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me permito solicitar que se examine si la invencién reune los requisitos de patentabilidad
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de la comision de la Comunidad Andina. Adjunto recibo por el monto de $420.000 pesos para

cubrir la tasa correspondiente, segin la Resolucion 44372 de 26 de diciembre 2007.

Atentamente,

R. OLARTE
C.C. 79.782.747 de Bogota
T.P. 74.295
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EL EXTRACTO DE LA PRESENTE SOLICITUD DE PATENTE DE INVENCION

FUE PUBLICADO EN LA GACETA DE PROPIEDAD INDUSTRIAL No 6§83 DE

FECHA 18 DE DICIEMBRE DE 2007 EL TERMINO HABIL SENALADO POR LA

LEY EXPIRA EL 14 DE MARZO DE 2008

NOTA: Dentro del plazo de los seis (6) meses siguientes a partir de la fecha de publicacion
en la gaceta de Propiedad Industrial, debera solicitar y cancelar el examen de
patentabilidad so pena de que la solicitud caiga en abandono, de acuerdo con lo
establecido en el Articulo 44 de la Decisién 486/2000.
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€) Neuse Plouromutilinderivate, Verfahren zu Ihrer Hersteliung und ihre Verwendung.

@ Die Erfindung betrifft Derivate von 14-0-[(1-Amino-2-
methylpropan-2-yl)thioacetyl]mutilin und -19,20-dihydro-
mutiiln, insbesondere N-Acyl-14-O-{(1-amino-2-methylpro-
pan-2-yl}thioacetyl]mutilin oder -18,20-dthydromutltin, ins-
besondere neue Pleuromutliinderivate der Formel

CH,

O.CO.CH..S.?.CH,.NH.CO.R,

: O CH, - CH,

> B GV RN |
-

™~

CH, OH

worin R, fir Ethyl oder Vinyl und R, fir elne Amino-
alkyigruppe, deren Alkyitell durch Hydroxy substituiert sein
kann, oder fir einen tunfgtiedrigen gesittigten Heterocyclus
y= gtehen, und ihre Saureadditions- und Quartarsalze, sowie
° Verfahren zu ihrer Herstellung und ihre Verwendung.
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thioacetyllmutilin, 14-0-[1-((L)-Thiazolidin-4-yl-carbonylamino}-2-methyl-
propan-2-yl-thioacetyllmutilin, 14-0-[1-((L)~Pyrrolidin-2-yl-carbonylamino)
2-methylpropan-2-yl-thioacetyl)mutilin, 14-0-[1-(3-Aminopropionylamino)-2-
methylpropan-2-yl-thicacetyl-19,20-dihydromutilin, 14-0-[1-((L)-2-Amino-
3-methylbutyrylamino)-2-methylpropan-2-yl-thioacetylIlmutilin, 14-0-[1-((D)-
Pyrrolidin-2-yl-carbonylamino)-~2-methylpropan-2-yl-thioacetyllmutilin und
14-0-[1-((L)-2-Amino-3-hydroxypropionylamino)-2-methylpropan-2-yl-thio-
acetyllmutilin in Form der freien Basen, der Siureadditionssalze oder
Quartdrsalze.

5. 14-0-[1-((D)-2-Amino-3-methylbutyrylamino)-2-methylpropan-2-yl-thio-
acetyllmutilin in Form der freien Base, der Sdureadditionssalze oder
Quartdrsalze.

6. Eine chemotherapeutische Zusammensetzung, enthaltend eine Verbindung
entsprechend einem der Anspriiche 1 bis 5 in Form der freien Base oder
eines chemotherapeutisch akzeptablen Sdureadditionssalzes oder Quartdr-
saizes, gemeinsam mit einem chemotherapeutisch akzeptablen Verdiinnungs-
oder Trédgerstoff oder eine Futtermittel- oder Trinkwasserzusatzzusammen-
setzung, enthaltend eine Verbindung entsprechend einem der Anspriiche

1 bis 5 in Form der freien Base oder eines physiologisch annehmbaren
Sdureadditionssalzes oder Quartdrsalzes, gemeinsam mit einem physiologisch
annehmbaren Verdiinnungs- oder Trdgerstoff.

7. Eine Verbindung entsprechend einem der Anspriiche 1 bis 5, a) in Form der
freien Base oder eines chemotherapeutisch akzeptablen Siureadditionssalzes
oder Quartdrsalzes, zur Verwendung als chemotherapeutisches Mittel oder

b} in Form der freien Base oder eines physiologisch annehmbaren Siure-
additionssalzes oder Quartdrsalzes, zur Verwendung als Veterinirmittel.

A\
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8. Verwendung einer Verbindunggemdss einem der Anspriiche 1 bis 5 zur
Herstellung von Mitteln gegen Bakterien und obligate Anaerobier und

zur Bekdmpfung von Mikroorganismusinfektionen und zur Wachstumsforderung
bei Haus- und Nutztieren,

9. Verfahren zur Herstellung von N-Acyl-14-0-[(1-amino-2-methylipropan-2-
y1)thicacetyllmutilin- und -19,20-dihydromutilin-Derivaten insbesondere

die der Formel I wie im Anspruch 2 definiert, ihrer Sdureadditionssalze und
Quartirsalze, dadurch gekennzeichnet, dass man eine Verbindung der Formel

CH3
O.CO.CHZ.S.?.CHZ.NH
CH

2

3

CH

I1

1

CH3

OH

worin R] fiir Ethyl oder Vinyl steht, acyliert, insbesondere mit einem
Aktivester der Verbindung der Formel

HOOC-Ré 11

worin R; die gleiche Bedeutung wie R2 besitzt, wobei jedoch die in R2
enthaltenen Aminogruppen durch eine Schutzgruppe geschiitzt sind und die
Schutzgruppe anschliessend abspaltet und die erhaltenen Verbindungen

in freier Form oder in Form ihrer Siureadditionssalze oder Quartdrsalze
zuriickgewinnt,

10. Eine Verbindung der Formel II wie im Anspruch 9 definiert.
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Pharmaceutical Salts

STEPHEN M. BERGE "¢, LYLE D. BIGHLEY *, an

DONALD C. MONKHOUSE ~
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¢~ The chemical, biological. physical, and economic char-
i acteristics of medicinal agents can be manipuleted and,
* heuce. often optimized by conversion to a salt form.

Cheosing the appropriate salt, however. can be a very

diffizult task, since each salt imparts uniqus properties t

JANUARY 1977

VOLUNTE &0 NUMEBER |

Salt-forming agents are ofien chesen empirically. Of the
tcany salts synthesized, the preferred form is selected by
pharmaceutical chemists primarily on a practical basis:
cast of raw materials, ease of crystallization, and percent
yield. Other basic considerations include stability, hy-
groscopicity, and flowability of the resulting bulk drug.
Unfortunately, there is noreliable way of predicting the
influence of a particular salt species on the behaviér of the
parent compound. Furthermore, even after many salts of
the same basic agent have been prepared, no efficient
screening technigues exist to facilitate selection of the salt
moat likely to exhibit the desired pharmacokinetic, solu-
bility, and formulation profiles. _

Some decision-making models have, however, been de-
veloped to help predict salt performance. For example,
Walkling and Appino (1) described two techniques, “de-
cision analysis" and “potential problem analysis.”” and.
applied them to the selection of the most suitable deriva-
tive of an organic acid for development as 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 biological properties of these
specific derivatives and offer a promising avenue for de-
veloping optimal salt forms. .

Information on salts is widely dispersed throughout the
pharmaceutical literature. much of which addresses the
use of sult formation to prolong the release of the active
component, thereby eliminating various undesirable drug
properties (2-6). This review stuveys literature of the Jast
25 vears, emphasizing comparisons between the properties
of different sa't forms of the same compound. Included also

is 2 -f-cussion of potentially useful salt forms. Our purpose

is ts-foid; to present an overview of the many difterent
. JUROY S O I . R IR TN A

J e T
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Aruon Perceat? sAiion Petcent?
Acerate 1.29 Lidids 2.0
Lenteneculinnate (.25 [sechinnate! 0.85
Henroate 0.n Laciate .55
Bicsrhonats .13 Lactobicaaie G113
Bitartrate 063 —— Molste 0.12
Bremide 463 Maleats 3.63
Calcium ederats 038 Mandelate ¢.38
Camsviate® 0Nl 2,92
Carbonate (.35 16
Chlorid- 417 KT
Citrate 503 0.64
Dihydrochioride [O8 0.13
Fdetate 0,235 6.2
Edisylate© N33 G.64
Esm ate’ 0.1% Pamoats (Emboaste) 1.01
Erylstes .13 Pantothenate 0.25
('_"Fumsrua h 0.25 Phosphate/diphusphats \ 315
Gluceptety 013 Polygalastuzonacs G134
Clucenate 03! Salicylats S 0.33
Glutamate 0.23 Siearste 0.2%
Glycollvlarsanitster 0.13 \ub.w'\ e 6.38
Hexvirzaorcinate 0.13 0.32
Hydrabamina® 0,28 7.46
Hvdrobromide 1.9 an: 0.55
Hyvdrachloride $2.98 atrate g 3.54
Hydrorsosphtbeate (.23 Teoclate’ 0.13
Troietbivdice 013
. Cation Percent? Cation Percest®
Qrzanic: &
Benzathine* 1.56 (.65
Crlureprocaias 035 10.49
Cheline 0.3% 1.84
Dicthandlamina 083 1.31
Fn;lened.ammc G.65 1032
Moglumize! 22U 6197
Procuine ’J X 2.95

/ g.Chisratheophyilinate. * N,N'-Dibenzylethylenediassine,

10 assernble data that will provide, for the student and
practitioner alike, a rational basis for selecting a suitable
salt form.
) POTENTIALLY USEFUL SALTS

{'Salt formation is an acid-base reaction involvizg eithe
a proton:transfer.or.neutralization reaction and-is-there-
£5te controlled by..factors influencing such reaction®
gheoretlcany, every ¢ compound that exhibits acid or base

Eharacteristics can participaté in salt formgnon Particy:

larly” nnpnrte_nt is the relative strei?zt’rb of the acid 9,

base~the ac1d1ty and basicity constants of tb‘é\ghemxcal

speues mvolved These facfors'dearmme Whethet 07 ot

rormatlon occurs ‘ond are 4 mea;u:e of the stability of the
r

esulting salj; 7 : T T e e
~The nwnber of salt forme available to a chemist is Iaxve
surveys of patent literature show nuserous new salts bemv
often ‘behave guite dlfferently bmgfﬂtheﬂph)sxcu
chémical™and thermad Viamic pxopé’r’ﬁes they xmpsrt to
the parent compound. For exemple asalt's’ hydxophoblctt»
‘and high crystal Iattxc?nergy CATRIfEat dissolution ratéd

(and; Thence, bioavailability. Ideally, it would be de:uab]e
if o one could predict how.a pharmaceutxcal agent's prop?
rtxes would be affected by salt formaonn
Table< 1 and TI1st 8l ealtothat were commercially
marketed throagh 1974. The list was compiled from all
agents Jisted in “Martindaie The Extra Pharmacopoeia,”

~ Percent is based on tctal numbe: of anionic or cativpic xalts in use through 1974, 2 Camptorsullorsie. * 1.2- Ethanedisulforate. ¥ Laury! sulfate.
~ Ethanesulfonste. /Glucvl.eou’mate ~p-lecanmmop‘\cr_{]uhﬁnuLt i A N"Di(dekvdroubistylinthyienediamine. | 3-Hyd:oxyethanesulfonate.
N-Methyig! veamine.

26th ed. (7). Table I categorizes all salt forms approved by
the Food and Drug Administration (FDA), while Table II
lists those not approved by the FDA but in use in other
countries. (Only salts of organic compounds are considerad
because most drugs are organic substances.) The relativs
frequency with which each salt type has been used is ca!-
culated as a percentage, based on the total number of an-
ionic or cationic salts in use through 1974. Because of
simple availability and physiological reasons, the mono-
protic hydrochlorides have been by far the most frequent
chaice of the available anionic salt-forming radicals, out-
numbering the sulfates pearly six to one. For similar res-
sons, sodium has been the most predominant cation.
Krowledge that one salt form imparts greater water
solubility, is less toxic, or slows dissolution rate would
greatly benefit chernists and formulators. In some cases,
such generalizations can be made. Miller and Heller (8)

discussed some properties associated with specific classes -

of salt forms. They stated that, in general, salt combina-
tions with monocarboxylic acids are insoluble in water and
lend themselves to repository preparations, while those of
dicarboxylic acids confer water solubility if one carboxylic
group is left free. Pamoic acid, an aromatic dicarboxylic
acid, is an exception since it is used as & means of obtaining
prolonged action by forming slightly soluble salts with
ceriain basic drugs. Saias et al. (9) reviewed the use of this
salt furs in preparing sustained-release prepa'a»xom
More recently, latentiation of dihydrostreptomycin (10)
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Table 1l.—Non-FDA-Approved Commercially Marketed
Salts
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Burvthromide
Camphorate
ecnate

cer
Henisullate .
Hydrafubride A
Hudroiudide
Methylenebis(salicylate}
Nopedisrlate?

Qrualpee

Pectinate

Persullate
Phenylathylbarhiturate
Pierate

Peopionate
Thiccyanate

Tosylate

Undsesncate
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Cation Porcentd

Crzanic:
Benethsreing’
Clamizole™
Diethylamine
Piperazinc
Tromethanine”

Metallic:

Barium 0.
Eismuth o

o Percent it hased on toral number of anienic asd catienic 3alta in ues

‘g _#1,3-Naphthalenedisulfonats. ¢ N-Berzylphsoathylamine.

¢ 1.p.Chlerabenay -perralidin. 1 yimethylbenzimidazole. © Tristhy-
droxymethyl)aminomathare.

using pamoic acid resulted in the formstion of a delayed-
action preparation. Numerous studies using pamoate salts
are dispersed throughout the literature (11-15).

Alginic acid also has been used to prepare loog-acting
pharmaceuticals. Streptomyein alginate was ptepared (16)
and shown to be effective in sustained-relesse prepara-
tions. A striking example of a long-acting algirate salt is
that of pilocarpine. When dispersed in sterile water and

dried to a solid gel, this compound was found useful in the

preparation of long-actiog ophthalmic dosage forms (17).
While liquid preparations of the alginate and hydrochlo-
ride salts possess similar miotic activity, studies showed
that salid pilocarpine alginate flakes constricted pupil size
more effectively and increased the duration of miosis sig-
nificantly when compared with the liquid preparations.
Solid dose pilocarpine may be more uniformly available,
because it diffuses more slowly through the gel matrix
which holds the drug in reserve. In contrast, drops of the
commonly employéd solution dosage form release the dose
immediately to the conjunctival fluid.

Malek et cl. (1S) devised a unique way of prolonging
action through salt formation; they showed that the dig-
tribution of several antibintics could be markedly altersd
by mersly preparing macromolecular seits. Since macro-
wolecules and colloidal particles have an adfinity for the
lvmphztic svatem. strepiomyein, neomyein. viomyein, and

_~

oy

13
streptothrycin were combined with high maolecular weight
campounds such az poivacrylic acids, sulfonic or phos-
phorylated polysaccharides, and polyuronic derivatives.
Parerteral administration of these compounds produced
Jow hlood levels of the sntibiotic for long perinds, while
lvinph levels were high. (In comparison, streptomycin
sulfate gave high blood tevels but low lymph levels.) This
alteration in distribution caused the streptomycin to
prolong its passage through the bedy, since lymphatic
¢ireu'ation is quite slow. ‘

The appropriate chaice of a selt form has been found to
reduce toxicity. It can be rationalized that any compound
essaciated with the normal metabolism of food apd drink
must be esseniially nontoxic. The approach of choosing
orzanic radicals that are readily excreted or metabolized
npened up a new class of substances fromwvhich to select
a salt form. For exarmple, certain salts of the strong base
choline have ptoven to be considerably less toxic than theur
parent compound. The preparation and properties of
choline salts of a series of theophylline derivatives were
reported (19), and it was shown that choline theophyllinate
possessed a greater LD than theophylline or its other
salts (20). Tt was postuiated that this agent would be less
irritating to the GI trect than aminophylline, because “its
hasic corstituent, choline, is an almost completely non-
toxic substance of actual importance to the physiologic
econorey.” This evidence led to the preparation of choline
salicylate (21) a5 an atterpt to reduce the GI disturbances
associated with salicviate administration. Clinical studies
indicated that cholire salicylate elicited a lower incidence
of GT distress, was tolerated in higher doses, and was of
greater benefit to the patient than was acetylaalicylic acid
(aspirin). .

Arnino acids and acid vitamins also have been used as
salt-forming agents. Based on the evidence that coad-
ministration of aming acids with aminoglycoside antibi-
otics 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
tovicity of the sulfate. The ascorbate and pantothenate
also were synthesized and shown to be less toxic than the
sulfate. Of the salts prepared, the ascorbate had the highest
LD:\D. .

The vitamins most commonly used for forming salts
exhibiting reduced toxicity are ascorbic and pantothenic
acids. Kelier ¢ al. (23) were the first to use pantothenic
acid as a means of “detoxifying” the basic streptomyces

antibiotics. Parenteral administration of the pantothen--

ates of streptomycin and dihydrostreptomycin had a sig-
nificantly reduced incidence of acute neurotoxicity in cats
as compared with the sulfates. Subsequent studies (24~28)
supported this finding and showed that the pantothenates
of nevinycin and viomycin also are less toxic. The ascorbate
of olzandomyecin was synthesized and its pbarmacological
properties were reported (29). Upon intramuscular injec-
tion in rats, it produced less irritation than the phos-
phate.

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

aminres that othersise tend 1o furm hygroscopic products

with conventions) acid components (30).
Often the salt form is chosen by determining a salt

0N
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component that will pharmacologically antagonize
unfavorshle property or properties exhibited by the basic
azent, Salts of V.cvelohexylsulfamic acid are an example
of the practical applicatior of this approach. N-Cyclo-
hexyisulfamic acid salts, better known as cyclamates. have
a chazacteristicsweet, pleasing taste. Although presently
under investigation hy the FDA for potentially carcino-
genic properties, saits incorporating this ccmpound can
render unpleasant or bitter-tasting drugs acceptable. For
example, the cyclamates of dextromethorphan and
chlorpheniramine exhibit greatly improved bitterness
toresholds compared to commontly cerurring salts (31).
Furthermore, their stability in agusous solution was de-
scribed as ood when maintained at 2 pH not greater than
4. -

N.Cyclohexylswifamic acid salts of thiamine hydro-
chloride and lincomyein also have been synthesized. Thi-
amine N-cvclohexylswfamate hydrochloride was reported
tc have a more pleasant taste than other thiamine saits
while having an equal ar greater stability (32). Lincomyein
cyclumate, shown to possess an enhanced thermal stability
over its hydrochloride, was prepared (23) to test the hy-
pothesis that reduced lincomycin absorption in the pres-
ence of small quantities of cyclamates was due to a simple
metathetic reaction. However, this assumption was found
not to be true. An extensive study of the preparation and
characterization of cvelamic acid salts of several widely
used classes of drugs including antihistamines, antibiotics.
antitussives. myospasmolytics, and local anesthetics was
reported (34, 35).

Various salts of peniciliin and vasic amine compounds
have been formulated in an effort to produce a long-acting.
nonallergenic form of penicillin. Since antihistaxines
appear to mitizate the symptomatology of penicillin re-
actions in some petients, coadministration of the twu bas
been advocated. The preparation of the benzhydralamine
salt of penicillin was an attempt to produce a repository
form of penicillio with antiallergic properties (36). Blood
levels achieved with this salt were comparable to those of
penicillin G potassium; however, irs antiallergic properties
were ot evaluated. [n fact, the investigators noted that
sntihistamines can actually cause sensitization at times
and stated that “despite their occasionally favorable in-
fluence on the symptoms of penicillin sénsitivity, they
coutribute directly to the potential of drug sensitivity when
co-administered with penicilin.”

Silver saltsof sulfarilamide, penicillin, and other anti.
biotics have been prepared and represent cases where the
species (ions) are complementary. When aqueous solutions
of the salts were applied topically to burned tissue, they
yielded the combined benefits of the oligodynamic action
of silver and the advantages of the antibacterial agents
(37).

Tha use of 8-substituted xanthines. particularly the
8-substituted theophyllines, as salt-forming agents was
first reported in the preparazion of s series of antihistamine
salts (38-¢1). Synthesis of these xanthine salts was an at-
tempt to find & drug to counteract the drowsiness caused
by the antihistamines with the stimulant progerties of the
xanthires. When an electronegative group is introduced
inio the xznthine molecule at the S-position. the elec.
tron-drawing capacity of the substituent results in the

creation of an acidic hvdrogen at pesition 7. Thuz. these
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mederately strong acidic compounds can undergo salt
formation with various orgaaic bases.

The 8-balutheophyliines were the first group of xan-
thines studied as potential sali-forming agents. Since the
repart on the preparation of the 8-chloratheophylline salt
of diphenhydramine (425, synthesis of the 8-halotheo-
phyliinates of a nwuher of crganic bases has been at-
empted. The B-chiorotheophylline salts of quinine,
ephedrine, and strychning were prepared and character-
ized (43). These salts were less water soluble than the
cortesponding free allaloidal bases. In a similar report, the
S-chlorotheophyllinates of three synthetic narcotics,
meperidine. levorphanol. and metopon, were prepared
(44).

Fharmacolozical and clinical studies involving the 8-
bromotheophylline pyrilamine salt revdaied the unusual
diureric properties associated with the 8-halotheophyliine
portion of the cornpound (43, 46). This finding initiated
an investigation into the preparation of a soluble 8-bro-
racsheophyliine salt of high diuretic activity. With readily
available amines, over 30 salts were synthesized and
screened for diuretic activity (47). When tested against
theophylline salés of the same amines, the 8-bromothea-
phyllinates showed greater activity in every case.

With the successful formation of 8-halotheophyllinates
of organic bases, Morozowich and Bope (48) proposed thst,
if the halogen moiety was replaced with a more electro-
negative substituent such as & nitro group, a more acidic
compound would be formed. Presurnably, more stable salts
would result and precipitation of the free xanthine deriv-
ative in the stomach would be less likely to cccur. On this
premise, they successfully prepared pharmacologically
effective 8-nitrotheophyllinates of several pharmaceuti-
cally useful bases.

Duesal et al. {197, in their study of 2holine theophylli-
nate, prepared the 8-chloro-, 8-hromo-, and -nitrotheo-
phyliine salzs of chaline. Oral toxicity studies in mice
showed that the LDs, of the 3-nitrotheophyllinate was
ruch greater than that of either 8-halotheophylline. In
fact, it remained nonlethal at doses as highas S ¢.

Polvgalaciuronic acid, a derivative of pectin, has been
used to prepare quinidine salts exhibiting reduced toxiaity
(49, 50). The cowpound possesses special demulcent
properties and inhibits mucosal irritation. The rationale
for use of this agent is ta reduce theienic shack to the GI
mucosa resulting fror the flood of irritating ions Liberated
by rapid dissociation of the conventional inorganic quin-
idine salts. Studies have shown that it is four times less
toxic orally than the sulfate. This difference was attributed
to the slower release of quinidine from the polygalactu-
ronate.

Other compounds reported to be potentiglly useful as
pharmaceutical salt forms are iisted in Table IIL.

PHYSICOCHEMICAL STUDIES

Bislogical activity of a drug molecule is influenced by
two factors: its chemical structure and effect at a specific
site and its ability to reach—and then be removed from—-
the site of action. Thus. a knowledge of the physicochem-
ical properties of a compound that influence its absorption,
distributior, metabolism, and excretion is essential for a
compiete understanding of the onset and duration of ac-
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Table 111—Potentially Useful Salt Forms of Pharmaccutical Ageuts
SalLFemmizyg Aaeot Compaund Maditied Madifizsiiva Relerence
Acely.aminoacctic acirl Solutilivy 31
N.oacetylLasparaning Solubility, 37
N-acetyleysting Combured 33
Adsccuntcic anid Prelouged action 34
Adipic acid Direrucine Srability. toricity, organcleptic properties 55
N-Alkylzoifamuter Ampisilli Avecrptinn (oral) 56
Lince ; 57
Anthraguinves-1,5-dactiosis acid Cephalexin 33
Arzbigainctan sulfate (aradiao) Verious aike 59, 60
Acginine [
62
Aspartate \ 63
EBeataine Gaztric absorption €4
Bix(2.carhoxy<hpemon-3-ylazylalizanes Acuivity, prolonzed prophylactic elfect €3
Carnitine LY Tosicity (13
4-Chlord-m.1aiusresulionie ucid Qrgancleptiz properties \ 67
Decannale Prolonged action LY (13
Diacetylauifate Stability, hygroscepicliy 09
Dibenzvlethylensinnine A:z:ﬁ\ir.i'.iin Prolonged action 70,71
Diethylamine Cuphaloeporing Reduced pain on injectice 7
Diigusiucyl phatphate Tetracyel Activity : 13
Dicetyi sulfosuecingte Yinearmicy Orzancleptic propertiet 7
Embonic {passici acid Kanemycln Tosicity 73
ovl.2 metheimorphaline  Toxivity 76
Fructnae 1,6-diphespheric scid Soluhility M
Selubility
Giucnse L-phospharic agid, glucosz \ Sotuhility 1%
f-phosphyric acid Ervthromycia Soiubility
L.Glutamine Erviiromyein Solubility. activity, stebility 52
Hydroxynaphthoais Bephenium Toxzieity .18
2-(4-Imidazalylethylamine Frestaglandin Prolonged actien 79
{:ohutanolamine ‘Thaophyiline Statilit . &0
Lsuryl sulfate Vincaio: Orgenofeotic properties 61
Lysine a-Suliobenzylpenicillin Texicity. stability, hyzroscopicity 62
Cephaloapering 61
Mathanesuilonic acid Prolidoxime (2-FANG Solubiiity 52
N-Methylglucamine a-Sulfobenzylpericillin Toxicity, stability, hygrescopicity 62
Cephalogporing Reduced pain oo injection T2
:\’~M9Lhe".pipe:a:ine Pheaylbutazoue Toxicity. faster onset of actiont 83
Mocpboline Cephalosporins Reduced pain on injesation 72
2.Naphthalenesulforic azid Propuxyphene Orgaroleptic propertics 84
Qctanoale Hepiamwol Prolocged action 68
Probentcid Pivamplcillis: Q:zaroleptic properties 85
Tennic acid Various areines Frolonged action 38. 87
Theobromine acetic acid Propoxy?hene Activity 83
3.4.5- Trimethoxybenzoate Tetrgcycline Qrgannleptic propertice 89
Hepramirol Prolonged aciion 68
Trismethumine Aspiin Ahscrptivn (oral) 90
Dinoprost (prossugl mdin Fz.) Physical state 91

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

1n a review in 1969, Miller and Holland (92) stated that
“different salts of the same drug rarely differ pharmaco-
logically; the differences are usually based on the physical
properties.” In a subsequent review (93), Wagner ex-
panded upon {his stateraent, asserting that, although the
mature of the biclogical responses elicited by a series of
salts of the same parent compound may not differ appre-
ciably, the intensities of response may ditfer markedly.

coche:ﬁiéil'ﬁ?’o’ﬁ?ti'eé'bf-the'-pargnt-compourﬁ&ncluding .
dissolu tioTx‘?'até:'solubilif",’Etﬁb'ilﬁr'f, - an'dihy'r_'pos?é“ﬁ ttan,
These.propertiespiniturny affsct'thie avaulability and fot-
3'nulatidx'ﬁ'éh'drﬁctcristics'ofethe drug. Consequgntly, tHe.
‘pharmaceutical industry has systematically engaged-In
extensive preformulation studies of the physicochemical
properties of each new drug entity Lo cletermine the most
cuitable form for drug formulation. Published information
concerning such studies, however, is sparse. Preformula-
tion ssudies have been outlined, and the influence of the
salt form on the volatility and kyrroscopicity of an agent

In one such study, methylpyridinium-2-aldoxime
(pralidoxime) salts were investigated (95). This study set
out 1o prepare a salt with water selubility adequate to allow
intramuscular injection of a low volurne (2-3 ml) thera-
peutic dose. The original compound, the methicdide, bad
the disadvantages of limited aqueous solubility and high
potential toxicity, since its high iodide content could result
in iodism. On the basis of physiological compatibility,
better water aolubility, favorable stability, and relatively
high percentage of oxime, the chloride salt of pralidozime

- that “'the anjon used to form the salt can copfer physical
properties of importance and significance for the formu-
{ation and administration of the compound” (85).

Sorae physicochemical properties of a series of mineral

The salt form is known to influence anumber of physi.? was selected for therapeutic administration; it was claimed

* acid salts of lidocaine also were determined (96). While the

hydrochloride and hydrobromide were more hygroscapic,
they were more soluble ina number of solvents than the
nitrate, perchlorate, phosphate, or sulfate salts.
Dissolution Rate—The dissolution rate of & pharma-
ceutical agent is of major importance to the formulator. In
many cases, particularly with poorly scluble drugs, this
Maenstorictin hoct raflorrs the bioavailability of the com-
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pound. As a rule, a pharmaceutical salt exkibits a hjgh-:'r
dissolution rate than the corres po'ldm- conjugateacid o
base at an equa) pH. even though they moay have the ~an:
eauilibrium solubility. The explanstion for this result lies
in the processes that control dissolution.

Dissrlution can be described by a diffusion layer mode!!
in terms of 2n equation developed by Nernst and Bruaznes
[y

:;“— = El—: o= ()
where W iz the mass of the solure dissolved at tioe ¢,
dWidt is the rate of mass transfer per unit time, D is the
solute molecule diffusion coefficient, S is the surface area
of the dissolving solid, k is the diffusion laver thickness,
C i: the concentration of the druz in the bulk solution at
time ¢, and C, is the sateration selubility of the solute in
the diffusion layer.

The driving force for dizsolution in Eq. 1 is the difference
between the saturation solubility of the drug and tke
concentration of the druz in the bulk fluid. If the drug is
not rapidly absorbed after it dissolves, then C, the con-
centration in the bulk solution, approaches C; and the
dx<~nlv:.on rate is retarded. When this cecurs. absorption

“absorption rate” limited (or “membrane transport”
]i-n"tef‘) If the absorption rate is rapid (or if the abscrption
mass transfer coefficient is much larger than DS/h of Eg.
1), however, C hecomes negligible compared to C, and
dissolution occurs under “sink” conditions. Absorpuwn 13
then said to be dissolution rate limited, which iz what oc-
curs with most poorly soluble drugs. In either case, an in-
cresse in (., as in salc formation, increases dissolution.

Salts often speed dissolution by effectively acting as
their own bufters to alter the pH of the diffusion layer. thus
increaaing the solubility of the parent compound, C,, in

thet layer aver its inherent solubility at the pH of the
dxssolut on medium. Hence, dissolution is controlled by
solubility in the diffusion layer which, in turn, is deter-
mined by the pH of that layer. The influence of Ko on the
solubility term, C,. and dissolution rate, should an accu.-
]n‘xula-tion of ions be allowed to occur, will be treated

ater.

Nelson (38). in & study of theophyline salts, svas the first
to show the correlation between diffusion layver pH and
dissolution rate. The major impact that this study had on
the pharmaceutical sciences was its conclusion that, if
other factors remained constant. the dissolution rate of 2
compound 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
had greater in vitro dissolution rates than those exhibiting
alower diftusion laver pH. And, indeed, the rank order of
Sissolution rates correlated well with clnically determined
blood levels. Presumably, the higher pH in the diffusion
leyer retards hydrolysis of the salt, thereby maintaining
the anionic charge of the theophvllinate ien. This report
led w0 many additional studies which illustrate the influ-
ence of the sgir form on dissolution and the beneficial ef-
fects of changing nonionized drugs into salts.

Juncher and Raaschou (99) demonstrated that the rank
order of peak blsod levels of penicillin V, obtained upon

Zy b
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administzation of three different salts and the free acid,
s the same a5 the rank order of their rates of dissolution
ir pitry While the investigators ascribed these differences
1o the solubility properties of the salts, their experiments
actually compared dissclution rates, not solubilities. The
.e)a Ive order of dissclution rates and mean maximal blood
wac po.a«lu'n salt > calcivm salt > free acid >

son 11“') c’ctrru, ned dissolution rates for several
:"eak aoids and their sodium salts in media whose pH's
represented GJ fluids. In all cases, the sodium salt dis-
scived more rapidly than the free 2cid. This finding re-
scived the miscenception that absorption of drugs is re-
lated only to solubility in the appropridte medium; rather,
soiubility affects absorstion only to tRe extent that it al-
fects dissolution rate. Absorption of drugs is & dynamic
process, and the wtimate solubility of a drug in fluid at
absorption sites is of imited consequerice since sbsorption
prevents the attainment of saturated solutions. Therefore,
dissolution rate, more than solubility, influences absorp-
tion since it is a preceding process.

In twvo subsequent studies, Nelson and coworkers fur-
ther illustrated the effects of changing nonionized drugs
into salts. A report concerning tolbutamide (101), a weak
gcid. showved that the inisial dissolution rate of tolbutamide
sodium was approcirnately 5000 times more rapid than the
free acid in acidic media and 300 times more rapid in
neuiral 'Dcdl(. This difference, measured in vitro, reflected
the differences ohserved between the free acid and thesalt
when adrministered to human subjects. Oral administration
of tolbutamide sodium produced' an immediate drop in
blood sugar ccmpaxa‘\ e to that produced by intravenous
injection of the salt, while the slowly dissohing tolbuta-
mide produced amocth sustained fall in blood suger
(102).

Cotrelstion of urinary excretion rates and dissolution
rates of tetracycline and some of its acid salts also was
cemonstrated by Nelson (103). The salts that exhibited
greater in vitro dissolution rates showed greater urinary
excretion rates, indicsting more rapid absorptxon

Eenet (104). in a discussion of the biopharmaceuticel
basis for drug design, referred to the influence of the salt
form on dissolution. He compared the dissolution rates of
tetracveline and tolbutamide and their salts, as reported
in the studies previcusly cited, and explained why the rates
differ at the pH's exhihited bv physiological flvids.

Although salt formazion usually increases the dissolution
rate of a drug, studies wich aluminum acetyisalicylate (103,
106), warfarin sodium (107), and benzphetamine paroate
(108) showed that administration of the salt slowed dis-
sol\.uo'\ of the drug and subsequent absorption compared

o the nonionized form. This decrease appeared to result
from precipitation of an insoluble particle or film on the
suzfece of the tablet. Such & phenomenon decreases the
effective surface ares and prevents deaggregation of the
pariicles. Theoretical considerations of the processes
cantrolling diseolution of an acid salt of a base (108) and
the sodium salt of a weak acid (109, 110) in reactive media
have been discussed.

Tablet processing and various formulation factors can
decrease the dissolution rate of & salt in human gastric juice
over its nomomzed form (111). Granulation and tebleting

A .

Y i are 0 f alcaabaehisa) cndiim #a




UL-15-04  0d:n3 FaX 5144473342

decreasc but had the opposite effect oo rhencbarbital.
Therefore, 8s a tablet dosage form, the dissolution rate af
the sodiuon galt was slower than that of the e acid. These
results were attributed to differences in the disiotegrating
properties of the tablots; Ln some Instances, rapid disso-
Jution may in fact be a problem for very soluble drugs.

Others have illustrated a phenozenon that decreases
the dissclution rate of a salt below that of its nenionized
form. Lin et al. (112) studied the relationship between salts
and biolgical activity by dissolving three salts and the free
baze of an experimental antihypertensive in water, 01N
HCL, and pH 7.2 phosphate butter. The dissolation rate of
the monohydrochloride salt was Jower than that of the free
base in 0.1 N HCland higher than the free base in both
water and phosphate buffer. These authors ascribed this
variation to the common ion effect and substantisted it
experirnentally. Although the biological activity of the
monohydrochloride was greater than that of the free base,
the implications of altered absorption characteristics on
the activity of any other bydrochloride salt in GI fluids
must be considered. Similar results aleo were reported for
hydrochloride salts of some tetracyclines (113).

Some consideration must be givea to the influence of salt
formation on oral toxicity, which often reflects the rela-
tionship between the in vivo dissolution rate and the ap-
pearance pf drug in the circulation (114, 115). Merazosich
et al. (114) showed that the relative toxicities of a scries
of salts of a drug reflect the rate of absorption, providing
the salt-forming agents themselves are reiatively nontoxic.
They stated that “when absorption is rate-limited by
dissolution of the salt in'the gastrointestinal tract, as will
be the case with slowly soluble salts, tha toxicity of aslowly
dissolving salt will most probably be lower than thatof a
more rapidly dissolving salt.” The implications of salt
formation on toxicology will be discussed under Toxico-
logical Considerations.

Geveral reviews dealt with the influence of the dissolu-
tion rate on drug availability and, in perticular, salt effects
(116, 117). Other reports illustrating the influence of salts
and salt form on dissolution rate are listed in Table IV.

Solubility—Knowledge of the golubility characteristics
of a pharmaceutical agent is essential, because solubility
is usually an important factor in the pharmacokinetic .
profile, the chesnical stability, and, ultimately, the for-
mulation of the drug. As discussed previously, it is certainly
a primary factor in controlling dissolution rates. The sol-
ubility of a compound depends basically upon the physical
and chemical properties of the solute; e.g., a lower melting
point for a compound within a series reflectsa decreased
lattice energy, which would suggest a higher solubility.
Solubility depends as well upon such elements as tem-
perature, pressure, solvent properties (such as resulting
pH), and, to a lesser extent, the state of subdivision of the
solute.

An important solvent property which is often overlooked
involves the common ion effect; in particalar, hydrochlo-
ride salts of drugs often exhibit less than desirable solu-
bility in gastric juice because of the abundance of chloride
ions. The equilibrium involved is shown in Scheme L. -
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Table V—Additional References on Salt Forwand
Dissolution Rate

Tepic Reference

Dixselition rate of roivtwres of veak saids and tridasic 115
sodium ghosphate :

Physialopical avadabllity and in vitre diszaletion 12
chazacteriztics of gome solid dosaze forg.cletions of

. wntinosalicylic acid and its salte

Blopharmaseutics. rate of disguiution: chranclugical : 170
bibiiography

Biepharmaceutics. rate of diszolution inuiirs 36d in vivo 1
Dissoluticn teats and tnbirpratation of sromglics nbserved 1

in'the diveclution prucess of sulfaquicoxaline bassd oo
salt jvrmmatian

Inflgence of the dissoluticn rate of Libium tabiets on side 123 !
effects

Dicaniution ¥inetics of dougs in humen gastnic juice| 125

Cempasison of disselution nd absorption rates of § 125
different commescial aspirin tablets

I vitro disenltian cates of aminorex dosage fonns and 126

thair correlation with in vitro grailability

considered a5 a means of increasing a compound’s water

solubility, As with diseolution rates, bowever, salt {orma-
tion does not always confer greater aglubility. Liberally
dispersed throughout the pharmaceutical literature are
studies that compare the solubilities of different salt forms

(Table IV). Selection of the salt form exhibiting the desired
solubility properties is critical, since these properties often
dictate the formulation characteristics of the drug.

Phase solubility techniques were used to study the for-
reation of complex salts of triamterene (127). The results
indicated that the organic acid salts of hasic drugs, such
s smices, 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 enhanced Lioavailability and desirable for-
mulation characteristics. :

The hydrogen-ion concentration can sigpificantly affect
the solukility of a salt. Anderson (128) discussed the in-
fluence of pH on the solubility of pharmaceuticals.
Mathematical relationships between pH and solubility of
therapeutically useful weak acids and basea and their salts
were given along with some considerations in the formu-
Jation of solutions of these particular agents.

An extensive study on the solubility interrelationships
of the hydrochioride and free base of two pharmaceutica.ﬂy
useful amines was reported (129). Mathematical equations
describing the total solubility atan arbitrary pH in terms
of the independent solubilities of the hydrochloride and
free base species and the dissociation constant of the salt
were derived and fitted to experimental data with good -
results. This report elucidated the point that, while the
solubility of the amine hydrochloride generally sets the
maximum obtainable concentration fora given amine, the
soluhility of the free base and the pKa determine the
maximum pH at which formulation as a solution is possible
(assuming that the desired concentration exceeds the free
base solubility). Shifting the pH-solubility profile to higher
pH values for forraulation purposes may require increasing
the solubility of the free base. This increasé might be ac-
complished by using an appropriate cosolvent. Since the
dissociation characteristics of carboxylic acids and other
acidic organic species are sim;lar to those of organie hy-
Asrenlorides itisezpected that the pH-solubllity profiles

X
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of these arganic acids, although reversed, car be charac-
terized theoretically using the same treatment.

Several reports showed that the structure of an crganic
salt-forming radical influences the solubility of the re-
sulting salt. The water solubilities of 16 salis (varboxylates,
sulfates, suliamates, and phosphates) of the weak base
erythromycin were dependent on the size of the alivl evour
of the acid (130). In a study with N-aikylsulfamates of
lincomvein (RE1, a similar phenomenon was observed:

solubility of these salts decreased as the size of the il

group attached o the acidic funclion increased.

Senior (131), ic a study oo the formulation and prop-
erties of the antibacterial chlorhexidine, determined the
water solubilities of 35 salts and the frez base. He found
that inorganic salts had remarkably low solubilitie: whiie
those of the lower aliphatic acids proved to be somewbat
more saluble. Hydroxylation of the acid increased solu-
bility, since salt formation with polyhydroxy acids, par-
ticularly the sugar acids, conferred extensive water soju-
bility to the molecule.

Severa! investigators reported the influence of the sol-
ubility of a drug on its formilation and subsequent avail-
ability from the dosage form. In a discussion of the prep-
aration and formulation of epinephrine salts in an aerosol
svstem using liquefled gas propellants, Sciarra et al. (132)
pointed out that the sclubility characteristies of the agent
are iraportant in two respects. First, the solubility of the
therspeutically active ingredient in the various propellants
is an important consideration if the product is to be used
for either local action in the lungs or systemic therapy.
Second, the solubility of the drug in extracelular fluids
plays an important role in selection of the compound. The
bitartrate, malate, maleate. and fumarate salts of epi-
nephrine were prepared and subjected to 20lubility and
stability studies. While gll salts had similar partition
coefficients, the salubility of the maleate in several pro-
pellants and its stability in formulated aerosols made it the
drug form of choice.

Ephedrine hydrochloride was more rapidly released
thar the free base from theobrorma oil suppositeories con-
taining different surfactants (133). This enhanced rate of
release (dialysis) was ascribed primarily to the greater
aqueous solubility of the hydrochloride, which solubilized
faster from the oil-in-water emulsion, whereas the
ephedrine alkaloid base tended to remain behind in the oil
phase.

The solubility of the active ingredient in ointment bases
can dramatically influence its diffusion properties. A study
of salicylic acid and its sodium salt showed that the dif-
fusion of both was very low from hydrophobic bases,
wheregs the solubility of the drug significantly affected the
diffusion from hydrophilic bases. The more soluble sodium

salicvlate diffused much faster from these latter bases than
dig salicylic acid (134). -

Additional references on the relationship of salt form
and solubility are listed tn Table V.

Organoleptic Properties—Modern medicine requires
that a pharmaceutical formulation be efficacious, safe,
stable, and acceptable to the patient. Of primary impor-
tance in the development of oral desage forms is taste ac-
ceptability. This factor presents no mgjor problems when
the drug is to be administered as g tahlet ora capsule and
swallowed as a unit but is clearly a prominent factor in
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Tabie V~Additional Refereuces ou SaJt Form and
Solubility

Tepic Peference
af 3eiubiiity on the rate of Gl abrorptico of 159
dosags fem upeo tue Gl absorptioo rate of 1%n
¢ sl preperties of polyene mecrvlide esteare 157
Jthnray leble zales
Tielstion und resctios products of orglie veid anc amwass 138

theis 2eluddity by vater

v srd swavidity of anthromycin 3alts 139
3 phartsaceutical preparations of erotic acid: 130
seluls rties of orotic acid salis
artibictics ta 24 solvent 147142
of artidictics i 25 solvens L3l

]
patient acceptability when it is to be wdministered a3 &
liquid, chewable tablet, or lozenge.

Since taste is a chemical sense, & substance must be
disscived if it is to elicit a taste sensetion—either by taking
it as a solution or by its dissolving in the saliva. Therefore,
ore method used to micimize undesirable organoleptic
properties of pharmaceuticals involves the preparation of
a poorly soluble salt form of the drug such that the satu-
ration concentrasion is less than the taste threshold.

Erythrowmycin estolate (lauryl sulfate) has approsi-
mately one-twelfth the solubility of the free base, is
tasteless, and is useful in the formulation of oral suspen-
sions (144). A study on erythromycin salts showed that the
bittsrness level was dependent on two preperties: (a) the
water solubility of the salt, which is dependent on the size
of the alky] gzoup attached to the acid function; and (b) the
strength of the acid used to form the salt, ie, the stability
of the salt (130). The stearyl sulfamate salt possessed the
most desirable orzanoleptic properties.

Mary problems concerned with formulation and sta-
bility of topical and oral pharmaceuticals containing
bacitracin have been overcome by incorporating bacitracin
{nto the formulation as its zine salt. Ope distinct advantage
aver the parent compourd is its iack of taste, caused by its
relative insclubility. Thus, it is the preferred drug form for
preparations where taste is a factor (145). Taste panel
evaluations of the comparative bitterness of bacitracin zine
and bacitracin indicate that the taste of the zinc salt is
more easily masked and that the presence of a bitter-
ness-masking adjuvant, such as sucrose, increases the
bitterness threshold ratio differences between the two
compounds even further (146).

Propoxyphene napsylate, nearly water insoluble, is only
slightly bitter to the taste as compared to the highly
water-soluble hydrochlaride (147) and can be readily for-
mulated icto a flavored aqueous suspension. The taste of
these suspensicns can be improved significantly by the
addition of a comman ion (sodium or caleium napsylate)
to depress sclubility further.

A newer approsch to the improvement of drug palata-
bility has been to form insoluble salts with jon-exchange,
resins. Several investigators described and tested the
practical application of this method (148-130). Spross ¢t
al. (149) outlined the conditions necessary for improving
the palatability of a druy by adsorbing it onto an jon-ex-
chansge resin without appreciably modifying its pharma-
cological effects. They found that: (c) the degree of drug
release from the ion-exchange adsorbate depends on the
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equivalent quotient between the electralvtes in the sw-
rounding fluid and the ionic drugs, (b) the armount of ions
is fa7 less i the saliva than in the gastric juice (the tem-
porary elestrolyte conterts cao te estimated at 0.05 mEq
in the saliva and at 10 mEq o the zastric juice), and (¢) the
exchange rates should gllow the equilibria to be uitained
within a fairly short period. Insoluble drug resinates
farmed berveen dextran gel? cation eschangers and several
basic drugs were in many cases much more pleasant tasting
than their parent cotopounds. Furthermore, release of the
drug from the ion-eschange adsorbats was quite rapid and
complete under ennditions prevailing in the GT tract

Similar findings were reparted using a pohvmethacrylic
acid ion-exchangs resin (130). In addition, coating the
adsorbate particles with a 41 ecthylcellulose-hydrosy-
propyl methylcellulose mixture turther reduced bitterness.
\While in vitro release from the uncoated resinate was rapid
and coroplete, release frem coated adsorbates varied with
the exteat of coating.

Another approach to improving the taste properties of '

pharmaceutical agents is to prepare a pleasant-tasting
soluble salt of a ponr-tasting parent drug. This approach
often can be very difficult, however, since solubilizatien
of the parent compound usually imparts its unpleasant
taste to the preparation. Nevertheless, some success has
been reported using the artificial sweeteners cyclamate
sodium and saccharin.

As described eaclier, formation of N.cvclohexylsulfa-
mate salis of several drug subatances has produced beiter
tasting derivatives with erhanced solubility properties (31,
32). The physicochemical and toxjcological properties of
benzaikenium saccharinate and a series of saccharinates
of other quaternary smmonjum compounds sere reported
(151). While eenventional guaternary ammoniup com-
pounds have a very bitter taste, their saccharin analogs are
sweet.

Potassium salts frequently possess an unpleasant taste
and a metallic aftertaste. The palatability of some potas-
sium salts in flavored vehicles was reported (152); while
the salts had similar taste thresholds at effective theza.
peutic levels, all potassiwm salts exhibited inferior palat-
ability. )

Table I includes several samples of other salts that
exhibit an improved taste relative to their free acid or base
forms.

Stability}-The cheuical and physical stability of a
phHarmaceutical must be known, because it can influence
the choice of dosage form, the manufacturing and pack-
aging, and the therapeutic efficacy of the final preparation.
Systematic deterraination of the thermal stability, solution
stability (at various pH's), and light sensitivity of a drug
and its derivatives, both alone and in the presence of
common additives, provides essential input toward se-
lecting the most suitable derivative and dogage form.
(Depending on the route of degradation, differentTalt
forms impart different stability characteristies to the
parent drug by various mechanisras. Most commonly used

jdre sparingly soluble salts which. when used in the for
‘mulation of suspensions, reduce the amount of drug in
olution and, hence, its degradation. Differences in hy-
éroscopicity of se\'eralialtii_njl_ugnce the stability of the
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druz n [he Aty SISTEin some Cases, the salt-forming rad-
iCal jtself enkisrices the stability oi the parent agent.

The stability of penicilin G and its salts has been widely
<tudied due to the drug's therapeutic iaportance and its
characteristic instability. Schwartz and Buckwalter (153)
described some of the stability characteristics of this an-
tibiotic. stating that, sith present technriques, a solution
of peniciilin cannot be made stable far more than 2 weeks,
even at refrigerator tercperatures. They alsn discussed the
use of suspensions of sparingly soluble aroine salts in

-aqueous vehicles a: 2 means of “allowing warketing of 8
‘ready-mad¢’ penicillin product.” Procaine, benzathine,

and hydrabamine salts are roarketed, and their acceptable
stability as squeous sUspensing3 is bated maioly on thelr
insolubility and the reinimization of degradation in solu-
tioa. i .

A theoretical treatment of the solublility of these salts
was presented in which equations were derived for calcu-
lating the solubility as a function of pH and the pH of
minimum solubility (134, 153). These equations are based
on the mass action law and its relaticoship to the ionization
constants of the amine and the penicillin and the solubility
of the salt in water. Since the salt in solution is partialy
dissociated, further suppression of the solubility may be
achieved by the common ion effect. Swintagky et al. (156
demonstrated this effect with penicillin G procaine by
adding procaine hydrochloride to the preparation and
Further eahancing its stability. The 8-chlorotheophylline
salt (or compleg) of penicillin G was reported to be water
soluble, et stable in solution (157). Since 8-chlorothen-
phylline is acidic, it has been postulated that a buffer effect
could account for the stabilization of this vsalt.”

While penicillin G procaine is more stable in aqueous
vehicles, it is less thermally stable than the sodium or po-
tessium salts, decomposing if heated much above 60°. The
sodium and potassitun salts are known to withstand
heating up to 100° for 4 days with little loss in potency
(153). This behavior might well be due to differences in
melting points—uiz., 106° for penicillin G procaine and
~215° dec. for the potassium salt.

Since hydrolysis of penicillin {3 dependent on moisture
¢ontent, preparations in swhich moisture is rigorously ex-
cluded are quite stable in the dry state. A study on the ef-
fect of moisture opn-penicillin salts found the calcium salt

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

more stable in moist atmospheres (159). Similarly, peni-
cillin G potassium is also much less hygroscopic than
penicillin G sodivim and has become the preferred form for
marketing in the dry state (180).

Several studies reported the relative stabilities of thi-
amine salts, particularly the hydrochloride and the
mononitrate (161-163). The mononitrate ie observed to
be, less hygroscopic and is accordingly much less water
coluble than the hydrochloride. Investigations of various
preparations including compressed tablets, multivitamin
capsules, and dry-filled vitamin B complex capsules at
various teraperatures showed that the monoaitrate was
more stable than the hydrochloride (164, 165). The sta-
Lilities of numerous thiamine salts were studied in aqueows
sclution and in dry powder preparations with varjous ex-’
cipients (166, 167). In aqueous solution, the resulting pH
was the chief factor controlling hydrolysis and oxidative
decomposition of thiamine salts; their stability as powder

.
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preparations was related to their agusous solubility. with
the sparinaly soluble salts being more stable tand pre-
sutnably less hyzroscopic).

Arn orally administered drug must be stable in acidic
solution becauss it generally must pass intact throuzh the
acidic environment of the stomach if.it is to exhibit ther-
apeutic bldod tetel ls. The advartage of erythromycin es-
tolate ov er the freg base lies inits ]ow solubilis ty in gastric
Juice, Whl(‘h en «bles ittobel admmxstered with fo‘ g mth
fout any decreass in attamec{i blood 1e?el< Thesalt is rmre
lstgablz: in the stox?%cn becau<e it r,einfum ungissolved:

hcrefohe. it retains its p ;enq even when' exp(nwd %o
acu_lc enV'lrumre 1< for ex nded pefmd: ( 4)
rJ Inas uov on g prepa atlon andl’ cha:ac *nauo
h}uum) 1 foycla atﬁ (33), { 'as noeeci thatt e,]cvcleu e
sglt had enhan ed thefnjal sta d!t) o\el‘, e }*\qr;
‘enlorider]n a subaeduentr port (163) e.eﬁtnl therix
; nqlv\xsf@d thermdvrav' h’lc amu ssbo“ed that whi
gu hyd tho.lue easily Lihderaoeajchermal deﬂadatxon
he cyclamote anfon confers a consi exably ater tharmal
'tabnhty ¢n the lmcomycm moiety. 29 3
Mullms and \Iat.ek (169) showed that the physicalan
chemxmL;tAbLl]ty of the calcium sdlt of nov obmc.n makes
it the tpﬁn of chaice for t,he formdistion ofa liquid Qrep-
aratiof of the t‘lblOulC‘ Fhe ambrphous Exdcium oy
mocm}‘?alt proyed to be. ‘thsteless, Let fully biclogically
'd perf ctly stable'in aqueod< =uspe'n51on Nel\ther

.,'jnctive OU
:{ the sofium salt Hior the f ee.amd is Sditable; the sodi umt_.lg
{1 canndt bc formatated i ? a liqui \due to 1t5 cbem c~.l in-
/J\J stabilty, whll{ the crystalline f1e€ acid i not absorhed
g from the GI try Amorphous D obmc‘nés Absorbid bu»
#:3 is mefattable [ ,solutwniand slo\gvly converts to ‘h'e'un
?j;( absorhéd crystalline form. i L
5'. Othe reports ‘of alte} hons .n’stabmty -C a.rautensnca
= due tB ‘<alt formation a.ré Tisted 9; Table VI. ,’le
iz Mlscellanéous Properties—The salfform hgSiheen
%’1 repo&ed to mﬂpuence o her physmochemgc,al p'oper{.\e~ of
71\ a drugn :ubstance Stu;i.xes 1ch’€rat.nv Bql\:e evactof the
2 salt. forming radxcal on; surface,tensmn,‘,deagg- Sation

behavmr and ion- pair extractlon ‘have appeared.

The mfluen(;e of the gnjon on the absorption proéesbes '

i of two charged specws, dextromethorphan and tetraq-
% cline; was studied in the rat stgfaach (186, 187). ). & linear °
3 relationship éusted hétween the rate of abeorptlon from

buffer sol\mons of the anions unaer mvestxgauon and their .
surface tensions. Thus, the absorpmon process was, related

& lipid solubilities. Thxs change ofsu.rface gctwn'y With the

s}

to thé surface activity; ot‘ the various s«Its ;md not to their !

buffer (or salt) species ‘i similgr'to the results repofted in’;

@oil
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Tahle VI—Additiona) References on Salt Forw and
Stability

Topic Rafzrence

of »'\IC"\u.uwr suluticns i
{ hexidine when auteclavad L
t-epianhyds utetracycl oe ln !
d aged utucycn'\e praducts
Salid: stote 1t1“) lity u{ >~>..1- cl’sn&l.xh‘ vilaminA |
compeunds .
migsd etudies on the stabi hty bl p‘mc_lau“ sala
tivity of ceiraciclines ! i
¢ p opulm ‘k-ezmmu.bl 1\

!, end 501[1:&))11'_\‘ <l

i l
':“u.=rr.rv,d\e sshility of teblets (LDU’L\)
& eou, solutions of sodp \ich aminosalicylate

Qpr tiag ?v‘\ ious pé};‘a renom%

stediv >.or{ he decomﬁcqtmn o
fic acid anl ta asita
£ of dquals u):\.. ome of 3.diethyl amu;octhV. kE
wi-2-phdnylvaleratd hvérechiotide and itsf
frohromi de (( 5.1
s of some progerties of penicillin G Saj'q
f'evrolu mn\u.bh s on btorage et
flity of Asplrm alurdirum compounded with antacida

o

| +
8
!

Tue
\ i r"

£y ja At '-/"
maﬁ ccnmdenbly more rapld than tnat of the free acxd m
eduna.ent ‘dosage, forms. There‘ore, if absorphon is de~
endent pn'the dlssolmou {atg which'ip turn 15 dependent
o1 the esc'fregatxén rate; the >alt<§hould produce the
z.uehﬂt $7H earliest blood Jevels. On the othér hand, xt is
J phssible that hygsbscopic (and deliquescenty salts fan
i aoaorb am:mpherlc moisture, c..us'g 8 :t,cl.y surface and
5 nibit Jeasz‘evauuu 3 &) }
o hmxcbl and coworkers pr :enteH an ene".sne ~tud'y on
}, the p‘“cho»betm ! basit of the ion-pair extractmq of
4,pnarma<ceutxcal ines. .”Dlstnbu}.lon ratios’ of dexh’o-
’Zmethorpha_. (19 and ch]orpbenuamme (,19") betyeen
f an orgabic layer ahd wateib were high]y depé:pdent o ‘the
Xcom en’na'lon ard nature“o. the anion present Lesthy-
?{: drophili¢ anions yu:lded mqre readJy extractdble ion- Baxm
study of the thermodypamic propertles, Fothalpyifree
~'energw and entrupy 1nv31ved in th e extrac(ﬁén equhbna
' of destromethorphan ion pairs indicated that the entropy
'7cha.nge ‘associated with' transfex\of the different anions

(i. between pkas#s 1s the mam cont‘rol.lmc factor in the ex-
: tractlon proces§193). - i ;,: ¥
; 2l | ¥ £
£ ; o
i} BIO WuLABrLrn : : &3

- \'Iost drugs. bre;c lbed)n the Umted Stat,es are adrmn-
istered in cohd.' and golyphasic dosage; forms. Cdnse-

quently, di ssol tion of e drug‘m\_s‘ précede the ab-
3 The, sxmples%model fh;z adequately

£ astudyof thé surface ‘activity ;of &ano,ul phenothlazxr e.,‘; sorption process f
salts{(168). ﬁ 5! describes this;process Yshown Scheme {1 ~,§ '
Tke antxbacte.lal t: orhexidine possesses sugf.ace ac- 4’ {f‘\ il a ;.‘_ g‘:’ s
tivify. A sthd of the: éollcnda’l‘propemes of some chlor: "’: do e ¥ Eorption | &
heildine salts showeg ] that th& countetjon can alfect the{k salid "m--——,—- diss lved drus ey dr K in C"CUIJ$I>“
crifical mic 2 & concefjtration §f.a surfa£ active gggnt, an it A g‘ Schenie i} {
t.ugeftect /s usually associa d with ch_nae m?mcell [ Hmce the dL%OlUthI rate is geferally slpw for gs with- §
(. peer, solubxlxb . Step Yis frequ ntly rate limiting in the {

size (189).
The deagh’evs 10

postulated to Lz a possnble r%te hmltmg step in the gb-
sorption of & drug from a dosage form
rect ccmpsnso v of ghe twvo "6rms wert wade, ins pactiofi
of the dats shows that the dea engon rate of the salt

ehawor}f a reluévely m:ﬁubm acxa“
and its sodivm salt was studjed, and, aeagg'reg%tlon was..

tlf'oj While no diz,

= Asa‘;ésul», the onset, izf ity, ¢

overall abson on pro

availability are affected by ¢h
discussed previously, admmlstermg a sdlt of the paxe.nt’
drug often px’ove; tobBean o“fef’cwe means of‘dten"g dis-

solution rate! and absgrpuicn. ¥ K

bRs

duration of plmrnac logical actmty and, henle, bio-
es in dx;solutlon fate. As T

-\""u
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Table Vil—Additions) Refcronces en Bioavailability and
Formulation Effects

Tooic Foleeatics

e o e e

Eff-ets of various substarses or tkr abzoeption !
tetracicline inrats

Effects of doaage form upon the Gl abserption rate of 136
aalicylatee .
Determination o in s 308 in 13102 setegas ol 19
theephylline aminoisubuiznal ina pralenged-action
systeo )
Jon-orchange resin sals: f5: oral (aarepy: carbinaxemiite 150
Latentiotinn of dinydrostrepwmycin by pamaste n
forpiaticn
Solid-#tate ophirhalmic dozags systams in offectics %

prolerged relcass of piiacarpine i the cul-de-sac
Absorptivn of ezythromyeia: variags pharmaceutica
forms
Comperative study of the ebsecption of druzs from old 201
and new rsctal prepasations

Formulation Effects-—Chaice of the salt form of a drug’
may have 8 pronouaced effect on the formulaticn of the
patent compound. For example, Fenton and Warren (194)
found there was no release of medicament from proflavine
cream BPC, 8 water-in-oil emulsion centaining, 0.15¢
proflavine as the hemisulfate salt. They also investigated
the release of various salts of proflavine with aliphatic
carboxylic acids from water-in-oil cream emulsions. Saltz
formed with the water-soluble, oil-insoluble “lower" 9cids,
such as formic and acetic acids, showed very poot release
from a water-in-oil cream. The “higher” acid salts (2.2,
n-valeric, caproic, cyciohexanesarboxylic, and caprylic).
al] showed increased diffusion from sirnilar emulsions since
these salts are soluble in both water and oil. Their relzase
was even greater from oil-in-water emulsions, however, in
agreement with their preferential oil solubility. The n-
valerate salt provided the most effective water-in-oil
cream. The primary factor responsible for diffusion of
proflavine from a water-in-oil 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 s21t anicn of & rationic drug in lieu of the nature
of the dosage form.

Studies of the effect of formulation on the bioavailability
of warfarin sodium relative to warfarin yielded interesting
results (107, 195). Absorption of warfarin upen adminis- -
tration of the sedium salt as a lactose-base iablet was no
better than that from a similar formulation of the free acid.
In fact, absorption was furtber depressed when the salt was
formulated with starch instead of lactose. Later results
indicated that the in uitro water dissolution rate of a
warfarin sodium tablet was 350 times thatof 2 slowly dis-
solving warfarin tablet formulation, yet the latter exhibited
rapid and complete absorption in vivo. The virtual io-

o feaic te anidlamactrin flide nronlndad ite

Iy

caleium carbaspirin from several suppositery bases was
stulied in dougs (196). The shsorption of aspirin aluminwn
fren either cocoa butier or g polyethylene glycol base was
poor. Wkile the maxigwum enlicylate levels produced by
aspirin und calcium carbazpirin from the coced butter base
ocourred ot a later time (han frow the other bases studied.
minimal plasma levels were exhibizad by a polysorvaie 61
hese formutation. The hichest peak and lagest ared undar
the blood level curve sere seen with calciura cargaspirin
in a veverable fatty acid Zlyceride base. The poor ausorp-
ton of aspirin aluminum from suppositories was not
unexpected gince it is poorly soluble. Furthermose, as
pointed out for aspirin aluminum tablets (105, 108), sp
insoluble sluminum cempound may form o0 the surface
of the dissolving drug. further impeding its dissolution rate
aud bioavailability.

Additional references on bioavailability and formulation
efects aze given in Table VIL '

Abcorption Alteration—Several years ago, clinicians
claimed that certain salis of theophyliine were therapeu-
tically preferable to other salts or to the free acid (202-
274). For example, Schluger et al. (204) found higher blood
theophyline levels after adiministering uncoated tablets
of theophylline ethylenediamine than wete ohserved with
enteric-coated tables of cheling theophyllinate. These
results were at variance with the in vivo work of Gagliani
et ol. (202), who found that the oral ingestion of cheline
theophyliinate produced significantly higher blood levels
thao the ethylenediamine salt. This apparent discrepancy
could be explained by the formulation effects of tabiet
coating, ¢tc., which was not discussed in theé work of Gag-
liani et al. In another study, 2 slightly more rapid rise in
blood concentration and a greater area under the curve
were observed with theophylline isopropanclamine than
with theophylline ethylenediamine (203). It was sugzested
that the difference was a result of the greater water solu-
bility of the isopropanolamine salt.

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

In a comparative study of the absorption of ampicillin
trihydrate and ampicillin petassium following oral ad-
ministration (203), the potassium salt yielded 37% higher
peek levels and & larger area under the curve, Only 36% of
the administered ampicillin trihydrate was absorbed while
53% of the potassium salt was absorbed. Determining the
percentage of each drug eliminated in the urine showed
that 20% wau sliminated fallowine administration of the
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mukiple dosing (207). This finding is explained by the fact
that this salt is arid stable and alkaline dissociahle, per-
wmitting its passaze through the acid of the stomach beth
io fasting and nonfasting subjects {209). Accordingly, the
antibacterigl activity remainad eszentially the zame when
this form of eryvthrommycin svas given, rezardiess of the state
of fasting of the subject (209).

O first inspection, the higher serum levels attained with
erythromycin estolate suggest that the salt form is mare
readily absorbzd. Also critical 1o efficacy, however, is the
volume of distribution of the drug. since extensive binding
to plasma proteins ca render a drug unavailahle for ac-
tivity at the biophase. Thereiore, the siniicance of bload
Jevel data greatly depends on the measure of the free or
unbound fraction of total antibiotics in the blaod, which
mare dizectly indicates probable therapeutic henelit.

Wiegand and Chun (210} showed that, despite the
higher bloed levels attzined with ervthromycin estolate
(2fter cerrection for half-life differences), the stearate sult
produced sevan times more free drug in serum than did the
ectolate salt. This finding explzained the higher total tissue
levels observed on administration of the stearate. They
atuibuted the difference to a greater serum protein
binding of the intact erythromycin estolate, proving that
its higher serum levels did not necessarily reflect more
efficient absorption.

Markad differences have been observed following oral
administration of various salts of penicillin. Penicillin G
potazsiura has been compared with penicillin G henzathine
(benzethacil) (211, 212), peniciliin G hydrabamine (213).
penicillin V (214), penicillin G procaine (212), and peni-
cilin G ammoeninm (215). As anticipated, peaicillin G
potassinm produced higher and earlier blocd levels than
penicillin G benzathine (211, 212). Furthermore, tablets
of penicillin G potassium buffered with sodium citrate
yielded higher peak levels than unbuffered pepicillin G
potassium. While the gbsorption of buffered tatlets was
apparently not significantly affected by food intake, the
unbuffered tablets yielded lower average levels and iz-
regular absorption under similar conditions.

When penicillin G potassium was compared with peni-
cillin G hydrabamine (213), aless soluble salt, blood levels
similar to those produced by penicillin G benzathine were
ohserved. When equivalent doses were administered, the
penicillemia that occurred with penicillin G hydrabamine
was only one-third or one-fourth as great and was of
charter duration than that produced by peniciilin G po-
tassium.

Budolfsen et al. (212) found that peak concentrations
of penicillin G potassium were three to four times those
obtained with penicillin G procaine and five to six times
those of penicillin G benzathine, indicating & more rapid
-3tz of absorption. The therapeutic action was related to
the maximum concentration attained, but it also depended
an the persistence of penicilleria, which was greater with

* penicillin G potassium than with the other two compounds.

Tkhe authors suggested that the lower blood levels attained
with the relatively insoluble penicillin G henzathine were
caused by its destructior in the GI wract prior to absorp-
tion, This sugzestion seems unlikely, however, siaice the
drug should not degrade very rapidly as oo endissolved
suspension.
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V produces higher hlond penicillin levels thao corre-
spanding doses of pericillin G. As a result, extensive in-
vestigations have been conducted with various salts of
penicliin V (99, 214-220). For instaace, tablets, capsules,’
and oral suspensions of penicillin V acid produced signif-
icantly higher blood concentrations than comparable
penicillin G preparations (214). In the same gtudy, the
averaze serurm levels produced by the beazatnine salt of
pencillin V were significantly higher than comparable
duses of penicillin G benzathine for the first 4 iir but lover
thereafter, azain ilustrating the velue of using an inscluble
salt to prolong hlood levels of an acid-upstable compound.
In another study (215), penicillin V acid was showp to
produce higher and more prolonged plasma concentrations
than eitber penicitiin G potassivm orsmmonium, whose
properties weve comparable.

Plasma levels were correlated with dissolution rates of
varioue forms uf penicillin V (98). As solid dosage furms,
the readily soluble potassium and calcium salts produced
easlier and higher blood levels in fasting subjects than ei-
ther the tree acid or its benzathine salt. On the other hand,
when the potassium and benzathine salts were adminis-
tered orally as solutions, sbsorption was the same, plying
that the poor solubility of the benzathine salt was re-
sponsible for the inferior blood levels obtained from its
solid dosage forms. Otber studies found thet, while the
potassiurm salt is 40% better absorbed than the free acid
in fasting subjects, both forms produce therapeutic levels
when administered with food (218).

Experiments with fistulated dogs indicated that peni-
ciilin V is absorbed primarily from'the stomach. Thersfore,
it ic nol surprising that the potassium salt sbould show
higher blocd levels on ora) adwministration since it 1s the
most scluble salt in gastric pH (216). In sccordance with
this observation, it was also reported that the benzathine
salt exhibited bigher serum levels in patients with gastric
achlorhydria (pernicious anemia) than in patients with
normal gastric function (219). Differences in gastric
emptying time may also explain this result.

Several studies compared the absorptior of tetracycline
and its salts (103, 221, 222). For example, serum concen-
trations in dogs and humans shoswed that a phosphste
complex salt of tetracycline was absorbed more rapidly and
save higher blood levels during the first C-8 hr than did
tetracycline hydrochloride (221). The totel amount of drug
absorbed was about twicz as great with the former com-
peund. ’ :

Another study (222) suggested that tetracycline base
produced higher blood levels than tetracyciine rydro-
chioride. However, a subsequent invesiigation (223)
showed that, in the absence of adjuvants or fillers, tetre-
evcline hydrochloride and tetracycline base were absorbed
equally well. Results obtained in this same study indicated
that tetracycline hydrochloride encapsulated with eitric
acid produced higher serum concentzations than tetracy-
cline hydrochloride mixed with hexametaphosphate or the
phosphate complex salt of tetracycline.

In a study comparing urinary excretion rates and in uitre
dissolution, the absorption of tetrgcycline and tetracyciine
phenolsuifonaphthaleinate was rate limited by their dis
solution rates, whereas tetracyciine hydrochloride ab
sorption was rate limited by the absorption prucess itsel
[AEakal
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Several linenravein salts were studied for their com-
parative availability (224). In particular, the blood levels
obtaired with the relatively water-insoluble hezgdecyl-
culiamate salt wers compared to those of the hydroctloride
following erel sdministration. Higher and exteaded whole
binod and serum concentrations wers obtained o mice,
rats. and dosy with the hexadecylsulfamate. Howvever,
subcutansously administered lincomyein did net produce
significantly different fracsions ahsorbed. regardless.of
ahich eall vas administered. It iz not knoan whether the
greater area urder the curve ®ith oral administration of
[ascmyein hesadecylsulfamate is due to greater absorp-
tion fram tae Gl teact, slower renal clearance, or greater
enterohepatic cirgulations.

Salis of straptomycin, pecmycin, viomyen, and strep-
totluryein have been formed with: (e) polyserylic acids, (b)
sulfonic or phosphorylated polvsaccharides, and {z) nat-
ural polycarboxyl acids from a series of polyvursnic suh-
stances and polvsaccharide derivatives eontaininy carboxyl
groups (18). The report indicated that these salts were
ahsorbed from the injection locus primarily by the Iymph
system. Blood levels from the salts were generally lower
but were nusintained for s longer time than the equivalent
amount of antibictic alone, and higher concentrations of
Ionzer durstion waay actuslly be produced in the lymphatic
drainage.

The influence of salt formation on the onset and dura-
tion of pharmacological activity also was illustrated with
tolbutamide and several of its salts (101). Following oral
administration, the sodium sait preduced a repid decrease
in blood sugar level followed by a rapid recovery. By con-
trast. the frez acid of tolbutamide cansed aslow and pro-
longed drop in blncd sugar level. & preferred effect since
the chance of Lypoglycemic shock would be lessened. This
finding alss illustrates the often overriding influence of the
actual disease state on the choice of drug form.

Additional references on the implications of salt for-
mation on absorption ace listed in Table VIIT.

Pharmacokinetics—~Because of the various new
properties that are usually impased on & cornpound by salt
formation. the phaymacokinetics of the drug necessarily
change as a function of these properties.

For example, a pharipacokinetic evaluation comparing

ampiciliin sodium and potassiurm with ampicillin triby-
drate was performed after oral administration to beagle
dogs (243). The absorption rate constants of the sodium
and potassium salts, which were similar, proved signifi-
cantly greater than the rate constant of ampicillin trihy-
drate, resulting in earlier, higher peak concentrations with
two 1o three times higher serum concentrations during the
1st hr. Yer, eny differences between the fraction absorbed
for the three products were not statistically significant.
Appatently, although dizsolution 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 excretion of eryth-
ramycin hose and erythromycin estolate was reported
{244). The biliary excretion of ervthremycin base was high,
while that of ervthromycin estoiate was much lower;
preferential secretion of ervthromyein in the bile could
partially account for the lower serun levels exhibited by
the base. Howsver, the proportion of the ingested dose
cervatod in 1hie hile was small, and the total amounts in-
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Table VIIT—Additiopal References on Bioavailability
and Absorpticn Alteration
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Bland levels produced by thres theaphyling. contaizing 225
elixirs

Napresea oral abrorplica cbagncteristics 2R

Effect of food £ abyorption of 3 new {urm of et
ery:htomycin prepionats

Effect of the anion cn the abrorption of tetracwzline frot 186
the rat stemeck

Biund jevels felloaing oral adminiviegtion of diftervnt 228
pruparations of novebiocin

.-\L»(-.-Pv.ion s[icpapaic a¢id and ik sodivm et o

Orul i\ tiea of c2coharbital (quinidbastizons) and itz 23
XA W v

Ahsarption rate af barbitwates in humany 241

Merghing and atzopine cucate 232

Excriiion af bephuniuz salts in uring of buman 233
velusteses IS

Polymethylens bislisothinronium) salis: antituberculosis 234
uciivity

Prolsnged scritussive sction of o resin-bound avscapine 225

semaraliull
 Pharoacology of sullpyricine and sulfathiazole 230

Evaluation of plascea consentrations of propoxypkene 237
utilizing a hybrid principal compogent analysis of ’
variance technhique: equimoiar doses

Anurycide, « new trypanacidd) drug 238

Pralidezios mathanesul(unate: plasrua levels and 239
pharmacokinetics wtsr oral administzation to humans

Tntestinal abactptios of pralidoxime and othér aldoxiwes 240

Blood plusnia levele and elimination of salts of 241

pralidexime (2-PAM) in humany sftee oral
adwministratiun

Ennancemert of Gl ahzorption of a'quaternary 242
ammonivit enrmpeund by trichluroscetete

volved were not sufficient to account entirely for the dif-
ferences in serum concentrations attained. Undoubtedly.
the protein binding studies of Wiegand and Chun (210)
(discussed under Absorption Alteration) more satisfac-
torily explain the difference in serum concentrations.

Often, salt formation can be used to modify drug ab-
sorption and dosc tolerance favorably. For example, ami-
nosalicylic acid exhibits a short half-life and, therefore,
requires large and frequent doses which may cause gastric
irritation. Consequently, different chemical forms such as
salts have been prepared (118, 245-247) to reduce the in-
cidence of gastric irritation, incresse absorption, and
prolorg blood levels.

Aminosalicylic acid is an interesting exarnple in other
ways; cousiderable confusion about this drug exists be-
¢ause many fail to recognize its nonlinear pharmacoki-
netics. Several definitive studies were reported regarding
the absorption of the acid and its sodium, potassium, and
calcium salts from solution, suspension, and tablet for-
mulations (243, 246). Comparison of the relative
bioavailabilities of amincsalicylic acid suspended in water
and its salts 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 essentially complete.
Absorption of the free acid from tablets reached only 77%
of the dose, whereas that of the tableted salts was rapid and
complete.

Regardless of formulation, the area under the plasma
concentration-time curve of unmetabolized drug from free
acid administration was less than that for the salts. This
result was attributed to concentration-dependent me-
tabolism during absorption: when the rate of absorption
is high, the metabolic processes become saturated and
more unmwetabelized drug remains in the blood; conversely,
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when the absorption rate is low, as for the free acid. a
higher percentage of drug is metabolized.

" "Additional refersnces regarding bivavailability ard
pharmacckinetics are presented in Table TX.

GENERAL PHARMACY

Pharmacological Effect—Chlorpremazine hydro-
chlaride and quaternary chlorpromazine chloride were
investigated with respect to their effects on the centrai
nervous system (CNS) (233). The quaternized compound
wa; less potent and more toxic in rodents than the parent
tertiary compound.

Naloxone. an effective opiate antagonist, is generally
used g5 the hydrochloride sslt; however, the drug has a very
short duration of action. The mucaie zalt was prepared to
extend its duration of action, since mucic acid is only
slightly soluble in water (254). In a test on the blocking of
morphine activity in mice, however, the mucate salt did
nat differ in duration from the hydrochloride. These in-
vestizators assumed the same receptor site for naloxone
as for morphine and, since Heron’s (232) work suggested
that the receptor bad g greater affinity for morphine mu-
cate than for the free base, it also should have a greater
affinity for naloxnne mucate. The results disproved this
hypothesis. Furthermore, this theory implies that intact
salt reaches the receptor, which is highly uniikely, re-

gardless of whether the drug is administered as a solution

or 8s a suspensicn.

A series of salts of -sminoacridine and its derivatives
was prepared and screened for antifungal and antibecterial
activity (253-257). By using aalts of fatly acids, the anti-
fungal action was found to parallel the length of the carbon
ckain of the anion, with maximal activity occurring with
acridine caproate, undecvlate, and undecylenate (xhere
undecylenic acid also exhibits some intrinsic antifungal
activity) (239). This result appears reasonable. because
these salts would be more lipid soluble and could be ex-
pected to pass through the cell wall of the infecting or-
ganism more readily, probably as an jon-pair.

The efficacy of bases or salts a3 topical anesthetics for
reliaving cutaneous itch, burning. and pain in unbroken
skin has also been examined (238). In these experiments,
itching and pricking were induced by an alternating cur-
rent of low amperage and voltage applied to the skinor by
exposure of the skin to UV light, Interestingly. aqueous
solutions of saits of the local anesthetics did not allaviate
itching or burning in any of the subjects, although satu-
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aleohiol, and 1085 glveerol were claimed to be effective: Such
transport phenomena acsoss the stratum cormeum are
often dependent on the polarity of the drug and vehicle
ard on the binding of the drug 1o keratin.

Additional references on pnarmacological effects can be
tound in Tabls X. '

Dialysis—Dialuvsis through a cellophane membrane of
the hydrochloride or sodium salts has been studied with
geveral druge (270). I many cases, it appeared that the
jonic form of the drug was bound to the membrane whereas
the nonionized form was not. Ephedrine hydrochloride
presented an interesting example, however, since it di-

-alyzed considerably faster than its corresponding base. It

was theorized that the chloride ion dialyzed rapidly, en-
hancing the rate of dialysis of the ephedrine ion. Accord-
ingly, when chloride ion was present on both sides of the
membrane, the ohserved rate of dialysis for the ephedrine
ion was comparable to the ephedrine base. . .

The diffusion of sodium chloride through a lipoprotein
interface was very slow, especially if calcium chloride was
present on both sides of the interface (271). In the presence
of low concentrations of choline chloride or carbamyl-
cholire chloride, the diffusion of sodium chloride is more
rapid. Apparently, choline salts are able tc increase the
permeability of the lipoprotein to salts, which may relate
to the physiological action of choline salts.

Miscellaneous——Release rates were determined for
amizophylline, ephedrine alkaioid, and ephedrine hy-
drochloride from thaobroma oil suppositories containing
nonionie swrfactants (133). While surfactants with hy-
drophilic-lipophilic balance (HLB) values less than 11 cnly
minimaily affected release rate, rates increased with sur-
factants of HLB values greater than 11. Under optimal
conditions, aminophylline was faster than ephedrine hy-
drochloride which, in turn, was superior to the ephedrine
base. .

Willis and Bawker (272) reported on the formation of
polymer—drug salts as an approach to the physicochemiesl

£ rmnas Frvve = Dalefuicthl invl ethor/maleic
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anbydride) salts of methapyTisne were prepared and
tested witl: the free base for invitro dissolution and dial-
ysis. Their dissolution and dialysis rates were not appre-
ciably different from the free drug or its hydrochloride salt.
Various poly(methyl vinyl ether/maleic anhydride) hem-
iester salts of methapyrilene exhihited substantially siower
release than the polvmer ether salts. bydrochloride salt,
or free base forms. Polymer—drug salts thus apipaa to bave
promise.

A series of metallic salts of edetic (ethylenadiamine-
tetraacetic) acid were tested in vitro to determine their
effect on blood coazulation (273). The rasults showed that
only the dipotessium and dizodium saits bad eny effect on
coagulation. It was theorized that the lack of anticoegulant
activity resulted from an almost complete suppression of
ionization of the heavy metal salts.

Interesting research regarding the angins-preventive
effect of some chromone-2-carbosylate salts showed a dit
rect correlation between biclogical activity and pKaof the
salt-forming amines (274). .

Liv et al. (112) investigated the relationship between
salt farm and biological activity of a given antihyperten-
sive. While the intrinsic dissolution rates of the dibydro-
chloride and disulfate salts were many fold greater than
the monohydrochloride, the hypotensive potencies of the
salts did not differ significantly from oue another in an
anesthetized dng study. Yet, when administered to renal
hypertensive dogs, the dihydrochloride and disulfate salts
produced greater hvpotensive effects than did the mono-
hydrochloride. '

TOXICOLOGICAL -CONSIDERATIONS

Toxicity of Salt lon—Any discussion rezarding the
toxicity of salts of a drug must consider the pharmaco-
logical properties of the cation or anion used to form the
salt as well as those of the free drug, since any of these may
produce toxic effects. The tozicology of several {ons that
are commonly used to form salts and that are relevant to
this review were diseussed in depth (275).

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

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

principal toxic effects of lithium also involve the kidneys.
When small amounts of lithium are taken, no apparent
damage occurs; yet large 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
were able to excrete all lithium given and sustained a re-
versible polyuria. Conversely, if large amounta of lithium
were admpinistered 2o the rats or if their sodium intake was
Jowered, they incurred irreversible kidney damage. Am-
monium jon, although it serves a major role in raintenance
of the acid-base balance of the body, can be toxic in high
concentrations and initiate CNS derangements.

Sulfate ions given orally tend to be minimally absorbed
and may act as a laxstive. The nitrate lon is irritating to
the Gl tract, causing nausea and gastric distress. Also, in-
testinal bacteria may convert the nitrate ion to nitrite
which oxidizes hemoglobin to methemoglobio. The citrate
jon, en intermediary in carbohydrate metabnlism, can form
g soluble coniplex with calcium which is poorly dissociable

@uie-n2n
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and rarely causes any toxic reactions. While tartrste jons
are usually abserbed minimally frum the GI tract, high
concentrations reaching the circulation can cause renal
damage. '
Acetate and lsctate ions are normal roetabolites and
appear to be well tolerated in relatively large arounts.
Todide and bromide iors can produce conditions known a3
icdism and bromidisin. respectively. Eromide intoxication

oceurs quite frequently, since bromides are used as in-’

gredients in sorae nonprescription preparations (277-250).
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 patients with decreased
renal function (277).

Toxicity of Salt Form—Provided ghe salt-forming
agents ere nantoxic, the relative toxicities'of a series of salts
of 8 compound are often observed to reflect directly their
absorption rates. For example, the toxicities of dibromtide,

. dichleride, diiodide, and dimethylsulfate salts of quina-

pwramine, & trvpanocidal drug, sere determized (238).
The sparingly soluble halogen salts were much less tozic
subcutaneously or intramuscularly than the freely soluble
dimethylsulfate, yet all salts showed about equal toxicity
upon intravenous administzation. The difference in tox-
icities obviously resulted from rapid absorption of. the
methylsulfate compared to the slowly absorbed, poorly
soluble halogen salts. Similar reasoning has been used to
explain the acute oral toxicity of propuxyphene bydro-
chloride in rodents, which is twice that of equimolar doses
of the napevlaie salt (281). :

Several salts of benzphetamine and etryptamine were
prepared ss potential sustained-release formulations (114).
The water solubility, tn vitro dissolution rates at pH 1.0
and 7.2, and the median lethal times (LTsa) were deter-
mined for each salt. Both the LT s and LDs; (determined
on only a few salts) increased as the in vitro dissolution rate
at pH 7.2 decreased. While dissolution at pH 1.0 did not
correlate well with toxicity, the LTso's were inversely re-
lated to the square root of the dissolution rates at pH
7.2,

Toxicity studies comparing iopanoic acid, a cholecys-
tographic contrast medium, with its sodium salt (115)
showed that the salt form has 10-fold greater toxicity. The
LDso's of the free acid and the salt wers 22 and 2.32 g/Xe,
respectively. It was postulated that the free acid precipi-
tated from the sodium sait upon its reaction with gastric
hydrochloric acid. The fine, amorphous particles of pre-
cipitated acid had a greatly increased surface area and,
therefore, diseolved more rapidly than even fine crystals
of the free acid. The faster and raore complete drug ab-
sorption then resulted in increased toxicity.

Salts exhibiting greater water solubility than their
parent compounds or less soluble salts are not always more
toxic. For example, various inorganic and organic ions were
used to prepare salts of methy! pyridinium-2-aldoxime
+hat would have greater water solubility and would elim-
inate undesirable side effects due to the iodide ion (85).
Even though the aqueuus solubility of the majority of these
salts was many tirmes greatec than the iodide, thelr toxicity
on & molar basis was not significartly diffecent, with the
exception of the dihydrogen phospbate salt which was 15%

I Arivnycide.

E



01-15-04  ©9:19 FAX $144473542

CAS_DDS

Table Xl.~Additional Referenceson Toxicelogical
Considerations

Taric Reference
—
Toxicity ard absorptios of 2 ewdfanilimidepsmiding wadits 280
soluble scdiuzi salt . !
Serbic aeid 25 a fun@atstic agent for foads: harmiesscess 238

of sorbic acid a5 3 distary component

Toxicity and distribtinn ol ery® romyCin

Further toxicologied studies witn erylhremycic

Pharmacology and toricolugy of esythromycis &3 olate

Erythromycin propinaate (prapio lervthromycind: 8
revies of 20,525 case seprrea fur side-effect datr

Nev: clazs of sntibicic aalts of reduced toxiaity

Gl iatlerance i oraliron prepasations

Cemparative toxicolagy of iror compeounds

Lefluence of tae diazolution rute of ithium tablels o side
eftse: -

Teoxicity aand tissue distridution studie: on the ze8
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more toxic. Further research with oximes revealed that
other salts are alsc toxic (282).

GI bleeding is a common texic effect of aspirin for a large
percentage of the population. Consequently, a search wvas
initiated for an aspirin derivative that would not induce
GI blood loss (283). &ll compounds prepared, however,
including the sodium and calcium salts, caused Gi hem-
orrhage with a severity similar to aspinm.

Polyene antibiotics are potent antifungal agents but
bear considerable toxicity. Even th ~ugh the methyl ester
hydrochlorides of these cormpounds are more soluble, they
retain almost all of their antifungal activity and, more
significantly, show a uniform decrease in tosicity compared
to their parent compounds (284).

Additions] references on toxicological considerations
of salt formation are given in Table XIL.

CONCLUSIONS
. . B R o .
Salt formation is 8 means of altering the physical,
chemical, and biological characteristics of a drug without
medifying its chemical structure. Clearly, the salt form can
have a dramatic influence on the d¥érall properties of the

parent compound. At present, selecuing a salt form that

exhibits the desired combination of properties is 1 difficult
semiempirical chouice. Pharmaceutical scientists now re¢-
ogmize these facts and are beginning to study the effects
of different salt forms on the pbysicochemjca_l__pmperties,
bioavailability. and toxicity of drug substances.

21042 Al hough now only a few generalizations are available

1y

to predict the effect of'%laxticular salt forms on the char-

JeAgteristics of 4 drug, per 3PS in tire it wili be possible to

svalvs increasingly more powerful generalizstions re-
garding the effect of & salt on the properties of its parent

“compound: In addition, we predict that polymer—drug salts

will have a revolutionary effect on future trends i drug
therapy, particularly in the areas of reducing drug toxicity
and in controlling the release profile of novel drug delivery
systems.
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Como resulitado del Examen de Fondo realizado, con fundamento en el Articulo 45

de la Decision 486 de la Comision de la Comunidad Andina, se comunica:

1. Documentos estudiados

Descripcién: Folios 48 a 69 26/Julio/2007
Reivindicaciones: Folios 70a 73 26/Julio/2007
Prioridad: EP05001498.4 26/Enero /2005

2. Analisis de la Prioridad

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

prioridad reivindicada.

3. Objeto de la invencidn

Titulo de la solicitud: “Sales de Valnemulina con Acidos Organicos”

El problema planteado en esta solicitud es la necesidad de una forma de
aplicacion de valnemulina, que sea simple y por consiguiente econdémica de
producir, que gracias a su posibilidad de mezcla precisa con los materiales
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alimenticios, se pueda medir de una forma eficiente y reproducible, y que
conduzca ala estabilidad deseada durantela preparacion y el almacenamiento
del alimento seco para animales (f. 58).

Para resolver este problema técnico la solicitud en estudio proporciona sales que
consisten en valnemulina de la formula (I):

3

H Cdy___{
G TH'ﬁ" ?Hﬁ
)'«--‘c e ¢~~f‘——f‘-s—-r-—=c~—o“ \
' Mo W, H, H, c-"“

Y acidos organicos.

El objeto de la presente Solicitud se relaciona con la Clasificacién Internacional de
Patentes (CIP): A61K31/22; C07C323/52.

4. Reivindicaciones relativas a un uso o a un segundo uso (Art 14y 21 D 486)

El uso de la reivindicaciones 17, 18 y 20 no es patentable de acuerdo con los Art
citados.

5. De la Solicitud de Patente
Titulo

El titulo de la solicitud abarca un elevado niumero de compuestos y no limita el
alcance de la materia soportada por la solicitud. Se requiere al solicitante
modificar y ajustar el titulo de la solicitud al verdadero objeto de la invencion.

Reivindicaciones (Art 30 D 486, Art 22 PCT)

Las Reivindicaciones 1 y 2 no son concisas, porque presentan una excesiva
complejidad, lo cual dificulta determinar la extension del objeto que se busca
proteger ya que se reclama cualquier tipo de sal de valnemulina que pueda
lograrse a partir de cualquier acido organico. De acuerdo con la descripcion las
sales obtenidas y que parecen ser estables corresponden a Valemulin-D-
hidrogeno tartrato y la sal valnemulina hidrogeno fumarato (f. 68). Tal y como lo
describe el solicitante en el folio 59, el indeterminado nimero de sales
reclamadas son puramente hipotéticas, debido a que no hay reporte alguno
sobre su preparacion, nialguna clase de datos quimicos o bioldgicos.

La reivindicacion 8 reclama un proceso para la produccién de las sales, en el
paso c¢) se hace reaccionarla base de valnemulina con un acido organico. Sin
embargo, los unicos &cidos utilizados en la descripciéon corresponden a &acido
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tartarico y acido fumarico. Se recomienda al solicitante que las reivindicaciones
correspondan a una generalizacién racional de la materia tratada en la
solicitud.

Las expresiones “acidos organicos”y “aproximadamente”, carecen de concision,
ya que no limitan el alcance de la materia que se desea reclamar.

La reivindicacidén 7 caracteriza las sales por estar presentes en una estructura
cristalina. Sin embargo, la descripcién carece de informacion que permita
determinar dichas estructurar cristalinas, no existen datos de espectro de
difraccion de rayos X, DSC, TG o cualquier otro andlisis que permita
establecer la estructura cristalina reclamada.

6. Determinacion del Estado de la Técnica
El Estado de la Técnica se determind con base en la Fecha de Presentacion de la

Solicitud de Prioridad: 26/Enero/2005, y se encontraron los siguientes documentos
que anticipan el objeto de esta solicitud:

Item Documento Titulo Fegha c.ie

Publicacién*
Neue pleuromutilinderivate, Verfahren
D1 ES8606262 zu threr Herstellung und lher 15/Febrero/1985
Verwendung.
Journal of Pharmaceutical Salts
D2 pharmaceutical Science Review article Enero/ 1977
Vol. 66, No. 1

D1http://worldwide.espacenet.com/publicationDetails/originalDocument?CC=ES&NR
=8606262A1&KC=A1&FT=D&date=19861001&DB=EPODOC&locale=en GB
divulga (Resumen; pagina 6, lineas 19-21) la base libre de valnemulina, sales
de adicion a partir de acidos organicos como el hidrogenofumarato, fumarato,
naftaleno 1,5-sulfonato.

D2 divulga (pagina 2-17; f. 93-99) las sales farmacéuticamente aceptables para
uso en agentes farmaceuticos, entre las que se encuentra la sal fumaratoy
tartrato, sus propiedades fisicoquimicas y efectos en la biodisponibilidad

7. Examen de Patentabilidad (Art 14 D486)

Nivel Inventivo (Art18 D486)

La reivindicacion 1 consiste en sales que consisten en valnemulina y acidos
organicos.

Comparacion de las caracteristicas técnicas esenciales, con las del Estado de la Técnica:
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Caracteristicas esenciales D1 D2
CHy
0.CO.CMZ.S.(I:.Cl*lz.rle.CO.R2
Sal de valnemulina de la No lo menciona,
farmula (1) pero indica la
/ H formacién de
HOoe P sales para
ne g 7 _ cualquier tipo de
\/‘——-ﬁ C—“—-‘-— —e—o—c——o _ ] \, ' compuesto
e cHy weot -‘ (pag. 2-17,f. 93-
Compuesto favorito: 99)
14-0-[1(2-amino-3-metil-butirilamino)-
2-metil-propan-2-il-tio-acetil]-mutilina.
(pag. 2, fig. 1, pag. 10lineas 1-4)
Sales aprobadas
Sales de adiciobn de acidos por la FDA entre
Con un &cido organico apropiados como el las que se
hidrogenofumarato, el fumarato, el | encuentran las de
naftaleno 1,5-sulfonato. fumarato y tartrato
(pag 6 lineas 19-21) (Tabla 1 pég. 3;
F.93b)

Los documentos D1 y D2 se consideran el estado de la técnica cercano a la
invencioén definida en la reivindicacion 1 porque:

D1 ensefia el compuesto 14-0-[1(2-amino-3-metil-butirilamino)-2-metil-propan-2-il-
tio-acetil]-mutilina, conocido como valnemulina (pag. 2, fig. 1; pag. 10lineas 1-4),
y establece que dicho compuesto puede estar en forma de sal con un acido
organico, especificamente menciona las sales hidrogenofumarato, el fumarato,
el naftaleno 1,5-sulfonato, (pag 6 lineas 19-21).

La diferencia entre la invencién, definida en la reivindicaciéon 1y los compuestos de
D1 consiste en que no se divulga de manera especifica la sal fumarica o D-
tartarica del compuesto 14-0-[1(2-amino-3-metil-butirilamino)-2-metil-propan-2-il-tio-
acetil]-mutilina.

D2 ensena el listado de sales farmacéuticas aprobadas porla FDA, dentro de
las cuales se encuentran las formadas por el anién tartrato y fumarato (tabla 1; f.
93b), y divulga que diferentes sales de un mismo compuesto a menudo se
comportan de manera muy diferente debido a las propiedades fisicoquimicas y
termodinamicas que imparten al compuesto original (pag. 3; f. 3b,POTENTIALLY
USEFUL SALTS). Adicionalmente, D2 aclara que la respuesta biolégica del
agente activo parece no diferir marcadamente entre sus diversas sales (pag. 6;
f. 95a, PHYSICOCHEMICAL STUDIES), y este mismo documento aclara que el
preformulador para seleccionar la sal mas apropiada para cada formulaciéon, debe
tener en cuenta diferentes sales para un mismo compuesto presenta diferentes
propiedades fisicoquimicas entre las que se encuentran la velocidad de
disolucion, solubilidad, estabilidad, e higroscopicidad; en consecuencia, las
modificaciones a dichas propiedades entre diversas sales pueden afectar la
biodisponibilidad y propiedades de formulacion del farmaco (pag. 6; f. 95a)
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La diferencia entre la invencién, definida en la reivindicacion 1y D2 consiste en que
a pesar de que D2 divulga las principales sales farmacéuticamente
aceptables y sus propiedades, no menciona el compuesto 14-0-[1(2-amino-3-
metil-butirilamino)-2-metil-propan-2-il-tio-acetil]-mutilina.

El efecto que logra el incluir una sal de un acido organico al compuestos de
valnemulina, es que se disminuye la pérdida de sustancia activa en el proceso
de granulacion con respecto ala sal de clorhidrato de valnemulina divulgada en
D1 (tabla 1, folio 68)

Por lo tanto, el Problema Técnico Objetivo que pretende resolver esta invencion se
puede formular asi: “cdmo modificar el compuesto valnemulina conocido en D1
para conseguir una sal mas estable al proceso de granulacién a 75°C".

Sin embargo, la posibilidad de formacién de sales de éacidos organicos para
aumentar la estabilidad, ya esta sugerida en el documento D2 que se refiere a los
tipos de sales farmacéuticamente aceptables y su efecto enlas propiedades
fisicoquimicas del agente activo (Tabla 1, pag. 6;f. 93 b y 95a); D2 establece
que la formacion de sales puede tenerinferencias enla estabilidad del agente
activo (pag. 10; f. 97), y que diferentes sales de un mismo compuesto a
menudo se comportan de manera muy diferente debido a las propiedades
fisicoquimicas y termodinamicas que imparten al compuesto original (pag. 3; f.93b).

lgualmente, los resultados presentados por el solicitante enla tabla 1 (f. 68) no
pueden ser extrapolados a sales diferentes a las sales D-hidrégeno tartrato o
fumarato ensayadas, debido a que D2 aclara que las propiedades
fisicoquimicas y termodinamicas de un mismo compuesto varian entre sus
diferentes sales (pag. 3; f. 93b).

En consecuencia, la persona del oficio normalmente versada en la materia,
desarrollaria las sales de tartratoy fumarato sugeridas por D1y D2, al igual que
otras sales farmacéuticamente aceptables de acidos organicos, como las que
presenta D2 (pag. 3, tabla 1;f. 93b), para el compuesto 14-0-[1(2-amino-3-metil-
butirilamino)-2-metil-propan-2-il-tio-acetil]-mutilina conocido en D1; con el fin de
obtener sales con propiedades fisicoquimicas diferentes y seleccionar
posteriormente aquellas que puedan presentar mayor estabilidad, llegando al
objeto de la reivindicacién 1 de la presente solicitud. Por lo cual la materia
reclamada se considera obvia.

Conclusion:
Las reivindicaciones 1 a7 y 19 cumplen el requisito de novedad (Art. 16), pero no
cumplen con el requisito de nivel inventivo (Art. 18).

La reivindicacion 8 reclama un proceso parala producciéon de las sales
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Caracteristicas esenciales ' D1 D2
CH3
0.0.CH, .5.C..CHy. NH.CO.R

2

Un proceso parala produccién
de sales de valnemulina dela

formula (1) No menciona el

- compuesto
H,m\J valnemulina, pero
TN indica la formacion de
5 T‘Aﬂ (llHJ ﬁ ' o sales para cualquier
) O G S— 000" 4>y | Compuesto favorito: tipo de compuesto
o | (pag. 2-17; f. 93-99)
*, He J~ | 14-0-[1(2-amino-3-metil-
e

| butirilamino)-2-metil-propan-2-
| il-tio-acetil]-mutilina. .

. (pag. 2, fig. 1; pag. 10{ineas
1-4)

a) Hacer reaccionar el | Formacion de sales de La formacion de una
clorhidrato de valnemulina crudo | adicién de acidos apropiados | sal es una reaccién
con una base para formar la| como el hidrogenofumarato, | acido-base, que

base libre de valnemulina. el fumarato, el naftaleno 1,5- | involucra una
b) Si se requiere, extraer la base | sulfonato. transferencia de
libre conun solvente organico, | (pag. 6 lineas 19-21) protones o una

y asilar por medio de procesos
convencionales,

¢) Hacer reaccionar la base de
valnemulina en un solvente
organico 0 en una mezcla de

reaccién de
neutralizacion y por
lo tanto es controlada
por factores que

solventes organicos  y' afectan tales
opcionalmente agua con un 4cido | reacciones. En teoria,
organico, opcionaimente a todos los compuestos
temperatura elevada, y gue presentan

d) Si se requiere, despues de caracteristicas de
agregar cristales de siembra, si acido o de base

se requiere mediante el pueden participar en

enfriamiento lento de la solucién
de reaccion, permitir que se
cristalice la sal de adicion de
acido de valnemulina.

la formacion de la sal.
Es particularmente
importante la fuerza
relativa del acido o la
base, las constantes
de acidez y basicidad
de las especies
quimicas
involucradas. Estos
factores determinan si
la formaciéon se

, produce y es una

! medida de la
estabilidad de la sal
resultante.

(pag. 2, f. 93b,
POTENTIALLY
USEFUL SALTS)

Los documentos D1 y D2 se consideran el estado de la técnica cercano a la
invencion definida en la reivindicacién 1 porque:

Expediente 07-76575 1er Art




109
D1 ensefia el compuesto 14-0-[1(2-amino-3-metil-butirilamino)-2-metil-propan-2-il-
tio-acetil]-mutilina, conocido como valnemulina (pag. 2, fig. 1, pag. 10lineas 1-4),
y establece que dicho compuesto puede estar en forma de sal con un acido
organico, especificamente menciona las sales hidrogenofumarato, el fumarato,
el naftaleno 1,5-sulfonato, (pag 6 lineas 19-21).

La diferencia entre la invencién, definida en la reivindicacion 1y D1 consiste en
que no se divulga de manera especifica el proceso parala obtencidon de las
sales 14-o0-[1(2-amino-3-metil-butirilamino)-2-metil-propan-2-il-tio-acetil]-mutilina.

D2 ensefa el listado de sales farmacéuticas aprobadas porla FDA, dentro de
las cuales se encuentran las formadas por el anién tartrato y fumarato (tabla 1; f.
93b), y divulga que la formacién de una sal es una reaccién acido-base, que
involucra una transferencia de protones o una reaccion de neutralizacion y por lo
tanto es controlada por factores que afectan tales reacciones. En teoria, todos los
compuestos que presentan caracteristicas de acido o de base pueden participar
en la formacién de la sal. Es particularmente importante la fuerza relativa del acido
o la base, las constantes de acidez y basicidad de las especies quimicas
involucradas. Estos factores determinan si la formacion se produce y es una medida
de la estabilidad de la sal resultante. (pag. 2, f. 93b, POTENTIALLY USEFUL
SALTS)

La diferencia entre la invencién, definida en la reivindicacion 1y D2 consiste en que
a pesar de que D2 divulga los conceptos fundamentales de la formacion de
sales, no menciona el compuesto 14-o0-[1(2-amino-3-metil-butirilamino)-2-metil-
propan-2-il-tio-acetil]-mutilina.

El efecto que logra el proceso parala produccién de una sal de un &acido
organico del' compuesto valnemulina, no se puede determinar, ya que las
etapas de reaccion de un acido con una base ya se habian sugerido en D2
(pag. 2,f 93b, POTENTIALLY USEFUL SALTS).

Por lo tanto, el Problema Técnico Objetivo que pretende resolver esta invencién se
puede formular asi: “como obtener sales de valnemulina con &cidos organicos, a
partir del proceso de reaccion divulgado en D1”.

Sin embargo, la posibilidad de formacién de sales de valnemulina con Aacidos
organicos, ya esta sugerida en el documento D1 que establece que dicho
compuesto puede estar en forma de sal de un acido organico, especificamente
menciona las sales hidrogenofumarato, el fumarato, el naftaleno 1,5-sulfonato,
(pag 6 lineas 19-21).

En consecuencia, la persona del oficio normalmente versada en la materia
desarrollaria el proceso parala produccion de las sales de tartrato y fumarato
de valnemulina sugeridas por D1, mediante el proceso de reaccién acido —
base que ensefia D2. Por lo anterior, la materia reclamada se considera obvia.

Conclusion:.

Las reivindicaciones 8-16 cumplen el requisito de novedad (Art. 16), pero no cumplen
con el requisito de nivel inventivo (Art. 18).

Expediente 07-76575 1er Art



110

8. Conclusion

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

Reivindicaciones

Item Documento afectadas Requisito que afecta
D1 ES8606262 1-16y 19 Nivel Inventivo
Journal of pharmaceutical
! Science . .
D2 Vol. 66, No. 1 1-16y 19 Nivel inventivo

En cumplimiento del articulo 45 de la Decisién 486 de la Comisién 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 notificacidén de la presente comunicacion. En caso
de no dar respuesta al presente requerimiento, o si a pesar de la respuesta
subsistieran los impedimentos para la concesion, se denegara la patente.

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

JOSE LUIS SALAZAR LOPEZ

Director de Nuevas Creaciones (C)

El anterior requerimiento fue notificado por fijacibn en lista, de fecha

EXAMINADOR TECNICO
Cadigo No. 202073

Revisado por: Jacqueline Alfonso o/(%
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