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Nacional PCT _para_“NUEVA SAL FORMIATO DE_ O-

DESMETILVENLAFAXINA”.-Clase A61 31/19.-Expediente
numero 04-122.509.-

1. Me refiero al auto dictado por ese Despacho notificado por fijacion

en lista de 14 de Marzo de 2008.

2. Atentamente ruego a usted concederme un plazo de treinta (30)
dias para dar respuesta al auto antes mencionado, cuyo término vence el

16 de Junio de 2008.

|

3. Anexo acompafio recibo nﬂmjro 08-46,684, que acredita el pago de

los derechos que dicho plazo causa.

|
4. Ruego a usted tomar atentTa nota de lo anterior y proceder de

|

conformidad.

|

Sefior-Superintendente,

|

|
I
CIA LLOREDA RICAURTE

) T.P. 53.215
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1. Me refiero al auto dictado por ese D spacho notificado por fijacion en lista el
14 de Marzo de 2008, asi como a mi solicitud de plazo del 11 de Junio de 2008

para dar respuesta al auto antes mencionado.

2. Con el fin de responder a las objeciojes expuestas por el sefior Examinador en
su Concepto Técnico No. 417 bajo los agdpites de claridad de la solicitud y nivel
inventivo, atentamente me permito presentar los siguientes argumentos técnicos y
las siguientes modificaciones hechas a la solicitud en cuestién, mediante lo cual no
sblo se superan dichas objeciones, sinﬁf que ademas se demuestra en forma

contundente la patentabilidad de la preser1te invencion.

Inicialmente me permito manifestar ante ese Despacho que el solicitante de la
invencién en cuestidon ha decidido alterar el capitulo reivindicatorio actualmente

presentado, eliminando la _ reivindicacién 41 odificando AS
sivindicaciones 40 v 42 a 47, y finalmente re-enumerando adecuadamente
I_nuevo capi reivindicatorio, el cual estd compuesto por 46

reivindicaciones. \
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En conexig%n con lo anterior, resulta de Jran importancia resaltar que la
" modificacién realizada en la reivindicacién |40 coﬁsiste bdsicamente en la inclusién
de la materia revelada en la reivindicacion 41 actuilalmente presentada, razén por la
cual dicha altima reivindicacion ha sida elimighada. Adicionalmente, todas las
reivindicacionesj 40 y 42 a 47 fueron modificadas mediante la inclusion de la
expresién: "Un compuesto el cual esl, al inicio de cada una de dichas
reivindicaciones.

De conformidad con lo anterior, es claro que dichas modificaciones no amplian
de manera alguna el objeto inicial dT la presente solicitud, tal como fue
originalmente presentada.

' 4. CLARIDAD DE LA SOLICITUD '

‘

El sefior Examinador ha objetado la claridad del capitulo reivindicatorio de la
presente solicitud de patente con base en los siguientes argumentos:

. “"Se observa continua caracterizacion de un compuesio en el
capitulo reivindicatorio po, caraLcteris‘ticas fisicoquimicas del
mismo."” ' (

En respuesta a lo anterior, inicialmente me permito destacar que la

. ! desmetilvenlafaxina, mientras| que fas _reivindicaciones 2.
| EPENDIENTES DE LA REIVINDICACION 1 ec

Coﬁo puede notarse, mediante dichag-[ reivindicaciones el solicitante de la
invencién en cuestién no busca seleccionar el compuesto quimico a
proteger a partir de las carzscterist{cas fisicoquimicas que éste deba
presentar, toda vez que en la reiviq%dicacién 1 se esta definiendo de

manera clara que el compuesto al[ proteger es el formiato de O-
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[ En vista de lo anterior, cohsidaro quei las reivindicaciones 1 a 8 de la
presente solicitud de patente sgn absolutamente claras y concisas. Es
decir, cumplen a cabalidad con los requisitos de patentabilidad
establecidos en el Articulo 30 de Ja Decisién 486 de 2000.

. "Reivindicaciones 21-24: Se reivindica una forma de dosificacion
farmacéutica por su compo. icién, ipor su funcion final o por su
presentacion final mas no por las ¢aracteristicas esenciales de la
forma de dosificacién que s: pmteﬁde proteger por lo cual no se

acepta.”

En respuesta a la anterior objecién, en primer lugar considero que resulta

de gran importancia resaltar que en el campo de la quimica farmacéutica y

de la propiedad intelectual es
dosificacién se refiere a la d
formulacién, la cual puede esta
escogidas entre compuestos act
administracién.

Ahora bien, de la atenta lectu
presente solicitud de patente

o

comﬂnr;hente conocido que una forma de
'sposici@in externa que se le da a una
compfrendida por una o mas substancias
ivos, e>f<cipientes y aditivos que facilitan su

Ira de ﬁlas reivindicaciones 21 y 24 de la
2S claré que dichas reivindicaciones estan

dirigidas a proteger una forma deg dosificacion caracterizada porque

comprende: 1) una cantidad
formiato de O-desmetilvenlaf
farmacéuticamente aceptable

terapé&ticamente efectiva del compuesto
axina, 2) un transportador o excipiente
(reivindcacién 21), y porque dicha forma

farmacéutica es una tableta 6 una capsula (reivindicacién 24).

De lo anterior es claro que dichas reivindicaciones revelan

informacién técnica relevante pars

aracterizar a_forma_ ds

dosificacién, de manera que una persona medianamente versada
en |z ateria _técnica en cuestién _encuentra en dichag
reivindicacio la_informacién técnica necesaria para comprender

abalidad las caracteristicas de la materia que se desea proteger.

De otro lado, atentamente m

permito hacer notar al sefior Examinador

que fas reivindicaciones 22 y 23 no estén dirigidas a proteger "la funcion
final” de la forma de dosificacién definida en la reivindicacion 21. En este
sentido, resulta de gran importancia resaltar que el hecho de que una .
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forma de dosificacién sea de liberacién prolongada (reivindicacién 22) o de

liberacién controlada (reivindicacién 23), no significa que esa accion sea la
funcién o utilidad de dicha forma de dosificacién; contrario a eso, tales

\ni liberacién representan indiscutiblemente una

I risti
reivindicadas. |
' |

|

En vista de lo planteado previamente, e}s claro que la materia revelada en
las reivindicaciones 21 a 24 se ncuent;ra definida de una manera clara y
concisa, de manera que cumple cabali:dad con los requisitos establecidos
en el Articulo 30 de Ia Decisién 486 de 2000. |

|

"Reivindicaciones 40-47: Se reivil;wdica un compuesto [llamado
formiato de O—desmetilvenl’afaxin%z no por sus caracteristicas
esenciales sino por el método por el cual se produce o por. su
relaciéon de aspectos o por una prcjvpiedad fisica lo cual no puede
aceptarse.” |

En respuesta a lo anterior, me permitj:o resaltar una vez mds ante ese
Despacho que en la presente s:ticitud &le patente se revela un compuesto
quimico especifico, esto es, el f rmiato;‘ de O-desmetilvenlafaxina. En este
sentido, es claro que dicho compuestojesta’ caracterizado inherentemente
por una estructura quimica definida, Ié cual aparece, por ejemplo, en la
pagina 3 de la descripcion, y representaji sin lugar a dudas la "caracteristica
esencial” de dicho novedoso compuestof.

i
De conformidad con lo anterior, resulta de gran importancia resaltar que

las_reivindicaciones 40 a 46 definen la ma pria_que _se desea
proteger no solamente por su care ica esencial (toda vez que
en cada una de ellas de define claramente que el compuestc

proteger es el formiato de O-desmetilvenlafaxina), sino también
por_otro tipo de caracteristicas __-1 rales, como lo es, por

ejemplo, su relacién de aspectos.

Por lo tanto, atentamente me permito manifestar que las reivindicaciones 40 a
46 de la presente solicitud de patente son claras, esto es, pueden ser comprendidas
ficilmente por una persona capacitada en la materia técnica en cuestion. En
consecuencia, dichas reivindicaciones cumplen a cabalidad con los requisitos de
patentabilidad estipulados en el Articulo 30 de la Decisién 486 de 2000.

o



] exphcntamente la:

bjetado el nivel inventivo de la materia
In basdndose en las ensefianzas de los

De otro lado,; el sefior Examinador ha o
_ revelada en la solmltud de patente en cuestid
siguientes documentos-

. us 4, 535 186 (P1) ,
. "Nonaqueous caplllary electropho es:s-m#ss spectrometry for separation

l

|sal formiato de O-desmetilveniafa
encyentran mcluu’;las todas las sales farmace

mejorarse su sol&gb:lidad Y absorcién in vivo,

{

¢
f
I

Por consiguiente, de acuerdo a-las consideraciones expue‘stas anteriormente,
resultaria bbwo para un experto en I3 materia llegar a desarroliar este tipo de
c:ompuestcb en forma de sal a partir del pri i cipio activo en su forma de base
libre ya exisstente previamente en el estado de la tecmca, as: como formular
composic:bnes & partir de estos compuestos y desarrolfar fos procedimientos

por medio de una reaccién con un acido."”
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completamente dichas objeciones. |
|

quimica general: |
|

[

Ahora bien, en vista de lo anterior y con;‘ el fin de respondet adecuadamente a

|
las objeciones de nivel inventivo realizadas por el sefior Examinador en su Concepto
Técnico, a continuacion me permito analizar qas ensefianzas de los docurmnentos D1
y D2, y mostrar ademds una serie de argunhentos técnicos que permiten superar

5.1) Consideraciones Respecto al Documegfnto US 4535186 (D1)

En términos generales, el documento;‘ D1 revela compuestos derivados de

fenetilamina que son Gtiles como antidepresivos y presentan la siguiente estructura

en donde los posibles significados de las variables A, RY, R?, R®, R® y R? estdn
adecuadamente definidos, por ejemplo, en la columna 1 de dicho documento.

|

Adicionalmente, los autores de D1 %stablecen que las sales de adicién acida

farmacéuticamente aceptables de los c]ompuestos alli revelados son obtenidos

convencionalmente mediante la reaccijn de la bhase libre con una cantidad

equivalente de algin acido que pueda formar una sal no téxica. En este sentido, en
D1 se establece que los posibles dcidos que pueden emplearse para tal fin son los
&cidos clorhidrico, bromhidrico, fumarico, maleico, succihico, sulfirico, fosférico,

tartérico, acético, citrico, oxdlico y acidos similares.

Finalmente, en D1 también se ensefian algunos mecanismos de sintesis para

obtener los compuestos quimicos alli revelados.

|

|

|
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. Inicialmente resulta de gran i portapci'a resaltar que, tal como lo
reconoce el sefior Examinador en su C&nc‘epto Técnico, el documento D1
no eﬁseﬁa la sal formiato de O- esmeqtlvenlafaxma, es dec:r, no ensefia

el nqvedoso compuesto quimico reveﬂado en la presente solicitud de

patente. A este respecto, me permito i(/aclarar gue en D1 Unicamente se
revela de manera explicita la sal fums%rato de la O-desmetilvenlafaxina

ico que no solamente se caracteriza por

f (ejemplo 26), compuesto quf
, presentar claras diferencias e tru«cturj‘fales frente a la sal formiato, sino
‘ ,‘ que adicionalmente presen car“cteristi;as ﬁsicdqufmicas y de

permeabi!idad que no son a ropiad/ts para su uso farmacolégico (lo
anterior serd analizado en detalle més adelante). |

J para aseverar que: "e/ experto en fla materia esperaria que formando la

- sal formiato del compuesto se mgéjorara su solubilidad y absorcién in

vivo", y mucho menos par 'aﬁrmfaf que: “ef compdesto y las variantes

e composiciones en su forma de ;%al, asi como su proceso de obtencidn,

' se consideran tan sélo una alg:ernativa o formas de presentacion

equivalentes al compuesta en su forma de base libre ya conocida con
anterioridad por lo cual no se obs@rva algin salto tecnolégico que lo haga
‘superior o diferente a lo previamente conocido.”, tal como lo hace el
sefior Examinador en su C ncept-c;‘; Técnico. ‘

En conexidn con lo anterjor, me permito poner en consideracién de ese
Despacho las ensefianzas de dos articulos cientificos (adjuntos como
- anexo) relacionados con las sales farmacéuticas de compuestos activos:
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i

1. Berge S. M, et al., "Pharmac%utical salts", 1. Pharm. Sci., 66 (1): 1-

19, 5 (1977); v,

o
2. Bighley L. D. et al, “Saﬁlt forms fo drugs and absorption”,

Encyclopedia of Pharmaceuqical Te#:hnology, Vol. 13, pp. 453-499
(1995). |

En el primero de ellos, por ejemplb, claramente se establece lo siguiente:
_ f

"Las caracteristicas quimicas, bjolégicas, fisicas y econdmicas de un

agente medicinal pueden ser m%anipuladas, y por ende, optimizadas

mediante la conversién a una for%a de sal. Sin embargo, la seleccion de

la sal apropiada puede ser una #area muy dificil debido a que cada sal

impone propiedades Unicas al co%npuest;o madre". (pagina 1 de Berge et

al.) ’ |

Adicionalmente se establece que;

"Desafortunadamente, no existe un mecanismo para predecir la
influencia de una especie de sal en particular sobre el comportamiento
del compuesto madre”, entre otras razones porque "varias sales de un
mismo compuesto se comportan generélmente de manera muy diferente
debido a las propiedades fisicas, quimicas y termodindmicas que
imponen sobre dicho compuesto madre;" (paginas 1 y 2 de Berge, et al.)

i‘
Asimismo, en el articulo escrito por Bighley y colaboradores se establece

lo siguiente:

"..por lo tanto, la seleccion de una életerminada sal alun se mantiene
como ua decisién empirica y comblejai simplemente porque el hecho de
gue una forma de sal presente ciertas bropiedades deseadas, no significa
que otras formas de sal de la misma droga exhiban propiedades

similares.” (paginas 479 a 487 de Bighiey et al.)

De lo anterior puede concluirse que ‘las afirmaciones realizadas por el
sefior Examinador resultan ser complétamente contrarias a lo ensefado
en los articulos cientificos de Berge et al. y Bighley et al., pese a que las
conclusiones técnicas expuestas en dichos documentos son el resultado

187,
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distintas sales de diferentes compuestos activos.

de una extensa revision de las pro?edades farmacéuticas mostradas por
De conformidad con lo anterior, es|claro como mientras en el articulo de
Berge et al. se concluye que la selecciéri de una sal puede influenciar
significativamente las caracteristicas quiﬁicas esenciales de una droga,
como la solubilidad, la velocidad de disoludién,. la absorcién , la toxicidad,
la farmacocinética, la biodisponibilidadL la tensién superficial, la

estabilidad, la tendencia a la | desagregacién y las propiedades
organolépticas (paginas 4 a 16 de berge et al.), el sefior Examinador
afirma en su Concepto Técnico que: "no se considera que sales como el
" formiato de O-demetilvenlafaxina |por mencionar alguna de las sales
derivadas del principio activo venlafaxina tenga una diferencia tal con el
propio compuesto u otra de sus sales o metabolitos mencionados por el
estado de la técnica que le otorgue nivel ir{vetivo a la solicitud en estudio
debido a que un compuesto no se difererﬁcia de otro tan sélo por sus
propiedades fisicoquimicas tales | como su solubilidad, endotermia,
tamafio de particula, etc, sino por las caraicteristicas quimicas esenciales
de la molécula como tal, a las cuales de seideben aquellas."

En este sentido, me permito manifestaﬁ ante ese Despacho que los
articulos publicados por Berge et al. y dighley et al. son una prueba
contundente de que las formas de sal realrﬁente proporcionan diferencias
fisicoguimicas y farmacoldgicas sig niﬁcati&as frente a un determinado
compuesto activo madre. ;

Finalmente, en este punto resulta de gran importancia resaltar una vez
mas ante ese Despacho que los res ltados experimentales obtenidos por
el solicitante de la invencién en uestiéh con la sal formiato de O-
desmetilvenlafaxina (los cuales se ncuentﬂ‘an adecuadamente detallados
y analizados en las paginas 5 a 9 de Ia? descripcion) demuestran de
manera contundente que dicha n vedosa sal formiato presenta una
mejor absorcién en el intestino delgado yjen el célon con respecto a lo
observado con la sal fumarato (co puestb conocido en el estado de la
técnica), hecho que puede favorecer ampliémente la biodisponibilidad, la
farmacocinética y los perfiles de toxicfdad de la sal formiato en
comparacién con las caracteristicas farmacoldgicas mostradas por la sal

fumarato.

s>
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Por lo tanto, es claro que dichos re
no solamente que la sal formiato d¢
un compuesto quimico diferente a |
que también representa una sorp
técnica al estado del arte.

En conclusién, como resultado de todo |
manifestar ante ese Despacho que la materia

electrophoresis -mass spectrometry
its phase I metabolites” (D2)

En términos generales, el documento D2
separar el compuesto venlafaxina de sus
| publicacién ensefia la utilidad de la electrofor

efectiva separacion de dichos compuestos

separacién completa es lograda a pH ba
venlafaxina), bajo dichas condiciones no

adecuada en los electroferogramas. Adicionalmn
' cabo la separacion bajo condiciones acidas
ilcompleta de las drogas estudiadas. Finaln
realizacion de pruebas experimentales tendien
sistema bajo estudio en un medio no acuoso,
metanol-acetonitrilo y empleando soluciones d
formico 1 M.

Ahora bien, con base en lo planteado [
que la materia revelada en la solicitud de
inequivoco caracter inventivo frente a las ens

que:

xsultados experimentales demuestran
e O-desmetilvenlafaxina es realmente
a base libre y a la sal fumarato, sino
rendente y significativa contribucion

0 expuesto previamente, me permito
revelada en la solicitud de patente en

cuestién presenta un inequivoco caracter novedoso e inventivo frente a las
ensefianzas del documento D1.
5.2) Consideraciones Respecto al Documento "Nonaqueous capillary

for separation of venlafaxine and

revela métodos electroforéticos para
metabolitos. Especificamente, dicha
esis cabilar no acuosa para lograr la
quimicos, revelando que si bien la
sico (valor cercano al pKa de la
es posible obtener una resolucién
1ente, en D2 se revela que al llevar a
0 es bosible lograr una separacién
1ente, jdicho documento ensefia la
tes a estudiar el comportamiento del
osto es, utilizando diferentes mezclas
e formiato de amonio 25 mM y &cido

yreviamente, me permito manifestar
patente en cuestién presenta un
efianzas del documento D2, toda vez

10

\B] 189
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—
. En dicha anterioridad NO es rjencionado y tampoco sugerido el
compuesto formiato de O-desmetilvenlafaxina sélido;

El documento D2 se encuentra dirigido exclusivamente a describir un
tir la migracién diferenciada de la

medio electroforético para perm
. . \ :
venlafaxina y sus metabolitos, el cual eventuaimente puede comprender

acido férmico como parte de una solucion buffer, es decir, como parte
" de la solucidén iénica necesaria para la |realizacién de dichas pruebas

electroforéticas; v, |

Una persona experta en la materia técnica} en cuestiéon no encuentra en el
documento D2 ningdn tipo de indicacién técnica gue le pueda sugerir que
el compuesto formiato de O-deme ilvenlafaxina presenta las propiedades
farmacoldgicas ventajosas reveladas en la presente solicitud de patente
frente a la forma base 6 a frente a la sal fumarato, de manera que dicha
persona experta no cuenta con rﬁingund razén técnica para sugerir la

utilidad de sintetizar dicho novedoso compuesto.

De conformidad con lo anterior, y tal’como se ha analizado a lo largo del
presente memorial, es absolutamente claro #ue la materia revelada en la presente
solicitud de patente presenta un inobjetable cérécter inventivo frente a las
ensefianzas de los documentos D1 y D2, di manei'a que dicha solicitud cumple a
cabalidad con los requisitos de patentabithd establecndos en el Articulo 18 de la

\

Decision 486 de 2000.

6. CONCLUSION

{ |

De conformidad con las modif“%aciones realizadas en el capitulo
reivindicatorio de la solicitud de patente en cuestlon, y como consecuencia de [as
consideraciones técnicas presentadas para derpostrar el inequivoco caracter

inventivo de la presente invencion, dentro dre las qde se incluyen:
|
|

1) la imposibilidad de predecir | las daracteristicas fisicoquimicas vy
farmacoldgicas presentadas por una determinada sal de un compuesto

activo;

i1

/ (a0

o
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2)

3)

Es

las propiedades técnicas sorpr¢ndentes y ventajosas
presentadas por el novedoso cofmpuesto formiato de O-
desmetilvenlafaxina en comparacidn con I;a forma base y la sal fumarato
(compuestos conocidos en el estado de la técnica) ;Y

la Inexistencia de sugerencias técniqlas dentro de la materia
revelada en los documentos D1 vy bz para que una persona
experta en la materia Apudiera predecir las

\
sorprendentes ventajas técnicas re eladaﬁ en la solicitud de patente en
i
J
|
|

absolutamente claro que se | han jsuperado satisfactoriamente

cuestién,

las objeciones expuestas por el sefior Examinador frehte a la solicitud de patente en

solicitado.

(a)

(b)

(c)

cuestién, y por tanto, dicha solicitud es merecedora del privilegio de patente

7. Anexo al presente memorial me permito presentar:

i
Recibo numero 08-57,491, expedido }por la Superintendencia de
Industria y Comercio, que acredita el} pago de las modificaciones

mencionadas;

Copia del nuevo Capitulo Heivindicatorio compuesto por 46
reivindicaciones, el cual reerqplaza ‘al actualmente presentado
y en el que se han reallzabo Ias‘ modificaciones previamente

Copia de los articulos cientificos: ( ;‘
|

mencionadas; y

. Berge S. M. et al., "PharmacTutical salts", J. Pharm. Sci., 66 (1): 1-
|

19,5 (1977); vy |
|
"Salt forms fo drugs and

Pharnﬁaceutical Technology, Vol. 13,

= Bighley L. D. et al
absorption", Encyclopedia o‘
pp. 453-499 (1995). ’

| s 12
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RECIBO DG CAT) APLICADD AL EXPEDIENTE Mo

SUPERHTE*!ENCM DE INDUSTRIA Yt .

5 NIT ¢ B00176089-2
RECIBO OFICIALIDE CAIA ¢ 0B - 57,491 |
FECHA ¢ JULID 16 DE 2908
|11 CONSIBNACION TNy '
DEPOSITANTE TIPO PAGD | BANCO CUENTA Ho. muJ FECHA PED Vr. PARO
BNCO D BOBOTA 062754387 1859832 16/07/2008 6,734,000,00

REDA ¥.CIA E A

CONSIBNACION |

i C O N T EP TO

CANT. RENTISHICO CONCEPTO TOTAL CONCEPTU
I 50005-1-03 CAKBID DE MODALEBAB|Y MODIFICA 12 WRCAS ¥ LENAS COMERCIALES 103,000.00
< TOTAL : 5 105,000.00
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SESPONSABLE 1 s
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REIVINDICACIONES

w\,eiu\ Crp— 04~ 1?22 TR

1.. ________Un compuesto que es formiato de O-desm atilvenléfaxina solido.

2. Un compuesto segin la Reivindicacion
- desmetilvenlafaxina es cristalino.
M

“endotermia a aproximadamente 152 °C.
4, Un compuesto segin la Reivindicacid
5. Un compuesto segun cualquiera de las Re

‘tamafio de particula entre aproximadamente 1,5

i 6. Un compuesto segun cualquiera de las Re
. relacién de aspectos de entre aproximadamente

7. - Un compuesto segun cualquiera de las Re
relacién de aspectos de entre aproximadamente

425 mg/ml.

19, Una

: farmacéutica que
|

composicion

y un vehiculo o excipiente farmacéuticamente a
: |

“ 10.  Una composicion farmacéutica segun Id
‘ |
. un polimero que controla la velocidad de liberaci
3 |

!

aproximadamente 152 °C y a aproximadamente 232 °C

|
1 en fdonde el formiato de O-

3. Un compuesto segun la Reivindicacién 1 o la Reivindicacion 2 que tiene una

n 3 que tiene endotermias a

ivindicaciones 1 a 4 que tiene una
pm y aproximadamente 26 pm.
ivindicqciones 1 a 5 que tiene una
1 y aproximadamente 44.

ivindicaciones 1 a 5 que tiene una
1 y aproximadamente 4.

8. Un compuesto segln cualquiera de Iqs Reivindicaciones 1 a 5 cuya
 solubilidad en agua a temperatura ambiente es por I6 menos aproximadamente

comprende formiato de O-

desmetilvenlafaxina segun se reivindica en cualquiera 4e las reivindicaciones 1 a 8
\
septable.

Reivindicacién 9 que comprende
on. ‘

}11. Una composicion segln la Reivindic#cién 10 que comprende entre

aproximadamente 30 por ciento y aproximada
formiato de ODV y entre aproximadamente 25

por ciento en peso de un polimero que controla |
|
23

mente 50 por ciento en peso de
por ciento y aproximadamente 70
a velocidad de liberacion.

EN
H



12. Una composicién segtn la Reivindicacién 10 o IajReivindicacic')n 11 en donde

- el polimero que controla la velocidad de Ilberacu%n es hidroxialquilcelulosa,
. hidroxipropilalquilcelulosa, éxido de polietileno, élqunlcelulosa carboximetilcelulosa;
- derivados hidrofilicos de la celulosa, o polietilenglicol. ‘

13. Una composicion segun cualquiera de las Rei{/indicaciones 10 a 12 que

~ ademas comprende un polimero que se hincha con el égua.

|
14. Una composicion segun la Reivindiclcién 13 que comprende entre
aproximadamente un 20 por ciento y aproximabamenﬁe un 50 por ciento en peso
de formiato de ODV, entre aproximadamente un 25 por ciento y aproximadamente

un 45 por ciento de un polimero que controla|la velobidad de liberacion, y entre

~ aproximadamente un 25 por ciento y aproximadamente un 45 por ciento de un

. polimero que se hincha con el agua. ‘

' 30 por ciento en peso de un polimero que co

15. Una composicién seglin la Reivindic%cién 13 que comprende entre
aproximadamente un 20 por ciento y aproxima‘gamentle un 35 por ciento en peso

" de formiato de ODV, entre aproximadamente uh 25 por ciento y aproximadamente

un 35 por ciento de un polimero que controla \Ia velocndad de liberacién, y entre

‘ aproxnmadamente un 25 por ciento y aproxnmf;zdamemte un 35 por ciento de un

polimero que se hincha con el agua. |
\
|

16. Una composicion segun la Reivindicacioh 13 que comprende

~ aproximadamente un 23 por ciento en peso de f
ntrola Ié velocidad de liberacion, y

aproximadamente un 30 por ciento en peso de

ormiato} de ODV, aproximadamente

3 de trimetilamonio

un polimero que se hincha con el

agua.

17 Una composicion segun cualquiera de las Relvmd‘lcacwnes 13 a 16 en donde

el polimero que se hincha con el agua es un poliacnlatq, polietilacrilato, etilacrilato,
\
metllmetacnlato cloruro de trimetilamonio etllmetacnlato polimetilacrilato, cloruro

etilmetacrilato polietilacrilato, copolimero de

' dimetilaminoetilmetacrilato metacrilato, Carbopo
716.
|

24

| 971P, Carbopol 974P o Carbopol

A5



- férmico.

18 Una composicion segun cualquiera de las

Reivindicaciones 13 a 16 en donde

eI polimero que controla la velocidad de liberacion es h|drox1propllmetllceluIosa

19. Una composicién segin cualquiera de las

i
Reivin&icaciones 13 a 16 en donde

el polimero que se hincha con el agua es Carbopol 71 d

20. Una composicién farmacéutica segn cualquiera de las Reivindicaciones 1 a
!

9 que ademas comprende la venlafaxina.

- 21. Una forma de dosificacion fannacéuticLa
terapéuticamente eficaz de formiato de O-de

excipiente farmacéuticamente aceptable.

22. Una forma de dosificacion farmacéutica stgan la Reivindicacion 21 en donde -

que | comprende una cantidad
metilvenlafaxina y un vehiculo o

la forma farmacéutica es una formulacion de liberacion prolongada.
|

23. Una forma de dosificacién farmacéutica segun la Reivindicacion 21 en donde

la forma farmacéutica es una formulacién de liberacién ‘controlada.

Reivindicaciones 21 a 23 en donde la forma
capsula.

25. Un método para preparar el formiat

' 24. Una forma de dosificacion farmacéutica segin cualquiera de las

farmacéutica es una tableta o una

o de O-desmetilvenlafaxina que

comprende hacer reaccionar la O-desmetilvenlafaxina y cido férmico en etanol.

cantidades estequiométricas.

' 26. Un método segun la Reivindicacién 25 en el cual los reactantes estan en

- 27. Un método seglin la Reivindicacién 25 en donde se usa un exceso de acido

28. Un método segin la Reivindicacion 27 en donde el exceso es entre
|

aproximadamente 1,1 y aproximadamente 2,5 équivalentes.

desmetllvenlafaxlna esta en un disolvente.

25-

29. Un método segln cualquiera de las relerdlcamones 25 a 28 en donde la 0-

[ 4@



- debajo del punto de turbidez. }

30. Un meétodo segun cualquiera de las reivinbicaciohes 25 a 28 en donde la 0-

" desmetilvenlafaxina esta disuelta en un disolver‘te.

31. Un método seglin la Reivindicaciéon 30 eﬂ donde se disuelve una mezcla de
O-desmetilvenlafaxina y acido formico en un crlsolvente a una temperatura entre
aproximadamente 55 °C y aproximadamente 80 °C.

- 32.  Un metodo seguin cualquiera de las reivin‘picacimf\es 29 a 31 que comprende

enfriar la mezcla de reaccion hasta aproximahamenté 5 °C y aproximadamente

6 °C por debajo del punto de turbidez a un4 velomdad de aproximadamente 1

grado por cada 3-5 minutos. ‘

| i
| |
33. Un método segln la Reivindicacion 32 ‘que comprende incubar la mezcla

durante mas de 1 hora a una temperatura éproxnmadamente 5°C a6 °C por

' 34. Un método segun cualquiera de las Relymdlcac:lones 31 a 33 que ademas

comprende enfriar fa mezcla hasta entre aptox:madamente 20 °C y

aproximadamente 25 °C. 1

| |
35. Un método segin cualquiera de las Reivindicaciones 29 a 34 en donde el
! |

- disolvente es etanol. |

36. Un método segun cualquiera de las Reﬂvindicajciones 29 a 34 en donde él

disolvente es tetrahidrofurano. |
37. Un método seglin cualquiera de las Rejvindicajciones 29 a 34 en donde el
disolvente es acetona. | |
|
i

\ :
38. Un método segin cualquiera de las Reivindicaciones 29 a 34 en donde el

. |
disolvente es 2-propanol. |

39. Un método segln cualquiera de las Relwndlcacnones 32 a 34 en donde el

punto de turbidez es aproximadamente 40 °C. ‘
\

40. Un compuesto el cual es formiato de |O-desmetilvenlafaxina producido de

-26- |

(A



57

- menos aproximadamente 425 mg/mL. | |

\

\
acuerdo con un método segln cualquiera de llas Relvmdlcacwnes 25 a 39, y el cual
tiene una razon de aspectos entre aproximad%mente i‘l'a aproximadamente 44.
-
41. Un compuesto el cual es formiato de q)-desmgtilvenlafaxina que tiene una
endotermia a aproximadamente 152°C. \
L |
42. Un compuesto el cual es formiato d O-desmetﬂvenlafaxma que tiene
endotermias a aproximadamente 152°C y a apf\oxnmadamente 232°C.
\ !

\
de particula de aproximadamente 1.5 a aproxi

43. Un compuesto el cual es formiato de Odeshetilveﬁlafaxina que tiene un tamafio
%adamente 26 um.
!

44, Un compuesto el cual es formiato de Q-desmetllvenlafamna gue tiene una

~ relacién de aspectos de aproximadamente 1 a aprox1madamente 44,

.
45. Un compuesto el cual es formiato de d—desmétilvenlafaxina que tiene una
|

relacién de aspectos de aproximadamente 1 a Jproxim?damente 4.
|
1 ;

- 46. Un compuesto el cual es formiato de O-desmetilvenlafaxina de acuerdo con la

| !
reivindicacion 1 que tiene una solubilidad en ag‘Ha a temperatura ambiente de por lo

27-

199 1%
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The chemidal, blalogical, physical, and sconomie chaxs
scteristios of fmedicinal sgents can he/manipulsied and,
Aenes, oftenfoptimized by conversign i¢ a salt form.

hoosing thq sppropriate salt, howeves, can be a very
Qi Beult taek Jeincs each salt imparts ubigue properties to

xyerhansee
Wewrnhasrasn 4%
povderationy o-q_aavcc«r‘ot;ojon-\-?-wu-u-'f-'n-? lﬁ'

- pharmacsutical lierature, munh ¢
vse of salt formation to prolong the relsase of the active -

sirvesrazwniassrro Randyi s vienisocn 1&
] 1 .

many salts synthesized, the praferred form js selected by
pharzmaceutival chemists prissarily on @ practical besis:
cost of raw materiale, ease of crystallizstion, and percent
yie)d. Other basie considerations include stability, hy-
groscopleity,
Unfortunately, there 8 no reliable way of predicting the -
influence of § particular
parent complound, Furthermore, even after meany salts of
the sane basic agent have besn prepared, no efficient
screening technigues exist to fecilitate selection of the ealt
most Hkely to exhibit the desired pharmacokinetie, solu-
bility, and foroulstion profiles,
Sorne decision-tosking models have, however, been de-
veloped 10 help predict salt performance. For example,
Walkling and Apping (1) described two technigues, “de-
ciejon analysis” and “potentisl problem anglysis,” and
applied them to the pelection of the mast suitable deriva-
tive of an organic acid for developroent ax u tablet. The
derivatives i ‘
wm, sodivem| and caleiurm salts, Bath techniques sre based

on the chemicsl, physieal, and biologieal propertiee of these -

specific devivatives and offer 8 promising pvenue for de.
veloping optimal salt forms, : o

slts is widely dispersed thréughout the

component, tha:eby gliminating various undesirable drug
properties (2-6) This réview surveys }Stamtm of the last
o5 years, emphasizing eoraparisons between the properties
of differsnt salt forms of the same compound. Included also
ix & discusston of prientially usefal ealt forms. Our purpose
{s twolold: to present an over-iew of the many different
‘hick nep: drug cendidates can be chosen and

2 parent cmpound. . sslie from
i )
i
|
i
Ql.'
5
A . -
TR T - '
5‘ , “n .. . RN
L
i
y
%;

s}t apecies on the behavior of the

onsidered were the frae seid snd the potassi-

ok of which addresses the
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and Tlowability of the resulting bulk drug. -



Le ]

|
|

Takble 1=FDA- approved Commereially Markeied Solin

a0

i

Batahiiiieiie Sl i
Anjon Perpent® T tAnjon Fersent®
o |
Aeetats 1.268 Tedida 2.08
Benzenssulfonate 0.35 Jeehiosate! 0.88
Benanate Q.51 Lactats 0.78
Biverbensis .18 Lactebiopeis 043
. Bitartrate 0.68 Malote ' 0.13
| Biouide 4.68 Muleg 4.03
Calelutm edetate 0.5 Mandelata o8
Cameylate .28 Mesylate 208
Carhorate A8 Matioylbromida 078
Chlorida 417 Mathyinitrate 0.8
Citrate 30 Merhyloulfate 0,84
Iihydrochloride .51 Muea .18
Edetate Q.56 Nepaylate Q.98
Bdisvlates (.38 Nitre 0.64
Batelated 12 Pemosiz (Erbongte) .01
Esylata® 0.13 Pantathenata 0,28
Fumarats .05 Thesphete/diphosphate 418
Glucepuatel 018 Palygalucturoneta 013
Gluconate 0.1 Salieylate (.08
Glutamate (.88 Blaats \ .25
Glveclivier sanilate® .13 Bubacetate oo 034
Herylrazorsingte O35 Guecinnty 0.38.
Rydrshamine® 6.6 Sulfa 148
Hydrabroraida 1.90 Tenh 048
.gygmchlmi?sh 4{%2@ r}”mr ke, S]E:ad
raginaphthosts . [0 -4
i Tristiiodide 0.1
Catlon Percente t‘}q‘ﬁon Percent”
Organic Matallic

epzathing? 0.8 Alumimas .88
Chlaruproceing 0.95 Calpiua 10.49
Claoline 0,88 Lithivn 154
Digthanslacine n.88 Magnasium. - 1.8
Ethylenegdiamine 065 Fotassing 1082
Meglumine! %20 Zodium 61.97

Procaing C.68 Zine 28 .

t

“.Dibenzylethylenedismdne,

J B-Cl‘.}qmtheoph:;llim’u. L

to aszemble dats that will provide, for the student apd
practitioner alike, a rational basls for selecting a suitable
salt forr,

POTENTIALLY USEFUL SALTS

Salt formation is #n acid-base reaciion invelving eithey
s proton-travefer or'neviralizstion resction and iz theye-
fore comrollad by Tactors influencing such react]
Theoretically, every compound that exhibits zeid or base
charactarietics can participate {n salt formation, Parti
larly tmportant is the relative strength of the aeid or
hass—~the acidity and basicity constants of the cherajcal
species involved, These favtors determing whether or not
formation eccurs and are & meszure of the stsbility of the
resulting salt, A

The number of salt torme available to a chemist is large:
surveys of patent Hieralure show numerous new salts being -
synthesized armually, Various salts of the snme compopnd
.often behave guite differently because of the physical;
cherieal, and thermodynamic propertles they Impart o
the parsnt compound. For exawmple, & selt’s hydrophobiciy
and high crystal lottice energy can affect dissohrtion rate
snd, hence, hionvailebility, Ideally, it would be deslrahle
if ona could predict how a phermaceutical agent’s prop-
ertiee would be affected by salt frrmation,

Tables T and II ¥st alf salts thet were sommerciald
marketed througk 1874, The list was compiled fro aﬁ

'3

agents Hsted in *Martindale The Fxira Pharmacopoeis,”

¥

s

2 ) Japraal of Fhormaceutivad Sealenege

® Percant i basad oh votal masher of snionic of cetionie selts in'uge through 1874, 8 Camphersulforate, ¢ 1 2-Ethanedisullonate, ¥ Lanryl gulfate

 Erhanesulfonate, { Gluccheplonate, § p-Glveplemidorbenylantongie, b
1 "-P y.2\:.'.,}&'5 thyly

NN Di(dehydmabiewl)&thyienéﬂimim i 2. Hydrosyethanesulfonats

Tucymine.

| ‘
28th ed, (7). Table I categerizes el salt forms approved

the Food and Drog Administration (FDA), while Table I
ligte those not approved by the FDA but in use in othe
countries, (Only salts of organic compounds sre considerso
‘because most drugs are organic substances.) The relatiy.
fréquency with which esch salt type has been used is cal
‘culated 25 & percentage, based on the total number of an
‘lonie or cationde salts jo use through 1974, Becsues o
“eimple avallability end physiclogical reasons, the mong
protic hydrochlorides have heen by far the most frequen
choies of the avalleble anjonic salt-forming radicals, out
nurmbering the eulfates nearly six to one, For similsr tes -
‘gons, sodiuxe hae been the most predominant cation,

' Knowledge that one zalt form {mparts grester wale
solubility, is Jess toxic, or slows dissclution rate wouk
gﬁ-eaﬂy henefit chemists and formulaters, In some canes

- such generalizstions can be made. Miller and Heller (8

liscussed some properties sssocisted with specific clasest

of salt forms. They stated that, in generel, salt combing -
tiens with monocarboxylie acids ave inscluble in water at
lend themeelves to repository preparations, while thoss o

‘ eéca:boxylic acide confer water sofubility if one carbosyli
“group le left free. Pamoie acid, ap aromatic dicarboxylc
“acid, i= an ezception eines it is used as » means of obtaining
rolonged action by forming slightly soluble salte witt
ceriain basfe drugs, Salas of al. (9) reviewsd the nse of this
salt form in prepering sustained-relesss preparations
Nore recently, latentiation of dihydrostreptomysin (30
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_pepRitate

Jjulfete
Smyibromide
Jpmphorete
Algihoconsts
“Sihydrshromide
Dlsuceinate
Aivsersphoephare
Hemisulinte j
Hydroflvoride |
Hydemiedide , «
Wethylenebis{sslilylate) |
. Napadisylatab . 5
Ouplate |
Pactingise

Persulfats £

Pheaviethylbarbifurate

Piceate - 3
Propionats
Thipeysnate

Toeylate
Undecanonts
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Percents
erethamine®) .39
Clemizole? | 0.38
Diethylaming| 033
Fiperazine | .88
Tromethaming? 0.23
Metallie :
Barlum \ 083
Blsmuth | 0,98 |
" .
® Percent is berd on 1018l sumber of anienic and cationic selts in use
traugh 1974, b 3 5-Naphthelensdisulfonstg. © N-Benzylphenethylamine,
¥ 1op-Chlorobenizyl-2-pyreolidine 1 ylmethylbsnzimidasols, £ Tris(hy- |
- droxymethyllaminemetssne,

veing pamoip acid resulied In the formation of 2 deloyed.
stiion prepakation, Numerous studiss using pamoate salig
_are dispereefl throughout the Hterature (11-15).

Alginic acld aleo has been vsed to prepsre long-acting
pharmaceutivals, Streplomycin slginate was prepared (16)
and shown to be effective in sustained-release prepars-

- tions, A striking example of & long-acting alpinets salt is
ihat of pilogarpine. When dispersed in sterile water and
¢ Atoacalid gel, this compound was found vsefulin the
pr tiog of long-acting ophthalmic dosage forms (17).
WIRE liquil preparations of the alginate end kydcochlo-
.1ide selie possess similar raiotic sctivity, studies showsd
ihat solid pilocarpine alginate flakes constricted pupil size
| nore effectively and increased the duration of iicsis sig-
nificantly ¥hen compared with the liquid preparations.
Solid dose [pllocarpine may be more uniformly svailable,
becanse it/diffuses more slowly through the gel matrix
which holds the drog in reserve. In contrast, drops of the
tommenly erapleyed solution dosage form release the dose
mmediately 1o the conjunctival fluid.
L Mélek et al, (18) devised & unique way of prolonging
| tction t.hr#ugh salt formstion; they showed that ihe dis-

tribution df several antibiotios could be markedly altered

L Y merely prepiaring macromoleculer salts, Rince macro-

- Dolerules and colloids] particles havs an affinity for the

¢ phatic systers, streptomnyein, neomycin, viomyrin, and
!
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strepiothryein were com‘bimd with high molecular weight
compounds surh a8 polyacrylic acids, sulfonic or phos-
phorylated polysaccharides, and polyuronic derivatives,
Farenteral adminiztration of these compounds produced
low Blood levels of the autibiatie for lang periods, whils
lymph levele were high, (In comparizon, streptomyecin
sulfate gave high blood levels but low Iyzmph levels.) This

- gMeration in distribution caused the sireptomycin to

prolong its passage through the body, since lymphatic
cireulation ie guite slow, ‘ _

The appropriste cholce of & salt form has been found to
reduce toxicity. It can be rationslized that any compound
aszociated with the normal metabelism of food and drink
must be essentially nontoxzie. The approach of choesing
argenic radicals et are readily sxcreted or metaholized
openad up r Dew clase of substances frore which o seleet
& salt form, For example, certain salts of the strong base
choline heve proven to be considerably less toxic than thelr
parent compound. The preparation and properties of
choline seltg of a series of theophylline derivatives were
reported (19}, and it wes shown that choline theophyllinata
nossessed & greatst LDsg than theophylline or its othex
aalts (20}, Hiwas peatulated that this spent would be leas
frritating to the GI tract than aminophylline, beesuse “ite
basic coustitusst, chioline, & po almost completely non-
toxic substanoe of actual Imiportance o the phystologic
economy.” This evidence led {0 the preparation of choline
salicylate (J1) p2 an Attempt to reduce the GI distarbances
associsted with salicylate sdministretion. Clinies) studies
indicated t;at chalix}e selicylste eliciiad a lower inclden

of GI distress, was folerated in higher doses, and wag of
greater benefit to the patient than was acetylsalicylic acid

{aspirin), -

¥ - ‘ 4 » 3
Aming acids and gald vitamins al=e have been vsed as
salt-forming agents. Based on the evidence that oad.

ministration of amine acids with eminoglycoside aptihi-
otles reduged their %r;axicity, a series of gmine acid sahis of
dihydrostreptemycin was prepared (22). In oll but one
cage, the spute toxicties of these salts were lower than the
toxicity of the sulfets, The ascorbets and pantoihenate
elso were synthesized and shown 1o be less toxle than the
i‘%‘fﬁi& QOf the salts ‘prepamd, the ascorbate had the highest
"o J
The vitamins }ost comronly veed for forming salts
exhibiting reduced toxicity are sseorbic and pantothesie
seids, Keller ef ol (23) were the first to use pantothenic
acid as 4 mmeans of “detoxifylng” the basic streptomyces
antibiotics, Parenters! administration of the pantothen.
ates of stieptotnydin and dihydrostreptemycin had o sig-
rificantly reduced incidence of acute nevrptoziciiy in cats
a% compeared with the sulfaies. Bubsequent studies (24-28)
supyported this finding and showed that the pantothenetes
of neomykin and viomyein also are lese tonic. The ascorbate
of oleandomyein wae synthesized and its pharmacologieal
roperties ware reported (28), Upon intramuscular injess
tion In rats, it produced less irritation then the phos-
phats, \ ~
p-Acetamidobenzoic acld, an innoevous metabolite of
folie peid present In normal blood and urine, has been used
iny preparing selts. In particular, it yields stable galte with
emines that etherwise tend to form hygroscopic products
with oo ventionf gcid components (30},
|

Often the salt form is chosen by determining a salt
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mmponent that will pharmacologically antagenize an
“unfaverable ﬂmpc-rty or properties exhibited by the basie
“azent. Salts of N-cvelobexylsulfamic acid are an example
of the practisal application of this approach. V-Cyelo-
hewleulfamzc acid salts, better known ag eyclamates, have
o characieristic sweet, pleasing taste. Although prewently
|  under investigation by the FDA for potentially carcino.
' genic properties, salis incorporating this compeund can
' render unpleasant or bitter-tasting drugs sceeptable. For
| prample, the cyclametes of dextromethorphen and
 chlorpheniramine exhibit greatly trproved bitterness
 thresholds compared te commonly oecurring salts (33),
| Furthermore, thelr sta hility in squeous solution wes de-
' seribed as good when meintained at s pH not greater than

4.

N.-Cyclohezyleulfamie acld selts of thiamine hydro.
" chloride and lincomyein alse have besn synthesized, Thi-
| amine N-cyclohexylsulfamate hydrochloride wae reported
! to have g more pleasant taste than other thigmine salte
| while having an equal or greater stability (32), Lincomyeln
evelamate, shown 1o porsess an enhanced therrnal stahzhw
j over its hydrochloride, was prepared (33) to test the hy-
| pothesis that reduced lincomycin abyorption in the pres-
ence of small quantities of cyclamama was due to 2 simple
! metsthetic resction. Hewever, this sssumption was found
‘not 1o be true. An extensive study of the pxeparratmn and
‘characterization of cyclemnic acid salts of several widely
used classes of drugs mvludmg antihistarpines, antibiotics,
antitussives, mg uapaﬂme! yties, and local aneﬁhetwﬁ waE-
reported (34, 3
' Various salte of pemczllm and hasic amine compounds
have been formulated in s effort to produce & long-acting,
§ notallergenic form of penicillin, Since antihistamines
Lsppesar to mitigate the symptomatalogy of penicillin re-
|actions in tome petients, coadministration of the two has
‘been advocated, The preparation of the benzhydralamine
'salt of penicillin was an sttempt to produce a repository
form of penicillin with antisllergic properties (36), Blood
Jevels achinved with this salt were comparable 10 those of
pﬁrlcﬂl}n (G potassiurn; hbwever, its antiallergie pmpert:es
lwere not evaluated, In faet, the Investigators noted that
‘antihistamines can acty ually vsuse zensitization at times
{and steted that “despite their occasionally favorahle in.
fluence on the symptoms of penicillin sensitivity, they
cm:mbute diveetly tothe potemml of drup sevisitivity when
'co-administered with penicillin”
- Bilver salts of sulfandlemide. penicillin, and pther anti-
baot;c- have been prepared and represent cases whers the
iepecies (ons) are com plemﬁntar}’ When agueous solutions
lof the salts were applied topically to burred tissue, they
‘},’ié‘]ded the combined henefits of {he oligodynamic artion
‘of silver and the advantages of the antibecterial agents
{37), :
- The use of S-substituted zanthines, particulariy the
8-substituted theophyllines, as aalt-i‘armmg apenis wag
First reported in the preparation of s series of antifistamine
salis (38-41). Synthesis of these xanthine ealts was an gt~
tempt to find a drugto counteract the drowsiness caused
by the antiliistamines with the stimulant pmpen,es of the
xenthines, When sn: e}e*tmnegatwe group 19 introduced
into the zanthine molecule at the &-position, the eleg-
tmn :?rawmg tapacity of the substituent results in the
creation of an acidic hydrogen st peeition 7. Thus, these
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madeqamly strong acidic compounds can umdergo galt
formation with varicus organic bases.

- The E-halotheophyllines were the first group of xan.
thines studied as potentizl salt-forming agents. Sincs the
report‘ on the preparation of the &-cilorotheophyline salt
of daphenhydramme (42), synthesis of the &.halotheo-
phyllinates of a number of orgapic hases hes been at-
tempted. The 8-chlorotheophylling salts of quinine,
gphedring, and strychning were prepared and character-
ized] (48). These salts were less water solubls than the
corresponding free alkaloidal bases, In a similar report, the
8-chlorotheophyllinates of thres synthetie narcotics,
megaer idine, levorphanol, and metopun, were prepared
{44

}macohgieal and clinical studies involving the 8-
bromotheophylline pyrilarine salt revealed the unusual
dinretic properties associnted with the 8-halotheophylline
portior of the compound (45, 48}, This finding initigted
an investigation into the preparation of a scluble B-heo-
mothepphyline salt of high diuretic activity, With readily
avgilable amines, over 30 salts were gynthesized and
sergened for diuretic activity (47), When tested sgainst

theophylline salis of the same amines, the 8-bromothso- -

phyllinates showed greater sctivity in every case,

With the successful formation of 8-halotheophyllinates
of organic bases, Morozowich and Bope (48) proposed that,
if the halogen molety was replaced with a more slectro-
negetive substituent such as a nitro group, a2 more acidic
corspotind would 'be formed, Presumably, more stable salts
“would result and precipitation of the free xanthine derjy
ative in the stomach would be less likely to occur. On this
premxg they succeesfully prepared pharmacologically

cally useful bases.
Daesel et ol (19), in their study of choline theophylli-

nsts, prepared the 8-chloro-, B-brome-, and B-nitrotheo-
phylline salts of choline, Ora.! toxigity studies it mice
showed that the LDsg of the S-nitrotheophyllinete was
much grester than that of either 8-halotheophylline, In
fact, it|remalned nonlethal at doses as high 25 5.
Polygalacturonic acid, a derivative of pectin, has besn
used tq prepare Qumxdme salis exhibiting reduced tozicity
(48, 8Y). The co gau.nd possesses 9pecial demulcent
properties and inhibits mucosal irritation, The rationsle
for useiof this agentis to redues the jonic shork to the (I
mucass resulting from the fiopd of iryitating lons liberated
by rapld dissociaticn of the conventional mo*ganic guin-
idine salts. Studies have shown that it is four times less
toxic otally than the sulfate. This differsnce was attributed
o the }Iowe: relense of quinidine from the polygalaciu-
roinats,
Othar compounds reported to he potentially nseful ap
pharmeacentical ealt forms are lizted in Table N1

| PHYSICOCHEMICAL STUDIES

Bml?;gm activity of a drug molecule is influenced by

site ang iz ahility to resch—and then be removed from—
the 2it ‘ of action. Thus, & knowledge of the ph}*sxcnuhem-
jtal properties of 8 compound that influenee ita absorption,
d‘qm}mtmm matabolism, and exeretion is eszential for a
compldte understanding of the onget and duration of ge-

twe fa}ow its chemical stroeture and effect ut a specifie

effeﬁtiEe 8-nitrotheophyllinates uf several pharmaoceuti-.

t
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Lﬁn‘n,_ the relatiye toxicity, and the possible routes of ad-  In ome such study, methylpyridinium. 2-aldosime
ministration (2). L . _ {pralidoxime} ealts were invagtipated (95). This study set
In g review iy 1960, MiDer and Hollund (92) steted that  oul to prepars a.salt with water solubility adequate to allow .

H

;“diff event palts of the sume driyg rarely differ pharmaco-  intramuscolay injection of a low volume (23 ml) thera.
logically; the differences are usually based on the physical  peutie dase. The original compound, the methiodide, had
properties.” 1]4 a subsequent review (98), Wagner ex-  the disadvantages of limited agueous solubility and high

ie staternent, ssserting that, althoughthe  potential toxicity, sinee its high indide content could reqult
- fological responses elicited by g sarles of  iIn fodkem. On the basis of phyveivlogical compatibility,
telts of the samle parent compound may not differ appre-  betier water solubility, favorable stability, and relatively
¢iably, the intemsities of response may differ markedly, high pereentage of oxime, the chloride salt of pralidoxime
The salt forn) is known to influence a pumber of physl- . was selected for therapeutic administration; it Was clatmed
tochemical propertiss of the parent compound fncluding  that “the anjon used to form the salt can confer physioal
&eohution ratg, solubility, stability, and hygroscopicity.  properties of imiportance and slgnificance for the forma- |
eS8 propertips, in turn, affect the availability and for-  lation and edwinistraiion of the compound” (95), '
mulstion cherdeteristios of ihe drug, Conseguently, the Sorne physicochemical properties of b series of miveral
Phﬂrmgceuﬁc Industry has =ystematically engaged in  acid salts of lidocaing alse were determined (98). While the
*Ttensive prefarmulation studies of the physicochemical - Lydrochloride and hydrobroride were more hygroscopic,
Properties of egch new drug entity to determine the ost  they were more seluble in 8 number of solvenis than the

—_—

fitghie form for drog forroulation. Published information  nitrats, perchlorate, phesphats, or sulfate salta.
fﬁ:}ﬂeih;ng sﬁc% studies, howsver, fe sparse. Preformula~ Dissslution Rate—-The dissolution rate of 8 pharma.
studiss he

s volatility and hygroscopleity of an sgemt  xmany cases, particularly with poerly soluble drugs, this

5t form on (h
inn was diseussed (84). _characteriatie hest re:qects the bicavailability of the com-

{e« been outlined, and the infiuence of the  ceutical agent is of major importance Lo the formulator. In
nder investigs

Vel 8€, Nu, 1, January 1577/ 8




pound. As a rule, & pharmaceutical salt exhibits a higher,
|dissolution rate than the corresponding conjugateacid or
base at ar squal pH, even though they may have the same
squilibyium solubility, The explangtion for this result les
in the processes that control dissolution, 1
| Diszolution can be described by g diffusfon layer modelt
lin terms of ax equetion dsveloped by Nernst and Brunner
(o | |
; %’t}fn%(a -0 (En.1)
| where W is the mass of the solute distolved st time ¢,
| dW/dt i= 1he rate of ads transfer per unit time, I is the
| solute molecule-diffusion coefficient, § is the surface ares
| of the dissolving solid, b is the diffusion layer thickness,
* C is the concentration of the drug in the bulk solution at
' time ¢, and C, is the sazuration solubility of the solute in
. the diffusion laver.
i The driving foree for dissolytion in Eq. 1is the differance
| Berween the ssturation solubility of the drug and the
| concantration of the drug in the bulk fluld, If the drug is
net rapidly ebsorbed after it dissolves, then C, the con-

centration in the hulk sclution, epproaches O and the

' disgolution rate is retarded. When this occurs, sbsorption
| is “ahsorpticn rate” limited (or “rosrmbrane wansport”

Lmited), If the sbsorption raie is rapid {(or if the abeorption
mass transfer coefficient ia much larger than DS/h of B,
1), nowever, ' becornss negligible compered to O, and
dissolution oceurs under sink” conditions. Absorption }
then said tobe dissolurion rate limited, which Is what o
curs with most peorly soluble drogs. In sither cage, an in
creasg in (g, o5 In salt formation, increases dissclution,
Salts often speed diszolution by effectively acting

their own bufTers to slier the pH of the diffusion layer, thy

- later, .

ingressing the solubility of the parent compound, Gy, 1
that layer over ifs inherent zolubility at the pH of th?
dissclution medium, Hence, disgoluticn is controiled b
eolubility in the diffusion layer which, in turn, is deter
mined by the pH of that layer, The influence of Ky ot th

solubility term, C,, 20d dissolution rate, should an acew-
mulation of ions be allowed to occur, will be treste

Nelson (98), in  study of theophylline saltz, was {he first
to show the correlation between diffusion layer pH an
digsolution rate, The major fmpact that this study had o
the pharmaceutival sciences wag it conclusion that, {f
other factors remainad constant, the diszelution rete of s
eorpound determined the rate of buildup of bleod levels
with time and the maximum levels obtained. Those sal
of the acidic theophylline with high diffusion layer pH/s
bad greater in vitrp dissolution rales than those exhibiting
g iower-diffusion layer pH. And, indeed, the rank order of
digzolution rates cotrelated well with clinically detennined
blood levels. Presumably, the higher pH in the diffusion.
lzyer retards hydrolysis of the salt, thereby maintaining
the anionic charge of the theophyllinats ion. This repo
led to many additional studies which illustrate the infits
ense of the salt form an dissclution and the bensficial af-
fects of changing nonionized drugs Into salts, '

Juncher and Faaschou (98} demenstcated that the rank
order of peak blood lavels of penicillin V, obtained upfn

? T aviors Tecopnize she exlsiante of other models; this cne wis hizen simply
fose ustearive ur posss, )
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admini%tration of three different salls and the free acid,
was the same a5 the rank ofder of their rates of dissolution
in vitro, While the investigators ascribed these differenses
ta the solubility properties of the salts, thelr sxperiments
actuslly compared dissolution rates, not solubilities. The
relative order of dissolution rates and mean maximal blood
levels waa: potossium salt > calehum salt > free acid »
benzathine salt. ' :

Nel:-si‘an {100) determined dissolution rates for several
weak geids and their sodium salts in media whose pHs
represented GI fluids, In all cases, the sodivm salt dis-
solved more rapidly than the fres acid. This finding re-
solved the miseonception that absorption of drugs is re-
lated anly to solubility in the appropriste medium; rather,
solubgity affects absorption pnly to the extent that it af.
fecty dissolution rate. Absorption of drugs is & dynamie
provess, and the ultimate solubility of & drug in fluid &
sksorption sites is of limited conseguence since absorption
prevents the ettainment of saturated solutions, Therefore, -
dissolution rate, more then solubility, influences absorp-
ticn since it ia & preceding process.

In fwo subsequent studies, Nelson and coworkers fur.
ther Mustrated the effects of changing nonionized drugs
into salte. A report soncerning tolbutamide (101), a weak
goid, showed that the Initisl dissolution rate of tolbutamide
sodinm was approximataly 5000 times more rapid than the
fres #cid in acidic media and 300 times more rapid in
neutral media, This difference, measured in vitro, refloctad
the &lfferences ohserved hetwesn the free acid and the salt
when adminietered to human subjeets. Oral administration

. of telbutamide sodium produced an immediste drop in
‘blood sugar comparable to that produced by intravenous

injection of the salt, while the slowly dissclving tolbute.
iné‘:?} produced & smooth, sustained fall in blood sugar
102}

Carreletion of urinary excretion vates and dissolution
rateg of tetracycline and some of Hs acid salts also was
dembnstrated by MNelson (108). The salts that exhibited’
greater in vitro dissolution rates showed greater urinary
excretion raies, indicating more rapid sbeorpiion,

Binet {104), in a dizeussion of the biopharmaceutical
batis for dvug design, referred to the influence of the zalt
form on dissolution. He compared the dissclution rates of
tetrgeycline and tolbutamide and their salts, as reported
in the studies previously eited, and explained why the rates
differ at the pH’s exhibited by physiclogical fuids.

Although salt formation usually incresses the diesolution
rate of & drug, etudies with alumintn acetylsalicylate (106.
108), warfarin sodium (107), and benzphetamine pamonte -
{108} showed that administration of the salt slowed dis
solution of the drug and subsequent absarption compared
tothe nonfonized form., This decrease sppeared to result
from precipitation of an insoluble particle or film on the
surface of the tsblet. Such a phenomenon deereases the
elfdetive surface aréa and prevents desggregation of the
particles. Theorsiical considerations of the procesass
controlling diseolution of an pcid salt of a baze (108) and
the sodivg salt of 2 weak acid (109, 110) in reactive media
have been discussed. -

Tablet pracessing and various formulation factors can
dedregse the dissclution rate of 8 selt In human gastric julee
gvdr ite nonionized form (111). Granulation and tableting
caused the dissolution rate of phenpbarbital sodium to
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' Jecreese but h 4 the opposite effect on phenobarbital,

Therefare, as a lablet dosage form, the dissolution rate of
1he sodium salt was slower than that of the free acid. These
results were atiributed to differences in the disinteprating
roperties of the teblets; in some nstances, rapid dissp.
Jution may in fhet be & problem for very soluble drugs.
Others have/illustrated a phenomenon that decreases

. the dissolutionzate of & salt below thst of jis nonjonized

form. Lin et al, [(112) studied the relstionship between salts

. and biological gkiivity by dissolving three salts and the frée
. bage of an experimental antihypertereive in water, 0.1 N
. HCLand pHT72 phosphate buffer, The dissalution rete of
" the reopohydrachloride salt was lewer them that of the free

baee in 0.1 N HCI and higher than the free base in both
water and phqa‘aphate buffer, These authors ascribed this

i variation to the common fop effect and substantisted it

. expetimental]

f. Altheugh the bislogical activity of the
monohydroe éride was greater thap that of the free bass,
the implications of altered ahsorption characteristics on
the activity of any other hydrochloride salt in GI fluids
must be conpidered, Similar results also were reported for

_ hydrochloride selts of some tetracyclines (118).

Some consideration must be given to the Influence of salt

* formation on oral Lozicity, which often reflects the rele-

ship betw&en the in vivo disselution rate and the ap-

of saits of = drug reflect the rate of 2bsorption, providing

. the salt-forming sgents themselves are relatively nontoxin

e

They stated that “when absorption is rate-limited by

. dissolution of the salt in the gastrointestinal tract, as will
slowly soluble salts, the toxicity of aclowly

; dissolving; salf will most probably be Jower then that of 8

. Torsmation ontoxicology will be discvesed under Toxicow

dizzolving salt.” The implications of salt

: logical Consiferationa.

_ Beveral reviews dealt with the inluence of ihe dissolu-
tion rate on drug svailability and, in particwas, salt effects

(118, 117) Ot}ner reports itastrating the influence of salts
¢ and salt form) on dissolution rate are listed in Table IV,

1]

Solubilityl—Kunowledge of the sclubility charactaristios

" of a pharmeceutical agent is essential, because zolubility

" i vsnally

:
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| important factor in the pharmacokinetie
profile, the cheraical stability, and, ultimetely, the for-

. mulation of the drug, As discussed previously, it is certainly

ritoary fegior in controlling discolution rates, The sol-
of a esmpound depends basieally upon the physical
mica) properties of the solute; .8., 8 lower melting
pollitior a compound within e series reflects a decreaeed
lattice energy, which would guggest B higher solubility,
Solubility dipends as well upon such elements gs tem-
bergture, pressure, solvent properties {such as resulting
PR), and, to/a lesser extent, the state of subdivision of the
gﬂlut@” : N

An impartant solvent property which is often overlooked
Involves the pommon jon effect; in particular, hydrochle-
tide salta of @rugs often exhibit Jgse than desirable solu-
bility in gast rie juice because of the abundance of chloridé
g, The equilibrivm involved e showd in Scheme I,

DHCI™ ety % (D4 + (Gl
| EBcheme !
Salt formation 1= perheps one of the first spproaches

ot of drisg in the clrealation (134, 115}, Morezowich -
: etﬁllé) ghowed that the relgtive toxicitiss of @ series

Tabie Ww{%ﬁiﬁoﬁal ﬁeiareﬁm op Balt Férm and
e

Diseolution Rate
_L Topie Referenns
Dirsulution rute of miztures of weak acids and tribesie ns
sodiues phosphate . .
Physm}oarcal svailability abd in uitre diseclvtion 115
charac{arietiss of some ealid dosage formulations of
srmnesalicylic ecid and : e
Biopharmageuties, rete of dissolution: chronolegical 15

bibRography

Disphermecsutics: rate of dlseclution in witro and in vive 181

Dissplution tests and interpretation of enomeling obep 192
in the dissoltion process of eulfaquinoyeling based on
salt formet] .

lnﬂfr.;ence of the dissolution rate of lithinwe 1sbets on side 128
effeols

Dissolution kineties of druge in human gastric juice 124

" Compnrison of dlgsolution gnd sheerption rates of 125

different commercial sspirin wablete

Ir pitro dissplution raiss of gminprex Jonape forros aud 126
thelr corrslation with injuitre svailabiliey

considersd ge 2 ms&xjs of inereasing 8 compound’s water
solubility, Al with dissolution retes, however, salt forma-
tion does net .slways\confﬁr greater solubility. Liberally
dispersed throughout the pharmaceutical literature are
studies that compere ihe solubilities of different salt forms
of the tame compourkd with those of 1te free acid or base
(Table IV), Balection of the salt form exhibiting the desired
solubility properties i critical, since these properties often
diciate the fermulation cheracteristios of ihe drug.

Phage s@i@bi}it}' techniques were used to study the for-
mation of corples salts of triamterene (127), The resulis
indicated tita't the orgenic acid salls of bagic druge, such
as amines, were more solubls in water than the corre.
sponding inorgenic (halide) 2als, This consideration is .
important i the synthesis and =election of 8 salt forra that
will exhibii ephenced bleavallability and desirable for-
mulation charscteristics.

The ogen-lon| concentration can significantly affect
the solubility of @ salt. Anderson (128) discussed ths in-
flugnee of pH on Ethe solubility of thaxmaceuﬁcala.

Mathemstiral relationships between pH and solubility of
thergpentically usefnl wesk acids and beses and their salts
were given slong with some considerations in the formu-
lstion of sulutions of these particulsr agents,

- An extensive study on the solubility interrelationships
ef the bydrochloride and fre base of two pharmaceutically
useful amines was reported (128), Mathematical aquatione
describing the {otal selubility at an arbitrary pH fu terms
of the indepandent solubilities of the hydrochleride and
free bas:-s{ecies and the dissocistion constant of the salt . -

were derived and fitted to experimental data with good’
reeults, Thiz report elucidated the point that, whils the
sclubility of the amine hydrochloride generally sets the
moaximum obtainable concentration for & given amins, the
solubflity |of the free base anud ihe pKa determine the
maximum pH &l whish formulation a= a solution is pussible
{assurning that the desired coneentration exceeds the free
base solubility). Bhifting the pH-solubility profile to higher
pH values for formulation purposes raay require itcressing
the solubility of th{ free bage. Thiz increase might be ae-

cotepliched by using en appropriste cosolvent, Since the
dissociation characteristics of carboxylic acids mnd other
acidic organic species are similer to those of orgenic by- -
drochiorides, it it expected that the pHesalubility profiles
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of tHese organic acids, although reversed, can be charac

terized theoretieally using the same treatment.

Sé}vexal reports showed thal the structhurs of an organie
saltiforming radical infiuences the solubility of the re-
sulting salt. The water solubilities of 18 salts {exrboxylates,
sulfates, swiamates, and phosphates) of the weak base

erythromyein were dependert on the size of the alkyl group

of the acid (120). In a study with N-alkyleulfamates of
lincpmycin (66), a similar phenomenon was observed:
sdlybility of these salts decressed as the size of the alkyl
grovp attached to the scidis function increased.
enfor (181), In a study on the formulstion and prop-
exties of the antibacterial chlorhexidine, determined the
waler solubilities of 35 salts and the free base, He found
thai inorganic galte had remarkably low solubilitiss while
these of the lower aliphatic acids proved to be somewhat
m?fre sohabie, Hydrozylation of the neld incressed solu.
billty, since salt, formation with polvhydrory acids, par-
tigularly the sugar ecids, conferred extensive weter sohu-
bility to the moleculs, : '
Several investigators reported the influence of the zol-
ubility of a drug on its formulstion and subsequent avail-
sﬂ;ility from the dosage form, In & discussion of the prep-
arjéticn and formuletion of epinephrine salts in an 2=rosel
stem using Hguefied gas propellants, Sciarra ef ol (132)

g

Selybility
o sl
J | Topiz Referenice
InﬂLgn;e of anﬁiliw ot Lhe rate of GI absorption of 136
aEpirin | Lo
Effest of dosage form upon the GT sbsorption reta of 186
splicylatag
Physteal-chemical properties of polyene macyolide sstars wm
nd thejr wﬁtepsaiu le galts
Tsclation and resction products of erotic aeid and anines 188
nd their sﬂubﬂitﬂy in wotes
Salubility snd stability of ervthromyein salte 158
- Srpdigs on ]ph seeuticel praparations of orotic acid: 140
gter-sofuble properiies of orotic acid enlts
g ubility of antibioties in 24 solventa 141, 142
olebility of suiibiotics in 26 solventa 143

pé}ime& out that the solulility characterietios of the agent

aﬁa Important i bwo respacts, First, the solubility of the
therapeutically active ingredient In the various propellants
is, an important considerstion if the product {8 1o be used
{rir either local action in the lungs of systemle therapy,
w}‘;ecmxd, the solubility of the drug in extracelular Nuids
plays an important rols in selection of the compound, The

bitarirate, malate, malests, and fomarate sslts of epi-

ephrine were prepared and subjected to solubility snd
stability studies, While all salts had similar partition
vefficients, the solubility of the maleate in several rro-
ellants and fts stahility in/ formyulated aerosols wade it the
rug form of choice, | "

' Ephedrine hydrochloride was more rapidly released
han the free base from theobrome ofl supposttories con-
rainivg different surfactants (133). This enhanced rate of
relesse (dialysis) was ascribed primarily to the grester
queous aolubility of the hvdrochloride, which solubilized
faster from the oil-in-water emulsion, whereas the
‘ﬁ;;hedn‘me alhalold base tended to remain hehind in the ol
bhass,

" The solubllity of the petive ingredient in ointment hases
‘can dramatically fluence its diffusion properties. 4 study
'of salieylic scid and its sodium selt showed thet the gifs
fusion of both was very low from hydrophobic beses,
 wheress the solubility of the drug significantly affected the
| diffusion from hydrophilic bases. The more goluble sodium
| salicylate diffused much faster from these latter bases than
' did salicylic acid (134), '

. Additional references on the relstionship of salt form
: and solubility avé lsted in Table Vi - -

' that a pharmgceutical formulation be efficacious, =afe,
' stable, and sccepiable Lo the patient. Of primary impor-
| tance in the development of oral dosepe forms is taste ac.
| eeptability, Thie factor presents no major problems when

| the drug 15 to be administered as a tablet or 8 capsule and

swallowed a3 2 vdit byt is clearly 2 prominent factor in

Organoleptio Properties—Modern medieine requires |

| &/ Journel of Phormeceutival Seiences /

|
“Tahle Vmﬂt{ditiuna} References on Balt Formand

g

patisnt alepta‘oility when it iz to be administered as s § -
liguid, chqusbls tablet, or lozenge,

Since taste is a chemical senss, B substance must ba

peclved if it is to elicit & taste censation—sither by talting
it a8 a soldtion or by its dissolving in the salive, Therefore,
ome method used to minimize uadesirable organcleptie
zoperties of pharmascenticals involves the preparstion of
poorly fjoluble salt form of the drug such that the satu- H
ation concentration is less than the fasts threshold.
l{ﬂ Erythromycin estolate (lauryl sulfate} has approzi-
ately one-twelfth the solubility of the free hese, ie
zsteless, and is useful in the formulation of oral suspen-
jons (144). A study on ervthromyein salts shawed that the
itterness level was dependent on two properties: (2) the
ater solb’bility of the salt, which is dependent on the size
of the alkyl group aftached 1o the acid function; end (b the .
strength of the acid used 1o form the salt, {.¢., the stability.
of the sa#t (180). The sieary] sulfamats salt possessed the
must desirsble ergancleptic properties. . '

Many problems concerned with forraulation and sta-
bility of topical and oral pharmsceuticals containing
bacitracin have been overcoms by incorporating bacitracin
Into the formulation as its zine salt. Oue distinet advantage
over the parent compound is {14 Jack of taste, cansed by its
relative insolubility. Thus, it is the preferred drug form for
preparations where tarte is s factor (145), Taste panel
gvaluations of the comparative bitterness of bacitracin zine
and bacitracin indicete that the taste of the zine salt is
more. essily masked and that the presence of a bittes-
ness-mﬁgking adjuvant, such s suerose, {ucreases the
bitterness threshold ratio differences beitween the. two
ccrmpc;fnds even further (148). ;

Propoxyphene napsylate, nearly watey insoluble, is only
slightly bitter to the taste ne compared to the highly
water-goluble hydrochloride {147) and con be readily for-
mulated into e flavored agueous suspension, The taste of
these suspensions can be fmproved significantly by the .
additinn of & common ion (sodium or caleium napsylate)
o depress solubility further. ' g

A ngwer approach to the improvement of drug palats-
bility hae been to form Insoluble salts with jon-exchange !
resing, Several investigators described and tested the |
prscdcal gpplicetion of this method (148-150), Bpross ef
al. (149) outlined the conditions necessary for Improving
the pZIatabﬁEw of a drug by adzerbing it onto an fon-ex-
change vesin without appreciably modifying its pharma:
cological effects. They found that: (o) the degree of drug
release from the jon-exchange adsorbate depends on the ™




ent between the electrolyies in the sur-
d the ianic drugs, (b} the emount of jons
35 far less in the sgliva than in the gagtzic juice {Lthe tem-
porary elsctroly ie contents can be estimated at 0.06 mEq
in the saliva and a1 10 mily in the gastric juice), and {c) the
exchange rales ghould allow the equilibria to be sttained
«ithin & fairly short perjod. Insoluble drug resinates
formet betweexédeman gel? cation exchangers and several

;-quivslen't quo
vounding fluid

basie drags wer in many cases much more pleasant tasting
than {heir parent compounds. Furthermore, relegse of the
drag from 'thejfnaxchmge adsorbate was quite rapid and
‘complete undet conditions prevailing in the GI tract.

i gimilar findings were reperted using a polymathacrylic
‘geid jon-eschdnge resin (150). In addition, coating the
adsorbate particles with a 41 éthylceﬂu]osaulyydraxy-
propyl methyl ellalose mixture forther :redq«;ed bzﬁ.emes's,
While in vitro felease frova the uncoatsd resinate wae rapid
pnd eomoplete, release from coeted adeorbates varied with
the extent of coating, : :

" Another spproach to improving the taste properties of

| pharmaceutical agente is to prepare s pleasant-tasting

"soluble zalt of & poor-tasting parent drug. This spproach *

“ofien cen be very difficult, however, since solubilization
“of the parent cormpound wsually imparts its unpleasant
o the preparation, Neveriheless, some success has
reporied wsing the artificial sweeteners cyclamate
and geecharin, )

deseribled eatlier, formation of N-cyclohesylsulfa-
mute salts of geveral drug substances has produced better
 tasting derivatives with enhanced solubility properties (31,
32), The phﬁ‘f«:icochemical and toxicologival properties of
benzplbonium sdecharinate and a series of saccharinates
of gther qualernary srpmoninm cowapounds were reporied
. (151}, Whilg conventional quaternary ammonium com-
- pounds hiave 2 very hitiey taste, their saccharin analogs arg

sweet. j
E Pote.seiu;if salis frequently possese an unpleasant taste
; arvd a metallic aftertaste. The palatability of soine potas-
gsium salts h flavored vehicles was reported (152); while

the salts had similar taste thresholds at eifective thera-

' 5, all potassium salts exhibited inferior palat.

includes geveral sanplas of other salts thai
jmprwed tasts relative 1o their free acid or base
bility—The chemical and physicel stability of a
acéitical must be known, because it can influence
hmcerof dosage forin, the manufacturing and pack-
F and the therapsutic efficacy of the final preparation.
& ~yetematic determination of the thermal ptability, solution
2 stability (st varions pH’s), and Hght sensitivity of a drug
. a0d its derivatlves, both slone and in ihe presence of
Smmon ddditives, provides egsential input towerd se-
&%lng the most guitable derivative and dosaige form,
¥y epending on the route of degradation, different salt
JO%tns mpart different stability characteristics to the
E_r‘”ﬁm dsiag by various mechanisms. Most commonly vsed
® sparingly zoluble salte which, when used in the for.
0 of sugpensions, reduce the amount of drug in
hﬂd, hence, its degradstion, Differences in%nya
ty of several salts influence the slability of Lhe

¥

‘agueous vehicle: a8 2

© capeules, and

|
drug in the dry state. In some cases, the selt-Torming rad-

iral ftself enhances the kmbﬂity of the parent agent.
The stabi}i@ of penir;ﬂlin G and its salts has been widely

“studied due tc&;he drug’s therapeutic importance and its

cheracteristic instability, Bchwartz and Buckwalter (153)
described some of the siability charscieristice of this an-
tibiotie, stating that, with present techniques, 2 solution
of penicillin canwot be made stable for more than 2 weeks,
even at refrigerator wtberaimea. They also discussed the

uze of suspensions of sparingly scluble amine salis in
means of “allowing marketing of &
‘ready-made] penicillin produet.” Procaing, benzathine,
gnd hydrahamine salts are marketed, and their aceeptable
stability a8 agueous epspensions Iz based mainly on their
insalubility and the minlmization of degradation in selu-
tion.

A theoretica) {rea

|
ent of the solubility of these 2alts

. wag presenied in which equations were derived for calma.

minimum solubility

lating the selubility ﬁs 2 funetion of pH end the pH of
{
ction law and its velationship to the ionization

o the mase
constants of the
of the salt in waler, Bince the salt in solution is partislly
dissociated, further suppression of the solubility may be
achieved by the comimon ion effect. Swintocky ot al. (156}
demonstrated this %ffexzt with penicillin -G procaine hy
sdding proceine hydrochloride to the preparstion and
further enhancing itg stability, The 8-chlorctheophyline
sult (or complex) of penjcillin G wes reported 1o be water

+ soluble, vet etzble in solution (157). Bince B-chlorothen-

phylline is eidic, it has been poetulated that s buffer effect
vould account for the stabilization of this“ealt,”

While penicillin G procaing iz more stable {0 aqueous,
vehiclag, g iz Jest thermally stable than the sodium er pos

" taspium selis, decomiposing if heated much ahove 60%. The

sodivzg and pot sium salte are known to withstand
beating up to 1007 for 4 days with lifle lots in potency
{1568), Thie behavior might well be due to differences In

melting pointe—upiz., 108° for penicillin G proceine and

contant, preparations in which moisture is riporously ex-

cluded ave guite siable in the dry stete, A study on theef. |

fect of mpisture on penicillin salts found the calcius sald
hygroseapic than the sodiute selt and, henes,
le'in mofet stmospheres (159). Similarly, peni-
cillin G potessium is also much less hygroscopic than
penicillin G sodiizn and has become the preferred form for
marketing in the dry state (160).

Severa] studies reported the relative stahilities of thi-
smine salts, particularly the hydrochloride and the
mononitrate (161-183). The mononitrate js observed to
be Jeza ygrosm;iz‘c and is gccordingly much less water
soluble than the hydrochloride, Investigations of various
prepargtions including compressed {ablets, multivitamin
y-filled vitawin B complex capeules st
varioug temperatures showed that the mononitrate wes
mere stable than the hydrochloride (164, 185). The ste-
bilities of numerous thiamine ealte were studied in squeous
solutfon and in dry powder preperations with vatious ez~

" cipients {166, 167). In aqueous solution, the resulting pH

wasthe chief factor controlling hydrolysis and ozidative
decomfosition tPf thiamine salts; their stability ae powder
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}:rapaxatians wasg related to thelr agueous solubility, with
| the sparingly soluble salis being mote siable (and pre-
| sumably less bygroscopic).

3

I An orally administered drig must be stable in acidic

solution because it gererally must pass intact through the)
' acidic environment of the stowmsch if it is 4o exhibit thee.
apeutic hlood levels. The advantage of erythromyecin ¢a
tolate over the free base lies in its Jow solubility in gastri
juice, which enables it to be administered with food withi
out any decrease in attained blood levels, The salt fe mor
stable in the stomach hecause it remains undissalv
Therefcre, it retaine its potency even when exposed
scidic environments for extended periods (144),

In a study on the preparstion and characterization of
lincomyein cyclamate (33}, it was noted thet the oyclama
salt had an enhanced thermal stability over the hydr
chloride. In a subsequent report (168), differential ther
analysls and thermogravimetric analysis showed that while
the hydrochloride sasily undergoes thermal degradation,
the cyclamate anion confers @ conefderably greater thermal
stability on the lincomycin mojety.

Mulline and Maczk (168) showed that the physical and
chemical stability of the caleium salt of novobiocin makes
it the form of choles for the formulation of a liguid prep-
aration of the antibiotic, The amorphous caldium novo.
blocin salt proved to be tasteless, vet fully biologically
_active and perfectly stable in aqueous suspension. Neither
the sedhun salt ner the free acid is suitable; the sodhum salt
vannot be formulated in a liquid due to jis chemical/in-
stability, while the erystalline free acid iz not sbeorbed
from the GI tract, Amorphous nevabiecin is ebsorbed but
is metastable in solution and slowly converts to the un-

gbeorbed crystalline form.

Other reports of alterations in stability characierigtics
due o salt formation are listed in Table VI, |

Miscellaneous Properties—The salt form hag been
réported to influence other phyvsicochemical properties of
& drug substance. Studies illustrating the effect of the
sal¢-forming radical on surface iension, desggregation
behavior, and jon-pair extraction have eppesred,

The influence of the anion on the absorpiion provesses
of two charged apecies, dextromethorphan and tetracy-
cling, was studied in the rat stomsach (188, 187). A linest
relationship existed between the rate of pbsorption from
buffer solutions of the anions under invéstigation and their
surface tensiops. Thus, the absorption process was related
to tha surfuce activity of the various salts and not to their
lipid solubilities. This change of surface sctivity with the

buffer (or salt) species is similar to the resulis reported in |
2 study of the surface setivity of various phenothiazine h

salts (128). - .

The antibacterial chlorhexidine poszeases surfdce ac-
tivity. A study of the colloida) properiies of spme chior-
hexidine salls showed that the counterion ean affect the
¢ritical micells concentration of a sunlace-active sgent, and
this effect was usually azsociated with a change In micellar
gize (189),

The deaggregation hehavior of & relatively insoluble anid
end its sodinm salt wes studied, and deaggregation was

postulated 10 be a pessible rate-limiting step in the ab-
~sarption af & drug from 2 dosage form (190), While no di-
rect comparisons of the two forms were mads, inspection

. “of the data shows thet the deaggregation rate of the salt
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Ta’le VI-Additional Refarences on Balt Form and
Sla bi}iw

|
Taopie Referan

Stability of chilorbexidine zalutions 170
Stability of chiarhexidine whep autoclevad 17
Anhydroletrasyeling gnd 4-epianhydrotetracyclive in 178

metkered terraryeline and aged letracycling preduets
Suliﬂmm atability of sume eryetaliine vitamin A 173

comphun .
Ph 3"t§t:hemical studies on the sability of penicillinealts 174
Light sensitivity of teurzcgclines . VT
Hygrageopie properties, \bermoetability, and selubility of 178

olepndamyciy palts

Suability of orotic geid and its amine soMa i nquecus

solution
Some factore influenting the stability of tablets (aspirin)
Srahllizy of squeous eelations of sedium amincsalicylag

Hygroscopic preperties of variove prepsretions of 188y
arythromysin ' . .

Phyticacheraical studies on the decomposition of 81
smingsalieylic seid and its . .

Stalilities of aquetus solutions of 2.diethylarninesthyl-3. 18%
mjethyl-2.phenylvslesate hydrochloride and ita
meathobromide . np

Investigation of nme properies of pénielllin G salts 183

Srability of ferroys fron tablets on storage . 184

£1obility of aspirin alowminu cumponnged »ith Antacidn” 18§

. .
was considerably more rapid than that of the free scidin
equivalent dosage forms. Therefore, if absorption is da
‘pendent on thi dissolution rave, which in turn iz dependent

on the deaggregation rote, the salt should produre the
highest and earliest blood levels. On the other hand, it &
possible that bygroscopié {and deliguescent) salts com
ghsork atmospheric molsture, cause a sticky swrface, and
ihibit deaggregation, ‘

' Higuchi and coworkers presented an extensive study on
;Lfna physicochemical basia of the jon-pair extrection of
harfmacevtical amines. Distribution retios of dextro. .
methorphan (191) and echlorphaniramine (192) between
in organic layer and water wers highly dependent on the
oncentration and nature of the anjon present. Legs hy-
drophilic anfons ylelded more readily extractable ion-pais.
A study of the thermodynamic properties, enthalpy, free
pnergy, and entropy, invelved in the extraction equilibrie
of dextromethorphan ion- pairs indicsted that the entropy
change aseociated with transfer of the different aniops
between phates {5 the main contrelling fector in the ex-
{traction process (198). ’ ‘

“ BIOAVAILARILITY

" Most drugs prescribad in the United Btates are admin-
- |istered in solid and polypbasic dosage forms, Conse-
| quently, disgclution of the drug must preceds the sb
| sorption process, The simplest model that sdaquatsh
| describes this process is shown in Bchere 11,

H . ¥
| splid drug Blzslation dissolved drug Mdmg in vireulntion
g Scheme II

. Since the diesolution rate iz generally slow for drugs witk
poor solubility, Btep 1 is frequently rate Hmiting in the
i overall sheorption process. As g result, the onset, intensify.
durstion of pharmacological setivity, snd, henee, hio-
| availebility are affected by changes in dissolution rete. As
| discussed previously, administering » salt of the parent
drug often provesio be an effective means of aliering dis-

| selution rate and absorption,
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1e VII—Additional Referemces on Bivavailability and

h -
:rn‘.xulatwm Effeots
‘ pk

' - Tepic Relersnee
-'-—0.“-. ¥ .
‘wets of variovs suhstjgme.s on the abrorption of . 197

scline In xate ‘
i;«.‘ﬁcgf dogage form *)en the (1 shrorption zate of 136

heslaten L
ﬁﬁineticn of in oivd snd in vitro relanse of 188
heophyiline srainicisobutancl in # prelunged-setion
m / | I

y-::fuhange vesin salls Tor arel therapy: carbinoxaroine 199
entistion of dihydrostreptogyein by pamoate %
yration :
d-state ophthelmic dosage pysters in effecting 17
relonged relesse of pilocarpine in the cul-de-gae
arption of erythromyein: vatious pharmsceutical 200
';r;‘;:?ative awdy of v ¢ shsorption of drugs from 4:xfd3 oo

wl pew yecty] preparptions

1
‘grmulation Et:ffectsmc}mice of the zalt form of & drug
¢ have & pranounced effect un the formulstion of the
grit componnd, Tor example, Fenton and Warren (124)
1d there was tio release of medicament from proflavine
m BPC, a water-in-oil ewulsion containing 0.1%
Navine as the hemisulfate salt, They aleo investigaiad
relense of varipus salts of proflavine with aliphatie
oxyie scide frC}t}Z water-in-ofl crearn erxpulsions. Salis

the water-seluble, oil-insoluble “lower” acidy;
y & J0TT0IC and acetic acids, showed very poor relesss
1 & water-in-of] cream. The "higher” scid salts (e.g.,
derfe, eaprole, leyclohexanecarbosylic, and caprylie)
yowed increased diffusion from sirnilar emmuleions since
& galte ave poJulble in both water and oil, Their release
even grester from ofl-in-water emulsions, however, in
sment with t:{;i: preferential oil solubility. The n-

=

-ate salt provided the most effective water-in.oil
a. The primary fector responsible for diffusion of
Bvine froz & water-in-ofl cream ie the low hydro-
e-Lipophilic balance conveved to the salt by the acid.
finding {Bustrates the desirability of cerefully se-
i the salt anlop of a cationic drug in eu of the neture
¢ dosage for ,
sdies of the effuct of fortavlation on the bioavaflability
rfarin sodfum feletive to warfarin yieldsd interasting
i (107, 185). Abzorption of warfarin wpon adminis-
h of the sodium salt as » lactose-hase tablet was no
*than that from a similar formulation of the free acid.
t, absorotion was further depressed when the salt was
) m}‘ ch instead of lactose, Later resulis
i t thelin vitro water dissolution rate of a
rin sodtum tablet was 350 times that of a slowly dis-
g warfarin tablet formulation, yet the latter exhibited
and complete absorption in vive. The virtual In-
13?)’ of warferln In ecidie gastric fluids precluded its
tion from the stomach, However, the strongly acidie
m wag necasiéary for tablet disintepration, which, in
*s8 eritical forl absorption, Following initial exposure
V HCY, in vitro dissolution of the warfarin tablet in
buffer was 14 times faster than that of the sodium
result that explained the otherwise contradictory
blond Jevel L{iata. Therefors, absorption was ulii-
dependent npon gastric emptying rete and pastric
long as the formulation disiniegrated properly in
mach, i
rectal absorption of aspirin, sspirin aluninum, aod

studied in dogs (196). The ebsorption of aspirin aluminurm
uiter ora polysthylene glycol base was
« paor. While the maximum salicylste levels produced by
aspirin and calefure carbaspirin from the cocoa bitter buse
pceurred at & later time than from the other bases studied,

calolum carbéspi{n from jeveral suppository bages was

from either cotoa

minimal plasma levels wars exhibited by s pelysorbate 61.

basg formulation. The highest peak and Jargest ares under
the blood level curve were seen with calcium carbaspirin
in a vegetable fatty acid gl rceride base. The poor ahsorp-
tion of espirin alumipumt from suppositories was not
unexpecied sineg It s posrly soluble. Furthermors, as
pointed vut for aspirin sluminum tablets (108, 108}, an
inroluble sluminum compound may form on the gurface
of ihe dissolving drug, furu?er impeding its dissolution rate
end bioavailability.
Additional references on bivavailability and formulation
effects pre given in Table VIL
Abzorption Alteration—Several years ago, cliniciane
claivned that certain salts ¢f theophylling were therspeu-
tically prefersble to other|salts or to the free acid (202~
204}, For example, Schluger et al, (204) found higher blood
‘theophylline levels after administering uncosied tablets
of theophylline ethylenedizmine than were observed with
enteric-conted tablets of choline theophyllinate, These
resulis were stvariance with the in vive work of Gagliand
et ¢l (202}, who found that the ora] ingestion of choline
theophyllinate produced significantly higher blood lévels
ithan ths sthylenedizmine salt. This apparent discrepaney

. could be explained by the formulation effects of tablef

costing, ete,, which was not discussed in the work of Gag-
ligni et el. In anather study, & slightly more rapid rise In
‘bloed congentration and 2 grester arsa under the curve
wara obgerved with theophylline isopropenclamine than
with theophylline eihylenedimmine (203), It was suggested
that the difference wag a reeult of the grester waler solu-
bility of the isopropanclamine salt, o

The in vitro dissclution rates of the choling gnd ise-
propanolamine salts of theophylline have been obsarved
io be three to five/times gresier than the ethylenediamine

salt, depending on the dissolution medium (98), It hes been
sugpested that these differences in dissolution rate are

eonsistent with,
results, |

Ini @ comparative study of the absorption of ampicillin
trihydrate and ampicillin potessium following oral ad-
ministration (208), the paql.assium 2rlt vielded 37% highar
peak levels and a larger ares under the curve. Only 6% of
the edministered ampicillin trihydrate wes sheorbed while.
B3% of the potessium splt was shsorbed. Determining the
percentage of sach drug ;Eiminated in the urine showed
that 38% was eliminated following administration of the

d offer an explanation for, the clinical
|

‘trilivdrate and 520 from the potassium salt. The entive

diffsrence between the two drug forms was accounted for
in the initial 4 hr postadminietration.’ :
‘Bgvera) studies compared blood Jevels obtained with
erythrémyein ang its sslﬁ eng esters. Erythromycin es-
tolate produced blood levels that were severalfold higher
than those obtained with erythromycin base or erythro-
naycin stearate {206-208). These differences were found
ta é:ers:'st in the farsti:ég as well ss nonfesting subjects (207),
indicating that food did not sppreciably alter the absorp.
tion of ervibromyein estél?te when given undsr single or
|
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multiple dosing (207). This finding is explained by the faet
that thie salt iz acid stable and alkaline dissociable, per-
mitiing its passage through the seid of the stomach hoth
in fasting and nonfasting subjects (209), Aceordingly, the
antibacterial getivity remained sssentially the same whien
thie form of erythromynin wag given, regardless of the state
of fasting of the sulject (208},

Om first inspection, the higher serum levels atiained with
erythromycin astolate suggest that the salt form is more
readily sbsorbed. Also critical to efficacy, however, is the
volume of distribution of the drug, since extensive binding
to plasma proteings can render & drug unavailable for pe-
tivily at the biophase, Therefore, the significance of blood
level data greatly depends on the measure of the free or
unbound frection of total antibiotics in the blood, which
more directly indicates probable therapeutic benefit, |

Wiegand and Chun (210} showed that, desplte the
higher blood levele attained with erythromyein sttolate
{after correction for half-life differences), the stearate salt
produced seven times more free drug in serum than did the
eslolate salt. This finding explained the higher 1otal tiszue
levels observed on administration of the stearste, They
attributed the difference to s greater serum protein
binding of the intact erythromyein estolate, proving that
its higher serun levels did not necsssarily reflect raore
efficient absorption O

Marked differences have been obzerved followin
adminigtration of various salte of penicillin. Penieilli
potassium has been compared with penicillin G benzathine
{benzethacil) (211, 212), penicillin G hydrabamine (213),
penicillin V (214), penicillin G procaine (212), and peni.
¢illin G smmoniun (215). As anticipated, penicillin &
potaseiom produced higher and earlier blood levels than
penicillin G benzathine {211, 212). Furthermore, tablets
of penicillin @ peissshum buffered with sodium citrate
vielded higher peak levels than unbuffered penicillin G
potassium. While the absorption of buffered tablets »
apparently not significantly affected by food intake,
unbuffered iablets yielded lower average levels and
regular abzorption under similer conditions.

When penicillin (¢ potassium was compared with peni-
cillin G hydrabamine (218), & less soluble salt, blcod levals
similar {o those produced by penicillin G benzathine were
ohserved, When equivalent doses were administered, the
penitillemia that ocourred with penicillin G hydraba
was only one-third or one-fourth s great and was
shorter duration than that produced by penicillin G po-
tassium,

obtained with penicillin G procaine and five to siz times
those of penicillin G benzathine, indicating & more rapid
rate of absorption. The therapeutic action was related to
the marimum eoncentration attained, but it also depended
on the persistence of penicillemia, which was greater with
penicillin G potessivm than with the other two eompounds,
The suthors euggested that the lower blood levele atiair
with the relatively insoluble penicillin G benzathine were
cauzed by its degtruetion in the GI tract prior to absorp-
tion. This suggestion seems unlikely, howaver, since the
drug should not degrade vary rapidly ss an undiss
suspension.

Because of its superior stability in gastrie juice, penicd]

A2/ duwrnol of Phormarsutioal Selences /
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sponding dose of penicillin G. As a result, extensive
vestigations have been conducted with verious salt
penicillin V (89, 214-220), For instance, tablets, eaps
and orpl suspensions of penicillin V acid produced sig
jcantly higher- blood conceptrations than compar
penicillin @ preparations {214). In the savse study,
average serumn levels produced by the benzathine sal
penicillin V were significantly higher than compep:
dotes of penicillin (3 benzathine for the first 4 hr but I
thereafier, agaln (NMustrating the value of using au insoh
salt to prolong hlood levels of an acid-unstable cdmpon
,In‘ another stody (215), pendeillin V acid waz shown
produce higher and more prolonged plasms soncentrat
than either penicillin G potassivm or aroronivm, wh
properties were comparable,

Plasma levels were correlated with dissolution rate
varjous forms of penieillin V {89). As solid dosage for
the readily sulub{; potassium and calcium salts produ
earlier apd higher blood levels in fasting subjects thar .
thfx the free scid or lts benzathine salt. On the other be

v jproduces higher blood penicillin levels than ¢

“when the potassitm and benzathine salts were admi;

tered orally as solutions, absorption was the sarae, lmph
that the poor solubility of the bepzathine salt wae
sponsible for the inferjor blood levels obiained from
solid dosage forms, Other studies found that, while
potassium salt is 40% better absorbed than the fréve
it fasting subjects, both forms produce therapeutic let
when adtninietered with food (218). ) :
Experiments with fistulated dogs indicated that pe
cillin V is absorbed primerily from the stomach. Thepeft
it ig not surprising that the potassivm salt should ek
higher blood levels on oral edministration since it is
most soluble salt in gastric pH (218), In accordance w
this obgervation, it was also reported that the benzath
salt exhibited higher serus levels in patients with gest

“achlorhydria (pernicious anemia) then in patients =

normal gastric function (219). Differences in gaer
emptying time may also explain this result.

- | Beveral ptudiee compared the absorption of tatracyel

anid its salts (108, 221, 222). For example, serum cone
trations in dogs and bumans showed. that a phosphi
comples salt of tetracycline was abaorbed more rapidly s

ave higher blood levels during the first 8.8 br then
ietracycling hydrochloride (221). The total amount of &;
e‘i‘bsor;md was-about twice as great with the former ec
pound,

. Ancther study (222) suggested that tetracyclina b -
produced higher blood lgvels than tetracycline hyd |
hloride. However, 2 subgequant invesfigation (&

howed that, in the abeence of adjuvants oz fillers, tat, |
eveline hydrochloride and tetracyeline bese were abeork
¢qually well. Results obtained in this sdine study ingdicar
that tetracycline bydrochloride encapsulated with o
aeid produced higher serum concentrations than tetra
¢ling hydroehloride mixed with hezametaphosphate or t

hozphate coxoples salt of tetracycline,
| In a study comparing urinary exceetion rates and in ui:
dissclution, the abisarption of tetracycline and tetracyeli
Ehenolsulfanaphthaleinelta was rate limited by their d

olution rates, whereas tetracyeling hydrochloride » -
gorptian was rats limited by the abeeyption process g
(108).
|
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Several linjbmycin salis were studied for their eom-
parstive availability (224}, In particular, the bload levels
obiained with/the relatively water-fngoluble hexedecyl-

. gulfamate salt wrere compared to those of the hydrochloride

{ollowing oral #dministration, Higher and extended whols
blood and seryim concentrations were oblained in wmics,
1ats, and dogg with the hezadecylsulfamate, However,
subcutaneously sdministersd lincomycin did not produce
signiﬁcanﬂyq;iﬂ'erent fractions absorbed, regardluss of

" which salt wa administered. It {s not known whether the

Freate: ares upder the curve with oral administration of

" fineomycin hekedecylsulfamate i6 dus to greater absorp-

tion from the (3] tract, elower renal clzarsnce, or greater

enterchepaticjcirculations. : ]

Salts of streptomycin, neomy«in, viomycin, and strei\-
)

‘ totheyein have been formed with: (e} polyscrylic aeids; (

sulfonic or phsphorylated polysaccharides, and (¢} nate
pral polycarbosyl acids from & series of polyuronic sub-
stances and polveaccharide derivatives containing carboxyl
graups (18). The report indicated that these salts were
absorbed from the injection locus primarily by the lymph
evstern. Blood levels from the salts were generally lower
intained for a longer time than the equivalent
nt of antibiotis alone, and higher concentrations of
uration mey actually ke produced in the lymphstic

The influenpe of salt formation on the onset and dura.
tion of phermacologieal sctivity slso var ilJustrated with
tolbutamide ahd several of its salts (161}, Following oral
administration, the sodium salt produced a rapid decrease
in blood sugarilevel followed by & rapid recovery. By con-
trast, the free acid of tolbutamide caused a glow and pro-
longed drop in blood sugar level, a preferred effact since
the chance of hypoglycemic shock would be lessened, This
finding also {llnstrates the often overriding influence of the
actual disease state on the choice of drug form..

Additional references on the implicationt of salt for-
mation on absprption are lsted in Table VIIT.

Pharmacoliivetice—Because of the various new
properties thajj.a.re. veuslly impoeed on a compound by salt
formation, the pharmscokinetics of the drug necessarily
thange as a fuhcticm of these properties,

For example, a pharmacekinetic evalustion comparing
empicillin sodium and potassivm with ampicillin trihy-
& taE per{form ed after oral administration to beggle

3}. ’lgje. absorption rate constants of the sodium
eiund salts, which wers similar, proved signifi-
santly greater than the rate constant of ampicillin trihy-
Irate, resulting in earlier, higher peak concentrations with
wo to three timek higher sstui coneentrations during the
-5t hr. Vet, any differences between the fraction absorbed
or the three products were not statistically significant.
?F’P&renﬂy, all ough dissolution of the ampicillin trihy-
1ate wag the ratelimiting step in its absorption, the
verall extent pf hisaveilability remained unaffected.

An interesting study of the biliary excretion of eryth-
Mmvein hase and erythromycin estolate was reported
244). The bilisry excretion of erythroraycin base was high,
hile that of jerythremycin estolate wae much lowen;
Teferentinl sebretion of erythromyeln in the bile could
artinlly accodm for the Jower servum Jevels exhibiled by
¢ bage, Hou*‘fver, the proportion of the ingested dose
ereted in the bile was small, and the total smounts in-
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Table VI~ Additiona) References on Bioavajlahility
end Absorption A!lera{tion :

J ' Tcpie Felerence

298

elizirs | .
Neproxen oral abeorpiion characieristice . 226

Plowd levels produced by qi:ma theophyliine-coniaining

Effect of food on abeorption of & Dew form of wm
gryihsaimysin propionstd . ,

Effect of 1the anion on the dhsorption of tevracycline from 186
the 181 S10mA \

Blood levels following oral pdministration of different G2 .
preparations of povobieeln .

Absorption of iqpanoic aeid and its sodivm salt . 228

{ral sheorptionof secobarbital {guinatberbitone] and its 230
eaditem salt Lo

Absorption rats of barhituraues in humans 281

Morphine and stropine mucate 2a%

Excretion of bephenium salts in urine of humes 2339
weluntsers ], s

Puiyqagtih::hm is{isothivdonium} ealte: entitubheroulosde 2
aesivity

Prolonged sutitussive aeﬁJn of & resin-bound posespine 435
preperation ; i . :

Fharmamlcg?r of vulfapyridine and sulfathiszole 236

Evalustion of plasme toncentrations of propozyphens w7
utilising 6 hybrid prircipal com!onem analysis af
variance technique: equq;o)ar 05t

Antrycide, & ne‘%{ trypanocidel drag 238

Prplidoxime 1 hanesulfonﬁaw sﬂ&sm levels gnd g3y
pharmesckinstice after oral sdministreiion to humens

Intesting! sbheorption of pr?lidexime and other gldoximen 240

Blood plasma levels and eliminstion of selts of . 241
pralidcritne (§-PAM) in humane after oral
administrati

Enhsncement of G absorption of 1 quatsrnaty Mz
smmonfuom compound by trichloroacetsie

ferences in serum concentretions sttained, Undoubtedly,

the protein binding studies of Wiegand and Chun (210) -

M ‘ ‘ - N 1) ¥
velved were %ﬂt puffidient to aseount entirely foor the dif-

{discussed undet Absprption Alteration) more satisfac-
torily explain the difference in serum concentrations,

Often, Ee&? {ormation can be used to modify drug ab-
sorption end dose tolerance favorably, For edample, ami-
requires large and frequent doses which may cause gastrie
irritation, Consequently, different chemical forms such s
salts have besn prepared (119, 245-247) o reduce the in-
cidence of gestrie irritation, Incremse sbsorption, and
prolong blood levels, |

Aminesalivylic aeid is an interesting example In other
ways; considerable confusion about this drug exists be-
cause many fall to recognize its nonlinear pharmacoki-
netics. Several definitive studies were reported regarding
the ebsorption of the geid and ite sodium, potassium, and
ealeium salis from solution, suspension, and teblet for-
mulstions (245, 246). Comparison of the relative
bicavailshilities of aminosalieylic acid suspended in water
and jts zalte dissolved It water showed thet, while differ-

ences in rate pf absorption were found 1o exist, absorption .

of both the seid and its salts was eszentially complets,

Absorption of the free acid fram tablets reached only 77%
of the dose, whareas that of the tableted salts was rapid and
complete, N

Regardless of formylation, the ares under the plasmes
concentration-time curve of unmetabolized drug from free

scid adminietration wee less then that for the salts. Thie

result wae attributed o conventration-dependent me-

tebolism during abzorption: when the rate of sbeorption

is high, the - embnli‘ processes become sotursted apd

muore winetabolized drug remains in the blood; conversely,”
o

|
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Table XFAﬂdiﬁﬁusl Beferenoes op General Pharmacy
and Pharmscologioal Effest
1
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' chloride and quaternary chlorpromazine chloride were

. was Jess potent and more toxic in rodents than th

T

Pharmacologicsl Effect—Chlorpromazine hydro.

investigated with respect to thelr effects on the central
nervous system (CNS) (253). The quaternized compotrnd
tertiary compound, o

Naloxepe, an effective opiate antagonist, is generall
used as the hydrochloride salt; however, the drug hesa v
short duration of setion. The mucsts salt was prepared
extend its duration of sction, since mueic acid & onl
slightly soluble in water {254), In g test on the blocking o
morphine activity in mice, bowever, the mucate salt di
not differ in duration lrom the hydrochloride, These in-
vestigetors assumed the same receptor site for naloxen
a3 for morphine and, since Beron's (232} work suggeste
that the recepior had ¢ greater affinity for morphine my-
cate than for the free bage, it also sheuld have s great
affinity for naloxone vaucate, The results disproved this
hypothegis. Furthermors, this theory implies that intaet
salt reaches the receptor, which is highly unlikely, ra~
gardless of whether the drug is administered as 2 solution
O 89 & suSpension.

A series of salts of 8-aminoacridine snd its derivatives
was prepared and screened for antifungal end antibacter
aetivity (266-257). By using salts of fatiy acids, the ant
fungal action was found to paralie] the length of the carbpn
chain of the anlon, with maximel activity vceurring with
acridine caproate, undecylate, and undecylenste (where
undecylenic acid elso exhibits some intrinsic antifunigal
activity) (258). This result appears ressonable, becavse
these salts would be more 1ipi§ goluble and ceuld be ex-
pacted to pase throuph the cell wall of the infecting pr-
ganism more readily, probably as an jon-pair,

The efficacy of bases or salts as topical anestheties for
relieving cutaneous iteh, buning, and pain In unbroken
skin has alzo been examined (258). In these experime{um,

a

Itching and pricking were induced by an alternating cur-
rent of low amperzge and voltspe appliéd to the skin or by
exposure of the tkin to UV light. Interestingly, squecus
golutions of salts of the loce! anesihetics did not slleviate
itching ar burning in any of the subjects, although tatu-
raied solutions of their buses in a mizture of water, A0%

18 / Journal of Pharmoceutical Seientes

L
- R

-

& pareit
.

| Topie - Refesence | Tople Referencs
Phormscodynamics of foefomyeln (phosphonomycsin) efter 248 D:ﬁer\a‘nﬁiel exgretion of bromide and chioride fone snd it 260
J intravencs sdminfstrstion to umans ‘ rale in bromide retention | . -
Phermacodynanics of photphonomycin sfier orel 7 Phaymarelogical study of caloium methionata, , 260
| edministration 10 humang Synthesle and in pitre fungistatic evalugtion of some M- 21
Comperstive studies op diribution, gxeretion, and - 250 substit uted amjdes and amine salts of sovhie ald
 metshalism of 2H-hydrexvzine and jis 1HC-methiodide Antjamebic stadies on clamoxyquin 5~¢h1¢3§¢~’7;{[(ﬁm‘ 62
| i rate diethylaminopropylaming]methyll-&-guinelinoll in
"t Pharmeaeokinetics of awpiciliia tribydrete, nvapicilin 251 sitrg gnd i expermentslly infocted snimals .
sndium, and diclaraeiliin sodium Tellowing Adjunctive value of oral fmphﬁﬂﬂs with the pxivans 264
| inrraypasculsy injection pralidorime (2.PAM]! sefate and pralidesime
' Phyticlogical dispesition of fenoprefen in humans: 6% methenesulfonate to they a‘?exguc adminiptration of '
pharmacakinetic compstison of calefun snd sodium slropine in dogs Jmscpegi by inhaled serin vapsr
sxlts administered arally Frnlidoxime (E-hydrogyiminumethyl-No 264
f aethylpyridiniuzs) methanssulfonate and stropine in
; . . . the treatiment of savers organophosphate pelsoning
| when the absoxpno?&rat& is IOW,basl if mrd ihe free acid, & |  Effien m;ld mgatauonstgfhm;gme;euapm_ tm?tmentof 285
highﬂ' percentage of drug is metabolized, oreahophospharus anticholinesterase poisoning
a . » "x N £y g
Additional references regarding bicavajlability and | ANrslve bevity of ""’“"K‘m (glycyrrhetinio seid} and 266
{ pharmacokinetics are presented in Table I, Phormetological properiies of glycyrrhetinic acid 987
; e byﬂé gEn h:iuc;;tspate (dis_gﬂiu{% sait) 25
; sglibnle blocking activity of diestareomeris |
| GENERAL PHARMACY dxm&hyiaminabomgl seetaien and thelr wethiodides
A new potent normarcdtie antituesive, 1. methyl-%.[bis(2- 768
thienylimeibylens|piperidine: pharmacology and - .

slinjeal efficacy

R | :
aleohol, and 10% glvearol were claimed to be effective. Buch
trangport phenomena across the stratum corneum arxe
c»fte:# dependent on the polarity of the drug and vehide |
snd on the binding of the drug to keratin,

Additlonal references on pharmacological effects can he
fourid in Table X,

Dialysis-—~Dialysis through a cellophane membrane of
the hydrochlorids or sodium salts has been studied with
several dr\é’%s (270). In many eases, it appeared that the
ionic form of the drug was bound to the membrane wheress
the nonienized form wae not. Ephedring hydrochloride
presented an interesting ezample, however, since it di-
zlyzed considersbly faster than ite corresponding base. Mt
was theorized that the chloride fon dislyzed rapidly, ene
hencing the raie of dialysis of the ephedring fon. Accord-
ingly, when chieride fon was present on both sides of the
raembrane, the observed rate of dislysis for the ephedrine
ion was comparable o the ephedrine base.

The diffusion of eodium chloride through s lipoprotein
interface was very slow, especially if calcium chloride wes
present on both sides of the interface (271). In the presenee
of low concentrations of choline chloride or catbernyl: |
choline chiloride, the diffusion of sodiurs chloride js more
rapid. Apparently, choline sslts are 2ble to increase the
permeability of the lipoprotein to salts, which may relate
to the physiological aetion of choline salts,

Miscellaneous—Release rates were determined for
sipinophylling, epbedrive alkaloid, and ephedrine hy-
drachloride from theobroma ol suppositories containing
nenionic surfactants (133). While surfactants with hy-

drophilie-lipophilic balance (HLE) values less than 11 only i

minimally affected release rate, rates inersased with sur- -
factants of HLB values grester than 11. Under optivml
conditions, aminophy)line was faster than ephedrine hy-
drochloride which, in turn, was superior to the ephedrine

base.

| ‘Willis and Banker (278) reported on the farmation of
polymer~drug salfs as an spprosch to the physicochemical
design of dosage forms. Polv(methyl vinyl ether/maleic
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achydride) salts of methapyrilene were prepared and
sested with the/free base for in vitro dissolution and dial-
sie. Their dissplution and dialysis ratee wers pot pppre-
ciably diffexent from the free drug or its hydrochloride salt.
Various poly{meihyl vinyl ether/malelc anhydride) hem-
jester salte of methapyrilene exhibited substantislly slower
relesse than the polymer sther salts, hydrochloride salt,
or free bass {o s, Polymer-drug salts thus appesr to have
romise.
d A series of metallic ealts of edetic (ethylenediamine-
tetraacetic) acid were tested In vitro to determine thely
effect on blood coagulation (273). The results showed that
only the dipotassium and disediuca salts had any effect on
/Ewas theorized that the lack of anticoagulant

" coagulstion. I
getivity resulied from an almost complete suppression of
jonization of the heavy metal salts,

Interesting research regarding the angina-prevenijve
effect of somp chromone-2-carboxylate salts showed a di-
.tect correlation between biological setivity and pKa of the
- salt-forming amines {274). ’

Lin et al. [(112) investigated the relationship between
salt fores ang biclogical setivity of a given satihyperten-
stve, While the intrinsic dissolution rates of the dihydro-
: ehlegide and disulfate salts were many {old greater then

@mhy rochloride, the hypotenaive potencies of the

8 id not differ significantly from one another in an
anesthetized dog study, Yeét, when edministered o rennl
- hypertensive dogs, the dihvdrochloride and disulfate salts
produced greater hypotensive effects than did the mono-

hydrochloride.

L
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TbxmowcmL COXBIDERATIONS
Toxic‘itjf of Salt Ibn-’-—Any diseussion regarding the

logital properties of the cation or enfon ueed to form the
' salt ae welllas those of the free drug, since any of these may
b produce toxic effects, The toxicology of several ions that
ere commaonly used to form salts and that are relevant to
this review were diecussed in depth (278). ‘ .
i Toxicity from Ingestion of calcium salts of drugs fe rare.
I hypercalcemiz occurs, however, calcihum deposits in the
 kidney com bring on a reduction of rensl function. The
. prineipal toxic effects of Hthium also Involve the kidneys.
; Whep siall smoiinte of lthium ere taken, no apparent
2 opcurs; yet large amounts of the metal can lesd to
TevErsible damage. An apparent correlation was observed
© between lithium dotage and sodium intake (276), When
| lithium dossge was low or sodium inteke was high, rats
P ere ahle 1o excrete all lithivm given and sustained a re.
e versible polyuria, Conversely, if Jarge amounts of lithitom
L vere administered to the rats or if their sodium intake was
E lowered, they incurred irreversible kidney damage. Am-
§ Woniurn fon, although it serves o major role in mwaintenance
 0f the azfd-base balanes of the body, can be toxic in high
. “oncentrations and inftiate CNE derangements.
Sulfat#e fone given orelly tend to be minhaally shaorbad
 and may act ae e laxativa. The nitrate fon = irritsting to
, the G1 tract, cpusing nausea and gastric distress, Also, in-
Le=tingl bmeteria may convert the nitrate jon to nitrite
Vhich uxidizes hemoglobiu to methemoglobin, The citrate
00, an intermediary in carbohydrate metaholism, can form
¥ 5‘3“-‘131# complex with calciurm which is poorly dissociable

B DR T L e s

* tozicity ofjsalts of a drug must consider the pharmaco-

. 1 .
and rarely canses any foxic raactions. While tartrats lons
are usuelly absorbed winimally from the GI tract, high
coneentratione reachipg the clrculation ean cause renal
damage. - ‘

Acetate
appear to be well tolerated in relatively large amounts.
lodide and hromide ions can produce conditions known as
lodism and bromidism, respectively. Bromide intoxieation

pecure quite frequently, since bromides are used as in-

gredients in some nonprescription preparstions (277-280).
Bromide is slowly excreted by the kidney (its half-life ia
12 days) and tende to acowrmulate when teken for pro-
longed pericds or when ueed by patienis with decreased
renal function (277),

Tozicity of 8alt Form~—Provided the salt-forming
agents are nontoxic, the relative toxicities of 4 series of salts
of a corapound are often observed to reflect directly their
ahsorption rates. For examyle, the tozicities of dibromide,
dichloride, dilodide, and dimethylsulfate salts of quing-
pyraming?| s trypanocidal drug, were determined (288),
The sparingly solulle halogen salts were much less toxie
subcutahet#usly or ii{trammc:ula;dy than the freely soluble
dimethylsulfate, yet sll salts showed shout equal toxieity
upon intravenous administration. The difference in tox-
icities abvicusly resulted from rapid ebserption. of the
methylsulfate compared to the slowly abrorbed, peorly
soluble halogen salts. Bimilar ressoning has been used to

in the acute foral tozicity of propoxyphene hydro-
chlaride in rodents, which is twice that of equimolar doses
paylate ealt {281).

Several salts of benzphetamine and etrypiaming were
prepared a
The water solubﬂity, in vitro dissolution rates at pH 1.0
and the median lethal times (LT} were doter.

mined for each salt. Both the LTeg and LDg (determined -

on only a/few salts) increased as the in pityy dissolution rete
gt pH 7.7 decreased. While dissolution el pH 1.0 did not
corralate well with toxicity, the LTs's were inversely re-
la;&d to the square root of the dissolufion rates at pH
7.2, ]

Toxicity studies éomparing jopancie acid, a cholecye-
tographic contrast edium, with its sodium salt (115}
at the salt form has 10-fold greater toxivity, The
LD of the free acid and the salt were 22 and 2.32 g/kg,
respactively. It was postulated that the free acid precipi-
tated from the sodium selt upon its reaction with gastrie
hydrechlofic scid, The fine, amorphous particles of pre-

cipitated acid hgsd ‘A greatly ineregssed surface area and, |

therefore, dissolved more rapidly than even fine erystals
of the free acld; The faster and more complete drug sh.
then resulted in incressed toxicity.

. s exhibiting greater water solubility than their
parent rompounds or less sohuble sl ave not alweys more
togie. For example, verious Inorganic and organic ione were
prepare salis of methyl pyridinium-2-aldezime
that weuld have greater water solubility and would elim-
inate yndesirable side sifects due to the iodide jon (95).
Even though the agueoue sohability of the majority of these
salts %as many times greater than thy lodide, their tonlcity

on & wolar basﬁs was not significantly different, with the

excei jon of the dibydrogen phosphate salt which was 16%
-

|
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d léxctaté jons ave normel metabolites and -

potential sustained-release formulaiions (114),
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Table XI—Additiony] References on Tgxicn}agical K
Considerations ‘

Topie Reference “

Tozicity and shsorption of Z.sulfanilimidopyridine sndita 285

roluble sadivm ealé
Sorbie acld ag g fungistatic agent for foods: hermlessness 286

of aprbie acid es o diewry component |

Texicity and distribution of erythromyeln 287
Further toxicological studies with erpthromycin 258
Pharmacology 2nd rexicology of evythromydin esiolate I8¢
Ervthromyein proplonste {(propjonylerythromysind ¢ 200

review of 20,525 vage reports for Elda-effect data

New elass of antibistic salls of reduged toxicity bl
GIintolerance to orel iron [rreparationy 281
Comparstive to:igolc:zg-y ol fron sompounds 292
lnﬂiv,}eg{:e wfihe dizsolution rate of lithivra tablets wn side 128
i . .
Toxicity end tiseue distribmion studies on the 293 ﬂ
h};dma‘hlonde, bigmulh fndide complex, and 2 resinate
of emetine .
Becitracin aine in phennecsutical preparstions 148
New npproach th guaternary smumonium comprunds 151
Pharmacology of chaline theophyllinate ' ' 254

more toxie, Further research with oximes revesled ¢ I
other salts are also toxic (282).

G1 bleeding iz & commen toxie effect of aspirin for & large
percentage of the population, Consequently, 8 search-w
initiated for an aspirin derivative that would not indu
GI blood lose (288). All compounds prepared, howaver,
including the sodium and caleiuxm salts, caused G he
vrthage with & severity similar to aspirin. ,

Polyene antibintios are potent antifungsl sgents but

bear considerable toxicity, Even though the methy] ester
hydrochlorides of these compounds are more soluble, they
retain almost all of their antifungal activity and, mo
significantly, show a uniform decrease in toxicity comparad
to their parent compounds (284), | .

Additional references on'tozicolegical consideratio
of salt formation are given it Table X1

CONCLUSIONS

Salt formation is & meang of gliering the phys)
chemical, and biologiesl characteristice of g drug without
roodifying its chemical structure, Clearly, the salt form can
have 8 dramatic influence on the overall properties of the
parent compound, At present, selecting a salt form that
exhibits the desired combination of properties is a difficult
sersiempirical cholce. Pharmaceutical acientists now ree-
ognize these facte and are beginning to study the effects
of different salt forms on the physicochemios) properties,
bioavailability, and texicity of drug substunces.

Although now only s few generalizations are available
to predict the effect of particular 2alt forms on the char.
reteristics of a drug, perhaps in time it will be possible to
evolve increasingly more powerful generalizations re-

garding the effect of a salt on ihe properties of its parent

compound: In additien, we predict that polymer-drug salts
will have a revolutivoary effect on future trends in drug
therapy, particularly in the aress of reducing drug tonicity
and in controlling the reléase profile of novel drug delivery
syatemn,
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