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Short Communication

Anticonvulsant activity of analogues of acetazolamide
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Abstract

The anticonvulsant activity of 5-tertbutyloxycarbonylamido-1,3,4-thiadiazole-2-sulfonamide (B�H2ats) and 5-amino-1,3,4-thia-
diazole-2-sulfonamide (Hats) was compared in mice, to that of acetazolamide (H2acm). These compounds exhibit potent
anticonvulsant activity and low minimal motor impairment. © 1999 Elsevier Science S.A. All rights reserved.
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1. Introduction

Seizures are the prime manifestation of epilepsy, and
the main aim of antiepileptic drugs (AEDs) is to sup-
press them without inducing undesirable side effects.
Epilepsy has been found to have point prevalence rates
in the range of 4–10/1000 in the general population [1].
The majority of these cases (60–70%) occur without a
well-defined etiology. Despite this, anticonvulsant drugs
are estimated to be useful in treating 90% of the
epileptic patients. However, all the anticonvulsant cur-
rently approved, and already in use, have dose-related
toxicity and idiosyncratic side effects [2], which are
mainly manifested during metabolization by liver en-
zymes [3].

Due to the fact that non-pharmacologic therapies for
the treatment of epilepsy do not become evident in the
near future, the search for new antiepileptic drugs with
lower toxicity and fewer side effects still continues [4].

As a part of this research, several sulfonamides have
been synthesized and tested for a broad spectrum of
biological activity during the last year. Sulfonamides
represent a minor class of antiepileptic agents [5,6].
Some of them, such as acetazolamide (N-[5-sulfamoyl-

1,3,4-thiadiazole-2-yl]acetamide), methazolamide, ethox-
azolamide, sulthiame and disamides, which are known
to possess potent diuretic action, have been used as
anticonvulsants for some time. Presently, topiramate
and zonizamide (1,2-benzisoxazole-3-methanesulfon-
amide) are used; the last in conjunction with carba-
mazepine for the treatment of partial seizures.
Zonisamide is a potent anticonvulsant, capable of sup-
pressing maximal electroshock induced seizure (MES),
but ineffective against the seizure induced by subcuta-
neous pentylenetetrazol (scMet). Zonisamide has been
already approved as an antiepileptic drug in Japan [5].
The anticonvulsant mechanism associated with its ac-
tivity does not seem to depend on carbonic anhydrase
inhibition but is more likely to be similar to that of
phenytoin, involving the interaction with Na+ channels
[7,8].

Among the unsubstituted sulfonamides that inhibit
the enzyme carbonic anhydrase and have shown to
have anticonvulsant properties in experimental animals
and humans, the most extensively studied is acetazol-
amide (H2acm, Fig. 1). It is presently used in the
treatment of some kinds of epilepsies.

In the search for new antiepileptic agents, we have
tested in mice the anticonvulsant activity of two sulfon-
amides derived from (H2acm, see Fig. 1) and synthe-
sized in our laboratory. We have also measured the
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Fig. 1. Structures of the compounds.

inhibition properties against carbonic anhydrase corre-
lating these results with those derived from the pharma-
cology study.

2. Experimental

2.1. Chemistry

Acetazolamide was supplied by John Wyeth Labora-
tories; B�H2ats was synthesized by the method de-
scribed by Pedregosa et al. [9] and Hats was synthesized
by acidic hydrolysis of acetazolamide [10].

2.2. Pharmacology

2.2.1. Enzymatic inhibition studies
Acetazolamide, B�H2ats and Hats were assayed by

Maren’s micromethod [11] at 0°C, under the conditions
of the E–I (enzyme–inhibitor) technique, in the con-
centration range of 10−4–10−9 M. Inhibitors and en-
zyme (a concentration of 5×10−9 M of pure carbonic
anhydrase isoenzyme II was used) were preincubated
for 10 min prior to assay, in order to allow the forma-
tion of the enzyme–inhibitor adduct.

In a special CO2 bubbler cell, 0.3 ml distilled water
was added, followed by 0.4 ml of phenol red indicator
solution and 0.1 ml enzyme solution and 0.1 ml in-
hibitor solution (the last two solutions preincubated as
mentioned before). The hydration reaction was initiated
by the addition of 0.1 ml of buffer solution (pH 7.3),
and the time taken for the color to change, was
recorded with a stopwatch. Enzyme specific activity
(with and without inhibitors) was calculated using
Maren’s formula [12]. For the enzymatic inhibition
studies of the sulfonamides, solutions (10−2 M) in
dimethylsulfoxide were prepared and dilutions up to
10−9 M were subsequently performed with distilled–
deionized water. In this concentration range, DMSO is
not a carbonic anhydrase inhibitor. The IC50 values

(molarity of inhibitor producing a 50% decrease of
enzyme specific activity) were obtained from semiloga-
rithmic plots of specific activity versus inhibitor concen-
tration (Table 1).

2.2.2. Anticon6ulsant acti6ity
The pharmacological evaluation of the compounds

tested were performed according to the procedures

Table 1
Inhibition with acetazolamide, B�H2ats and Hats, against carbonic
anhydrase isoenzyme II

Comp. IC50
a×10−9 (M)

12Acetazolamide
3.3B�H2ats

60Hats

a Molarity of inhibitor producing a 50% decrease of enzyme specific
activity.

Table 2
Anticonvulsant activity and rotorod toxicity of acetazolamine;
B�H2ats and Hats at different times and doses

Time (h)TestComp. (dose mmol/k)

4210.5

2/42/53/56/6Acetazolamide (315) MES a

1/6 0/5 0/5 0/4TOX b

4/44/4 3/53/4B�H2ats (315) MES
0/4 0/4 0/4 2/5TOX

4/5 3/4B�H2ats (180) MES a 2/4 4/5
1/41/4 0/50/5TOX b

4/4 2/4 2/4 2/4Hats (315) MES a

0/4 0/4TOX b 0/4 0/4

a Maximal electroshock test — MES (number of animals pro-
tected/number of animals tested).

b Neurotoxicity as measured by the rotorod test — TOX (number
of animals exhibiting toxicity/number of animals tested in the rotorod
test).
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Table 3
Anticonvulsant activity and neurotoxicity, in mice, of B�H2ats and Hats in comparison with acetazolamide

20 40 60 100 140 180Dose (mmol/kg) 260 280 315 DE50

0/8 1/6Acetazolamide 4/9MES a 4/8 3/5 6/6 239 (174–327)
0/8 0/6 1/9TOX b 1/8 1/5 1/6

3/10 3/8 5/8MES a 4/5B�H2ats 4/4 74 (44–125)
0/10 0/8 0/8 0/5TOX b 0/4

1/9 3/8 4/9 4/9MES aHats 9/10 4/4 90 (50–159)
0/9 0/8 0/9 0/9 0/10TOX b 0/4

a Maximal electroshock test (MES test) (number of animals protected/number of animals tested).
b Rotorod toxicity (number the animals exhibiting toxicity/number of animals tested in the rotorod test).

described by the Antiepileptic Drug Development
(ADD) (Program of the National Institute of Neuro-
logical and Communicative Disorders and Stroke
(NINCDS)) [13,14]. Tests were conducted with BALB/
cN mice. Maximal electroshock induced seizures (MES)
and subcutaneous pentylentetrazole seizure (scMet),
tests were employed to determine the anticonvulsant
activity. Minimal motor impairment test (rotorod test)
was used to determine the neurological toxicity. The
antiepileptic activity (AE) was expressed as DE50 (the
dose that is effective in 50% of the animals tested), and
estimated, with their 95% confidence limits, by com-
puter linear regression analysis (in a log dose–probit
calculation, see Table 2).

3. Results and discussion

From the comparison of the IC50 from the enzymatic
inhibition study (Table 1), it becomes noticeable that
B�H2ats is three times more active than acetazolamide;
on the other hand, Hats is less effective. It has been
found that the inhibitory action on carbonic anhydrase
is particularly increased in derivatives bearing lipophilic
moieties [15]. This observation may explain the higher
inhibitor potency of B�H2ats, compared to acetazo-
lamide and also the lower inhibition capability of Hats.

The anticonvulsant activity and rotorod toxicity of
the sulfonamides investigated in this work are presented
in Table 2. Data show that acetazolamide and Hats
were maximally effective against the MES seizure at 0.5
h. On the other hand, B�H2ats is maximally effective
between 1 and 2 h. Hats, as acetazolamide, can be
considered rapid in onset. The three sulfonamides show
a long duration of activity. These sulfonamides, on the
other hand, are not effective against PTZ-induced
seizures.

B�H2ats showed more potent activity in the MES test
than acetazolamide (see Table 3) and these data can be
correlated with those of carbonic anhydrase inhibition.

Hats exhibited potent activity in the MES test. As it
has been found for topiramate [16], no apparent corre-
lation exists between IC50 and MES activity. Other

mechanisms of action appear to be responsible for the
anticonvulsant activity of these compounds.
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