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component. that will pharmacologically antagonize an
unfavorable property or properties exhibited by the basic
agent. Salts of N -cyclohexylsulfamic acid are an example
of the practical application of this approach. N-Cyclo-
hexylsulfamic acid salts, better known as cyclamates, have
a characteristic sweet, pleasing taste. Although presently
under investigation by the FDA for potentially carcino-

genic properties, salts incorporating this compound can
render unpleasant or bitter—tasting drugs acceptable. For
example. the cyclamates of dextromethorphan and
chlorpheniramine exhibit. gfeatly improved bitterness
thresholds compared to corrunonly occurring salts (31).
Furthermore, their stability in aqueous solution was de-

scribed as good when maintained at a pH not greater than
4.

N-Cyclohexylsulfarnic acid salts of thiamine hydro-
chloride and lincomycin also have been synthesized. Thi-
amine N -cyclohexylsulfamate hydrochloride was reported
to have a more pleasant taste than other thiamine salts

while having an equal or greater stability (32). Lincomycin
cyclamate, shown t.o possess an enhanced thermal stability
over its hydrochloride, was prepared {B3} to test the hy-
pothesis that reduced lincomycin absorption in the pres-
ence of small quantities ofcyclamates 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 cyclamic acid salts of several widely
used classes ofdrugs including antihistamines. antibiotics.
antitussives, rnyospasinolytics, and local anesthetics was
reported (34, 135}.

Various salts of penicillin and basic amine compounds
have been formulated in an effort to produce a long-acting,
nonallergenic Form of penicillin. Since antihistamines

appear to mitigate the syniptomatology of penicillin re-
acl.ions in some patients, coadministration of the two has

been advocated. The preparation of the henzhydralamine
salt of penicillin was an attempt. to produce a repository
form of penicillin with antiallergic properties (36). Blood

levels achieved with this salt were comparable to those of
penicillin G potassium; however, it.s antiallergic properties
were not evaluated- In fact, the investigators noted that
antihistamines can actually cause sensitization at times

and stated that. “despite their occasionally l'avorable in-

fluence on the svmptorns of penicillin sensitivity, they
contribute directly to the potential of drug sensitivity when
co-administered with penicillin."

Silver salts of sulfanilarnide, 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 oligodynarnic action

of silver and the advantages of the. antibacterial agents
(37).

The use of 8-substituted xanthines, particularly the
8-substituted theophyllines. as salt—forming agents was
lirst reported in the preparation ofa series ofantihislamine
salts (38-41). Synthesis of these xanthine salts was an at-

tempt. to find a drug to counteract the drowsiness caused

by the antihistamines with the stimulant properties of the
xanthines. When an electroncgative group is introduced
into the xanthine molecule at the 8-position, the elec-
tron—drawing capacity of the substituent results in the

creation of an acidic hydrogen at position 7. Thus. these

-I /I Jon-rriol of .{'I.lI[I.l'l'Ti('l,(,'L-'Hl‘!IL'«'I.f .5(‘lii?n.L'r'.s

moderately strong acidic compounds can undergo salt
formation with various organic bases.

The 8—l1alotheophyllines were the first group of san-
thines studied as potential salt-forming agents. Since the
report on the preparation of the 8-chlorotheophylline salt
of diphenhydramine (42), synthesis of the 8-ha_lotheo-

phyllinates of a number of organic bases has been at-
tempted. The 8-chlorotheophylline salts of quinine,
ephedrine, and strychnine were prepared and character-
ized (43). These salts were less water soluble than the

corresponding free alkaloidal bases. In a similar report, the
8-chlorotheophyllinates of three synthetic narcotics.
meperidlne, levorphanol, and metopon, were prepared
(44).

Pharmacological and clinical studies involving the 8-
hromotheophylline pyrilamine salt revealed the unusual

diuretic properties associated with the S8-halotheophylline
portion of the compound (45, 46}. This finding initiated
an investigation into the preparation of a soluble 8-bro

motheophylline salt of high diuretic activity. With readily
available amines, over 30 salts were synthesized and
screened for diuretic activity (47). When tested against
theophylline salts of the same amines, the 8-bromotheo
phyllinates showed greater activity in every case.

With the successful formation of 8-halotheophyllinates
of organic bases, Morozowich and Hope (48) proposed that,
if the halogen moiety was replaced with a more electro-

negative substituent such as a nitro group, a more acidic
compound would be formed. Presumably, more stable salts
would result and precipitation of the free xanthine deriv-

ative in the stomach would be less likely to occur. On this

premise, they successfully prepared pharmacologically
effective 8-nitrotheophyllinates of several pharmaceuti-
cally useful bases.

Duesel et al. (19), in their study of choline theophylli-
nate, prepared the 8-chloro-. 8—bromo-, and 8-nitrotheo
phylline salts of choline. Oral toxicity studies in mice
showed that the LD.-an of the 8-nitrotheophyllinate was
much greater than that of either 8-halul.heoph_vlline. In
fact, it remained nonlethal at doses as high as 5 g.

Polygalacturonic acid, a derivative of pectin, has been
used to prepare quinidine salts exhibiting reduced toxicity
[49, 50). The compound possesses special dernulcent
properties and inhibits mucosal irritation. The rationale
for use of this agent is to reduce the ionic shock to the GI

mucosa resulting from 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 pol_vgalactu-ronate.

Other compounds reported to be potentially useful as
pharmaceutical salt forms are listed in Table III.

PHYSICOCHEMICAL STUDIES

Biological 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 he removed from—

the site ofaction. Thus, a knowledge ofthe physicochem
lcal properties ot' a compound that influence its absorption.
distribution, metabolism, and excretion is essential for a

complete understanding of the onset and duration of ac-
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