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

1. Documentos estudiados

Descripcion: Folios 73 a 160 31/07/2009
Reivindicaciones: Folios 161 a 164 31/07/2009
Prioridad: US 60/887981 02/02/2007

2. Analisis de la Prioridad

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

3. Objeto de la invencidén

Titulo de la solicitud: "ACIDO 7-(2-METILPIRIDIN-3-IL CARBOMOIL)}-4A-BENZIL-2-
(TRIFLUOROMETIL)-1,2,3,44A, 9, 10, 10A-OCTAHIDRO FENANTREN-2-iL-2-
FOSFONICO COMO MODULADORES DEL RECEPTOR GLUCOCORTICOIDE" (fl. 186).

Ei problema planteado en esta solicitud es la necesidad de proveer moduladores del
receptor glucocorticoide.

Para resolver este problema técnico la solicitud en estudio proporciona compuestos de
formula (1), utiles en el tratamiento de condiciones mediadas por fa actividad del receptor
glucocorticoide.
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El objeto de la presente Solicitud se relaciona con la Clasificacion Internacional de
Patentes (CIP): AG1K31/44; A61P1/00; A61P11/06; A61P19/02; A61P25/28; A61P29/00;
CO7F9/58.
1. Excepcidn a la Patentabilidad (Art 20 D 486 literaies (a) — (d))
El objeto de las reivindicaciones 7 a 16 no es patentable de acuerdo con el Art citado.
4. De la Solicitud de Patente
Titulo
El titulo utiliza la palabra benzil, se recomienda modificarla por bencil, adicionaimente
utiliza las letras A y B las cuales deben ser escritas como a y . Adicionalmente, el
compuesto no es un acido si no el dihidrogeno fosfato tal como se establece en la
descripcién (fls. 77 y 122)
2. Determinacion del Estado de la Técnica
El Estado de la Técnica se determino con base en |a fecha de presentacion de la solicitud

de prioridad: 02/02/2007, y se encontraron los siguientes documentos que anticipan el
objeto de esta solicitud:

Itemn Documento Titulo Fe?ha 5’,0 "
Publicacion
’ Glucocorticoid receptor
D1 WO 00/66522 modulators 09/11/2000
Journal of pharmaceutical sciences. :
D2 Vol 86 (1), January 1977 Pharmaceutical salts 1977

D1" ensena agentes moduladores de los receptores de glucocorticoides de formula (1)
sales y profarmacos del mismo el cual comprende el compuesto dihidrogenofosfato de 4a-
bencil-7-((2-metilpiridin-3-il)-carbamoil)-2-(trifluorometil)-1,2,34,4a, 9, = 10, 10a-
octahidrofenantren-2-ilo, (pag. 5, reiv. 1).

T1 Cﬁaﬂg)m Flz
X C\:%\Ra
|E")F
Al B/:J\
\D’ A‘SRM

D2 en sefia que las caracteristicas quimicas, biologicas, fisicas y econdémicas de ios
agentes medicinales pueden ser manipuladas y optimizadas mediante la conversion a
forma de sal. Las sales imparten propiedades Unicas a los farmacos, formadores de sales
agentes se eligen a menudo empiricamente. de las muchas sales sintetizadas, la forma
salina preferida se selecciona por los quimicos farmacéuticos principalmente sobre una
base practica tal como: costo de las materias primas, la facilidad de cristalizacion, y e!
porcentaje de rendimiento (pag. 002, ambas columnas).

3. Examen de Patentabilidad (Art 14 D486)

Nivel Inventivo (Art18 D486)

1.hitp:fiworldwide espacenet.com/publicationDetails/biblio?CC=WO&ENR=2008003227A1&KC=A1&4F T=D&ND=38da
te=20080807&0DB=EPODOCA&Iocale=en EP
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La reivindicacién 1 consiste en un compuesto de formula (1).

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

Caracteristicas esenciales D2 !
. ‘ n, CReRelm Ensefa los métodos y ventajas de
‘ \fga " {a formacion de sales a pariir de
\B(\t compuestos farmacéuticos. .
- o (documento completo) |
| R \./“\/ o Rusﬁ" : !
I
l\gr—)..

. Indica que los compuestos | Divulga el listado de sales |
i pueden encontrarse en forma | farmacéuticamente aceptables |
' de sales o profarmacos, y se | aprobadas por la FDA entre las |
. divulga la sal fosfate (pag. 85, | cuales se encuentra la sal fosfato [
: | linea 12) {pag. 3 tabla 1) |
Los documentos D1 y D2 se consideran el estado de la técnica cercano a Ia invencion
definida en la reivindicacion 1 porque:

R1 es —P{O)(OH);

D1 divulga una los compuestos triciclicos derivados del fenantreno, los cuales pueden
encontrarse en forma de profarmacos o sales tales como la sal fosfato (pag. 85, linea 12),
los cuales son utiles como moduladores del receptor de glucocorticoide (resumen).

La diferencia entre la invencién, definida en la reivindicacion 1 y los compuestos de D1
consiste en que no se divulga la seleccion especifica de la sal dihidrofosfato del
compuesto 4a-bencil-7-((2-metilpiridin-3-il)-carbamoil}-2-(trifluorometil)-1,2,3,4 4a, 9, 10,
10a-octahidrofenantren-2-ilo .

Por su parte el documento D2 ensefa que las caracteristicas quimicas, bioldgicas, fisicas
y econdmicas de los agentes medicinales pueden ser manipuladas y optimizadas
mediante la conversién a forma de sal. Las sales imparten propiedades Unicas a los
farmacos, formadores de sales agentes se eligen a menudo empiricamente. de las
muchas sales sintetizadas, la forma salina preferida se selecciona por los quimicos
farmaceuticos principalmente sobre una base practica tal como: costo de las materias
primas, la facilidad de cristalizacion, y el porcentaje de rendimiento {(pag. 002, ambas
columnas). lgualmente, la anterioridad divulga el listado de sales farmacéuticamente
aceptables aprobadas por la FDA entre |las cuales se encuentran las sales de fosfato (pag.
3, tabla 1).

La diferencia entre la invencion, definida en la reivindicacion 1 y D2 consiste en que no se
divulga que el compuesto a partir del cual se forma la sal corresponda 4a-bencil-7-{(2-
metilpiridin-3-il}-carbamoil)-2-(trifluorometil})-1,2,3.4 4a, 9, 10, 10a-octahidrofenantren-2-ilo.

El efecto que logra la formacion de la sal dihidrofosfato del compuesto 4a- bencil-7-((2-
metilpiridin-3-il)- carbamoil)-2- (triflucrometii)-1,2,3,4 4q, 8, 10, 10a-octahidrofenantren-2-
ilo, consiste en un incremento en la solubilidad y disolucion intrinseca aumentando la
absorcion oral segun lo afirma el solicitante en la descripcién en relacion con la conversion
del ejemplo 2 en el ejemplo1. Por otra parte, la solicitud carece de informacion que permita
establecer una ventaja o efecto sorprendente de las sales de calcio y sodio del compuesto
de férmula (1). Por otra parte, no es clara la ventaja de estos compuestos en relacion con
el estado de la técnica, ya que los resultados comparativos del compuesto base
denominado ejemplo 1 con relacion a la prednisolona (Fls. 147 y 148) indican que la
prednisclona posee una capacidad inhibitoria superior en las concentraciones ensayadas
con respecto a dicho compuesto, y que en consecuencia, el compuesto reclamado es tan
solo una alternativa con actividad inferior a los compuestos existentes tales como la
prednisolona la cual solucionaba previamente la necesidad de moduladores de los
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receptores glucocorticoides; en relacién con lo anterior se debe considerar que de acuerdo
con la descripcion el ejemplo 2 correspondiente al compuesto objeto de la presente
solicitud se desfosforila al compuesto del ejemplo 1 mediante las fofatasas alcalinas
localizadas en el epitelio intestinal (fls. 138 y 139).

Por lo tanto, el problema tecnico objetivo que pretende resolver esta invencién se puede
formular asi: ¢,como seleccionar un compuesto previamente divulgado en D1 para
consequir una sal con adecuado perfil de solubilidad?.

Sin embargo, el documento D2 ensefa la formacién de sales a partir de compuestos
farmaceuticos con la finalidad de manipular las caracteristicas guimicas, bioldgicas,
fisicas y econémicas de este {pag 2, col. izq.). La tabla 1 de D2 categoriza todas la formas
salinas aprobadas por FDA, entre las cuales se encuentra la sal fosfato, y afirma que
como regla las sales farmacéuticas exhiben una mayor velocidad de disolucién gue su
correspondiente conjugado acido o base al mismo pH (pag. 7 col. izq.).

En consecuencia, la persona del oficio normalmente versada en la materia, enfrentada a
la necesidad de mejorar el perfil de solubilidad y biodisponibilidad de los compuestos
previamente divulgados en D1, prepararia una sal de dicho compuesto estableciendo a
ensayo y error aquella sal que posea mejores propiedades fisicoquimicas tal como lo
indica {a anterioridad (pag. 2 ambas columnas), para llegar asi al objeto de la

reivindicacién 1 de la solicitud. Por lo cual, por lo cual las reivindicaciones 1 y sus
dependientes se consideran obvias.

4. Conclusién

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

Reivindicaciones -
Item o Documento afectadas Requisito que afecta
. D1 WO 93/09785 1-6 Nive! Inventivo
i Journal of pharmaceutical sciences. . .
| D2 i Vol 66 (1), January 1977 1-6 Nivel Inventivo

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

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

J
Director de Nuevas Creaciones (E)

12.9 S0, 2012

Elanterior requerimiento fue notificado por fijacion en lista, de fecha

Elaborado por : Emilce Cano Urrego. Q pl}"(
Revisado por: Jacqueline Alfonso Rozo.
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chemical, bologicd “‘ﬁh"y?iﬁ?‘ﬁnd‘efon‘cmit ‘char-
eristics of medicinal agente can-be manipuleted anﬁ,
henceoften. optimized. b hv conversion to a salt, form
hoAERT £ Rppropridte salt, however, can he a ver
Sdh fieuht task rsiftce each saft-imparts unique properiied to

3alt-forming agens are oftan cliceen em erxplr!calh SOf thy
‘?ﬁltﬁyﬁ hesized, the preferred orm is selected b
pbarmaceuncal chemists piitmarily vn a practical basjs:
dpst of raw materials, ease of erystallization, and parcent
ield,.Other.basic-considerations ' include stability, }?-
E’rUaCOPIClu}' and flowahlht} of the- resultmg btk ~dru'r
Knfortunately, there is 1o rehable way of predicting & i
Anfluenceof & pa:t.lcu.lar salt spedies on the behawior of thes
tparent compound Fiirtherdore, dveii after many salte of
the same basic.agenit have been prepared, no efficient
screening techniques exist to facilitate selection of the se
fmo T hLely to exhibit the desired pharmacokinetic, solu‘f
bility 5rd forttulatidn profileg—
Somedecision-making modéls have, however, been de-
veloped to help predict salt perfurmeance. For example,
Walkling and Appino (1) described two techniques, “de-
cision analysis' sod “potential problem amalysis,” and.
applied them to the selection of the most suitable deriva-
tive of an organic acid for development &5 a tablet. The
derivatives considered were the free acid and the potassi-
um, sodium, and calcium salts. Both techniques are based
on the chemical, physical, and biclogical properties of these
specific derivatives and offer a promising avenue for de-
veloping optimal salt forms,
Information on salts is widely dispersed thmuvhout the

- pharmaceutical literature, much of which addresses the

use of salt formation to prolong the release of the active
cornponent, thereby eliminating various undesirable drug
properties (2-6}. This review surveys literature of the last
25 veass, emphasizing comparisons bebween the properties
of differant salt forms of the same compound. Included also
is a sH=cussion of potentiaily useful salt forme. Qur purpose
is L\fﬁlold t,o pre:ent an overview of the maany different
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Tahle 1--FDA-Approved Commercially Marketed Salts
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Ackiate {riéds Y
Eanzenecuifanate [sethinnate! M
Berroate actats a
Birsrhonats Lactabiazate .
Bitantate —_ Malate vl
Bromide 3C
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Carbanare ~C.
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itrate A
Dinydrochloride g13
Edetate PP E]
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Clueonate 0.3l Salicviste M 0,33
Glutamate 0.2% Sreurele 0.2%
(lvecllvlarsanitates 0.13 Subacetare G.38
Hexvireaorcinate 0.13 Suecinate 0.32
Hydrabaminat 0.23 Suitate 7.6
Hydrabromida 1.3 Taznste 055
Hydrechlaride 2,88 Tartrate 3.54
Hydrorvoaphibuste 0,25 Troclate/ 0.12

I Tristrivdide 013
|

Cation F"e:t‘cnt’ Catipn Frreant®
Qryganic Masailie:

Benzathine* .85 Aduzinum .55
Chlureprocaine 0.33 Calcivay 04
Chetire 033 Litkium L B4
Disthandlamina PEE Mugnesiurn 131
Ethylenediaming [VR-17 Fotaznium 10,52
Meslumice’ 290 Sedum %3
Frocaire (e Zire 1.85

* Percant {5 baaed on total numbes of anionic or caticonia valty in e throl_‘.;h 1970, ¥ Camnphorsulforate, © ,2-Ethanedisulforare, ¥ Lauryl sulfasw

* Ethanestlfonate. / Glucwhepionata. # p.c-l_v:al.]amiduphe:{lusqna‘u, [
N-Methylglveamine,

4 g.Chloratheophyllingte. * ¥,N'-Dibsnzyletiylanediamine,

10 assernble data that will provide, for the student and
practitioner alike, a ratione} basiz for selecting a suitdhie
salt form.

POTENTIALLY USEFUL SaLTS

Salt formation is an acid-base reaction involving either
a proton-transfer or neutralization reaction and is thgre-
fore controlled by factors influencing such. reactiqns,
Theoreticallyfetery Boitpouad that exhibits acid of base'!
sharactaristics can participate inzalt fofmgtion. Particu-
latly important.is-the relative streXgtthdf the acid or”
base—the acidity and hasieity eonstants of the ¢hem|cal
species involved. These factors determine whether oz bot
formation occurs and are a measure of the stebility of the
resulting salf.7 :

The nwnber of salt forme available to a chemist is lagge;
surveys of patent literature show numerous new salta being
synthesized annually. Various salts of the same compoind .

.often behave quite differently because of the physipal,
chemical, and thermodynamic properties they impart to
the parent compound. For example. a salt’s hydmphobiéity
and high crystal lattice energy can affect dissolution rate
and, henve, bicavailability. Ideally, it would be desirable
if one could predict how a pharmaceutical agent's prop-
erties would be affecied by salt formalion.

Tables I and IT list all salts that wete commercidlly
marketed through 1974. The list was campiled from}ail
agents listed in “Martindale The Extra Pharmacopoeia,”

N N.Dildekydrowbiztylisthyleasdiamine. * 2-Hydroxyzthanasvifonate

26th ed. (7). Table I categorizes sl salt forms approvidsig—
the Food and Drug Administrazion (FDA), whiie Table IJ.17
ligts fhosa not epproved by the FDA but in use in other
countries, (Only salts of organfe compounds are considersd
bacause most drugs are organic substances,) The relativa
frequency with which #ach salt type bas been used is cal
culated as a percentage, based on the total number of an-
fonic or cationie salts in use through 1974, Becavse of
simple availability and physiological reasons, the mena-
protic hydrochlorides have been by far the wost fragquent
choice of the available anionic sali-forming radicals, out-
numbering the sulfates nearly six to oue. For aimilar rea
sons, sodium has been the mos{ predominant cation,
Knowledge that one salt form imparts greater water
salubility, is less toxie, or slews dissalution rate would
greatly benefit chemists and formulators. In some cases,
such generalizations can be made, Milier aad Heller (8)
discussed some properties associated with specific classes .
of salt forms, They stated that, in general, salt combina-
tions with monocarhoxylic ecids are insoluble in water and
lend themeelves to repository preparations, while those of
dicarboxylic acids confer water solubility if ane carboxylic
greup is left free. Pamoic acid, an aramatic dicarboxylic
acid, is an exception since it is used as a means of obtaining
prolonged action by ferming slightly soluble salts with
certain basie drugs. Salas et ef. (9) reviewed the wse of this
calt form in preparing sustained-release preparations
More recently, latentiation of dihydrostreptomycin [T
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Table Il—Non-FDA.Approved Commercially Marketed
Halts
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Protingte
Persullate
Phemylathylbarbituzats

Parcente

Orzanise
Banatharging
Clemizole™
Diethylamine
Piperazine
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Barium
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 Percent iz hasad on total number of anionic and catinnic snle in uss
throcgh 1974, ¥ 1 §-Naphikalenedisulfonais, * N-Benzylphanathylamine.
¢ 1.p.Chiorahanayl-2-pyrralidin. 1. ylmethvlbenzimidazole. Tristhy-
droxymeshyllaminemeathare,

using pamoic acid resulted in the formation of & delayed-
action preparation. Numerous studies using pamoate salts
are digpersed throughout the literature (11-15).

Alginic acid also has been used to prepare long-acting
pharmaceuticals. Streptomycin alginate was prepared {16)
and shown to be effective in susteined-reledss prepara-
tions. A striking example of a long-acting siginate salt is
that of pilocarpine. When dispersed in sterile water and

.dried t¢ a solid gal, this compound was found useful in the

preparation of long-atting ophthalmic dosage forms (17).
While liquid preparations of the alginete and hvdrochle-
ride saits possess similar miotic activity, studies showed
that solid pilocarpine alginate flakes constricted pupil size
mnre effectively and increased the duration of micsis sig-
nificantly when compared with the liquid preparations.
Solid dose pilocarpine may be more uniformly available,
because 1t diffuses more slowly through the gel matrix
whick hotds the drug in resepve, In contrast, drops of the
commanly employéd solution dosage form release the dose
immzediately to the conjunctival fluid.

Milek et cl. [15) cevised a unigue way of prelonging
action through selt formation; they ehowed that the dis-
tributicn of severel antibiatics could be markedly slte red
by raerely preparing macromolecular salts. Since macro-
malecules and colloidal particies have an affinity for the
lerphetie svstem. streptomyein, ngomycin, viomyein, and

—

@ony

sireplothzycio were combined with high molecular weight
comapounds such as polyacrylic acids, sulfonic or phos-
phorylated polvsaccharides, and polyuronic derivatives.
Parenteral sdministzation of these compounds produced
low blood levels of the antibictic far long perinds, while
lymph levels were high. (In compezison, streptomycin
sulfate gave high blood levels but low lymph levels.) This
alteration in distribution caused the strepromyein to
prolong its passage through the bedy, since lymphatic
citoulation is guite slow, '

The appropriate choice of a salt form has been found to
reduce toxicity. It can be rationalized that any compound
associated »ith the normal metabolism of food and drink
niust be essentially nontoxie. The approach of choosing
orzanic radicals that are readily excroted or metabolized
openad up 2 new cless of substances fromewhich fo select
a salt farm, Fot example, certain salts of the strong base
choline have proven to be considerably less toxi¢ than thetr
parent compeund. The preparation and properties of
choline salis of a series of theophylline derivatives were
reported {19), and it was shown that choline theophyllinate
possessed a greater LD;o than theophyltline or itg other
sslts (20). It was postiated that this agent would be less
irritating to the Gl tract than aminophylline, because “its
hesic corstituent, eholine, is an almost completely non-
tnxic substance of actual importance to the physiologic
econory.” This evidence led to the preparation of choline
salieyiate (21} g5 an atiempt to reduce the GI disturbances
associated with salicylate administration. Clinical studies
indicated that choline salieylate elicited a lower Incidence
of GT distress, was tolerated in higher doses, and was of
greater benefit to the patient than was acetylsalicylic acid
{aspirin). .

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

The vitamins most commonly used for forming salts
exhibiting reduced toxicity are ascorbic and pantothenic
acids. Kalier ot al. (23} were the first to use pantothenie
acid as 2 mesns of “detoxifying' the basic streptomyces

antibiotics. Parenteral sdministration of the pantothen--

ates of streptomyein and dihydrestreptomycin had a sig-
nificantly reduced incidence of acute neurstoxicity in eats
as compared with the suifates. Subsequent studies (24-28)
supperted this findiog and showed that the pantothenates
of necmycin and vicmycin also are lesa toxic. The ascorbate
of pleandomyein was synthesized and its pharmacological
properiies were reported (29). Upon-intramuscular injec-
tion in rats, it produced Jess irritation than the phos-
phate.

p-Acetamidobenzoic acid, an innocucus metabolite of
folic acid present in normal blsod and urine, bas been used
in preparing salis. In particular, it yields stable salts with

amines that otherwise tend to form hygroscopic producis

with conventiotal acid components (30).
Often the salt form is chosen by determinihg a salt

.
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component thst will pharmacolozically antsgonite an
unfavorshle property or pruperties exhibited by the hasic
agent. Salts of N-cyclohexylsulfamic acid are an examuple
of the practical application of this approach. N.Cyclo-
hexyisutfamic acid salts, betier known as c:yclamates{hav:
acharacteristic sweet, pleasing taste. Although presently
vnder investigation by the FDA for potentially cadcine-
eenic properties, spits incorporating chis compoung can
render unpleasant or bitter.tasting drugs acceptablé. For
example, the cycdamates of dextromethorphanj and
shlorplieniramine exhibit greatly improved bitlepness
threshald: compared to commonly ceeurring sms[{an.
Furthermore, their stability in agueous solution was de-
stribed as good when maintained at a pH not greater than
g, -

#-Cyelohexvlsuifamic acid salts of thiamine hydro-
chlaride and linecomyein also have been synthesized {Thi-
amine N-evclohexyisulfamate hydrochlaride was reppred
tu have a more pleasant taste than ather thiamine salts
while having an equal or greater stability (32). Lincorhyein
cyelamate, shown to possess an enhanced thermal stabilizy
ovar its hvdrochloride, was prepared (23) to test the hy.
pothesis that reduced lincomycin absorption in the pres-
ence of small quantities of eyelamates was due to 2 simple
maetathetic reaction. However, this assumption #as fpund
not to be true. An extensive study of the preparatiog and
characterization of eyelamic acid saits of several w;dely
used eladses of drugs including antthistamines, antibiprics,
sntitussives, myospasmolyties, and Incal anesthetics was
reperted (34, 35).

Various salts of peniciliin and oasi¢ amine compolands
have heen formulated in an effort to produce a long-adting.
nonallergenic form of penicillin, Since antihistazmines
2ppeas to mitigzte the symptomatology of penictilib re-
actions in some petients, coadministration of the twj bas
been advocated. The preparation of the henzhydralamine
salt of peniciliin was an attempt to producea rcposﬁor)'
farm of penicillin with antiallergie properties (36). Blood
levels achieved with this salt were comparable to thase of
penicllin G potassium; however, irs antiallergic properties
were not evaluated. In fact, the investigators noted that
antihistamines can actuaily cause sensitization at times
and stated that "despite their occasinnally favorable in-
fuence on the syinptoms of penicillin sénsitivity, they
contribute directly to the potential of drug sensitivity dhen
cn-administered with penicillin.”

Silver saltsof sulfinilamide, penicillin, and other prti-
biotics have been prepared and represent cases wherg the
species (ions) are complementary. When aqueous selutions
of the saits were applied topically to burned tissue, they
yielded the combined benefits of the oligodynamic aftion
of silver and the advantages of the antibacterial ageats

(37).

The use of 8-substituted xanthines, pardculs.rl:! tke
B-substituted theophyllines, as salt-forming agents was
first reportsd in the preparasion of a series of antihistamine
galts (38-41). Synthesis of these xanthine salts wss ab at-
tempt to find a drug to counteract the druwsiness calised
by the antihistamines with the stimulant propersies of the
xanchines. When an electronegative group i introdyced
inlo the xanthire mulecule ut the 8-position, the &lec.
tron.drawing capaecity of the substituent results in the
rruslion of an acidic hvdrogen at position 7. Thus. these
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mederataly strong acidic cumpounds can undergo salt
{nrmaticn with various organic bases.

The &-halotheaphyllines were the firat group of xan-
thines studied as potential sait-forming agents. Since the
separt on the preparation of the 8-chlorntheophylline salt
of diphevhydramine (42}, synthesis of the B-kalctheo
phyilinates of a number of erganic bases has been at-
tempred. The B-chinrntheopbyvliine salis of quinize,
ephedrine, and strvehnine wera prepared and charaster-
izad (48). These salts were loss water soluble than the
comesponding free alkaloidal bases. In a similar report, the
S-chlarotheophyllinates of three synthetic nascotics,
meperidiae, levorphanul, and rcetopon, wers prepared
{44). _

Pharmacologicel and clinieal studied involviap the 3-
bromotheophyiline pyzilamine salt revdaled the unusual
diuretic properties associated with the 8-halotheophyiline
portion of the compound {45, 46). This finding initiated
gn investigation into the preparetion of a soluble 8-bro-
motheophylline salt of high diuretic activity, With readily
available amines, over 39 salts were synthesized and
scracred for diureiic activity (47). When tested against
theaphyiline salts of the seme nmines, the 8-bromothec-
phyllinates showed greater activity in every case.

With the successful formation of 8-halotheophyllinates
of utganic bazes, Morozowich and Bope (48) propesed that,
if the halogen maiety was replaced with 2 mote elentro-
nerative substituent such as a nitro group, a more acidic
compound would be farmed. Presurmably, more stable salis
would result and precipitation of the free xanthine deriv
ative ir. the stomach would be less likely to geour. On this
premise, they successfully prepered pharmacologically
effective &-nitrotheophyllinates of severa! pharmacauti
cally useful bases,

Duesel ot gl (19), in their study of 2holine theophylli-
nate, prepared the 8-chloro-, 8-bromo-, and E-nitrothen-
phylline salts of choline, Oral toxicity studies in mice
showed that the LDay of the 8-nitrotheaphyilinate wes
much greater than that of either &-halothecphyliine. In
fact, it remained nonlethal at doses as high as 5 g.

Polvgalactuzonic acid, a derivative of pectin, has been
used to prepars quinidine salis exhibiting reduced toxicity
(49, 30). The compound possesses special demulcent
properties and inhikits mucosal irritation. The raticnale
for yse of this agent is to reduce the ionic shock to the GI
mucesa resuiting from the flood of irritating fons liberated
by rapid dissociation of the conventional ingrganic quin-
idine galts. Studies have shown that it is four times ass
toxic oraliy than the sulfate. This difference was attributed
to the slower release of quinicine from the polygalactu-
ronate.

Othez compounds tepcrted 1o be potentislly useful as
pharmaceutical salt forms are iisted in Table I1L.

PHYSICOCHEMICAL STUDIES

Biclozical activity of a drug molecule is influenced by
E g

two factors: ite chemical structure and effect at a specific

site and itz ability to reach—and then be removed (rem~-
the site of action. Thus. a knowledse of the physicochem-
ical properties of a compound that inlluence its absorpuon,
distribution, metabalism, and exeretion 15 escential fora
compliete understanding of the onset and duration ol ac
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"Taple M—Potentialty Uselul Salt Forms of Pharmeccuticnd Agruts
S Fermicg brral Compaund hiadified Modisiesiivn Feference
Acelyiaminazentic acid Coryeycline N
Nyl L-ayparasiae Erysheemyein zn
N Acstylevsting . Daxxeycling 33
Adszmuntoic azid Aliovibiguanides Prolouged action 34
Adipie acid Piperaslne Sebility, boxicity, organcleptic progerties 55
NoAlkvlseifamute Amasillin Agoerption (ozal) 55
i i Solability 53
Aathraquinoee-15-distion arid Siabilizy. ansorptice 53
Arphecaiaitan sulfate (aresiath Prolonged ection 39, 60
Arginine Taxicity 61
Sability, hygeoscupicity, Toxicity 62
Aszpariate Solubiliy k]
Hatainng Temanvelin: Gastrie dbsorpiion 1]
Biy(2-carhoayohen Foylozyialhianes TolAmino sl heophyliine Activity, prolonged prophylactic effad €5
Carpitine . Mlelloz tin Taxitity Gh
{-Chiardem toluenzsullonic wid Propoxyphene Organcieplic properties 1 G
Desanoate Eeplmine! Fralonred action - “ [
Discstyl vulfaze Thiumine Siability, hygroscopichiy 69
Dibenzviethylensdiaining Ampicillin Prolonged action ) 70,71
Bigthylataing Caphalaspering Reduced pain on injecticn . 12
Diguaiucyl phasphate Tetragreline Activity ' i3
Dicety! sulfoscezinate Yincamioe Qrzancleptic properties T4
Embunbe (pagzeic) acid Aanamaycln Texicity kH
.Phenvl-3.methuLorphakine > 70
Fructose i E-diphespharic aaid Tetrucyeline 17
Erylaramycic
Glugase L-phospharic acid, gluome: “Tatrucychine 7
- phosploric 2cid Erahomyeit . Satuhilizy
L.-Glutamine Erythromyeis Suiubility. activity, stability 5
Hydraxynaphihost= Bephenium Toxleity .18
2.(4-Imidarolyliethylaming Frostaglendin Prolenged acticn 13
[sohutanolaming Theephylling Stabilit . 80
Lauryt sulfate Vincazins Drzunoleptic properties 81
Lysine a-Sulfahenzylpenicitiin Tevieity, stability, hyvaroscopicity 6%
Cephalaparing El
tathanesulfonic acid Pralideximu (2-FAMI Selubiiity 38
Ao Methylzlucaming a-Sulfobenzylpenisiitia Toxicity, stability, hyrreseepicity £2
Cephalespating Reducsd pain on injection Y
N-Methylpiperazine Pheaylbutazone Taxicity, fastes onsat ol actiont a3
.‘-hrphofine Cephalosporing Reduced paln on Injection T2
2.MNaphthalenesulfonic asid Propoxyphense Qrganoleptic propertics 84
Qctanonle Heptaninol Protocged actlen 3]
Probanceid Fivamplelilin Qrgandleptic properties : [$]
Tannic acid Variaus amines Frolonged action 86,87
Theobromina acetic acid Propoxyphens Activity 53
74,5, Trimathowybeanzonie Tatrecycline Organnleptle propertics 8%
Heptaminal Prolonged actien 62
Tromethamiing Aspizia Absarplivit {oral} 5]
Dinoprost (prestugendin Pz} Physicolstate 91

tion, the relative toxicity, and the possible routes of ad-
ministration (2).
1n & revies in 1960, Miller and Holland {92) stated that
adifferent salts of the sane drug rarely differ pharmace-
logically; the differences are usuzlly based an the physical
properties.” In a subsequent review (95), Wagner ex-
panded upoz thiz statement, asserting that, although the
hature of the biological responses elicited by a series of
salts of the same parent compound may not differ appre-
ciably, the intengities of response raay differ markedly.
The salt form is known to influence & number of physi-
cochernical properties of the parent commpound incuding
diszolution rate, solubility, stability, and hygroscopicity.
These properties, in turn, affect the avaitgbility and for-
mulation characteristics of the drug. Consequently, the
' - s a LT
pharmaceutical industry has systematically eligaged i
extersive preformulation studies of the physicochemical
properties of each new drug entity Lo determine the most
suitable furo for drug formulation. Published information
concerning such studies, however, is sparsa. Preformula-
tion srudies have been outlined, and the infiuence of the
salt trrm on the volatility and hygroscopicity of an agent

LA

In one such study, methylpyridinium-2-aldoxime
{pralidoxime) salts were investigated (95). This study set
out 1o prepare a salt with water solubility adequate to allaw
intramuscular injection of a low volurne (2-3 ml) there-
peutic dose. The original compound, the methiodide, had
the disadvantages of limited aqueous solublity and high
potential toxieity, since its high iodide content could result
in io@iam. On the basis of physiological compatibility,
better water solubility, favorable stability, and relatively
high percentage of oxime, the chloride salt of pralidoxime
was selected for therapeutic administration; it was claimed
that “'the anjon used to form the salt can confer physical
properties of importance and significance for the formu-
lation and administration of the compound” (85).

Serae physicochemical properties of aseries of mineral
acid sa'ts of lidocaine also were determined (96). While the
hydrochlioride and hydrobromide wers more hygroscopie,
they were more soluble in a number of solvants than the
nitrate - perchlorate, phosphate, o1 sulfate salts.

Dissolution Rate—The dissolution rate of a pharma-
ceutical agent is of major importance to the formulator. In
many cases, particularly with poorly soluble drugs, this
“haenntorictin hast raflects the bioavailahility of the com-

705
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pound. Ag arule, a pharmaceutical salt exhibits 4 Righer
dissclutivn rata than the corresponding conjugate acid or
base at an equel pH. even though they roay have the tame
squilibrivm solubility. The esplanation for this rebuls liee
in the processes that control dissclution.

Dissohition can be descibed by e diffusion javer,mode!!
in terms of an equation developed by Nernst and Brunner

S IS,

e
where Wi the mass of the soluze dissclved at tinie ¢,
dW/dt is the rate of mass tranzfer per unit thme, [ iz the
sulute moleculs diffusion coefficient, § is the surface area

! the dissolving solid, k is the diffusion laver thigkness,
C is Lhe concentration of the drug in the bulk sohition at
timet, and C, is the saturation solubility of the sdlute in
the diffusion laver. .

The driving force for dissalution in Eq. 1 1s the difference
between the saturation solubility of the drug ahd the
conscentration of the drug in the bulk fuid. If the frug is
net rapidly absorbed after it dissolves, then C, the con-
centration in the bulk solution, approaches €, ahd the
diszolution rate is retarded. When this oceurs, absarption
5 “absorption rate"” limited (cr “meribrane trantport”
limited). If the absorption rate is rapid {or if the absarption
mass transfer coefficient is much larger than IS/klof Eq.
1), however, C becomes neghigible compared ta £, and
dissclution occurs under “sink™ conditions. Absarption i3
then zaid to be dissolution rate limited, which is whas oc-
curs with moat poorly soluble drugs. In either case'an in-
crease in (., as in salt formation, increasss dissolution.

Salts often speed disselution by effectively acting as
thelr own bulférs io alter the pH of the diffusion layef, thus
incregsing the solubility of the parent compound,.C,, in
that layer over its inherent solubllity at the pH bf the
dissclution medium. Henee, dissohution is contralled by
solubility in the diffusion laver which, in turn, is Heter-
tnined by the pH of that layer. The influence of K, Pn the
selubility term, C,, and dissolution rate, should an'accu.
mulation of ions be allowed to occur, will be treated

ater.

Nelsan (88). in a study of theophyiline salts, ~as the first
to show the correlation between diffusion layer pH and
dissolution rate. The major impact that this study had on
the pharmaceutical sciences was its conclusien that, if
other factors remained constant, the dissolution rate of 2
compuund determined the rate of buildup of blood levels
with time and the maximum levels obtained. Those salts
of the acidic theophylline with high diffusion laver pH's
hed greater in vitre dissolution rates than those axhibiting
a lower diffusion layer pH. And, indeed, the raak arder of
dissalution rates correlated well with clinically daterrpined
blood levels. Presumably, the higher pH in the diffusion
layer retards hydrolysis of the salt, thereby maintaining
the anionic cherge of the theophvllinate ion. This 1éport

led 1o many additional studies which illustrate the nflu-
ence of tha salr form on dissolution and the beneficial ef-
fects of changzing nonionized drugs inle salts.

Juncher and Raaschou (99) demonsirated that the rank
oréer of paak blood levels of penicillin V, ¢btained pron

B
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administtation of three different salte and the free acid,
w33 the same 15 the rank order of their rates of disgolution
(7 ity While the investigatons ascribed thete differences
tothe selubility properties of the salts, their experimeants
actualiy compared dissolution rates, not soluhifities Thr
telative arder of dissalution tates and meen maximal bloed
levels was potassium solt > calcium salt > free acid >
benzathine cels,

Nelson (100) determined dissolution rates for severa!
weak scids and their sodium saits in media whose pl's
represeuted GI fluids. In all cases, the sodium salt dis.
selved more rapidly than the free acid. This findicg re-
salved the miscenception that absorption of druga ia re-
laied only to solubility in the appropriate wedium, rather
sclubility affects absorption only to the extent that it af
fects dissolution rate, Absorption af drugs i3 a dynamic
process, and the witimate salubility of a drug in fluid at
absorption sites is of limited conzequerce since absorption
prevents the attainment of saterated sohutiona. Therefore,
dissolutien rate, more than solubility, influences absorp-
tinn since {t s a preceding process,

1n twvo subseqiient studies, Nelson and coworkers fur
ther illusirated the eifects of changing nonivnized drugs
into salis. A report cancerning tolbutamide {101), a weak
acid, showed that the initial disselusion rate of tolbutamide
sodium was approximately 5000 times more =apid than the
tree aoid in acidic media and 300 times more rapid in
neuiral media. This difference, measured in yitrs, reflacted
the differences ohserved between the free acid and the salt
when adrainistered to human subjects. Oral adminigtration
of tolbutamide sodium produced an immediate drop in
blood sugar cemparable to that produced by intravenaus
injectian of the salt, while the slowiy dissolving telbuta-
cide produced & smooth, sustaned fall in blood sugar
(102).

Correlation of urinary excretion rates and dissolution
rates of tetracycline and some of its acid salts also was
demonstrated by Nelson (103}, The salts that exhibited
greater [n witro dissolutien rates showed greater urinary
excretion rates, indicating more rapid sbsorption.

Benet (104}, in a discussion of the biopharmaceuticsl
basis for drug design, referced to the influence of the sait
ferm on disselution. He compared she dissoluiion rates of
tetracyeline and tolbutamide and theit salts, as reported
in the studies previously cited, and explained why the rates
differ at the pH's exhibited by physiclogical fiuids.

Although salt formation usually increases the disselution
rate of 2 drug, studies with aluminum acetvlsalicylate (103,
108), warfarin fodivm (107), and benzphetamine paroate
{108) showed that administration of the salt slowed dis-
solution of the drug and subsequent absorpticn compared
o the nonionized form. This decreese appeared to result
from precipitation ¢f an insoluble particle or filin on the
surfsce of the tablel. Such a phenomenon Cacreases the
effective surface area and prevents deaggregation of the
pariicles. Theaoretical considerations of the processes
controlling dissolution of an acid salt of 3 base (108) and
the sodium ealt of a weak acid (109, 1100 in rezetive media
have been discussed.

Tablet processing and various formuiation factors can
decrease the dizsolution rate of g salt in human gastric juice
aver its nonionized form {111). Granulation and tebleting
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devrease but had the cpposite effect oo phencharbital.
Therefnre, as a tablet dosage form, the dissolution rate of
the sodium salt was slomer than that of the free acid. These
rasulis were attributed to differences in the disintegrating
proparties of the rablots: in some instances, rapid disso-
fution may in factbea problem for very goluble drugs.

Others have illustrated a phencmenon that decreases
the cissolution rate of 2 salt below that of its ponienized
furm, Lin et of. (112 studied the relationship netween salls
and biological activity by dissoiving three salts and the free
hasa nf an ayperimestal antibypertensive in water, 0.1 N
HCL, end pH 7.3 phosphais watfer, The dissolution rate of
the maonehydrochlioride salt was jower than thut of the free
base in 0.1 N HCUand higher than the free base in both
water and phosphate buffer. These authors aseribed this
variation to the common ion effect ang substantiated it
eapecirnentally. Although the biclogical activity nf the
monchydzochlaride was greater thian that of the free hase,
the implicatioas of altered absorption characteristics on
the activity of any other kytirochloride salt in G§ fluids
st be considered. Similar results alse were reported for
hydzochloride salts of some tetracyclines {113}

Some consideration must be given to the infloence &f salt
formation on oral toxicity, which often reflects the rela-
tionskip between the in vive disselulion rate and the sp-
pearance pf drug in the circulation (114, 115), Merozowick
et gl (114) showed that the relative toyicities of 5 series
of salte of # drug reflect the rate aof absorption, providing
the salt-forming agents themselves are relatively nontode.
They stated that "when absotption ig rate-limited by
dissalutinn of the sait in'the gastrointestinal tract, as will
e the case with slowly soluble salts, the toxicity of aslowly
dissolving salt will most probably be lower than that of a
more capidly dissolving salt.” The implications of salt
formation on toxicelogy will be discussed under Toxico-
logica! Considerations. .

Saveral raviews dealt with the influence of the disselu-
tlox rate on drug availahility and, in particular, salt effects
{118, 117}. Other repotts tlusirating the influence of salts
and salt form on dissolution rate are Nsted in Table IV.

Golubility—Knowledge of the solubility characteristics
of a pharmaceutical ageot is essential, because splubility

is usuatly an important factor in the pharmacokinetic ,

profile, the chernical stability, end, ultimately, the for-
mulation of the drug. As discussed previously, itis gertainly
a primary factor in centrolling dissolution zates. The so}-
ubilicy of 4 compound depends basically upon the physical
and chemical properties of the solute; ¢.g., a lower melting
point for a compound withina series reflects & decreased
lattice energy, which would suggest & higher solubility.
Solubility depends as well upon such elements as tem-
peratuse, pressure, solvent properties {such as resulting
pH), and, to a lesser extent, the state of subdivision of the
solute.

An impertant solvent property which is often overlookad
involves the common lon effect; in perticular, hydrochlo-
cide salts of drugs often exhibit less than desizable salu-
bility in gastric juice because of the abundance of chloride

tons. The equilibrium involved is showa in Scheme L -

OH Tl tegins == (DH* g + (C17)q
Seneme [

- . b v ahar
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able [V—Additional References oa Salt Form and
Dissolution Rate

Tepic - Relarenes
Bilsseluton rate of mintures af weak acids and tridusie 118
sodium phosphate :
Physinbegical availability and fn vitre dizsnletion 119

Churac-esiztics af eome solid dosage [urmelutions af

. aningsalteytic scid and ity salts

Biophsrresceutics, rate of dissolusion: ehronclosizal : 120
bibliography

Eiopha maceutics: 121e of dissalution in gigrn and in (s 1
feaolution tesls 2nd inGrorstation of anomaties sbigrved 122

is3
in'the dissolytion prucess of sulfequinoxaline based o2
1alt {ormation

Influnce of the dissslutica rate of Libium tablets anside 123
pffeuts

Disaniution kinetics of drugs in buman gastnd juice 124

Comparison of dissolatien and absorption retes of § C 125
different commaereial 35pirin Leblets

In vitrs disenluzion eates of amivorex desaga forms and 126

theit eotrelgtion with {n citra svailability

.

comsiderad s a means of increasing a compound's water

solubility. As with dissolution rates, however, salt forma-
tinn does not always confer greater aolubility. Literally
dispersed throughout the pharmaceutical literature are
studies that compare the sclubilities of different-salt forros

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

{Table TV, Selection of the salt form exhibiting the desired
sciubility properties s criticgl, since these properties often
dictate the formulation chatacteristics of the drug,

Phase selubility techniques were used to study the for-
mation of complex salts of triamterene (127}, The results
indicated that the arganie acid salts of basic drugs, auch
a5 amines, were more soluble In water than the corre-
sponding inorganic (halide) salts, This consideration is
important in the synthesis and selection of a salt form that
will exhibit eahanced bioavailability and desirable for-
mulation characteristics. :

The hydrogen.ion concentration can significantly affect

-~
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the solubility of a salt. Andersen (128) discussed the in-

fluence of pH on the solubility of phermaceuticals.
Mathematical relationships between pH and gclubility of
therapautically useful weak aclds and bases and their salts
were given along with some considerations in the formu-
lation of solutions of these particular agents.

‘An extensive study on the solubility intecrrelationships
of the hydzochloride and free base of two pharmaceutically

useful amines was reported (129). Mathematical equations | '

describing the total sclubility at an arbitrary pH in terms
of the independent solubilities of the hydrochloride and
free bate species aud the disseciation constant of the salt

ware derived and fitted to experimental data with good

resutts, This report elucidated the point that, while the
solubility of the amine hydrochloride generally gets the
mayimum obtainable ¢oncentration for & given arnine, the:
solubility of the free base and the pKa determine the

marimum pH at which formulation as a solution s possible

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

the colubility of the free base. This increase might be ac-

complished by using an sppropriate cosolvent. Since the
disscciation characteristics of carboxylic zcids and other
acidic organic species are similar to these of organic hy-
Avrehinrides, it is erpected that the pH-solubility profiles

Hof
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of these organie acids, although reversed, can be chhrae-
terized theoretically uzing the same treaiment.

Several reports showed that the structure af an organic
salt-forming radical influences the solubility of the re-
sulting salt. The watar sclubilities of 16 salts {carboxylates,
sulfates, sulfamates, and phosphates) of the weakbase
erythromyein were dependent on the size of the alkyl group
of ihe acid (1300, In a study with N-alkylsullamates of
limcomyein {A6Y, a eimilar phenomenon wes obsefved:

solubility of these salts decreased as the size of the plkyl |

group alteched Lo the acidic function increased,

Senior (1310, iz @ study on the formulation and grop-
erties of the antibactzrial chlorhexidine, determined] the
water solubilities of 33 saltz and the fres base. He fpund
that inorganic salis had remarkably low solubilities while
those of the lower aliphatic acida proved to be somefvbas
more soluble. Hydraxsiation of the acid increased Lc.lu-
bility, since salt formation with polvhydroxy acids,|pas-
ticwlarly the sugaracids, conferred extensive wauter polu-
bility Lo tbe molecute.

Several investigators reported the influence of th sol-
ubility of & drug on its formulation and subsequent gvall-
ability from the dosage form. In a discussion of the prep-
aration and formulatien of epinephrine saltsin an a 050l
eystem using liguefled gas propellants, Sciarra ét al.j'l?)'.’)
pointed out that the sclubility charactzristics of the ggen:
are irgportant in two respects, First, the solubility ¢f the
therapéutically active ingredient in the various propellants
is an important consideration if the product is to beused
far either locet action in the lungs or systemic thefapy.
Second, the solubility of the drug in extracelular fluids
plays an impottent tole in selection of the compound, The
bitartrate, malste, maleate, and fumarate salts of, epi-
rephtine were prepared and subjected to sotubility and
stability studies. While all salts had similar pargition
coefficients, the sclubility of the maleate in severalipro-
pellants and its stability in formulated aerosols made jL the
drug form of choice.

Ephedrfne hvdrochloride was mnre rapidly re]%ased
than the free base from theobroma oil suppositories/ con-
taining ditferent suzfactants (133). This enhanced rate of
relense {dialysis) was ascribed primsrily to the greater
aqueaus solubility of the hydroshloride, which solubilized
faster from the oil-in-water emulsign, whereas: the
ephedrine alkeloid base tended to remain behind in the oil
phase. |

The solubility of the active ingredient in ointment bases
can dramatically influence its diffusion proparties. A study
of salicylic acid and its sodium salt showed that thd dif.
fusion of both was very low from hydrophobic bases,
wherees the solubility of the drug significantly affectefl the
diffusion from hydrophilic bases. The more soluble sefium
salicy)ate diffused much faster from these latter bases than
did salicylic acid (134). - L

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

Organoleptic Properties—Modern medicine requirea
that ¢ pharmaceutical formulation be efficacious, safe,
stahle, and aceepiable to the patient. Of pzimary imjper-
tance in the development of oral dosage forms is taste ac-
ceptability. This factor presents no major problems when
the drug is to be adnainiscered a5 a tablet or a capsulé and
swallowed s a wnit but is clearly s prominent factor in

. '3

Table V—Additional Refersuces en Salt Form and
Selubility

Tepic Relerence

Tafluence of solubility oo the rate of Gl abrerption of 13

minl propesties of polvene mecralide etz 147
3 sir wytes-ampublr calts

[salstizn und reactioz products of aratie aeic anc ac.e-3
rralunls

and stabilivy ¢f antiuemysit 32its Pl
pharpsrcentizal preparations of crot.e sod 142
srobelile proparties of orotic and salig
cr 1o 24 solvents 1L 142
s in 76 solvenis L4

I
patieat acceptability when it is 1o be wdminisiered a3 &
liguid, chewable tablet, or lozenge.

Since taste is a chemicel sense, a substance must be
dissolved if it is to elint & tasic sensation—either by taking
it as 2 solution or by its dissalving in the salive, There{ore,
one method used to minimize undesirable orgaceleptic
properties of pharmaceuticals involves the preparation of
a poorly soluble sali form of the drug sueh that the sty
ration concentrazion is lesa than the taste threshold.

Erythromyvein estolate (lauryl sulfate) has approsi-
mately one-twelfth the solubility of the free base, 13
tasteless, and is useful in the formulation of oral suspen
sions [144). A study on ervthromyein selts showed that the
bitterness level was dependent on two properties: (a) the
water solubllity of the salt, which is dependent on the size
of the alkyl group ettached to the acid funetion; and (&) the
strengih of the acid used to form the salt, Le,, the stebility
of the salt {130). The stearyl sulfamate sa't possessed the
most desirable orzanoleptic praperties.

Many problems concerned with formulstion and sta-
bility of topicel and oral pharmaceuticals containing
bacitracin have been avercome by incorporeting bacitracin
{nto the formulation &s jts zine salt. One distinct edvantage
over the parent compaund is its lack of taste, caused by its
relative insalubility. Thus, it is the preferred drug form for
preparations where taste is a factor (145), Taste panel
evaluations of the comparative bitterness of bacitracin zinc
and bacitracin indicate that the tasie of the zine salt is
mere easily masked and that the presence of 2 bittes
ness-masking adjuvant, such as sucrase, increnses the
bitterness threshold ratic differences hetweer the two
compounds even fuzther (L4E).

Propozyphene napsylate, nearly water insclubie, is only
elightly bitter to the tasie as corpared to the highly
water-soluble hydrochloride {147) and can be readily fer-
mulsted inte & flavered aqueous suspension. The tasts of
these suspensions can be improved significantly by the
addition of & commen ot (sodium or calcium napaylate}
to depress sofubility further.

A nawer appreach to the improvement of drug palata-
bility has keen to form inseluble salts with jon-exchange.
resins. Several investigators described and tested the
pracsical application of this method (148-150). Spross et
al. (149) cutlined the conditiens neeessary for improving
the palatability of a drug by adserbing it onto an ion-ex-
chanze resin without sppreciably modifying its pharza-
cological effectz, They found that: (o) the degrec of drug
release from the jon-exchange adscrbate depends on the
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equivalent quotient between the electznlytes in the sue-
rounding fluid and the ionic drugs, (b) the armmount of iong
i {97 less in the saliva than in the gastric juice (the tern-
potary electrolyte contents vat Le estimated at 0.03 mEq
in the suliva and at 10 mEq iz the zastric juited, and (c) the
exchange rates should allaw tha equilibeia to be atiained
witkin o fairly shert period. Insoluble drug resinates
furmed hetween dextran gel? cation exchangers and geveral
basie drugs were in many cases much mars pleasant tastinyg
than their parent eoapounds. Furthermore release of the
drug from the jon-exchange adsorbate was quite r2pid and
complete under conditions prevailing in the GI tract.

Similar findines sere reparted using 2 polymethacrylic
acid ion-exchangs tesin (150). In acdition, coating the
adsorbate particles with 2 4: cthyvlcetiulese-hydrozy-
propyl methyleeulose mixture farther reduced hiternese,
VWhile i uitro Tolease from the uncoated resinaie was rapid
and complete, relzase from coated adsorhates varied with
the extant of coating.

Another approach toimproving the tasie pro erties of
P g

phazmaceutical agonts is to prepare a pleasant-tasting
soluble salt of a poor-tasting parent drug. This approach
often can be very difficult, however, since solubllization
of the parent compoued ususlly imparts its unpleazant
taste to the preparation. Nevertheless, some success has
been reparted using the artificial sweeteners cvelamate
sodium and saccharin,

As described earlier, formation of N-evelohexylsudfa-
mate salts of several drug substances has produced better
tasting derivativea with enhaneed solubility properties (31,
a2). The physicochemical and toxicological properties of
benzalkenium saccharinate and a series of saccharinates
of other quatercary smmonium compounds were reparted
(151). While conventional guaternary AmmoOnium coms
pounds have a very bitter taste, thair saecharin analogs are
sweel.

Potassium salts frequently posasss an unpleasant taste
and a metallic aftertacte. The palatability of some potas-
givm salts in flavored vehicles was reported {152); while
the satts had similer taste thresholds at effective theza-
peutic levels, all potassiura salts exhibited inferivr palat-
ability. '

Table I1I inchudes several samples of other salts that
exhibit an improved taste relative to their {ree acid or base
forms.

Stahility—The chemical and physical stebility of &
pharmaceutical must be known, because it ean influence
the choice of dosage form, the msnufacturing and pack-
aging, and the therapeutic efficacy of the final preparation.
Syatenatic determination of the thermal stability, solution
stability (at varicus pH's), and light sensitivity of a drug
and its derivatives, both alone znd in the presence of
common additives, provides essential input towerd se-
lecting the most suitable derivative and dosage form.

Depending on the route of degradation, different selt
forms impart different stability characteristics to the
parent drug by various machanisms. Mast compmonly used
are sparingly soluble salts which, whea used in the for-
mulation of suspersions, reduce the amount of drug in
solution and, hence, its degradation. Differences in hy-
groseopicity of several salts influence the stabiliry of the
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druz in the dry state. 1n some cases, the salt-forming rad-
ical iteelf enhances the stability of the parent agent.

The etability of peniciliis G and its ¢aits has been widely
studied due to the drue’s therapeutic importance and its
chazacteristic instability, Schwartz and Buckwalter (153)
described some of the stahility characteristics of this an-
sibigtic, stating that, with present techniques, & solution
of peniciliin cannet be made stable for mare than 2 weeks,
even at Tafrigerator teraperatures. They atsn discussed the
use of suspensions of sparingly soluble arsine salts in

-anueolls vehicles a2 & means of #allowing marketing of 8
‘ready-made’ penicillin preduct.” Procaine, benzathine,

and hydrabamine salts are marketed, and their acceptable
stability as aqueous suspensions Is based matnly on their
incolubility and the minimization of degradatien in solu-
tion. ! .

A theoretical treatment of the soluPility of these salts
was presented in which equations weze derived {or caleu-
lating the solubility as a function of pH and the pH of
mizimum solubility (134, 133). These equations are based
on the mass action law and its relationship to the jonization
constants of the amine and the penicillin and che solubility
of the salt in water. Since the sit in solution is paztially
disseciated, further suppression of the solubility may be
achieved by the comzoon ion effect. Swintoky et al. (156
demonstrated this effect with penicillin G procaine by
adding procaine hydrochloride to the preparation and
further ephancing its stability, The f-chlorotheophylline
galt {or comples) of penicillin G was reperted to be water
soluble, vt stable in solution (1537). Since 8-chlorothen:
phylline is acidic, it has been postulated that & buffer effect
cowlé arcount for the stabilization of this “'salt.”

While pendcillino G procaing is more stable in zqueous
vehicles, it is less thermally stable than the sedium or po-
tassium talts, decomposing if heated much above 80°. The
sodium and potassitn salts are known to withstand
heating up to 100° for 4 davs with little loss in potency
{159). This behaviar might well be due to differences in
melting points—uviz., 106° for penicillin G procaine and
~015° dec. for the potassivm salt.

Since hydzolysis of penicillin i3 dependent on moisture
content, preparations in which moisture s rigorously ex-
cluded are quite stable in the dry state. A study oo the ef-
fect of moisture on penicillin salts found the caleium salt

to be less hyeroscopic than the sodium salt and, hence, .

more stable in moist atmespheres {159). Similarly, peni-
cillin G potassium is also much less hyzroscopic than
penicillin G sodhftn and has becore the preferred form for
marketing in the dry state (160).

Several studies reported the relative stabilities of thi-
amine selte, particularly ihe hydrochloride and the
mononitrate (161-163). The mononitrate iz abserved to
be,_less hygroscopic and is accordingly much less water
coluble than the kydrochloride. Thvestigations of various
preparations including compressed tablets, multivitamin
capsules, and dry-filled vitamin B complex capsules at
various temperatures showed that the mononitrate was
more stable than the hydrochloride (164, 1565}, The sta-
Bilities of numerous thiaming salts were studied in agueous

solution znd in dry powder preparations with various ex-’

cipients {166, 167). In aqueous solution, the resulting pH
wzs the chief facior controlling hydrolysis and oxidative
decomposition of thiamine szlts; their stability as powder

705
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preparations was related Lo their aqueous solubility. fithy
the spatingly seluble salts being more szable (and fpre-
smnabl\. less hyzroscopic)

An orallv administered drug must be stable in afidic
solution becguss it ganerally must pass intact thzouzl the
acidic environment of the stomach if it is to exhibit her-
apsLtic bleod levels. The adxantage'of :n'thrommb es-
tolate over the free base liesin its losfs colub]]l\,) in gastric
1u:¢e which eua‘:]es it 1o hel udministeted with fm ] v‘nth
jout any def:reaae i1 attained. b]ood le? gls. The sah is more

rit, [ L
str‘ble in’ the sto-nacn be%use it rlemqln undisse ved.
erefo:e, it retains its p feney evén when8iposdd -)io
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Table Vil—Additions] Referemces on Bioavailsbility and
Formulation Effects

Topic Fieleretioe
_ e — e e

Eflnets of various substances oo the abtasptionnl 17
f ]
Letracycline in rats . . . A
Ef{acty of doags form ugoen 10 Gl avzarption rave of 135,
dallayietes L o
Determinatioa ol (i vivd aad i Kilrd relegsn ol 193
thesplnviking aninoisebusancd in 3 prolonged-action
syseo X ) . .
Janeanchun e reain sales fur aral tharapy: carbimaresing 132
L Catiotinn of dinydrestrapremvein by pamnate 1y
_fuepation
Solid-state yplithalmic &
prolonged releass of p

walams in eliesting 17

ving in the cul-derac

Abrorpton of erythromyeim: various whamraceulion 0
farms ,
Camparative siudv of the 2b3oeption of drug? from old 201

snd new tectal pripasations

Formulation Effects—Choice of tie salt form of @ druz’
may have & prongunced effect on the farmulation of the
perent compound, For example, Fenton and Warren (184)
found there was no release of medicament from proflavine
crearm BPC, a water-in-oil emulsion centaining, 0.1%
profiavine as the hemisulfate salt. They also investigated
the release of vericus salts of proflavine with aliphatic
carboxylic acids from water-in-oil cream emulsions. Salts
formed with the water.coluble, oil-insoluble “lower” ecide,
cuch a¢ formie and acetic acids, showad very poor release
from a watec-in-oil eveam. The “higher” zcid salts {e.g.,
n-valeric, caproic, cyciohexanesarboxylic, and caprylic).
a1 showed increased diffusion from simflar exsulsions since
these salts are soluble in both watar and oil, Their relzace
was even greater frofn oil-in-water emulsions, however, in
agreement with their preferential oil solubility. The n-
valerate salt provided the moet elfective water-in-oil
cream, The primary fector responsibie for diffusion of
praflavine from a water-in-cil cream is the low hydro-
philic-lipophilic balance conveyed to the salt by the acid,
This finding illustrates the desirability of carefully se-
lecting the salt anicn of & entipnic drug ir Yieu of the nature
of the dosage form.

Stedies of the effect of formulation on the bioavailability
of warfarin sodium relative to werfarin yielded interesting
resulfs (107, 195). Absorption of warfarin upon adminis- -
tration of the sodium salt as a lactose-base tablet was no
better than that From & siznilar formulation of the free acid.
In fact, absorption was further depressed when the salt was
formulated with starch instesd of lactose. Later results
indicated thal the in Litro water dissalution rate of 2
warfarin sodium tablet was 330 times that of a slowly dis-
solving warfarin tablet formulation, yet the lattar axhibited
rapid and complete absorption in vfvc., The virtual io-

S i e lis it aaldiamactrie Aiide nrarhidad its
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caleium carbaspirio from severa) suppository hﬁﬂ'-’z wis
studied in dogs (1961, The gbsorption of gspirin aluninum
fram either cocoa butter or & pelyethylene glycol base was
poor. While the mavimum selicyiate Ievels produced by
aspirin and ealcium carbaspirin from the cocos butie: base
acourred a1 a later time than from the other nases studied.
minimal plasma levels ware exhibited by a polyrorvaie 61
bese formulation. The highest peak and lasgest ared under
the bloed level curve were seen with calgiure cargaspinin
in 4 vegerable fatty acid glyceride base. The poor absorp-
ton of aspirin aluminum from suppositories was not
unexpacted since it is poorly soiubiz. Furthermorg, as
nointzd out for aspirin aluminum tabiets (103, 108), &n
insoluble aluminum corapound may forg) on the surface
of the disselving drug, further impeding its dissolution tate
and bicavailahility.

additinnal references on bioavailahiliiy and formulation
effects are given in Table VIL '

Absorption Alteration—Several years ago, clinicians
claimed that certain salts of theophyliine were therapeu-
tically preferable to other salis or o the free acid (292~
904, For example, Schluger et al. {204) found bigher bload
theophyllinz levels after administering uncoated tablets
of thegphylline ethylenediaming than were observed with
enteric-coated tablate of choline theophyliinate, These
resulte were at variance with the in vivg work of Gagliani
et al. (202), who found that the otal ingestion of cheline
thaaphyllinste produced significantly higher blood levels
than the ethylenediamine salt, This apparent discrspancy
could be explained by the formulation effects of tablet
coating, etc., which was not discussed in thé work of Gag-
liaxi et al. Tn another study, a slightly more rapld rise in
biood concentration end a greatar area under the curve
were observed with theophylline isopropanclamine than
with theophylline ethylenediamine (203). It was sugzesied
that the difference was a result of the grealer water solu-
bitity of the isopropanclezaine salt.

The in vitro dissolutien rates of the choline and iso-
propanclamine salts of theophylline have bean observed
to be three Lo five times greater than the etiivlenediamine
salt, depending on the dissolution medium (98). It has been
suggested that these differences in dissolution rate are
consistent with, and offer an explanation foz, the clinical
resulis. .

In a compatative study of the absorption of ampicillin
trihydrate and ampicillin potassium following. oral ad-
ministration (705), the potassium selt yielded 37% higher
peak levels and a larger area under the curve, Orly 36% of
the adiministered ampicillin trihydrate was absorbed while
53% of the potassium salt wes absorhed. Determining the
percentage of each drug eliminated in the urine showed
that 36% was sliminatad followineg administration of the
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mubtiple desing (207). This findirg is explained by the fac:
that this salt is acid stable and alkaline dizavciable, per-
ruitting its passage throuzh the acid of the stomich both
in fasting and nonfastivg subjects (209). Accordibgly, the
artihacterial activity resnained eszentially the same when
Lhis form of eryihrommyein was given, regardless of fhe state
of [nating of the subject (209},

Om firgt inspection, the higher senur levels atiained with
enythromycin estolate suggest that the salt fornj is more
readily absorbed. Adzo eritical to efficaey, howev}:r, is Lthe
volume of distribution of the drug, since exienzive binding
tis plasma proteins can readar a drog unaveilzble for ee-
tiviLy at the Liophage. Thezefore, the significance of blood
Jeve! data gredtly depends on the measure of the free or
unbaund fraction of tolal antibiotics in the bleag, which
mare directly indicates probable therapeutic benefit.

Wiegand and Chun (210} showed that, desbite the
higher blood levels attained with ervihromyciniestolate
(after correction for half-lifa differences), the stedrate selt
produced seven times more free drug in serum thah did the
estolate salr. This finding explained the higher tofal tissue
levels observed on administration of the s';eamte. They
attributed the difference to a greater serum| protein
binding of the intact erythromyeln estolate, proving that
its higher serum levels did not necessariiy refléct more
efficient absorption.

Markad differences have been observed following oral
administration of various selts of pexiciliin, Penicillin &
potassium has been compared with penisilin G heiuathine
{benzethacil) {211, 212), penicillin G hydrabamide (213),
penicitlin V (214), penicillin G procaine (212), ahd peni-
cillin G ammoninm {213). As anticipated, penicillin G
potassium produced higher and earlier blocd levisls than
penicillin G benzathine (211, 212), Furthermore, tablets
of penicillin G potassium buffered with sodium citrate

yielded higher peak levels than unbuffered penicillin G
potassium. Whils the absorption of buffered tablets was
apparently not sigmificantly affected by food intpke, the
unbuffered tablets yielded lower average levels'and ir-
regular ghsorption under similar conditions.

When penieillin O potassium was compared with peni-
cillin & hydrabamine (213), a less soluble salt, blodd levels
similar to those produced by penicillin G benzathine were
chserved, When equivaient doses were administered, the
penicillemis thai pccurred with penicillin G hydrdbamine
was only one-third or one-fourth as great and was of
shorter duration than that produced by penicillin G po-
tassium.

Budolfsen ez al. (212) found that peak concentrations
of penicillin G potassium were three to four times those
ohtained with penicillin G procaine and five to s{x times
those of penicillin G benzathine, indicating a mo‘e rapid
rate of absorption, The therapeutic action was related to
the maxinurm conceniration attained, but it also dépended
on the persistence of penicilleraia, which was greater with

* peaicillin G potassium than with the cther twe cormpounds.

The authors sugzested that the lower blood levels attained
with the relatively insoluble penicillin G benzathine were
caused by its destruction in the GI tract prior to bsorp-
tion, This suggestion seems unlikely, boagver, shice the
drug should not degrade very rapidly ss an uxd ssolved
suspellsian.

- =T

s

V produces bigher blond penicillin levels than furre-
sponding dosaz of penicillin G. As a result, extensive in-
vestigations have heea conducted with varieus salis of
penicillin V (99, 213-220). For instance, tableis, capsules,
and oral suspension: of penicillin V acid produced signit.
icenily higher blood concenirativas than comparabie
penicillin G preparations (214). In the same siudy, the
sveraze serum levels produced by the beazathine sali of
penicillic ¥ were significantly higher than comparable
duses of pemnoillin G benrathine for the first 41 but lover
thereafter, again dlustrating the vedue of vsing on tazaluble
sa): to prolong hiood levels of an acid-uastable compornd.
In another study (2i15), panicillin ¥ acid was shown t2
produce hicher and more prolongsd plazma concentrations
than eitber penicillin G pelassivm oremmonium, whose
properties sere comparakle,

Plasemg levels were correlzated »ith dissolution rates of
various forms uf penicillin V {29, As sclid dosage fonms,
the readily soluble potassinm and calcivm salts produrea
ea:lier and higher blood levels in fasting subjects than el
ther the f22¢ acid or its benzazhine sa's On the other hand,
when the potassium and benzathine sahs wers adains-
tered orally as solutions, absorpiion was the same, implying
that the poor solubility of the berzathine salt was re-
sponsible for the inferior blood levels obtained from its
solid dosage forms. Other studies Sound that, while the
potassium salt is 40% better absorbed than the free acid
in fasting subjects, both forms produce therapeutic levels
when administered eith food {218).

Experiments with fistulated dogs indicated that peni-
cillin V is abaorbed primarily from'the stomach. Therefere,
it iz not surprising that the potassium salt should show
higher blood levels ot ora] administration since it is the
most saluble zalt in gastric pH (218). In accordance %ith
this chservation, it was also reported that the benzathine
salt exhibited higher serum levels in patienis with gastric
achlorhydria (psrnicious anemia} than in patients with
normal gastric fanctioa (219). Differences in gasiric
emptying time may alao explaio this result.

Several studies compered the sbsorptiow of tetracveling
and its salts (103, 221, 222). For example, serumm concen-
trations in cogs and humans showed that a phosplate
complex 3alt of tetracyeline was absorbed more rapidly and
zave higher blood levels during the first £-8 hr than did
tetracyeline hydrochloride (221). The total amount of drug
absorbed was about twice as great with the former com-
p(:uﬂd.

Another study (222) suggested that tetracycline base
produced higher blood levels than tetracyciine hydro:
chloride. However, a subsequen: investigation (223)
showed thai, in the absence of adjuvants or fillers, tetra:
eveline hydrochloride and tetracycline hase s-ere absorbed.
equally well. Results obtained in this same study indicated
that tetracyclice hydrochloride encapsulated with sitric
acid produced higher serum eoncentrations than tetzacy
eline hydrochioride mixed with hexametaphosphase or L
phosphate complax salt of tetracyciine.

In a study comparing utinary excretion rates and in uitr:
dissolution, the ebaarption of tetreeyeline and tetracyoinn
phenaleulfonaphihaleinate was rate limited by theic dis
solution rates, whereas tetracyeline hydruchlaride at
sorption wes rate limited by the absorption prrcess itse.
11
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Several linpcomvein salts were studied for their com.
parative availability (224). In particular, the Dlood levels
abtaized with the relatively water-insoluble hexadecyls
sulfamate salt wers compared to these of the hydrochlaride
following orel adminizrration. Higher and exteaded whole
blood and serum concentrations were obtained in mice,
rais. mad dege with the hexadecylsulfamate. However,
subesanesusly administered lincomyein did not produce
significantly differens.fractions abserbed, regarcless.of
whioh cait was edpinisterad. It iz not known whether the
greuter azea under the curve with eral administcation of
lsemycin hesadecylsulfamate §s due o sreater absorp-
Lion fram tas Gl traet, slower renal clearance, or greater
enterchepitic cizgtlations.

Salte of straplomyein, nedmycin, viomycin, aod strep-
tothryein have been formed wath: (a) polyaerylic acids, (&)
sulfanic or phosprorylated polysaccharides, and {¢} nat-
ural polycarboxyl acids from o series of polywronic suby
stances and polysaccharide derivatives coniaining carboxyl
groups (18). The report indicated that these salis were
absarbed from the injection Jocus primarily by the lymph
system. Blood levels from the salts were generally lower
but were iwaintained for & longer time than the equivalent
cwount of antibiotic alone, and higher concentratiohs of
Ionger duration tay actuelly be produced in the lymphatic
drainage.

The influence of salt forwzation on the crset and dura-
tion of pharmacelogical activity also was illustrated with
+olbutamide snd several of its salts (LOL} Following oral
adroinistration, the sodium saft produced g ropid decrease
in hloed sugar level followed by 2 rapid recovery. By con-
trast, the fres acid of albutamide caused a slow and pro-
longed drop in bloed sugar level, a preferred effect since
the chance of hypoglycemic shack weuld be lessened. This
finding alsn itlustrates the often evertiding influence of the
actoal dizease state on the choice of drug form,

Additions] references on the implication: of salt for-
mation on absorption are listed in Table VIIL

Pharmacokinetics—Because of the varlous new
properties that are usually impesed oz a compound by salt
formation, the pharmacokinetics of the drug necessarily
change as a funeiica of these properties.

For example, a pharmacokinetic evaluation comparing

ampicillin sodium and potassiura with ampicillin trihy-
drate was performed after oral administration to besgle
dogs (7423). The absorption rate constants of the sodium
and potessium salts, which were similar, proved signifi-
cantly greater than the rate constant of ampicillio trihy-
drate, resulting In earlier, higher peak concentrations with
two to three times higher serum concentrations during the
1ez hr. Vot any differences between the fraction gbsorbed
for the three products were not statistically significant,
Apparently, although dissolution of the ampicillin trihy-
drate was the rate-limiting step in its absorption, the
overall extent of bioavailability remained unaffected.

An interesting study of the biliary exeration of eryth-
ramycin hase and erythromycin estolate was reported
(244). The biliary exerstion of grythromycin base was high,
while that of srvthromycin estolate was much lower;
preferential ssczétion of erythromycin in the bile could
pactialiy atcount for the lower serum levels exhibited by
the Yace. However, the proportion of the ingzested dose
iw the hile was smell, end the tozal amounts in-
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Table VIlI—Additional References an Bioavailability
aed Absorpticn Alteration

I Topic Relerencs

Blred levels produced by thres theaghylling-containing 274
alinir

Napzgaea aral sbrerpting cbarne 23R

Effect of [ood an abuurption of a: 237
ervihtomyein propioeals

Effect of the anion on tha abrorption of tatragz2line froe 155
ke e stomack

Bluod l2vels fotlowing oral admiaiairation gf differcnt 223
propurations of novehiscin

AL-sv:Er,ion =f fepenois asid and it sudiym salt 9

Omldﬁ" !crpt':'on of seonbarbital Iguindbasbitensd and izs 120
dodinm it '

Absorption rate of barbilurates in humzns

Morphing and stropine muiaie

Exerclion of bephenius saltain unne of human 213
volustesrs N

Prlymethylens bigtisothiuronium) sahs: antiuberculusis 234
uctivity .

Prolinged sctirussive setion of o resin-boasd aoscaping 235
preparativn !

. Pharmaectogy of sulfapyridine and sulfatkiazolz 226
Evaluation of plasea concenirations of proporyphene 2537

wtilising 2 hybrid principal campoaent anatvsis of
variance techniguer equimelar duses

Anzrygide, w new trypansaidal drug =313
Fralidazioz miathanesulfunate: plasra levels and 38
prarmaco¥inetic: alter oral ad ministration to burnens
Tutesting! abaorptios of pralidoxizme and other aldoximes 247
Blood plasosa levale and elimination of salts of 241

. pralidexime (2-PAM) in humany alter oral '
admistration .

Enkancement of Gl absarption of aquaternay 242

ammonivm compeerd by téichloroacetete

volved were not sufficient to account entirely for the dif-
ferences in serum concentrations attained. Undoubtedly,
the pratein binding studies of Wiegand and Chun (210}
{discussed under Absorption Alteration) mare satisfae-
torily explain the difference {n serum concentrations.

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

Aminesalicylic acid is an interesting example in other
ways; considerable confusion about this drug exists be-
cause many fail to recognize its nonlinear pharmacoki-
netics. Several definitive studies were reported regarding
the absorption of the acid and its sodium, potassium, and
calgium salts from solution, suspension, and tablet for-
mulations {245, 246). Comparison of the relative
bioavailabilities of amincsalicylic acid suspended in water
and its saits dissolved in water showed that, while differ-
ences in rate of absorption were found to exist, absorption
of both the acid and its salts was esseatially complete.
Absarption of the free acid from tablets reached only 77%
of the dose, whereas that of the tableted salts was 7apid and

. complete. .
Regardless of fermulation, the area under the plasma

concentration-time curve of unmetabolized drug frum free
acid administration was less than that for the saits. This
result was attributed to concentration-dependent ma-
tabolisz during absorption: when the rate of ebsorption
is high, the metabolic processes became saturated and
roore unmetahalized drug rexains in the blond; conversely,
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Table X—Additivaal Relerences on Gebnerdd Pharmacy

Pharmacekineties | and Pharmacological Elfect
i -— — —
Tapis Buiesise Tt Relzrepcs
"l‘.arn::rrod:mmius af Fogfomyom '.l--h-.\‘:;hunr':c_\'.:.m sier Bitfareztind excresion of breaide and chlonds tons sné i 243
muz\tnous wdministration o kuizans el in hromide tion
Praroueedynamivs of ehesphonemyan alter vl Phnrl_..!: domeal ¢ of falciusm ’-"hl‘.\ 1108 ) 550
sdudniszration w hanuans I Srothes and in wic ro forzistatic cvluaiing of s 251
sudies an (i stnbution, Lrarstivn, :.x.d 230 subsrituted smides and am: :..J:., o5 ey

Cawmper
mewabotizas of *H-mpdrongzing and fo Hlanethindlde
in

Fharma L Arihy .2
sodium, J.nd 16 scdivm Tallawing
intramuss 5 L
Thysiolagicd dispazinan of flsprelan in buins o i

pl-1r'-1w.ol.|n!.|r cmzarisah af calaizn and gedine
sl administecedor .J.j'

when the absctption rate is low, as for the free 2¢id. 2
h:gher percentage of drug is metakolized.

Additional references re;arc’.ma bioavailability; and
pharmacokinetics are presented in Table TX.

GENERAL PHARMACY

Pharmacological Effect—Chlorpromazine hydro-
chintide and quaternary chlorpromazine chloridejwers
investigated with respect {o their effzcis on the central
nervous system (ONS) (233), The quaternized comphbund
was less potent and mote toxic in rodents than the phrent
tertiary compound.

Naloxens, an effsctive oplate antagonist, is gensrally
used g5 the hydrochlerida sslt; however, tlve drug has g very
short durstion of action. The mucaie salt was prepas d 1o

extend its duration of action, since’ mucic acid is|only
slighily soluble in water (254). In atest on the blocl..mg of

morphine activity in mice, however. the mucate saly did
not differ in duration from the hydrochloride. These in-
vestigators assumed the same receptor site for nalozone
&5 for merphine and, since Heron's {232) work :ugg{sted
that the receptorkad a greater affinity for morphine mu-
cate than for the free base, it also should have a grhater
affinity for naloxnne mucate. The results disproved this
hypothesis, Furthermore, this theory implies that intact
salt reaches the recepior, which is highly unlikely, rs-
gardless of whether the drug is administered as a solgtion
or a8 & suspension.

A series of salts of @-amineacridine and its derivatives
was prepared and sereened for antifungal and antibacterial
activity (253-257). By using aalts of fatty acids, the pnti-
fungal acrion was found to paralle] the ]ength of the carbon
cham of the anion, with maximal activity oceurring mth

acridine caproats, undecylate, and undecylenate {where
undecylenic acid also exhibits sume intrinsic antifungal
activity) (233). This result appears reasonabie, beqause
these salts would be more lipid soluble and could bi ex-
pected ta pass through the cell wall of the infecting or-
ganism more readily, probably as an {on-pair. |

The efficacy of bases or salts as topical anesthetios for
relieving cutaneous itch, burning, and pain in unbroken
sxin has also been examined (258), In these gxperimbnts,
itching and pricking were induced by an alternating cur-
rent of low a,m':wrage and voltage applied to the skin ér by
exposure of tha shin to UV llght. Interestingly. aqt_‘(eoua
solusions of salts of the local anesthetics did not alleyiate
xtcnmo or bur'\mv in any of the suh}ecL:. although gatu-
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Artiamae studies o clamaysguin | a-c.‘.h-c Tl 252
ciethvlanvicepropyliam Qi rhy i
vitrs aadan sxpenmentaly wl; .ed st.zal:

Adjunctize wulie 0 ora) grophyl L\i,mn the oxiizes 264
pralidoniz+ 12-PAM laciute avd praticucine
nrtheariullonate o thetapeatic adeinatzation of
atrugine in degs s poitonad b r‘i*i d 32rio vGpet

Pralidozime ( 2 hvdroxyiming 284
reethylpyri ua) methar fanati isd atgping in
Lse ireatment ol suvers :-r:an l:mphlh- poimzug

Elficacy ard licutations of oxime-atzehins treatment of 6%
or‘anu,hwpnorm anticholiaeiterase paiepzing

An!iru-ﬁive ctiviiy of enozalenc (glycvernetinie acid} ord 266
its derivelives

Fhamacolugica: aropersisy o gly cs"rhe:u-..ic ackd 267
hydrogen succinate [divedi e sa't)

Ganglivnic hlecking metlvity of diastereumeric 68
d|me|.h\.la.mm-:born_, ! acetatss and their maechiodides

A new potent nonnare9:ic antitusaive, lanethyl.2. émsl' 9
.h'en Nmethylenelpipatidiae; phaymacolepy an

chnical clricacy

- alenkel, and 105 glyeercl wers dlaimed o be effective. Such

transport phenomens across the siratum coipeum are
often dependent on the polerity of the drug anc vehi cle
and vn the binding of the drug 1o kerati

Additlonal references on ph-_\:mamlogical eifects can be
found in Tabls X,

Dielysis—Dialysiz through 2 cellophane membrane of
the hydrochloride or sodium salts hag been stud;ed with
several drugs (270). In many cases, it appeared tha? the
jonic form of the drug was bound to the membrare whereas
she nonionized form was not. Epbedrine hydrochloride
presented an interesting example, however, since it di-
alyzed considerably faster than its corresponding bass. It
was theorized that the chloride ion dialyzed rapidly, #n-
hancing the rate of dial}sis of the ephedrine ipn. Accord-
ingly, when chlorids ion was present on both sides of the
membrane, the observed rate of diaivsis for the ephedrine
ion was comparable to the ephedrine base.

The diffusion of sedium chioride through a hgop'o ein
interface was very slow, especially if r caleiuca crloride was
pres zent on both sides of the interface (371}, In the presence
of low concenirations of chaline chioride o7 carbamyl-
cholire chloride, the diffusion of sodiur chioride is more
repid. Apparentiv choline salts are able to increase the
peemmeabilivy of the lipeprotein to salts, which may relate
1p the phvsso!oc—zcal action of choline salts.

Miscellaneous-~Release rates were determined for
amizophylline, ephedrine alkaloid, azd ephed:'me hy-
drochloride from theobroma il suppositorias containing
nenionic surfactants (133). Wkile surfactants with hy-
drophilic-lipophilic balance (HLB) values less than 11 only
minimally affected releasc rate, rates increased with sur-
factants of HLB values greater than 11. Under optimal
conditions, ﬁmmophyllm was faater than ephedrine hy-
drochloride which, in turr, wes superior to the ephedrine
base.

Willis and Bagker {2372} reporzed un the formation of

polymer-drug salts as app.oa:.h to the ph :vsicochemieal
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anbydride) sales of methapytilene were prepared and
tested with: the free base for in vitro dissolution end dial-
ysis. Their dissolution and dialysis rates were not appre-
ciably differeni fram the free drug oz its hydeochloride salt.
Various polv(rzethy! vinyl ethes/maleic anhydride) hem-
igster saits of methapyrilene exhibited substantially slower
reluase than the pelymer ather salts. bydrecltoride salt,
or Free base forms. Polymer—drug salts thus app2ar to have
promise.

A series of metallic salts of edetic (ethylepediamine.
tetraseetic) acid were tested in uitro to determine their
effect on blood coaguistion (273). The resulls showed that
only the diporassium and disedium salts had any effect on
coagulation, [t was theorized that the lack of anticoanlant
activity resulted from an abmest complete suppression of
ionization of the heavy metal salts.

Interesting research regarding the spging-preventive
effect of sorae chromone-2-carbotylate salts showed adit
rect correlation beyween biological activity and pKa of the
salt-forming amines (274).

Lin ef al. (112) investigated the relationship between
salt form and biological activity of a given antihyperten-
sive. While the intrinsic dissolution rates of the diiydro-
chloride and disulfste salts were many fold greeter than
the monokydrachloride, the hypotensive potencies of the
salts did not differ significantly from one another in an
anesthetized dog study. Yet, when administered to renal
nvpertensive dozs, the dihydrochloride and disulfate salts
produced greater hypotensive effects than did the mono-
hydrochloride. '

TOXICGLOGICAL -CONSIDERATIONS

Toxicity of Salt Ton—Any discussion regarding the
toxieity of salts of a drug must consider the pharmaco-
legical properties of the cation or anion used to forra the
salt as wall as those of the free drug, since any of these may
praduce ioxic esfects. The tozicology of several {ops that
are commonly used 1o form salts and thai are relevant to
this review were discussed in depth (273).

Toxicity from ingestion of calcium salts of drugs is rare.
If hypercalcemia occurs, howevet, calcium deposits in the

kidney can bring on a reduction of renal function. The -

principal toxie effects of lithium also involve the kidneys,
When small amounts of lithiuin are taken, no apparent
darmage oeeuss; yet Jarge amounts of the metal can lead to
irreversible damage. An apparent correlation was observed
between lithium dosage and sodium intake (276). When
lithium dosage was low or sodium intake was high, rats
ware able to axerete all lithium given and sustained a re-
versible polyuria. Conversely, if large amounts of lithium
were adroinistered to the rats er if their sodium intake was
lowered, they incurred irreversible kidney damage, Am-
munium jon, although it serves a major role in maintenance
of the acid—base balance of the body, can be toxic in high
concentrations and initiste CNS derangements.

Sulfate ions given orally tend ta be minimally absorbed
and may act =s a laxative. The nitrate jon is irritating to
the GI tract, causing naussa and gastric distress. Alse, in.
testinal bacteria may convert the nitrate jon to nitrite
which pxidizes hamoglobin to methemoglobio. Tha citrate
ion, ag intermediary in carbohydrate metabolism, can form
2 soluble complex with caleium which is poorly dissociable
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and rarely causes any foxic reactions, While tartrate ions
are usually absorbed minimally frum the GI trsct, high
concentrations reaching the circulation ¢en cause renal
damage. '
Acetate and lactate ions are normal metabalites and
appear to be well tolerated in relatively large amounts,
Todide and bromida ions can produce conditions known as
jodism and brumidisin. respectively. Bromide intoxication

vecurs quite frequently, since bromides are used as in-

gredients in some nonprescription preparations (277-2R0).
Bromide is slowly excreted by the kidney (its hali.life is
12 days) and tends to accumulate when taken for pro-,
longed periods or when used by patienis with decreased
renal function (277}

Toxicity of Salt Form—Provided the salt-forming
agents are nontoxic, the relative toxicitiesof a series of salts
of a compound are ofien abserved to reflect dizectly their
abzarption rates, For example, the toxicities of dibrondide,
diehloride, diiodide, and dimethyisulfate salts of quina-
pyramine?, 2 trypanocidal drug, were determined (239).
The sparingly soluble halogen saits were much less tozic
subeutanecusly ot iztramuscularly than the freely soluble
dimethylsulfate, yet all salts showed about equal toxicity
upon Intravenous administration. The difference in tox-
icities obviously resulted from rapid absarption of the
nethylsulfate compared to the slowly ahsorbed, poerly
soluble halogen salts, Similar reasoning has been used to
explain the acute oral toxieity of propexyphene hydro-
chloride in rodents, which is twice that of equimolar doses
of the napsvlaze salc (281). .

Several salts of benzphetamine and etryptamine were
prepared as potentisl sustained-release formulations {114).
The water solubility, in vitre dissolution rates at pH 1.0
and 7.2, and the median lethal times (L Ts0) were ceter-
mined for each salt, Both the LTsg and LD;p {(determined
on only a few salts) increased as the in vitra dissolution rate
at pH 7.2 decreased. While diseolution et pH 1.0 did not
correlate well with toxicity, the LT5p's were inversely re-
lated o the square root of the dissolution rates as pH
T.2.

Toxicity siudies comparing iopanoic acid, a cholecys-
tographic contrast medium, with its sodium salt {113)
ahowead that the salt form has 10-fold greater toxicity. The
LD;y's of the free acid and the salt were 22 and 2.32 p/kg,
respectively. It was postulated that the free acid precipi-
tated from the sodium salt upon its reaction with gastric
hydrochloric acid. The fine, amerphous particles of pre-
cipitated acid bad & greatly increased surface area and,
therefore, disealved more rapidly than even fine crystala
of the free acid. The faster and more complete drug ab-
sorption then resulted in increased toxicity.

Salts exhibiting greater water sojubility than their
parent compounds ot less soluble salts are pot always mare
toxic. For example, various inorganic and organic ions were
used to prepare salts of methy! pyridinium-2-aldoxime
that would have greater water selubility and would elim-
inate undesirable side effects due to the iodide ion (§5).
Even though the aquesus solubility of the majority of these
salis was many times greater than the lodide, their toxicity
on & motar basis was not significantly different, with the
exception of the dibydrogen phosphate salt srhich was 15%

A frivycide.




L-15-0% UB:19 FAX 8144473343 CAS Bbs

Table Xl—Additional References on Toxicolegical
Considerations .

— i
Topic * Rafepence

zity and _gbg.;rptia: of 2-sdfanilimidepyridics wad its ‘25;5
salubls sodiuns 38k '

Sarbic acid a3 @ fungiatatic Agent for foade: harmieasusss ]
of sorbic acid a3 a distary component i
Toxicity and diacribution of erythramyein %7
Further taxizologied swedies witz erylnromyeic R
Pharmazelopy sad 1oxicclogy of erythromyein agiolete 2¢4
Erythromyein prophinate (propienylezyihiom peinka 2By
review of 20,505 case repords fur side-effect data ;
New elazs of sctbiazic aalts of reduced texieity 0]
Gl intuierance tc aral iron prepasasions R
Cemparative tosicniegy of izor compeunds 0%
Iefiusncs of the disoluiian rate of Htkidm tablats un side 123
effect ' - 4‘
Taxiciny and tissue distribuzion studies an Lhe ki
b?-dmclyinridu, bismuth indide tompley, and a rasiciie |
of vz etine ) !
Baciocin zice 16 pharmaceutics! preparations i
New approach t JUALErRAry Jmzonlum cnmpuunda 131
Pharmacology el vncline theaphyliinate ' $4

more toxie. Further research with oximes rex-'ealeci that
other salts are also toxie (252). |

GI bleeding is a cammon toxic effect of aspirin for :i.]a:ge
percentage of the population. Consequently, search was
initiated for an aspirin derivative that would not induce
GI blood loss (233). All compounds prepared, hagever,
including the sodium and caclum salts, caused Glihem-
prrhage with a severity similar to aspirin.

Polyene antibictics are poteat pitifungal agents but
bear considerable toxicity. Bven th-ugh the metay] estez
hydrochlorides of these compounds are more soluble, they
retain almost all of their antifungal sciivity and,!mere
significantly, show a uniform decrease in toxicity compared
to their parent compounds (284). L

Additional references on toxicological considergtions
of salt formativn are given in Table X1

CONCLUSIONS, |

Salt formation is & means ‘gt altering the physical,
chemical, znd biological characteristics of adrug ni(@t
medifying its chemical structurs. Clearly, the salt foim can
have a dramatic influence on the §V&rall properties of the
parent compeound. At present, selagring a salt form that
ezhibits the desired ombinaticn of praperties is a difficult
semiempirical choice.” Pharmaceutical scientists now rec-
ognize these facts and are beginning to study the éffects
of different salt forms an the physicochemical progerties,
bioavailability. and toxicity of drug substances.

Uit AL ough now only & few genetalizations are available

to predict the effect of particular salt forms on the char-

actezistics of a drug, per 4Ps in time it will be possible to
U, n - . .

velve incressingly more powerful generalizations re-

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

"compound: In addition, we predict that polymer—dryg salts

will have a revolutiansry effact on future trends ip drug
therapy, pasticularly in the areas of reducing drug toxicity
and in controlling the release profile of novel drug dalivery
syitenis.
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