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Como resultado del examen de fondo, realizado con fundamento en el articulo 45 de
la Decision 486 de la Comisidon de la Comunidad Andina, se le comunica:

1. Documentos estudiados:

1.1. Descripcion: Folios: 53 a 103 4/06/2009

1.2. Reivindicaciones: Folios: 104 a 117  4/06/20089

1.3. Prioridad: US 60/872.830 04/12/2006

2. Analisis de la prioridad:

La prioridad de la presente solicitud corresponde al objeto reivindicado.
3. Objeto de la invencion:

Titulo de la solicitud: SAL DE POTASIO CRISTALINA DE ANALOGOS DE
LIPOXINA A4,

El problema planteado en esta solicitud consiste en la necesidad de sales cristalinas
de un analogo de lipoxina A4 para el tratamiento de enfermedades inflamatorias.

Para resolver este problema técnico la solicitud en estudio proporciona sal de potasio
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cristalina de lipoxina A4 de férmula I.

El objeto de la presente Solicitud se relaciona con la Clasificacion Internaciona! de
Patentes (CIP): C07C51/41, 59/70; A61K31/192; A61P29/00.

4. Excepciones de patentabilidad (articulo 20 D486 literal a)-d))

De acuerdo con lo anterior, la(s) reivindicacion(es): 44 (Folio: 117}, que se refiere(n)
a un método de tratamiento de un estado patolégico, no es (son) patentable(s)
porque es un método para tratar una enfermedad por lo cual esta exceptuado de
patentabilidad.

5. Reivindicaciones relativas a un uso o a un uso distinto (articulos 14y 21D
486)

La(s) reivindicacidn (es) 36 a 43 (folios: 114 a 118), que se refiere(n) al uso de una
sal de potasio cristalina de un analogo de lipoxina A4 no se encuentra(n) dentro del
campo de la patentabilidad (productos y procedimientos).

6. Analisis de la(s) oposicion(es): (articulo 43 D. 486)

No se presentaron oposiciones al objeto reivindicado.

7. Determinacién del estado de la técnica:

La fecha que se ha tenido en cuenta para determinar el estado de la técnica es:

Fecha de presentacion de la solicitud prioritaria 4/12/2006

Teniendo en cuenta la fecha indicada, se buscaron documentos del estado de la
técnica relacionados, con fecha de publicacidon anterior a esta.

Se encontraron como anterioridades que pueden afectar la patentabilidad del objeto
de la presente solicitud:

N° Documento Titulo Fer.:_ha de
Publicacion
D1 | wWO03/040080 Lipoxin A4 analogs 15/06/2003
Journal of
D2 ! Pharmaceutical Pharmaceutical Salts' Enero 1977
Sciences

D1 (Fls. 167 a 171): menciona compuestos analogos de lipoxina A4 entre los cuales estan
compuestos especificos de los de la presente solicitud;, ademas, ensefia distintas sales
farmacéuticamente aceptables gue dichos compuestos pueden formar, entre las cuales estan
las de potasio.

D2 (Fls. 172 a 177): divulga generalidades sobre sales farmacéuticas, propiedades
fisicoguimicas, estabilidad, biodisponibilidad, etc. Entre las sales mas usadas estan las de
potasio.

1 S. M. Berge, L. D. Bighley y D.C. Monkhouse. "Pharmaceutical Salts”. Journal of Pharmaceutical
Sciences. Volumen 66, numero 1, enero de 1977.
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8. Examen de patentabilidad (articulo 14 D486)

8.1. Nivel inventivo (articulo18 D486)

La presente solicitud de patente reivindica lo siguiente: una sal de potasio cristalina
de la formula (1), en donde el compuesto de férmula (I) es un estereocisémero
individual o cualquier mezcla de esterecisdmeros.

Comparacion de las caracteristicas técnicas esenciales, con las del estado de la
técnica:

Caracteristicas técnicas
. D1 D2
esenciales
RI RZ
n"\l’o- . R _
| No menciona
- ~ o—w°
o 3
Sales Generalidades sobre
Sal de potasio cristalina farmacéuticamente sales farmacéuticas
P aceptables: potasio entre ellas estan las
que son cristalinas de potasio

Los documentos D1 y D2 se consideran el estado de la técnica cercano a la
invencion definida en la reivindicacion 1 porgue divulgan el compuesto de férmula (1)
y sus sales (pag. 11, lineas 3 a 10, Fl. 168, reivindicacién 9, compuestos 2 y 4, Fls.
170 y 171), asi como aspectos generales sobre sales farmacéuticas (Fls. 172a 177).

La diferencia entre la invencion, definida en |a reivindicacidén 1, y el compuesto del
documento D1 consiste en que no se especifica la sal de potasio.

La diferencia entre la invencion, definida en la reivindicacion 1, y el documento D2
consiste en que no se especifica el principio activo.

El efecto que logra formar sales de potasio del compuesto de férmula (1) es que
mejora la estabilidad y propiedades farmacéuticas del compuesto base, pero este
efecto no fue demostrado ni comparado con el arte anterior en la presente solicitud.

Por lo tanto, el problema técnico objetive que pretende resolver esta invencion se
puede formular asi: “4como modificar el compuesto de lipoxina A4 conocido en el
documento D1 para hacerlo mas estable?”.

Sin embargo, la formacion de sales farmacéuticas para mejorar la estabilidad y otras
propiedades fisicoquimicas, ya esta divulgada en el documento D2 que se refiere a
los conceptos generales sobre sales farmacéuticas, (Fls. 173 a 176) tipos de sales
como las de potasio (FI. 173, tabla 1), estabilidad de las sales y su influencia en la
solubilidad y biodisponibilidad de los farmacos (Fls. 176 y 177).

La persona del oficio normalmente versada en la materia enfrentada con la tarea de
proveer sales de potasio de un analogo de lipoxina A4 con la actividad deseada,
puede darse cuenta que a partir de los documentos D1 y D2, dicho anélogo puede
estar en forma de sal de potasio y, que ademas, puede estar en forma cristalina, o
en forma de hidrato o anhidra. Hay que tener en cuenta que los compuestos
descritos en el documento D1 son intrinsecamente cristalinos y no es sorprendente
que sus formas anhidras o hidratadas se puedan presentar.

La preparacion de compuestos anhidros y la determinacion de su tendencia a pasar
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de forma anhidra a forma hidratada son de conocimiento general y es una practica
rutinaria en investigacion la obtencién de una u otra forma dependiendo de los
requerimientos del investigador, por lo cual carecen de nivel inventivo las formas
anhidras e hidratadas de las sales de potasio del compuesto de formula (1).

En ausencia de un efecto inesperado mostrado por las sales de potasio reivindicadas
en relacion con lo conocido en el arte anterior, [a solucién al problema tecnico parece
ser obvia a la luz de los documentos D1y D2.

Conclusién:
La reivindicacién 1 no cumple con el requisito de nivel inventivo (Art. 18).

9. Conclusion:

Los requisitos de patentabilidad de la presente solicitud se encuentran afectados asi:

N° Documento N° Rel\;l;\ec::aadc;:nes Requisito que afecta

D1 WQ003/040080 1a35 Nivel Inventivo
Journal of

D2 Pharmaceutical 1a35 Nivel Inventivo
Sciences

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

Notifiquese el presente oficio conforme a lo dispuesto en el numeral 5.2, literal e), del
capitulo quinto del titulo primero de la Circular Unica N° 10 de 2001.

JES ;
Director de Nuevas Creaciones (E)

El anterior requerimiento fue notificado por fijacion en lista, de

fecha N
1§ 8 UL 70712

Elaborado por: Lina Patricia Forero T. bg
Revisado por: Ana Delia Pinzon 9y A&
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methanesulfonic acid, ethanesulfonic acid, p-toluenesulfonic acid, salicylic acid, and
the like.

“Pharmaceutically acceptable base addition salt” refers to those salts
which retain the biological effectiveness and properties of the free acids, which are not
biologically or otherwise undesirable. These salts are prepared from addition of an
inorganic base or an organic base to the free acid. Salts derived from inorganic bases
include, but are not limited to, the sodium, potassium, lithium, ammonium, calcium,
magnesium, iron, zinc, copper, manganese, aluminum salts and the like. Preferred
inorganic salts are the ammonium, sodium, potassium, calcium, and magnesium salts.
Salts derived from organic bases include, but are not limited to, salis of primary,
secondary, and tertiary amines,' substituted amines including naturally occurning

substituted amines, cyclic amines and basic ion exchange resins, such as .

isopropylamine, trimethylamine, . diethylamine, triethylamine, tripropylamine,
ethanolamine, 2-dimethylaminoethanol, 2-diethylaminoethanol, dicyclohexylamine,
lysine, arginine, histidine, caffeine, procaine, hydrabamine, choline, betaine,
ethylenediamine, glucosamine, methylglucamine, theobromine, purines, piperazine,
piperidine, N-ethylpiperidine, polyamine resins and the like. Particularly preferred
organic bases are isopropylamine, diethylamine, ethanolamine, trimethylamine,
dicyclohexylamine, choline and caffeine.

“Prodrugs” is meant to indicate a compound that may be converted under
physiological conditions or by sblvolysis to a biologically active compound of the
invention. Thus, the term “prodrug” refers to a metabolic precursor of a compound of
the invention that is pharmaceutically acceptable. A prodrug may be inactive when
administered to a subject .in need thereof, but is converted in vive to an active
compound of the invention. Prodrugs are typically rapidly transformed-in vivo to yield

* the parent compound of the invention, for example, by hydrolysis in blood. The -

prodrug compound often offers advantages of solubility, tissue compatibility or delayed
release in a mammalian organism (see, Bundgard, H., Design of Prodrugs (1985), pp.
7-9, 21-24 (Elsevier, Amsterdam). ) .
A discussion of prodrugs is provided in Higuchi, T., et al,, “Pro-drugs as
Novel Delivery Systems,” A.C.S. Symposium Series, Vol. 14, and in Bioreversible
Carriers in Drug Design, ed. Edward B. Roche, American Pharmaceutical Association
and Pergamon Press, 1987, both of which are incorporated in full by re ference herein.
The term “prodrug” is also meant to include any covalently bonded
carriers which release the active compound of the invention in vivo when such prodrug
is administered to a mammalian subject. Prodrugs of a compound of the invention may

11
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~ The compounds of the invention, or their pharmaceutically acceptablg
salts, may also be formulated into a suppository using, for example, about 0.5% to
about 50% active ingredient disposed in a carrier that slowly dissolves within the body,
e.g., polyoxyethytene glycols and polyethylene glycols (PEG), e.g., PEG 1000 {96%)
and PEG 4000 (4%). _
Liquid pharmaceutically administrable compositions can, for example,
be prepared by dissolving, dispersing, etc., a compound(s) of the invention (about 0.5%
to about 20%), as a single stereoisomer, a mixture of stereoisomers, or as a racemic
mixture _of stereoisomers; or as a cyclodéxtrin clathrate thereof, or as..a
pharmaceutically acceptable salt thereof, and optional pharmaceutical acceptable
adjuvants in a carrier, such as, for example, water, saline, aqueous dextrose, glycerol,
ethanol and the like, to thereby form a solution or suspension. .

If desired, a-pharmaceutical composition of the invention may also

contain minor amounts of auxiliary substances such as wetting or emulsifying agents,
pH buffering agents, antioxidants, and the like, such as, for example, citrc acid,
sorbitan monolaurate, triethanolamine oleate, butylated hydroxytoluene, etc.

Actual methods of preparing such dosage forms are known, or will be

apparent, to those skilled in this art; for example, see Remington's Pharmaceutical
Sciences, 18th Ed., (Mack Publishing Company, Easton, Pennsylvania, 1990). The

composition to be administered will, in any event, contain a therapeutically effective

amount of a compound of the invention, as a single stereoisomer, a mixture of
stereoisomers, or as a racemic mixture of stercoisomers; or as a cyclodextrin clathrate
thereof, or as a phannaceutically acceptable salt thereof, for treatment of a disease-state
characterized by inflammation in accordance with the teachings of this invention.

The compounds of the invention, or their pharmaceutically acceptable

. salts, are administered in a therapeutically effective amount which will vary depending

upon a variety of factors including the activity of the specific compound employed; the
metabolic stability and length of action of the compound; the age, body weight, general
health, sex, and diet of the patient; the mode and time of administration; the rate of
excretion; the drug combination; the severity of the particular discase-states; and the
host undergoing therapy. Generally, a'therapeutically effective daily dose is from about
0.14 mg to about 14.3 mg/kg of body weight per day of a compound of the invention, as
a single stereoisomer, a mixture of stercoisomers, or as a racemic mixture of
stereoisomers; or as a cyclodextrin clathrate thereof, or as a pharmaceutically
acceptable salt thereof, preferably, from about 0.7'mg to about 10 mg/kg of body
weight per day; and most preferably, from about 1.4 mg to about 7.2 mg/kg of body

18
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R" is a branched alkylene chain, a straight or branched alkenylene chain
or a cycloalkylene,

7. The compound of Claim 6 wherein:

R', R? and R? are each independently halo, -OR®, or -SRY;
R*is -R*-0-R - R”

R® is aryl (optionally substituted by one or more substituents selected
from the group consisting of alkyl, aikoxy, halo, and haloatkoxy) or aralky! (optionally
_ substituted by one or more substituents selected from the group consisting of alkyl,
alkoxy, halo, and haloalkoxy);

each R® is independently hydrogen, alkyl aryl or aralky];
each R is independently hydrogen, alkyl, aryl, or aralkyl;

R’ is a direct bond or a straight or branched alkylene chain;

R'" is an straight or branched alkylene chain, a straight or branched
alkenylene chain, a straight or branched alkynylene chain or a cycloalkylene; and

R" is -C(OYOR’ or -C(O)N(R™),.

8. The compound of Claim 7 wherein:

R', R?and R are each -OR®,

R%is -R>-0-R'*-R";

R’ is aryl (optionally substituted by one or more substituents selected
from the group'consisting of alkyl, alkoxy, hale, and halealkoxy);

R® is hydrogen, alkyl, aryl, or aralkyl;

each R’.is independently hydrogen, alkyl, aryl, or aralkyl;
R?is a direct bond,;

R"’ is a straight or branched alkylene chain; a straight or branched
alkenylene chain, or a straight or branched alkynylene chain; and

R is -C(O)OR’ or -C(ON(R);.

9. .The compound of Claim § selected from the group consisting of

the
following:

(55,6R,7E 9E,13E,155)-16-(4-fluorophenoxy)-5,6,15-trihydroxy-3-
oxahexadeca-7,9,13-trien-11-ynoic acid, methy! ester;

84
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(58,6R,7E,8E,13E,155)-16-(4-fluorophenoxy)-5,6,15-trihydroxy-3-
oxahexadeca.-?,9, 13-trien-11-ynoic acid,

(58,68,7£,9E,13£,158)-16-(4-fluorophenoxy)-5,6, 1 5-trihydroxy-3-
oxahexadeca-7,9,13-trien-11-ynoic acid, methyl ester; and

(53.65,7E,9E,13E,158)-16-(4-fluorophenoxy)-5,6,1 5-trihydroxy-3-
oxahexadeca-7,9,13-trien-11-ynoic acid.

10. A pharmaceutical composition useful in treating an inflammatory
or autoimmune disorder in a mammal, which composition comprises one or more
pharmaceutically acceptable excipient(s) and a therapeutically effective amount of a
compound of formula (I) or formula (II):

and

wherein:
each R', R? and R’ are independently halo, sORS, SRS, -S(O)R’ (where
tis 1 or2) or -N(RHR%;
or R' and R? together with the carbons to which they are attached form a
monocyclic heterocyclic structure selected from the following: :
SO WU G S
0 o. ¥ S-O)kNH. 0 . S)LNH;andHN NH .

o e T A e R e

or R! and R? together with the carbons to which they are attached form
the following bicyclic heterocyclic structure:

85
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The chemical, biologieal, physical, and economic char-
! acteristics of medicingl agents can be manipulated and,

l hence, often optimized b\' conversien to a salt form. '

Cheosing the apprupnate salt, however, can be a very
; dlmru]r t,aak since each salt 1mpm+.s unique properties to

Salt-forming agents are often chosen emplricali\ Of the
rnany salts syntheclzed the preferred form is selected by
pharmaceutical chemists primarily on a practical basis:
cost of raw materials, ease of crystallization, and percent
yield. Other basic considerations include stability, hy-
groscopicity, and ﬁowabnlu:y of the resulting bulk drug
Unfortunately, there is no rehahle way of predicting the
influence of a particular salt species on ‘the behavier of the
parent compound. Furthermore, even after many salts of
the same basic agent have been prepared, no efficient
screening technigues exist to facilitate selection of the salt
most likely to exhibit the desired pbharmacokinetic, solu-
bility, and formulation profiles,

Some decision-making models have, however, been de-
veloped to help predict salt performance. For example,

Walkling and Appino (1) described two techniques, “de-

cision analysis” and “potential prablem analysis,” and,
apphed them ta the selection of the most suitable deriva-
tive of an organic acid for development a5 a tablet. The
derivatives considered were the free acid and the potassi-
um, sodium, and caleium salts. Both techniques are based
on the chemical, physical, and biclogical properties of these
specific derivatives and offer 8 promising avenue for de-
veloping optimal salt forms.

Information on ealts is widely dispersed Lhmu,hout the

- pharmaceutical literature, much of which addresses the

use of salt formation to prolong the release of the active
component, thereby eliminating various undestrable drug
properties (2-6}. This review surveys literature of the Jast
25 vears, emphasizing comparisons between the properties
of differant salt forms of the same compound. Included also

is a liscussion of potentially useful salt forms. Our purpose

is Lw.,fold to prescnt an ovcrnew of the many dxﬁerent
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Table 1—FDA-Approved Commercially Marketed Salts

BGens

133

Anion Pergagtd »Anion ‘Petcent?
Acnrate 1.2 ludide 2.02
Ernzepesulfonate .55 Iseshionatet 0.85
Eenzoate 051 Lagiate 0.76
Bicsrbanata 0,13 Lactobiroste . 0,13
Bitartrate 0.63 —— Malpte . 013
Bromide 468 Malests 3.03
g.\lr.iurln ud*er.\!-a 0.25 Mnndl:ilte ' 0.3

Arnevlate . 025 Mezylate 202
Carbonnte 0.3% Metbyvibromiie 0.76
Chlorid» +17 Mechylnitrats 038
Citrate  * 49 Methylsulfice 033
Dikydrochloride CEL Muesnts 0.13
Edetate .25 Napsvlnte 0.25
Edigylats* .32 MNitrete 064
Estalate? 013 Pamoate (Enbonate) 1.01
Eaylater 13 Pantotkerare 0.25
Fumarale A &.25 Phosphate/diphosphaie \ T als
Giucaptate/ 1y Polygalacturonais 1 0.13
Gluconate 6.5t Salicylate 0.33
Glutamate .23 Szearate 0.25
Glycolivlarsanilstet ' 0.13 Subacetize © 038
Hedviresorcinate . 0.13 Succibate 0.38
Hydrabaminzh 0.23 Suifate 746
Hydrobromide - 1.00 - Tanmnsto 0.58
Hydrochloride él8g Tartrate 354
Hydroxvoaphihonte B 1. Tenclate 0.13

Trietbicdide [\R ]

Cation Perventd” Cation Percent?
Orzanic Metallic:

Benzathine 056 Alumipum (.66
Chleroprocaine .33 Caleiun . 10.49
Cheline 0.33 Lithiura . 1.64
Dicthandlamine 083 Megnesiam 1.81
Ethylenadiamine 065 Potazsium - 19.32
Meglumize! Y Sodium 6187

Prucaine 058 Zine - 2.95

# Parcent is baaed on rotal numbe: of anionic or cativaic salts in use through 1974. ¥ Camptorsuliorate. ¢ 1,2-Ethanedisulfonate. ¥ Lauryl sulfate
» Ethanesuifonate. fGlucqheptonat.e. 5p—GlycoUmiduphcn;luwnme. k& N'.Ditdekydroubictyljethylensdiaming. ' 2-Hydroxyethanesulfonate,

f §-Chlorctheaphyllinate. # N, N’'-Dibenzylathylencdiamine.

to assemnble data that will provide, for the student and
practitioner slike, a rational basis for selecting a suitable
salt form.

POTENTIALLY USEFUL SALTS

Salt formation is an acid—base reaction involving either
a praton-transfer or neutralization reaction and is there-

fore controlled by factors influencing such reactions. -

Theoretically, every compound that exhibits acid or base
characteristics can participate in salt formgtion. Particu-
larly important is the relative strefgthoF the acid or
base--the acidity and basicity constants of the ¢hemical
species involved. These factors determine whethiek or not
formation oceurs and are a measure of the stabilivy of the
resulting salt :

The number of salt forms available to a chemist is large;
surveys of patent litarature show numerous new salts being

synthesized annually. Various salts of the same compound .

.often behave quite differently because of the physical,
¢hemical, ard thermodynamie properties they impart to
the parent compound. For example, a salt’s hydrophobieity
and high erystal lattice energy can affect dissolution rate
and, hence, bioavallability. 1deally, it would be desirable
if one could predict how a pharmaceutical agent's prop-
erties would be affected by salt formalion.

Tables I and II list all salts that ‘'were commercially
marketed through 1974. The list was compiled from all
agents listed in “Martindale The Extrs Pharmacopoeia,”

N-Methyiglucamine.

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

Knowledge that one salt form imparts greater water-

solubility, is less toxie, or slows 'dissolution rate would
greatly benefit chemists and formulators, In some cases,
such generalizations can be made. Miller and Heller (8)

discussed some properties associated with specific-classes .

of salt forms. They stated that, in general, salt combina-
tions with monocarboxylic acids are insoluble in water and
lend themselves to repository preparations, while those of
dicarboxvlic acids confer water solubility if one carboxylic
group is left free. Pampic ncid, an aromatic dicarboxylic
acid, is an exception since it is' used a3 a means of obtaining
prolonged action by forming slightly soluble salts with
certain basic drugs. Saias et al. {8) reviawed the une of this
salt form in preparing sustained-release preparations.
More recently, latentiation of dihydrestreptomycin (i0)
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decrease but had the opposite eifect on phenobarbital,  Table [v—Additionsl References oo Salt Form aod
Therefore, as @ tablet dosage form, the dissolution rate of ~ Pisselution Rate

the sodium salt was slower thar that of the free acid. These Tepic - Refercnce

results were attributed to differences in the disintegraling - _ - : —

properties of the tablets; in some instanges, rapid disso- D";ﬁl‘-‘“""."“ﬁf misiuses of weak acids and tidasic 115

lution may in fact bie a problem for very soluble drugs. Pl:vsi'rﬁ?gigilozgafl:bility and in vitre dissolution 119
Others have illustrated a phenomenon that decreaseé c'hq:ac-.:l:_isnig of_;omea salid cllg-,a,-,u form elations of

the dissolution rate of a salt below that of its nonionize  aingsalicylic acte ant iR S, " . :

“forn. Lin et al. (112} studied the relationship between sals B’ﬁfm?‘;::ﬁ.%‘;.u“' roe of dissolution: chrnactogical 17

and biological activity by dissolving three salts and the freg g{an.‘}u;gnac;u'.iu: x:;!u of diestalgtion rin witr) '?ud {; :'iuod {;’1,
base of ap experimental antihypertensive in water 01N O aalution inurpratation of snumuaties DusETVE £
hi : . ! & dissolution process of sulfzquizexalice buied o
HCl, and pH 7.2 phosphate bufter. The dissolution rate of ealt formation . °
the monohydrochluride salt was lower than that of the free tafluence of the dissolution rats of Lthium tabietson side o) '

. o f _ effectz
base in 0.1 ¥ HCI'and higher than the frec base in both  pisaniution kinetics of devgs in buman gastric juice, 124
water and phosphate buffer. These authors aseribed this  Comparison af distolution and absorption rates of « 12h
variation to the common ion effect and substantisted it different compescial aspirin tableta

" . . Y In vitro dissplution rates of aminorex desage fornmng and 126
experimentally. Although the bialogical activity of the their eorrelation with in vitro availability .

manohydrochlaride wag greater than that of the free base, - - ; : :
the implications of altered absorption characteriatics on | .
the activity of any other hydrochloride salt in GI fluids  considered as a means of increasing 2 compound's watet
must be considered. Similar results algo were reported for  solubility. As with dissolution rates, however, salt forma-
hydrochloride salts of some tetracyclines (113). g tion does ot always confer greater sclubility. Liberally

Some consideration must be givento the influence df salt  dispersed throughout the pharmaceutical literature are
formation on oral toxicity, which often reflocts the rela-  studies that compare the solubilities of different salt forms
tionship between the in vivo disselution rate and the ap-  .of the same compound with those of its free acid or base
pearance of drug in the cireulation (114, 115), Morozowich  (Table IV}, Selection of the salt form exhibiting the desired
et al. (114) showed that the relative \oxicities of & seriea  solubility properties is critical, since these properties often
of salts of 2 drug reflect the rate of absorption, providing  dictats the formulation characteristics of the drug.
the salt-forming agents themseives are relatively nontode. Phase solubility techniques were used to study the for-
They stated that “when absorption is rate-limited by mmation of complex salts of triamterene (127). The results
dissolution of the salt inthe gastrointestinal tract, as will  indicated that the organic acid salts of basic drugs, such
be the case with slowly soluble salts, the toxicity of aslowly  as amines, weTe more soluble in water than the corre-
dissolving salt will most probably be lower than thatofa  sponding inorganic (halide) salts. This consideration is
more rapidly dissolving salt.” The implications of salt  importantin the gyrithesis and selection of a salt form thst
formation on toxicology will be discussed under Toxico-  will exhibit enhanced bioavailability and desirable for-
Ingical Considerations. . mulation characteristics, :

Geveral reviews dealt with the influence of the dissolu- The hydrogen-ion concentration can sigpificantly affect
tion rate on drug availability and, in partieular, salt effects  the solubility of a salt. Anderson (128) discussed the in-
(118, 117). Other reports ilustrating the influence ofsslts  fluence of PH on the solubility of pharmaceuticals,
and salt form on dissolution-rate are listed in Table V. Mathematical relationships between pH and solubility of

Solubility—HKnowledge of the solubility characteristics  therapeutically useful weak acids and bases and their salts
of a pharmaceutical agent is essential, because solubility  were given along with some considerations in the formu-
is usually an important factor in the pharmacokinetic . lation of solutions of these particular agents.
profile, the chemical stability, and, ultimately, the for- An extensive atudy oo the solubility interrelationships
mulation of the drug. As discussed previously, itis certainly  of the hydrochloride and free base of two pharmaceutically .
a primary factor in contzolling dissolution rates. Thesol-  useful amines was reported (129), Mathematical equations
whility of a compound depends basically upon the physical  describing the total solubility at an arbitrary pH in terms
and chemical properties of the solute; eg., a lower melting  of the independent solubilities of the hydrochloride and
point for a compound within a series reflects a decressed  free base speties and the dissociation constant of the salt
lattice enerzy, which would suggest a higher solubility.  were derived and fitted to experimental data with good
Solubility depends as well upon such elements as tem-  results, This report elucidated the point that, while the
perature, pressure, solvent properties (such as resulting  solubility of the amine hydrochloride generally sets the
pH), and, to a lesser extent, the state of subdivision of the  masimum obtainable concentration for a given amine, the:
solute. solubility of the free base and the pKa determine the

An important solvent property which is often overlocked  maximum pH at which formulation as & solution is possible -
invelves the common ion effect; in particular, hydrochlo- {assuming that the desired concentration exceeds the free -
ride salts of drugs often exhibit less than desirable solu-  hase solubity). Shifting the pH-solubility profile to higher
bility in gestric juice because of the abundance of chlotide  pH values for formulation purpeses may Tequire increasing

jons. The equilibrium involved is shown in Scheme L. - the solubility of the free base. This increase might be ac-
' Kos complished by using an appropriate cosolvent. Bince the
DH*Clgsatin 7= {0 ag #4017 aa dissociation characteristics of carborylic acids and other
Scheme acidic organic species are similar to those of organic hy-

£ rLe amarnachar Arrehinndes, it is expected-that the pH-solubility profiles
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of these organic acids, although reversed, can be charac-
terized theoretically usiog the same treatment.

Several reports showed that the structure of an organic
salt-forming radical influences the solubility of tbe re-
sulting salt. The water solubilities of 16 salis (carboxylatas,
sulfstes, sulfamates, and phosphates) of the weak base
erythromyein were dependent on the size of the alkyl group
of the acid (130, In a study with N-alkylsullamates of
lincomyein (88, a simitar phenomenon was vbserved:

group attached to the acidic functinn increased,

Seniar {131), in & study op the fermulation and prop-

" erties of the antibacterial chlorhexidine, determined the
water solubilities of 35 salts and the free base. He found
that inorganic salts had remarkably low solubilities while
those of the lower aliphatic acids proved to be somewhat
more soluble. Hydroxylation of the acid increased solu-
bility, since salt formation with polyhydroxy atids, par-
ticwlarly the sugar acids, conferred extensive water solu-
bility to the melecule.

Several investigators reported the influence of the sol-
ubility of a drug on its formulation and subsequent avail-
ability from the dosage form. In a discussion of the prep-
aration and formulatien of epinephrine salts in an aerosol
system using liquefied gas propellants, Sciarra et al. {132)
pointed out that the solubility characteristics of the agen:
are iraportant in two respects. First, the solubility of the
therapéutically active ingredient in the various propellants
is an important consideration if the product is to be used
for either local action in the lungs or systemic therapy.
Second, the solubility of the drug in extracellular fluids
plays an important role in selection of the compound. The
bitartrate, malate, maleate, and fumarate salts of epi-
nephrine were prepared and subjected to solubility and
stability studies. While all salts bad similar partition
coefficients, the solubility of the maleate in several pro-
pellants and jts stahility in formulated aernsels made it the
drug form of choice.

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

The solubility of the active ingredient in ointment bases
can dramatically influence its diffusion properties. A study
of salicylic acid and its sedium salt showed that the dif-
fusion of both was very low from hydrophobic bases,
whereas the solubility of the drug significantly affected the
diffusion from hydrophilic bases. The more soluble sadium
salicylate diffused much faster from these Jatter bases than
did salicylic acid (134). -

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

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

solubility of these sales decreased as the size of the aliy] |

Boos
, 139

Table V—Additional Refereuces on Falt Form and
Solubility

Topic Pefergnce

1a{luence of aclubility on the cate of G) ahzo:zpticn of 135
sifirin

Eflect of dosage form upon the Gl absorption rate of 134
saliexlates

Physical-chemical properties of polyeae mecralide esteca 7
ard thair water-anleble salts ’

Taalstion and reactioa produats of arotic ecic and amines 132
and thair zelubility by wacer

Solybilitr 3nd wwablity of 2rythromycin 3alts 139

Studies a0 pharmaceutical preparasions of orotic acid: 14

watezaoluble properties of orotic avid salhs
Solubilicy of antibiotics in 24 solventa
SQolchilivy of antibictics iy 26 solvents

L1423, 142
143 .

. |
patient acceptability when it is to be wdministered a3 a
liguid, chewable tablet, or lpzenge.

Since taste is a chemical sense, a pubstance must be
dissolved if it is to elicit a taste sensation—either by taking
it as a solution or by its disselving in the saliva. Therefore,
one method used to minimize undesirable organoleptic
properties of pharmaceuticals involves the preparation of
a poorly seluble salt form of the drug such that the satu.
ration concentration is less than the taste threshald.

Erythrowycin estolate (lauryl sulfate} has approxi-
matelv one-twelfth the solubility of the free base, is
tasteless, and is useful io the formulation of oral suspen-
sions (144). A study on erythromycin salts showed that the
bittarness level was dependent on two properties: {a) the
water solubility of the salt, which is dependent on thesize
of the atkyl group attached to the acid function; and (b) the
gtrength of the acid used to form the salt, Le., the stability
of the salt (130). The stearyl sulfamate salt possessed the
mast desirable przanoleptic properties.

Many problems concerned with formulation and sta-
bility of topical and oral pharmareuticals containing
bagitracin have been overcome by incorporating bacitracin
intp the formulation as its zine zalt. One distinct advantage
over the parent compound is its lack of taste, caused by its
relative insolubility. Thus, it is the preferred drug form for
preparations where taste {s a factor (145). Taste panel
evaluations of the camparative bitterness of bacitracin zine
and bacitracin indicate that the taste of the zine salt is
more easily masked and that the presence of a bitter-
ness-masking adjuvant, such as sucrose, increases the
bitterness threshold ratio differences between the two
eompounds even further (146).

Propoxyphene napsylate, nearly water inscluble, is only
slightly bitter to the taste as compared to the highly
water-soluble hydrochloride (147) and can be readily for-
mulated into a flavored agueous suspension, The taste of
these suspensions can be improved significantly by the
addition of a commeon ioh (sodiura or caleium napsylate)
to depress solubility further.

A newer approach to the improvement of drug palata-

bility has been to form insoluble salts with jon-exchange.

zesins, Several investigators described and tested the
practical apptication of this method (148-150). Spross et
al. (149) outlined the conditions necessary for improving
the palatability of a drug by adsorbing it onto an jon-ex-
chanze resin without appreciably modifying its pharma-
cological effects. They found that: (o) the degree of drog
release from the ion-exchange adsorbate depénds on the
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cquivalent quotient between the elecitaivtes in the sw-
rounding fluid and the ionic drugs, {b) the amount of ions
is far less in the saliva than in the gastric juice (the tern-
porary electrolyte contents can be esrimated at 0.05 mEq
in the saliva and &t 19 mEq Lo the zastric juice), and (¢) the
exchange rates should allow the equilibria to be attained
within a fairly short period. Insoluble drug resinates
formed between dextran gel? cation eschangers and several
basic drugs were in many cases much more pleasant tasting
than their parent eompounds. Furthermore. release of the
drug from the ion-exchange adsorbate was quite rapid and
complete under conditions prevailing in the G tract.

Similar findings were reparted using a polymethacrylic
acid ion-exchangz resin (130). In addition, coating the
adsorbate particles with a 4:1 ethylcellulose-hydrosy-
prapy] methylcelldlose mixture further reduced bitierness.
While int vitro release from the uncoated resinate was rapid
and complete, release from conted adsorhates varied with
the extent of coating.

Another approach ta improving the taste properties of '

pharmaceutical egents is to prepare a pleasant-tasting
soluble salt of a ponz-tasting parent drug. This approach
oftert can be very difficult, however, since golubllization
of the parent compound usnally imparts its unpleasant
taste to the preparation. Nevertheless, some sviccess has
been reported using the artificial sweeteners cyclamate
sodium and saccharin.

As described earlier, formation of N-cyclohexylsulfa-
mate salts of several drug subatances has produced better
tasting derlvatives with enhanced solubility properties {31,
32). The physicochemical and toxicological properties of
benzalkonium saccharinate and a seties of saccharinates
of gther quaternary ammonium compounds were reported
(151), While conventional quaiernary ammonium eomm-
pounds have a very bitter taste, their saccharin analegs are
sweet.

Potagsium salts frequently possess an unpleasant taste
and g metallic aftestaste. The palatability of some potas-
sium salts in flavaored vehicles was reported (152); while
the salts had similar taste thresholds at effective theza-
p‘guﬁic Jevels, all potassium salts exhibited inferior palat-
ability.

Table TII includes several sampies of other salts that
:x]:.ibit an improved tasta relative to their free acid or base

OrIDsS.

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

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

= Sephindcx.
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drug in the dry state. Ip sowe cases, the salt-forming rad-
ical iteelf enhances the stability of the parent agent.

The stability of penicillin G and its salts has been widely
studied due to the drug’s therapeutic importance and its
characteristic instability. Schwartz and Buckwalter (153)
described some of the stability characteristics of this an-
tibiotie, stating that, with present techniques, 1 solution
of penicillia cannot be made stable for more than 2 weeks,
even at refrigerater terapetatures. They alsn discussed the
use of suspensions of sparingly soluble amioe salts in

-aqueous vehicles as a means of “allowing marketing of
‘ready-made’ penicillin product.” Procaine, benzathine,

and hydrabamine salts are marketed, and their acceptable
stability as aqueous suspensions iz based mainly on their
insolubility and the minimization of degradation in solu-
tion. i .

A theoretical trentment of the soluBility of these salts
was presented in which equations were derived for calen-
lating the solubility as a function of pH and the pH of
minimum solubility (134, 155). These equations are based
on the mass action law and its relationship to the jonization
conetants of the amine and the penicillin and the solubility
of the salt in water. Since the salt in sojution is partially
dissociated, further suppression of the solubility may be
achieved by the common fon effect. Swintosky et al (155}

- demonstrated this effect with penicillin G procaine by

adding procaine hydrochloride to the prepazation and
further enhancing its stability. The 8-chlarotheophylline
salt {or complex) of penicillin G was reported to be water
soluble, yet stable in solution (157}, Since 8-chlorotheo-
phylline is acidic, it has been postulated that & buffer effect
conld account for the stabilization of this salt.”

While penicillin G procaine is more stable in aqueous
vehicles, it is less thermally stable than the sodium or po-
tassium salts, decomposing if heated much above §0°. The
sodium and potassium salts are kpown to withstand
heating up to 100° for 4 days with little loss in potency
(153}, This behavior might well be due to differences in
melting points—viz., 106° for penicillin G procaine and
~215° dec. for the potassium sait.

Since hydrolysis of penicillin is dependent on muisture
content, preparations in which moisture is rigorously ex-
cluded are quite stable in the dry state. A study ou the ef-
fect of moisture on penicillin salts found the calcium salt

to be lets hygroacopic than the sodium salt and, hence, .

more stable in moist atmospheres (159). Similarly, peni-
cillin G potassium is alao much less hygroscopic than
penicillin G sodit’m and has become the preferred form for
marketing in the dry state (160).

Several studies reported the relative gtabilities of thi-
amine salts, particularly the hydrochloride and the
mononitrate (161-163). The mononitrate ie observed to
be,less hygroscopic and is accordingly much less water
soluble thap the hydrochloride. Tnvestigations of vatious
preparations including compressed tablets, multivitamin
capsules, and dry-filled vitamin B complex capsules at
various temperatures showed that the monoaoitrate was
more stable than the hydrochloride (164, 165). The sta-
bilities of numerous thiamine selts were studied in aqueoys

solution and in dry powder preparations with various ex-’
cipients (166, 167). In agueous solution, the resulting pH '

was the chief factor controlling hydrolysis and oxidative
decomposition of thiamine salts; their stability as powder
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preparations was related 1o their aqueous solubility, with
the sparingly soluble salts being more stable (and pre-
sumnably less hyzroscopic).

An orally administered drug must be stable in acidie
solution begguss it generally l:nmt pass intact through the
acidic environment of the stomach if.it is to ex.hxbn ther- ;
apeutic blood letels) The aavantagelof erythmm) ¢in e3s
tolate aver the freg base Jies|in it Jowsalubility in gastric
1u1ce whit embl gt to bels .sdml.msmed with foc»d mth
but any ecrea:n m attamec'l blond lefe]: The salt is mm-e
!&tﬁblc ing the stoﬁx}cn because it t;e‘mmns undissolved

erefoz*eq it ret:i;u its p 3ency even whe 9efpos.ed
hcldlce Wromne fiélfor ex 1

nded pegmds (144).

,rha:ac Tizatio

d’l cyclangte (33), It jvas nofed that éfoyclamjte
salt ha '-f:ii] enhaticed thefmal stallility oversthe hydrg-
.chioride, -']insubse uent rgport (16 ) d.:.fferegi,tla] therpdli
gnalysisjand then,n TR ic analysis showed that shile
-..‘%‘e hydr‘i’:i-hlnnde astly 1fn_ ergoey’ erma]degradaho%
wthe cyclimate am'@i: confe.fsacomn erably greater theryyial

p.!
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id per{ t.ly sts.bfem aqu suzpe)
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Table VI-—-Additional Refercnces on Salt Form and
Stability

Topic Ralerence
Ftability of chlerhesidins silutions 170 .
Srakility of ehlorhexidine when auteclaved 1M ’
Anhydrotetravycline ard 3 “epianhydrotetracycline in i Y L
marketod tetracycline and aged tatrucycline preducts o "
Solid:slate stabitity of some, cmullme vitamin A b R
eom pounds L b
su:u-c"enncxl etudies on Lhn sLal.uhty of p—mc:llm salts § 174
Useusitivity,of tevracvélines | [ t173 i’
erunoplc propertics, thumo-mbl‘llt} and mlub:hu of 175 i
‘deandomygnsoke [N i “J. Ay
Sub}lh.) of ot l:_u' acid ankd its aminz \4“3 in uqu i !.177 i
wuticn
n";-n- fartors Dﬁumcu-v?le atab:htﬂ oI tahleta (ipu’m) .1 178
& biility of sfudous sulutions of aedjliz aminosplicylate {4179
Hygrpscopic [ rl;n:arhes VS\:IOU‘ pie _' ations Bt i 1E0
Britheutuy 1;,] gy
Fhyficochen] s'ud:cs.o the dechizposition «1 151
[ inosnhcgrl: acid ar aslts KN j
5 {ulfilivies obaguacus seflilions of d-ethyhmqqelhy]ﬁi sy 182
5 shyl-2 gh nylvalerati hydeochlotide and 111 F‘;“"
-mer.hobrom: 1] .4 ¥ 4'.'_!
[l‘l\fb.atl,d.tl\ln of some progerties of, penu:lllm salts *4 153
Stahilicy of furtous ironitahlats on ftorage {41 184

ed wﬂ‘h untacida; i[g 185 ¥

,..]

§wbnluw of Asplrin alumqu.m COmPpoun
o i % T
15 considdrably more rapld than that of the fiee B.CLd in
tful\-alentvdmage forms, Therefore: 11r absori:tmn is de?,—

qndent the dJssolutmn xﬁte w!ud:’n in turn zs dependgnl;
on the agb gregation rate]’the salttshould produce §he
hizhest $nl earliest blood evels Ot the othéx'hand ltrs

possﬂ:l tﬁat hygn[sscoplc‘ (fmd dei.lquesc t), salts g.n

-absorb tmosphenc wooistire, causé g stic surface. nd
inhibit eﬁgnea tion. [7 7
| nguéhl and coworkerspr ente!:anextenslve studm on

'3 to -pair extmction pf
harmaceutxcal ines.

Hstribubion rahé‘s of dex
methm:pban (1913 and orphenﬁamne 92) beté
&1 oTg4nic layer@nd watsPwere y depen dent ogthe

A concen'fratmn id usn:urt of the dnion pregel nt Less -
” droph.lllc anions yn:ldc re re.ad extrac hle fon- pam
/5,.A stu of the thermod%imxc propcrues cgptha!py’f'{iree
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