: the sodlum =._lt
canndt:be formtilated in'a liquig; d'ue to 18 chem'cﬂm
i ; stahil r!:;,i whi le’ the c.xatsﬂlme f eé acid i£ Dot 2baOl‘b9d
from he GI tr I:ct;...morphom no‘,\‘%oblocm Pb-.orbf:d ‘but

(Rl

is mafattable SD]utan!aﬂd slowly converts to the un-
lline form iy 3{] f '
O‘hcr repor‘= fof a_\te}ahons mstablhty ¢, n_rautezlsmcs
due $ofalt £ sietion ars listed L i Table VL 3:;1
\Tlscellucorus Prop’erhw—"«’rhe salfform has. heen
rfpor"{('cl to rj'zuence other physﬁéochemca. propertle\ af
4 anfe ‘sliDhlEhCE Stugies IUus?.munv thé eifect: Ef the
salt- fohmn«f radacal ofn surfacédc"n&lo*iﬁ,'deagg egatlon
‘rehavlo., and i mr -pair 4tractionf have eppearedt]
The inf fluerige of the gnion on the absorption progesses
of two chs;sed specxﬂs dcxtrome..harphan and r.etrac_/
clice] was ttudn.d i, the rat stomach (188, 187), f‘mes;
relationshic éxisted bétween the rate of abwrptlo*: from
buffer so‘uuoﬁs of Lhe ariions uner investization abd their

surface tensions. Tl‘as, the ahsafrpmon DIOC2sS WAS. ‘telated .'
to thé surface activity'of the various sqlus and not totheir 4
Y

lipid | rolubilities, Tr"s c"uanve of surface dctmny{wuh the
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sorption of & drug from a dosage lorm £1€le Vikile no dis:
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dunalent dosage;forms. Therefore i absorpdon is de;
ndempn the dissclution fate, which ip turn usdependent
jon the desg"“reﬂ'atlén rate} ‘the salu’\‘shnuld produce the
highest ghi earliest biood le\ ola. On the othéx hand, 1t is
pmslbl ¢ that hyg:ﬂscoplc‘(and de quesce 3tY salts Can
-absorb :i{nrmqphem moisture, causg stlck)?surface and
,{mhlblt aeag e"é.'ﬁlf.'lu ,’r i, ‘A ,,‘
il hlg;uchz and coworl-ers rpsented En extensive stud on
;the ]"hymcochemlfcal basik of the ] mn pair Extractmq{of
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of the thermodyﬁa.m;c propertmes, enthalpy.vfree
nergy; and anLrU‘p} 1rv31ved in the extrechion ethhna
. of dertrometnorph._n iof-pairs mdxcated that the enh-opy
: chs.nge assoclated with’ t‘ransfer\of the mffe*ent anions
N betwem ph=ses }s the main controlling factm- in the ex-
traction oroceas 1193). ] i .
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Table ¥11—Additiopal Refcrencas en Bioavailability and
Formulation Effects

e e et

Tocie Faleertion
EfT-rty of wari- s 3aDseroes O 1T 1I:il
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Delerann w2
theaphs
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lon-azchange resin sple fur oyl Lharepis cwrhinanezine 137
Lemten tiation of dihydrortttoemyein by Fudioy 12
formatcn )
Solid staze oplrhdaric da ¢ in effecling 17
proloaged release of piozarping the cul-ds-zac
Absarption of szyihromyctn various phams songiral bt}
foroas
Comparative study of the ghserption of druga from ald 201

and new nactal prepasations

Formulatien Effects.—Choice of the sakt form of a drug’
may have & prongunced effect ox the formulatioz of the
pasent compound. For example, Tenton and Warren (194)
found there was o release of medicament from proflavine
creem BPC, a water-in-oil emulsion containing, 0.1%
profiavine as the hesisulfate salt. They also investigated
ihe release of vasious salis of proflavine with aliphatic
carborylic acids from water-in-oil cream emulsions, Salue
formed with tie water-ssluble, oil-inzoluble "lower” gcids,
such as formic and acetic acids, showed very poor release
fromm a waier-in-oil craarn. The “higher" acid salis (e.g.,
n-valeric, capreic, oyciohexanerarboxylic, and caprylic).
all showed increased diffusion from siriler emulsions since
these salts are solubie in bath water and oil, Their relsase
was even greater from oil-in-water emulsions, however, in
agreement with their preferential oil solubility. The n-
valerate salt pravided the most effective water-in-oil
cream. The primsary factor respansible for diffusion of
proflavipe from a water-in-oil erezm i= the low hydro-
philic-lipophilic balence conveyed to the salt by the acid,
This finding illustrates the desirability of carefully se-
lecting the salt anton of p cetionic drug in liew of the nature
of the deosege form,

Studies of the effect of forimulation on the bicavailabilivy
of warfarin sedium relative to warfarin yielded interesting
resulis (107, 193), Abserption of warfarin upen adminis- -
tration of the sodium sait as & lactose-base isblet was na
better than that From a similar farmulation of the free acid.
In fact, abserption was further depressed when the salt was
formulated with starch instead of lactose. Later results
indjcated that the in vitro water dissolution rate of a
warfarin scdium tablet was 330 times that of a slowly dis-
solving warfarin tablet formulation, yet the latter exhibited
rapid and complete absorption in vive, The viriual in-

przE

Ll e aaldiamactria finide nrerludad ite

celcium carbaspirin from several suppository bases was
studied in dogs (1961, The absorption of gspirip aluminuea
fre elther encon butrer or @ polyethylese glveo! base was
poor. While the maximurz sxlicylate levels produced by
aspirin end cdciuwa cartsaspirin from the coctd bulier base
cecurred ot s hater tins Unan froin the other hases studied.
raisimal plasma levels ware exhibizad by a polysotoase 61
hase fermuazion. The highest peak and lygesi aree under
the blood level curve were seen with caltivra cargaspirin
in o vegerable fatty acid glycenide baze. The poor absorp-
tign of aspirin aluminum from suppositories wes not
urexpeeted since it is poorly seigble, Furthermere, 63
pointed out for aspirin aluminum rablets {105, 106), ap
insoluble aluminuta compound may ford op the surface
of the disselving drug, further impeding ity dissolution rate
and bigavailability.

Additional references on bigavailabiily and formulation
effects ate given in Table VIL '

. Absorption Alteration—Several years ago, clinicians

clairaed that certain salis of theophyliine were therapeu.
tically preferable to other saits or to the free acid (202-
274). For examnple, Schluger et af. {204) found bigher bload
theophylling levels after adininistering uncoated tablews
of theophylline ethylenediamine than were observed with
enteric-coated tablets of choline theophyllinate. These
results weve at variance with the in vive work of Gaghiani
et al. (202), who found that the eral ingestion of choline
theophyllinate produced significantly higher blacd lavels
than the ethylenediamine salt. This apparent dizcrepancy
could be explained by the formulatinn effects of tabiel
coating, etc., which was not discussed in thé work of Gag-
liani et cl. In another study, a stightly maore rapid riss in
blocd concentration and a greater acea under the curve
were abserved with theophyliine isopropanolamine that
with theophylline sth¥lenediamine {203}, It was suggested
that the difference was 3 result of the greater water solu-
bility of the isopropanaclamine salt.

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

In a comparative study of the absorption of ampicillin
trihydrate and ampicillin potsssium following ora ad-
miristration {703), the potaseium salt yielded 37% kigher
peak levels and a lerger area under the curve. Qualy 36% of
the sdministered ampicillin trihydrate was absorbad while
53% of the potassium salt was absorbed. Defermining the
percentage of each drug eliminated iz the urine showsad
that 496 wae aliminated following administration of the
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wuiniple dosing (207). This fincing i explainad by the fact
thar this salt is aoid <tablie and alkabine dizsvciahle, per-
ruitting its passage through the arid of the stamach both
in Fasting and nonfasting subjects (209}, Aceardingly, the
antibacteria) acovity remained eszentially the same when
{rs form of erythromyein was given, rezardless of the state
of fazzing of the subject (209),

n first inspection, the higher serura levels attained with
erythromycin estolate suggest that the salt form js more
regdily absorbed. Adsu critical 1o efficacy, hewever, is the
valime of distribution of the drug, since exizesive binding
{i plasmua proteing can reader a drue unavatlable for ac-
tivizy at the Bicphize. Therefore, the significance of bload
level dara gredily depends an the measure of the free or
wahound fracsion of tolal antibiciics i tha blnod, whick
more directly indicates probable therapeutic henelit,

Wiegand and Chun (210) showed that, despite the
higher Blood lgvels attained with zevthromyein esiolate
(ePer correction for half-life differences), the stearste sult
produced seven times more free drug in serum than did the
cctolate sair. This finding explained the higher total tissue
levels observed on administration of the stearate. They
attributed the difference to a greater serum proteln
hinding of the intact erythromycin estalate, provizg that
izz higher sarum devels did net necessariiy reflect more
efficient absorption.

Markad differences have been shserved following oral
administrazica of various salts of pexicillin. Peniciin G
miatassiun has been campared with penicillin G benzathine
{benzethacii) (211, 212), penicillin G hydrabamine (213),
periziliin V (314). penicillin G procaine (212), and peni-
cillin G ammoaniuz {215). As anticipated, penicillia G
potassium produced higher and earlier bleod levels than
peniciliin G benzathine {211, 212). Furthermore, tablets
of penicillin G potassium buffered with sodium citrate
yielded higher peak levels then unhuffered peoicillin G
potassium. While the sbeorption of buffered tablets was
apparently not significantly affected by food intake, the
unbuifered tablets vielded lower average lavels and ir-
regular abserption under similar conditions,

When penielllin G potassium was compared with peni-
ciliin G hydrsbamine (213}, 2 less soluble salt, blocd levels
similas to those produced by penirillin G benzathine were
ohserved, When equivalent dosss were acministarad, the
senicillensis thas occurred with penicillin G hydrabamine
wes only one-third or one-fourth gs great and was of
chorter duration than that preduced by penicillin G pe-
tassiuin.

Budalfsen et al. (212) found thet peak concentrations
of panicillin G potassium were three to four times those
chtained with penicillin G precaine and five to six times
those of penicillin G benzathine, indicating a moze rapld
rate of absorption. The therapeutic action was related to
the mayimum: concentzation aftained, but it also depended
on the persistence of pemicillemia, which was greater with

- penicillin & potassium than with the other two compounds,

The authors suggested that the lower blood levels attained
with the ralatively insoluble penicitlin G benzathine were
caused by its destruction in the GI tract prior to absorp-
tiun. Thiz suzgestion seems unlikely, however, since the
dres should not degrade very rapidly as an undissolved
suspension.

[ e
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V produces higher blend penicillin levels than cerre-

sponding dnses of penicillin G. As a result, extensive in-

vestigations hseve heen conducted with various salts of

penicillin V (99, 215-220). For instance, tablets, capsules.

and oral suspension: of penicillin V acid produced signif-

jeanily higher blood concentrations than eotaparable

peniciliin G preparations (z14). In the same study, the

averaze serum levels produced by the benzathine salt of
penicillin V were significantly bigher then compurable

doses of penicillin G benzathine for the first 4 hr but losver

thereafter, again Uustrating the value of vaing an inzaiuhle

salt ro prolong bleod levels of e acid-unstable cmpound. -
In another study (215}, penicillin V acid was shown o
praduce higher and more prolonged plasma concentrations
than sither penicillin G potassivm orammonium, whose
properiies swere comparable,

Plasme levels wers correlated with dissalution rates of
various farms of penicillin V (89). As sclid dosags forms,
the readily soluble potassinm and calcivm salts produred
pa:lier and higher blcod levels in fasting subjects than ei-
ther the free acid or its benzathine salt, On the other hand,
when the potassium and benzathine salts wers adminis-
tered orally ae eolutions, sbsorption was the same, implying
that the poor solubility of the benzathine salt was re-
sponsible for the inferior biood levels obtained from its
solid dosage forms. Other studies found that, while the
patassium salt is 40% better zhsorbed than the free acid
in fasting subjects, both forms produce therapeutic levels
when edministered with faod (218).

Experiments with fistulated dogs indicated that penl-
cillin V is abzorbed primarily fror'the stomach. Therefore,
it is noL surprising that the potassium salt should show
higher blood levels on oral administration since it is the
most sciuble salt in gastric pH (216). In accordance with
this observation, it was also reported that the benzathine
sabt exhibited higher serum levels in patients with gastric
achlorhydria (pernicious anemia) than in patients with
normal gastric function (219). Differences in pastric
emptying time may also explain this result.

Several studies compared the absorptior of tetracwcline
and its salts (103, 221, 222). For example, serum concen-
trations in degs end humans showed that & phosphate

" comnplex salt of tetracyeline was absorbed muore rapidly and

gave higher bload levels during the first 68 hr than did
tetracycline hydrechloride (221}, The total amount of drug
absorbed was about twice as great with the former com-
peund. ’ .

Another study (122) sugzested that tetracyeline base
produced higher blood levels than tetracyciing hydro-
chioride. However, a subsequent investigation (222
showed that, in ths absence of adjuvants or fillers, tetra-
cveline hydrochloride and tetracycline base were gbsorbed
equally well. Results obtained in this same study indicated
that tetracycline hydrochloride encapsulateé with gliric
acid produced higher serum eoncentrations than tetiacy-
cline hydrochioride mixed with hexametaphasphate or the
phosphate complex salt of tetraeycline.

In a study comparing urinary excretion rates and in uitre
disselution, the absorption of tetracycline and tecracycline
phenclsulfonaphihaleinate was tate limited by their dis
solution rates, whereas tetracyeline hydrochloride sb
sorprion was zote limited by the absorption procass itsel
RhEY
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Several linoemvnn salts were studied for their com-
prralive availalility 1224). In partieular, the blood levels
abtaiced with the relatively mater-insoluble hezadecyl.
suliamaty sali wors compured Lo those of the hydrochloride
s administration. Higher and exteaded ahole

v

binae and serum coacentrations were obiainad o mice,

rats, ant dags with the hezadecylsulfamate. However,
eu:beutaneously administered Hnsomycin did net proeduce
significantiy different fraciicis absorbed, regardless. of
which eait was administered. Itz nat krnown whether the
greuter area undet the curve with oral admimstration of
inecgveia hezadecylsulizmate s due to greater abeorp-

tion from the G truct, slower renal chearance, or greatsr
antershepatic clrculytions.

Salie of siropiomyein, peomycia, viomyein, and strep-
totiryein have beer formed with: (@) polyacrylic acids, (6)
sulfotic or anocphoryiated polvesceharides. 2nd {c} nat-
aral potycarhnxyt acids from a saries of polvuronic suk-
arances aad poivsaccharide derivatives containing cerboxyl
groups (13). The report indicated that theae salis were
absarbed from: the injection locus primarily by the lymph
system. Blond levels from the salts were generally lower
but wers maintained for & longer time than the equivalent
amount of ansibiotic alone, and higher concentrations of
lonzer diration 1aay actuatly be produced in the lymphatic
drainage.

The inflyence of salt formarion on the oniet and dura-
ton of pharmacclogical activity also was illustrated with
tolbutamide and szveral of its saits (101). Fuilowing cral
adrcizistration, the sodidm selt produced g ropid decragse
in hioed sugar level followed by a rapid recavery. By can.
trast, the fres acid of tolbutamide cansed a slow and pro-
lnnged drop in bloed sugar level. a preferred effect sines
16 chazce of hypoglycemic shock would be lassened. This
finding alse illustrates the ofien overriding influence of the
actual dlseaze state on the eheice of drug form.

Additional references on the implications of salt for-
mzlion on sheorption are listed in Table VIIL

Pharmacokinetici—Because of the various new
properties that are usually impesed on a compound by salt
formation. the pharmatokinetics of the drug necessarily
change as a funciion of these properties.

For exampie, a pharmacokinetic evaluation compariag

empicitiia sodivm and potassium with ampicillin triby-

drate was performed after oral administration to besgle
dogs (243}, The absorption rate constents of the sodium
and potassium salts, which were similar, proved signifi-
cantly greater than the rate constant of empicillia trihy-
drate, resilting in earlies, higher peak concentrations with
two to three timues higher serum concentrations during the
1st hr. Yot any differences between the fraction absorbed
for the three products were not gtatistically significant.
Apparenily, although dizsolution of the ampicillin trihv-
drate was the rate-limiting step in its absorption, the
overall extent of bicavailability remained unaffected.
An interssting study of the biliary excretion of eryth-
ramyein bose and erythromyein estolate was reported
(*14), The biliary excretion of erythromycio base was high,
while thel of sryvthramycin estolate was much lower
preferential secretion of erythromycin in the bile could
partaliy account for the lower serum tevele exhibited by
sk ase. However, the proportion of the ingested dose
e rared i -to hilp was small, and the total amounts in-

gatdonou
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Table VITT—Additional References on E‘»ioavai.labil;t;
and Absorpticn Afteration

s Tagnic Referencs

Slase fevels produced by three thenphylinc-containing 224
elinir

Naproars oral sheorplicn cbaraerariztics iR

Tfect of ood rn absarptiun of 2 new (g of 223
ervihroymycin propiesils

Effect of the anion an the abaorption ef tetracyehae lron 135
the eyt atamach

Blags levels felloning arsl admizieation of different 2i
proparatiens of hovehiocin

Absorptinn of fvpanoie acid and i sudiva s e

Ciead ahserptien of 2onhardital (Quinubd ae) andits 3
sodinm jall !

Ahwrptica rate ol barbiiwrates in humany 74

Merphine and airopine oucate iy

Excruiion o bephepium salis in unay of umaa | 133
soluzlesss N

Polymethylens bistiscthiuronium) saits: antiwberculusis 334
weziviyy

Projunzed asrityssive action of o teain bound poscaping 235
precatalivn )

Pharmaenlogy of sullapyridine and sulfaibiozale o

Evaluation of plazea concen:eations of proporyphere 237
utilizing a hbrid principal eempenent analysiy of ’
varianee tecinique! equimalar duses

Ancryeide, @ new trvpenovidal drug Py
Pralidaxize grethanesuilvnnie: plasma levels and 239
pharmu¢ovinetics kltsr oral administration 1o ke
Tntestinal abaorptivn of pratidoxime and ochér alduximes 240
Blocd plosoya levels abd aliminstion uf salts of 241

praidoxima (2-FAM) in bumany after arsl
advinjairatien .

Eahancement of Gl absorplion of a quatasnary | 242
ammanium enmpsund By ichloroscetate

volved were not sufficient to account entirely for the dif-
ferences i serum ¢oncentrations attainsd. Undoubtedly,
the protein binding studies of Wiegand and Chun (210)
{discussed wader Absorption Alteration) more satisfac-
torily explain the difference in serum concentrations.

Often, salt formation can be used to modify drug sb-
sorption and dose tolerance favorably. For example, ami-
nosalieylic scid exhibiis a short half.life and, thezefore,
requires large and frequent doses which may cause gasiric
irritation. Consequently, different chemical forms such as
salts have been prepared (119, 245-247) to reduce the in-
cidence of gastric irritation, incresee absorption, and
prolong blood levels,

Aminosalieylic acid is an interesting example in other
ways; considerable confusion about this drug exists be-
cause many fail to recognize its nonlinear pharmacoki-
natics. Several definitive studies were reporied regarding
the absorption of the acid and its sodium, potassium, and
caleium salts from sclution, suspension, end tablet for-
mulations {243, 246). Comparison of the relative
bicavailabilities of amincsalicylic acid suspended in water
and ity salts dissolved in water showed that, while differ-
ences in rate of absorption were fourd to exist, absorption
of both the acid and its salts wes essentislly complese.
Absorption of the free acd from tablets reached only 77%
of the dose, whereas that of the tableted salts was rapid and

. complete.

Regardiess of formulation, the area under the plasma
concetitration-time curve of ucraetabolized drug from free
acid administration was less than that for the salts. This
result was attributed to concemtration-dependent me-
tabolism during absorption: when tre rate of absorption
is high, the metabolic processes become saturated and
more unmetabolized drog remains in the blood; conversely,
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when the ahsorption rate is low, a3 for the free acid. a
higher percentars of drug is metabolized.

' Addztm:ul references regt:.-'.'i'n'r bisavailability a
phenmacekinetics aze presented in Table IX.

GENERAL PHARMACY

Pharmacolegical Effect—Chlorpromszite hydro-
chloride and quaternary chlorpromazine clloride were
jnvestigated with respect to their effects on the central
anrvaus syster (M3 (753), The quaternized compound
was legr potent and more toxicin rodents than the perent
tertiary emnpound.

Naloxone. &n effctive opiate antezonist, is generally
used as tne hvdrochlosids zaly; however, thie drug has a very
short duration of a:zion. The mucuie ralt was pregar=d to
exlend irs duration of action, since mucic ecid ix only
:]aa‘nl) scluble in water (254). In a test on the blocking of
morphins aclivity in mice, however. the tucate salt did
nat differ in duration from the hydrockloride. These in-
vestizators ussumed the same receptor site for nalozone
as for morphine aad, since Heron's (232) work suggested
that the recepior had g greater affinity for morphine mu-
cate than for the free base, it also should have a greater

affinity for neloxnne mucate. The results disproved this
hypathesis, Furthermore, this theory implies that intact
salt reaches the receptor, which is highly unlikely, re-

gardlzss of whether the drug is administered as a solution

OT 8§ 8 s5uspension.

Aseries of salts of 8-am minogcridine and its derivatives
swas prepared and sereened for antifungal and antibacterial
activity (253-257). By using salts of fatty acids, the anti-
fungal action was found to parallel the length of the carbon
chain of the arion. with maximal activiy occurring with
acridine caproate, undecylate, and undecylenate {(where
undecylenic acid slsc exhibits some intrinsic antifungal
activity) {235). This resull appears reasonable, because
these sa'ts would be more lipid soluble snd could be ex-
pected to pass through the eell wall of the infecting or-
ganizm more readily, probably as an ion-pair.

Tha efficacy of bases or salts as topical anesthetics for
relieving cutaneous itch. burning, and pain in vnbroken
skin has alse been axamined (238), In these expariments,
itchirg and pricking were induced by an sliernating cur-
rent of low ampersxe and voltage applied to the skin ot by
exposure of the shin to TV light. Interestingly. agneous
solutions of saits of tha local anesthetics did sot alleviate
itching o1 burning in any oF ice subjects, although satu-
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alechol, a.rrJ 1(¢6 glveerel were claimed to be effective: Such
transport phenomena across the sirafum cornewm afe
often dependent on T.he polarity of the drug and vehicle
and on the binding of the drug wo keratin

Additionial references on pn;rmacolng.ca] effects can be
found in Tabla X.

Dialysis—Dialysis through a cellophane membrane of
the hydrochloride or sodium sales has been studled with
several druges (270). In many -ases, it appeared that the
jonic form of the drug was bound to the membraze whersas
she nonionized form was net. Epbedrine hydrochloride
presented an interesting example, howaver, since it di-

- alyzed coneiderably faster than its corresponding base. It

wzs theorized that the chioride ion dialyzed rapidly, en-
hancing the rate of dialysis of the ephedrine ion. Accord
ingly, when chloride ion was present on beth sides of the
membrune, the ohserved rate of dialysis for the ephedrine
ion was ccmparable to the ephedrine base. |

The diffusion of sedium chioride througha hpoprotem
interface was very s]ow, especizlly if calcium chloride was
pre=ent on both sides of the interface (271). In the presence
af low conceatrations of choline chlozide or carbamyl-
cholire chloride, the diffusion of sodium ehloride is mare
rapid. Apparently, chcline salts are able to increase the
permeability of the lipopreteln to salts, which may relate
o the physiological action of choline salts.

Miscellanecus—Release rates were determinad for
aminophylline, ephedrine alkeloid, and ephed:me hy—
drochloride from theobroma sil suppogitories containing
ronionic surfactanis (133). While surfactants with hy-
drophilic-lipophili¢ balance {(HLB) values less than 11 only
minimatly affected releass rate, rates increased withi sur-
factants of HLE values greater than 11 Under optimal
conditions, aminophylline was faster than ephedrine hy-
drachloride which, in turn, was superior to the ephedrine
base.

Willis 2nd Banker (2 l") reported on the formation of
polymer-d.ruc' salts as an aup"naca ta the physicochemical
£ lmeaza Fovmn Daleimethol vinel ether/maleic

dariae
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grnydride; salts of methapyriline were prepared and
tested with the free base for mneitre dissolusion and diul-
ysiz. Their dissalution and dialysis rates were not eppre-
cinhly differens from the free drug or its hydrochloride salt.
Varicus poly(methyl vinyl ether/malsic anhydride) hern-
iester salts of methapyrilene exhibited substantially siower
releass than the pohymer ether salts, hydrochloride salt,
or free base forms. Polvimer—drug sabts thus appear to bave
promise,

A series of metallic zaits of ederic (ethylenadiamine-
tetrascetic) acid were testeg tn vitre to determine their
efecton bleod coagulation (373). The recults shoned that
only the dipotassium and dizodium salis bad eny efiect on
coagulation. [Lwas tieorized that the lack of anticoszulant
activisy resulted from an almest complete suppression of
junization of the heavy metal salis.

Interesting research regarding the aspns-preventive
effzct of sorme chromone-2-cerbozylate salts showed adit
rect correlation bewwenn biclogical aetivity and pRacf the
salt-forming amines (274).

Lin et al. {112) investigated the relationship between
sult fnrm znd hiological astivity of a given antihyperten-
sive. While the intrinsic disselution rates of the diliydro-
chloride and disuliate salis wers many fold greater than
tha monohydrochloride, the hypotensive petenciss of the
salts did not differ significantly from cne another in an
anesthetized dog study. Yet, when administered to renal
hypertensive dogs, the dihydrochleride and disuliate salis
produced greater hypotensive effects than did the mono-
hydrochloride.

TOXICOLOGICAL CONSIDERATIONS

Toxicity of Sait lan—Axny discussion regarding the
toxicity of salts of a drug must consider the pharmeco-
legical propecties of the cation or anion used to forra the
sait a3 well as those of the free drug, since any of these may
produce toxic effects. The tozicology of several fons that
are commonly usad to form salts and that are retevant to
this review were discuszed in depth (273),

Toxicity from ingestion of calcium salts of drugs is rare,

f hvpercalceria accurs, however, calcium deposits in the

kidrey can bring on a reduction of renal function. The .

principal tosic effects of lithium glso involve the kidneys.
When small amounts of lithium are taken, no apparent
damage oceurs; yet large qmounts of the metal cen Jesd to
ircaversible damage. An apparent correlation was observed
between lithium dasage and sodium intaks (276). When
lithium dosage was low or sodium intake was high, rats
were able to exerete al} lithium given and sustained a re-
versible polyuria. Conversely, if large amaunts of lithium
were administered to the rats oz if their sodium intake was
lowered, they incurred irreversible kidney damage. Am-
munium ion, although it serves 4 major role in maintenance
of the acid-base balance of the body, can be toxic in high
coucentrations and initiate CNS derangements.

Sulfate ions given crally tend to bé minimally abserbed
and may zct as 2 laxative. The nitrste ion is irritating to
the GItract, causing nausea und gastric distress. Also, in-
testinal baeteria may converi the nitrate ien to nitrite
which gxidizes hemoglobin to methemoglobia. The citrate
100, &1 titermediary in carbohydrats metabolism, can form
¢ soluble campiex with calcium which {s poorly dissociable

and rarely causes any toxc reactions. Whils tartrate {ons
are usually absorbed minimelly from the Gi tract, high
concentrations reaching the eircwlation cen cguse renal
damage. '
Acetate and lactate ions are nurmal metabalites and
appear to be well tolerated in relatively large armounts,
lodide and bromide ions can produce conditinis known as
ivdist and bromidistn, respectively. Bromide intoxication

occurs quite frequently. since bromides are vused as in-’

gredients in some nonprescription preparations (277-280).
Bromide is slowly excreted by the kidrey (its halr-life is
12 days} and tends to accumulate when taken for pro-,
lunged periods or when used by patients with deczease
renal function {277}

Toxlcity of Salt Form—Provided the salt-forming
agents are nontoxic, the relative toxicitiestof a series of salts
of a compound are often observed 1o reflect direstly their
absarpiion rates. For example, the toxicities of dibromlide,
dichloride, dijodide, and dimethylsulfate selts of quina-
pyrazsine?, ¢ trypanacidal drug, were determined (239).
The sparingly soluble halogen salts were much less tozic
subeutanecusly or intramuscularly than she freely sotuble
dimethylsulfate, yat all salts showed ahout equal toxicity
upor: intravenous administzation. The difference in tox-
icities obviously resulted from rapid absorption of the
methylsuliate compared to the stowly ahsorbed, poorly
seluble halogen szlts, Similar reasoning has bzen used to
explain the acute oral boxicity of propoxyphene hydro-
chleride in rodents, which is twice thad of equirnolar doses
of the napaviats salt (281). .

Several salts of benzphetamine and etryptamine were
prepared as potentiel sustained -release formulations {114).
The water solubility, in vitro dissolution rates at pH 1.0
and 7.2, and the median lethal times (LTye} were deter-
mined for each salt, Both the LT and LDy (determined
on only a few 3alts) increased as the in witro dissolution rate
at pH 7.2 decreased. While dissolution at pH 1.0 did not
correlate well with toxicity, the LTz’ were inversely re-
lated to the square roct of the dissolution rates at pH
7.2,

Toxicity studies comparing iopanoic acid, a cholecys-
tagrephic contrast medium, with its sodium salt (113}
showed that the salt form has 10-fold greater taxicity, The
LDgg's of the free acid and the salt were 22 and 2.32 g/kg,
respectively. It was postulated that the free acid precipi-
tated from the sodium salt upon its reaction with gastric
hvdrochioric acid. The fine, amorphous particles of pre-
cipitated acid hed g greatly increased surface area and,
therefare, dissolved more repidly than even fine crystals
of the free acid. The faster ard more cemplete drug ab-
sorption then resulted in increased toxicity.

Salts exhibiting greater water solubility than their
parent comnpounds or less soluble salts are not atways more
toxic. For example, various inorganic and crganic ions were
used to prepare salis of methyl pyridinium-2.aldoxime
that would have greater water solubility and would elim-
inate undesirable side effects due to the iodide ion (85).
Even though the aquesus solubility of the majority of these
salta was many times greater than the iodide, their toxicity
on a molar basis was not significantly different, with the
exception of the dinydrogen phosphate selt which was 15%

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

Gi blesding is 2 common toxic effect of aspinin foralarge
percentage of the population, Conseguently, 2 search was
initiated for an aspirin derivetive that would not induce
03 blood loss (283). All compounds prepared, however,
including the sodium end calclum salts, caused Gl hem-
orriage with a severity similer to aspirin,

Polvene aptibiotics are potent antifungdl azents but
Bear sonslderable tnxdcity. Even thrugh the methyl ester
hydrechlorides of these compounds are mare sojuble, they
retmin almest all of their antifungal aerivity and, more
siznifivantly. shew a uniform decreasz in toxicity compared
to their parent compounds (284).

Additionsl references on toxicological considerations
of salt formstion are given in Table XL

CONCLUSIONS
- R W

Sait formation is A means 6fﬁa'llte';ing the physical,
chemical, and biological characteristics of a drug mithout
medifying its chemical structure. Clearly, ihe salt form can
kave a dramatic influence on the Verall properties ef the

Py g 1

parent compeund. At present, seleruing 4 salt form thet
exhibits the desired corabination of properties is a difficult
samismpirical choice. Pharmaceutical scientists now rec-
ogmize these facts and are beginning to study the effects
of different salt forms on the physicothemical properties,
bicavailability. end toxicity of drug substances.

Qv oLt o N A .
V0@ 2 gl ough now only a few generalizations are available

to predict the effect o{__nar;tisular salt forms on the char-
baﬁgigt{ics of a drug, p_ema’;ss in time itwill be po§sib1e to
Tvarss inereesingly more powerful generalizations re-
garding the affect of a sali on the properties of its parent
compound. In sddition, we predict that polymer~drug salts
wnll have a revolutionary elfect on future wends in drug
therapy, particularly in the areas of reducing drug toxicity
and in controtling the release profile of novel drug delivery
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a multidisciplinary approach be applied to the characterization solids; no singie
analytical method can provide all the information necessary to understand the
nature and properties of solid pharmaceutical compounds.

Hl. SALT SELECTION
A. Factors Guiding Salt Selection

Salt selection is a critical part of the drug development process because selection
of an appropriate salt can significantly reduce time to market. Changing salts in
the middle of a development program may require repeating most of the biologi-
cal, toxicological. formulation, and stability studies performed initially. However,
continuing the development of a nonoptimal salt may lead to increased develop-

. mental and production costs, even product failure. Selection of the correct salt
carly in the development process will avoid these problems and factlitate down-
stream development activities. In addition, salts that exhibit advantageous proper-
ties are usually patentable as new chemical entities.

Salts are used to alter the physical, chemical, biological, and economic
properties of a drug substance. The change in crystal structure accomplished by
forming a salt can lead to greatly improved properties. The advantages of using
salt forms in pharmaceutical formulations have been extensively reviewed (9).
A variety of factors can guide the salt selection process and a partial list of consid-
erations is given in Table 2.

A change in the solubility of a drug substance is often a major reason for
choosing a salt. In many cases, substances containing free acid or base groups
have poor aqueous solubility which saltification of these groups can improve,
leading ultimately to greater bioavailability. Increasing the solubility of a weak

. acid—basc drug substance by forming a variety of salts has been reported for

Table 2 Factors Guiding the Salt Selection

Process

Bioavailability pH of salt solutions
Chemical stability Physical stability
Crystallinity Processing properties
Dissolution rate Purity

Cost Solubility

Handling properties Taste
Hygroscopicity Toxicity

Melting point Wettability

Intended formulation Yield

Copyright 2002 by Marcel Dckker. All Rights Reserved.



Fig. 7 The structure of RS-82856.

RS-82856 (Fig. 7) (10). Five salts (chloride, hydrogen sulfate, phosphate, sodium,
and potassium) exhibited significantly higher solubility and dissolution rates than
the parent drug. Based on a variety of physical parameters (solubility, dissolution

. rate, melting point, hygroscopicity, and chemical stability), the hydrogen sulfate
form was recommended for development. A bioavailability study in dogs compar-
ing the parent drug and the hydrogen sulfate salt resulted in the salt being ab-
sorbed approximately two to three times more efficiently than the parent drug.
The solubility and dissolution data were good indicators of the bioavailability of
this material.

For some drugs, preparation of stable salts may not be feasible, or free acid
or free base forms may be preferred. A reported example compares the free base
and hydrochloride salt of the poorly water-soluble drug, o-pentyl-3-(2-quino-
linylmethoxy)benzenemethanol, known as REV 5901 (Fig. 8) (11). For this drug
substance, lower solubility of the chloride salt, along with equivalent dissolution
rates, resulted in the free base being chosen for development.

1t should be noted that a salt usually exhibits a higher melting point than
the free acid or base. which can result in greater stability and easier processing.

. However. there is often a relationship between melting point and aqueous solubil-
ity. Gould, in his study of the salts of basic drugs, concluded that *‘ideal solubility
of a drug in all solvents decreases by an order of magnitude with an increase of
100°C in its melting point™ (12). An example of this phenomenon is the antima-
larial drug o-(2-piperidyl)-3,6-bis(trifluoromethyl)-9-phenanthrenemethanol hy-

C/)I/\I §
\“v . o O A
g

Fig. 8 The structure of REV 35901,
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Fig. 9 The structure of o-(2-piperidyl)-3,6-bis(trifluoromethyl)-9-phenanthrene-

. methanol.

drochloride (Fig. 9). The melting point and solubility data are shown in Table 3
([3). Overall. a substantial decrease in solubility was observed with the increase
in melting point of the salts. It should also be noted that the solubility of salts
can be affected not only by changing the lattice energy (melting point), but also
by enhancing water—drug interactions. The study of chlorhexidine (Fig. 10)
showed that the solubility of this drug was significantly enhanced by increasing
the number of hydroxyl groups on the conjugate acid (14).

The melting point of a drug substance salt can be greatly influenced by the
counterion. For UK47880 (Fig. 11), a relationship was observed between the
melting points of the salts and the corresponding conjugate acid (12). Salts pre-

Table 3 Meching-Point and Solubility Data for
o-(2-piperidyl)-3.6-bis(trifluoromethyl)-9-phenanthrenemethanol
hydrochloride (13)

Aqueous
Melting point solubility
Salt form of salt (°C) {mg/mL)
Free base 215 7.5
DL-Lactate 172 1850
L-Lactate 192 925
2-Hydroxyethane sulfonate 251 620
Sulfate 270 20
Mesylate 290 300
Hydrochloride 331 13

Copyright 2002 by Marcel Dekker. All Rights Reserved.
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CH

Fig. 13 The structure of xilobam.

showed that the 1-napsylate salt released xilobam at a faster rate than the free
base. This work demonstrated that a strong acid with an aryl group protected the
easily hydrolyzed base from the effects of high temperature and humidity.

. A choice of salts can also expand the formulation options for a material.
The antimalarial agent o.-(2-piperidyl)-3,6-bis(trifluoromethyl)-9-phenanthrene-
methanol hydrochloride (Fig. 9) exhibited poor solubility, was delivered as an
oral formulation, and required a single dosing of 750 mg (13). Seven salts and
the free base were evaluated. The lactate salt was found to be 200 times as soluble
as the hydrochloride salt (Table 3). This enhanced solubility would make it possi-
ble 10 reduce the oral dose to achieve the same therapeutic response as well as
develop a parenteral formulation for the treatment of malaria. However, the case
of lidocaine hydrochloride (Fig. 14) demonstrates that a compound limited to
parenteral and topical formulations can be expanded to oral administration by
changing to a salt form with acceptable physical properties (16). The hydrochlo-
ride salt was hygroscopic, difficult to prepare, and hard to handle. Six salts were
evaluated for salt formation, solubility, and hygroscopicity. Other salts, such
as phosphate, exhibited properties acceptable for dry pharmaceutical dosage

. forms
Many other examples can be found in the literature that demonstrate the
applicability of examining a number of salts to obtain the necessary properties
nceded for development and marketing of the drug substance. Excellent reviews
on salts (9.12) discuss many of the issues involved in targeting salt forms of drug
substances.

CH,
/\

\l CH&
CH3 CH3
Fig. 14 The structure of lidocaine.
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B. Counterions

Salt formation involves proton transfer from an acid to a base. In theory, any
compound that exhibits acidic or basic characteristics can form salts. The major
consideration is the relative acidity and/or basicity of the chemical species in-
volved. To form a salt, the pK,, of the acidic partner must be less than the pK,
of the conjugate acid of the basic partner. These pK, values need to be about
two units apart for total proton transfer to occur, otherwise an equilibrium mixture
of all components (acid, base, and salt) is likely to result. Even so, equilibrium
mixtures of this type can often be used to prepare salts if a driving force is present,
such as the crystallization of the salt from solution.

Another consideration is the toxicity of the counterion. A large number of
anions and cations are available for pharmaceutical compounds, and tabulations
of thosc approved by the FDA have appeared in the literature (9,12). An expanded
but not comprehensive list of acceptable ions is presented in Table 4. In general,
ions related to normal metabolic chemicals or present in food or drink are usually
regarded as suitable candidates for preparing salts.

Target salts are chosen by considering a number of factors. The structure
and pK, of the drug substance are important values to determine initially. Avail-
able hterature on structurally related compounds can result in excellent leads for
turget salts. The chemical stability of the drug substance, especially as related to
pH stability. will also play a role. The case of large-scale preparation of the salt,
as well as the cost of the counterion and processing, will need to be considered
to determine if the sait is a feasible choice. The type of drug product and antici-
pated loading of the drug substance in the drug product can also influence the
choice of salts. For high drug loadings, a large, bulky counterion, which adds
substantial mass to the loading, may not be the best choice. Anions that irritate
the gastrointestinal tract should be avoided for certain drugs, such as anti-
mftammatories. The relative acid/base strength of the resulting salt and the ten-
dencey to disproportionate should be considered when using basic excipients in
a formulation.

A common salt choice for basic drug substances is the hydrochloride, be-
cause of its availability. However, a number of issues also need to be considered
when using this salt. Reports have shown that hydrochloride salts do not always
increasce the solubility of poorly soluble basic drugs (1,13,17,18). due to the com-
mon-ion effect. The presence of chloride ions in the gastric fluid can result in a
lower solubility for the hydrochloride salt.

The hydrochloride salt is often a stronger acid than 18 needed for many
drug substances, which can result in low pH values for the aqueous solutions.
This can lead to limitations in parenteral formulations or processing. The highly
polar nature of hydrochloride salts can also lead to excessive hygroscopicity of
the resulting salt. Dihydrochlorides are also found to be hygroscopic and may lose

Copyright 2002 by Marcel Dekker. All Rights Reserved.
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hydrogen chloride gas upon heating or under reduced pressure (fyophilization).
Although hydrochloride 1s commonly used for salt formation, other salts may be
better alternatives in the long run.

C. Salt Preparation

Salts can be produced on a small scale using a variety of methods. Selected
methods are described below.

1. 8Salt Formation from Free Acid/Base

In salt formation from free acid or base, the free acid/base of the drug substance
is combined with the base/acid containing the desired counterion in specific molar

. ratios in a suitable solvent system. There must be adequate solubility of each
reactant in the solvent system chosen. The product can be isolated in different
ways. often simply by evaporation of the solvent.

2. Salt Formation by Salt Exchange

For salt formation by salt exchange, the salt of the drug substance is combined
with a salt containing the desired counterion in specific molar ratios in a suitable
solvent system. As described above, there must be adequate solubility of each
reactant in the solvent system. If the desired salt of the drug substance is less
soluble than the starting materials, it will precipitate out and can be isolated by
filtration. If no precipitate is obtained, other isolation methods can be employed.
A method that was described for iodide salts (19) involved precipitation of the
unwanted counterion first. In this case silver salts were used for the counterions
(silver sulfate. silver ortho-phosphate, silver lactate) and a silver iodide precipi-

. tate was isolated first by filtration. The desired salt of the drug substance was
then precipitated from the filtrate by addition of an antisolvent.

3. Other Reported Methods

Variations of the traditional methods for salt preparation described above have
been reported. To produce the hydrochloride and hydrobromide salts of the anes-

Fig. 15 The structure of N-methyl pyridinium-2-aldoxime.

Copyright 2002 by Marcel Dekker. Al Rights Reserved.
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