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Effects of some convulsant agents on the
protective activity of topiramate against maximal
electroshock-induced seizures in mice
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Abstract:

The anticonvulsant activity of topiramate combined with some convulsant agents (bicuculline – BIC, N-methyl-D-aspartate –
NMDA, and kainic acid – KA), given at subconvulsive doses, was evaluated in the maximal electroshock (MES)-test in mice. BIC
(1.5 mg/kg), KA(10 mg/kg) and NMDA(50 mg/kg) significantly decreased the anticonvulsant activity of topiramate raising its ED��

from 76.2 mg/kg to 135, 102, and 107 mg/kg, respectively. BIC (0.75 mg/kg) and KA(5 mg/kg) did not alter the protective activity of
topiramate in the MES-test. Moreover, topiramate injected alone (up to 135 mg/kg) did not affect motor performance and long-term
memory of animals tested in the chimney and passive avoidance tests, respectively. In contrast, combinations of topiramate with BIC
(1.5 mg/kg), NMDA (50 mg/kg) or KA (10 mg/kg) considerably disturbed long-term memory in mice. Additionally,
co-administration of topiramate with KA (10 mg/kg) or BIC (1.5 mg/kg) significantly impaired motor performance, whereas
topiramate co-administered with NMDA (50 mg/kg) had no impact on motor coordination in mice. None of the studied convulsants
affected the free plasma concentration of topiramate assayed with immunofluorescence method. The results of this study seem to
indicate the expression of the anticonvulsant activity of topiramate is dependent on all ionotropic glutamate and GABA�

receptor-mediated events.
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Introduction

There is no doubt that excitatory amino acids (gluta-
mate and aspartate) play an important role in the ini-
tiation of seizures [12]. This phenomenon usually oc-
curs after the activation of NMDA (N-methyl-D-
aspartate) and/or �-amino-3-hydroxy-5-methyl-4-
isoxazolepropionic acid (AMPA)/kainate (KA) recep-
tors (all three subtypes are classified as ionotropic
glutamate receptors). Another mechanism contribut-

ing to seizure initiation involves an inhibition of
�-aminobutyric acid (GABA)ergic neurotransmission.
In experimental and biochemical studies, it has been
found that NMDA, AMPA and KA as well as agents
blocking GABAA receptor-mediated neurotransmis-
sion are potent convulsants [10]. For instance, bicu-
culline (BIC) is an experimental substance widely
used for inducing seizures through the inhibition of
GABAA receptors [21]. In contrast, NMDA and
AMPA/KA receptor antagonists markedly suppressed
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the seizures in different experimental models of epi-
lepsy [7, 8, 31]. It has also been reported that the
NMDA and AMPA/KA glutamate receptor antago-
nists enhanced the protective antiseizure effects of-
fered by conventional antiepileptic drugs (AEDs) in the
maximal electroshock (MES)-test in mice [5, 11, 23].

Topiramate [2,3:4,5-bis-O-(1-methyl-ethylidene-)-�-
D-fructopyranose sulfamate], a newer antiepileptic drug,
possesses a broad-spectrum anticonvulsant activity
mainly through the following mechanisms: the attenua-
tion of voltage-gated Na+ currents [17], negative modu-
latory effect on AMPA/KA subtype of glutamate recep-
tors [26, 28], inhibition of glutamate and aspartate re-
lease from the nerve terminal [35], inhibition of
carbonic anhydrase isozymes, particularly, CA II and
CA IV [3], enhancement of GABAA-mediated neuro-
transmission [18, 25], modulatory effect on K+ channel
currents [14], and inhibition of neuronal L-type high
voltage-activated Ca2+ channels [37].

Due to its multiple mechanisms of action, the drug is
effective in audiogenic seizures in DBA/2 mice, in the
MES-induced seizures and amygdala-kindled rats [13,
22, 34, 36]. Moreover, topiramate enhanced the anticon-
vulsant properties of some conventional or novel AEDs
against MES-induced seizures in mice [20, 27, 30]. In
clinical practice, the drug is also efficacious in patients
with various types of epileptic attacks, when applied in
monotherapy or as an adjuvant AED, especially in pa-
tients with refractory seizures [16].

Based on the abovementioned facts, in the present
study, the effects of some glutamate receptor agonists
(NMDA and KA), as well as, the GABAA receptor an-
tagonist (BIC), on the anticonvulsant activity of topira-
mate against MES-induced seizures were examined in
mice. Moreover, the acute adverse (neurotoxic) effects of
topiramate in combination with NMDA, KA or BIC, in
terms of motor performance and long-term memory im-
pairment, were evaluated. Free plasma levels of topira-
mate were additionally assayed in order to detect any
pharmacokinetic events, which might affect the observed
interactions between the examined compounds.

Materials and Methods

General

The experiments were carried out on male Swiss mice
(weighing 20–25 g) purchased from a licensed

breeder (T. Górzkowska, Warszawa, Poland). The ani-
mals were housed in colony cages with free access to
food (chow pellets) and tap water. The temperature
was 22 ± 1°C and animals were maintained under a
natural light-dark cycle. The experimental groups,
consisting of 8–12 mice, were chosen by means of
randomization. All experimental procedures were ap-
proved by the Local Ethics Committee of the Medical
University of Lublin.

Drugs

Topiramate {TPM; [2,3:4,5-bis-O-(1-methyl-ethylidene-)-
�-D-fructopyranose sulfamate]; RW Johnson Pharma-
ceutical (Spring House, PA, USA)} was suspended in
a 1% solution of Tween 80 (Sigma, St. Louis, MO,
USA) and injected intraperitoneally (ip) 120 min be-
fore the tests, according to Shank et al. [27]. NMDA
(Sigma, St. Louis, MO, USA) was brought into solu-
tion with a minimum quantity of 1 M NaOH, made up
with distilled water and given ip at the dose of
50 mg/kg. KA (Sigma, St. Louis, MO, USA) was dis-
solved in distilled water and administered subcutane-
ously (sc) at the dose of 10 mg/kg. The pH of both so-
lutions was adjusted to 6.0 with 0.1 M NaOH. BIC
(Sigma, St. Louis, MO, USA) was dissolved in a drop
of glacial acetic acid and subsequently made up with
distilled water to the appropriate volume and injected
sc. The final pH was adjusted to 5.0 with 0.1 M NaOH.
NMDA, BIC and KA were administered 15, 15 and
60 min, respectively, before electroconvulsions and
all behavioral tests. The convulsant agents were in-
jected in a volume of 5 ml/kg, whereas topiramate in
a volume of 10 ml/kg.

Electroconvulsions

Electroconvulsions were produced using ear-clip elec-
trodes and alternating current delivered by a Hugo
Sachs (Type 221, Freiburg, Germany) generator (the
stimulus duration was 0.2 s; tonic hindlimb extension
was taken as the endpoint). The threshold for electro-
convulsions was evaluated as CS50 (median current
strength in mA) necessary to produce tonic hindlimb
extension in 50% of the tested animals. To estimate
the electroconvulsive threshold, at least four groups
of mice (8–10 mice per group) were challenged with
electroshocks of various intensities. Subsequently, an
intensity-response curve was calculated on the basis
of percentage of mice convulsing in experimental
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groups. The protective activity of topiramate was
quantitatively expressed as ED50 (median effective
dose in mg/kg, with 95% confidence limits), reflect-
ing a dose of the antiepileptic drug predicted to abol-
ish tonic hindlimb extension in 50% of mice chal-
lenged with a fixed electric stimulus (25 mA, which
was five-fold higher than the CS50 value in control
animals). At least, four groups of mice (8–10 animals
per group) were used to estimate each ED50 value.

Chimney test

Motor impairment was evaluated in the chimney test
of Boissier et al. [4]. In this test, animals had to climb
backwards up a plastic tube (3 cm in inner diameter,
25 cm long). Motor impairment was indicated by the
inability of the tested animals to climb backwards up
the tube within 60 s. The mice were pretrained 24 h
before treatment and those unable to perform the test
were excluded from the experiment (each group con-
sisted of 10 animals). NMDA, KA and BIC were ad-
ministered at the maximal dose used in the MES test.
The results are shown as the percentage of animals
that failed to perform the test.

Passive avoidance acquisition and retention

testing

The animals were placed in an illuminated box (10 ×
13 × 15 cm) connected to a larger (25 × 20 × 15 cm)
dark compartment equipped with an electric grid
floor. In this test, entry into the dark compartment was
punished by an electric footshock (0.6 mA for 2 s; fa-
cilitation of acquisition). The pretreated mice that did
not enter the dark compartment within 60 s were ex-
cluded from the experiment. On the next day (24 h
later), the same animals, without any treatment, were
again placed in the illuminated box and those avoid-
ing the dark compartment for longer than 180 s were
regarded as remembering the task. Retention was ex-
pressed as a median value with 25 and 75 percentiles.
The step-through passive avoidance task may be re-
garded as a measure of long-term memory in mice [33].

Estimation of the free plasma levels of topira-

mate

Free plasma levels of topiramate were measured ac-
cording to the method described by Czuczwar et al.
[9]. The animals were given either topiramate + re-

spective vehicle (control group) or topiramate + BIC,
KA or NMDA. The mice were decapitated at times
scheduled for the electroconvulsive test and blood
samples of approximately 1 ml were collected into
Eppendorf tubes. Samples of blood were centrifuged
at 10000 rpm for 5 min (Abbott centrifuge, Irving,
TX, USA) and the plasma samples were pipetted into
a micropartition system, MPS-1 (Amicon, Danvers,
MA, USA). Again, the samples were centrifuged (for
10 min) and the free plasma levels were assayed with
immunofluorescence technique, using an Abbott TDx
analyzer (Abbott, Irving, TX, USA) and reagents
from Oxis Inc. (Oxis. Inc., Portland, OR, USA). The
free plasma levels of topiramate were expressed in
�g/ml of plasma (as means ± SD) of at least eight deter-
minations.

Statistics

CS50 and ED50 values (with their 95% confidence
limits) were calculated according to the log-probit
method of Litchfield and Wilcoxon [19]. The data ob-
tained in the chimney test were statistically compared
by using Fisher’s exact probability test. The results
from the passive avoidance task were analyzed with
Kruskal-Wallis nonparametric ANOVA test followed
by Dunn’s post-hoc test. Unpaired Student’s t-test was
used for the statistical evaluation of the free plasma
levels of topiramate.

Results

Influence of convulsant substances upon the

electroconvulsive threshold in mice

Neither NMDA (50 mg/kg ip), BIC (1.5 mg/kg sc) nor
KA (10.0 mg/kg sc) affected the threshold for electro-
convulsions (data not shown). Based on these results,
maximal subthreshold doses of the studied convulsant
agents were selected for further experiments with
topiramate.

Influence of NMDA, KA and BIC on the anti-

convulsant activity of topiramate against

MES-induced seizures in mice

NMDA given at a non-convulsive dose of 50 mg/kg
significantly reduced the anticonvulsant activity of
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topiramate, elevating its ED50 from 76.2 to 107 mg/kg
(by 40%, p < 0.01, Tab. 1). Likewise, KA (10 mg/kg)
increased the ED50 value of topiramate against
MES-induced seizures from 76.2 to 102 mg/kg (by
34%, p < 0.001; Tab. 1). Similarly, the administration
of BIC at the dose of 1.5 mg/kg significantly de-
creased the protective activity of topiramate, which
resulted in the increase in its ED50 value from 76.2 to
135 mg/kg (by 77%, p < 0.001, Tab. 1).

Chimney test and passive avoidance task

Topiramate given alone, at doses corresponding to its
ED50s against MES (76.2, 102, 107, 135 mg/kg), did
not produce significant motor impairment in the
tested animals. Similarly, NMDA, BIC and KA (ap-
plied alone at the subthreshold convulsive doses) did
not affect motor performance of mice in the chimney
test. The impairment of motor coordination in the
chimney test was noted only for the combinations of
topiramate with KA (10 mg/kg) or BIC (1.5 mg/kg)
(Tab. 2).

Topiramate given alone, at doses equal to its ED50
against MES, did not impair the performance in the
passive avoidance task, either (Tab. 2). Moreover,
NMDA, BIC or KA, given separately at subthreshold
doses, did not affect long-term memory in mice (Tab.
2). In contrast, significant memory impairment was
elicited in mice which were given combinations of
topiramate with NMDA (50 mg/kg), BIC (1.5 mg/kg)
or KA (10 mg/kg) (Tab. 2).

Effects of NMDA, BIC or KA upon the free

plasma levels of topiramate

None of the studied convulsants affected the free
plasma concentrations of topiramate (Tab. 3).

Discussion

Results of the present study clearly indicate that all
used convulsants (i.e., NMDA, KA and BIC) substan-
tially reduced the antiseizure potency of TPM against
maximal electroconvulsions in mice. The enfeebled
anticonvulsant activity of TPM was expressed as the
increase in its ED50 values against the tonic-clonic
hindlimb extension in mice. In other words, higher
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Treatment (mg/kg) ED�� (mg/kg)

Topiramate 76.2 (68.9–84.4)

Topiramate + NMDA (50) 107 (85.4–133)**

Topiramate + KA (10) 102 (91.9–113)***

Topiramate + KA (5.0) 84 (74.2–95.0)

Topiramate + BIC (1.5) 135 (107–170)***

Topiramate + BIC (0.75) 95.2 (76.8–118)

2����� ��� ��������� �� ������ �		������ ����� �	 ���������� 3��
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Tab. 2. %�	����� �	 ���������� ��� ��� ������������ ���� .��&� /&
��� 0%+ �� ����� ���	������� �� ��� ������� ���� ��� ��� ���������
�� ��� ������� ��������� ���� �� ����

Treatment (mg/kg) Motor deficit (%) Retention time (s)

Control 0 180 (180;180)

TPM (76.2) 10 142 (95;180)

NMDA (50) 20 126 (75; 180)

TPM (107) 20 85 (75; 180)

TPM (107) + NMDA (50) 30 90 (30; 158)**

KA (10) 20 115 (85; 180)

TPM (102) 20 89 (68; 180)

TPM (102) + KA (10) 40* 45 (30; 150)***

BIC (1.5) 20 160 (120; 180)

TPM (135) 20 131 (57; 180)

TPM (135) + BIC (1.5) 50* 23.5 (17; 120)***
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doses of TPM were required to provide a 50% protec-
tion in the presence of NMDA, KA and BIC against
MES-induced seizures in mice. Since the free plasma
levels of topiramate were not affected by BIC, NMDA
or KA, one can conclude that pharmacokinetic inter-
actions do not seem to be responsible for the observed
effects.

Typically, most experimental studies concerning
the evaluation of AED potency against tonic-clonic
seizures are conducted mainly by using the intact
(healthy) animals, without any alterations in glutama-
tergic neurotransmission system. By combining
MES-induced seizures with the application of non-
convulsive (subthreshold) doses of NMDA, KA or
BIC, a model of seizures was created which involved
the destabilization of the excitatory amino acid and
GABAergic system functions, and might be used for
analyzing the antiseizure effects exerted by some
newer and potential broad-spectrum AEDs.

As already mentioned, topiramate potently inhibits
the excitability of neurons after their exposure to KA
in various in vitro studies [1, 25], however, there are
still limited in vivo experiments showing that topira-
mate inhibits KA-induced clonic seizures [15]. Based
on our findings, it is quite surprising that the drug,
theoretically expected to reduce AMPA/KA-mediated
excitatory neurotransmission, was less effective (in
vivo) in animals subjected to the subthreshold doses
of KA. On the contrary, in some previous studies, it
has been found that some conventional AEDs with
various mechanisms of action (carbamazepine, val-

proate, diphenylhydantoin, phenobarbital or diaze-
pam) were resistant to KA-induced excitation, as
measured in the MES test [32]. This discrepancy
might be largely accounted for by a negative modula-
tory effect of topiramate on AMPA/KA receptors.
Moreover, growing evidence indicates that anticon-
vulsant action of topiramate may depend on the phos-
phorylation state on AMPA/KA receptors or ion chan-
nels [25]. It has been hypothesized that topiramate
binds to phosphorylation sites on AMPA/KA recep-
tors, thereby exerting an allosteric modulatory effect
on channel conductance, with no direct impact on
these receptors [2]. More recently, Kamiñski et al.
[15] suggested the topiramate had a unique mecha-
nism of action, which involved GluR5 kainate recep-
tors. This hypothesis was based on the findings that
the drug produced a dose-dependent elevation in the
threshold for clonic seizures induced by infusion of
ATPA, a selective agonist of GluR5 kainate receptors.
Moreover, it was less effective in protecting against
clonic seizures induced by kainate and completely did
not affect clonic seizures induced by AMPA or
NMDA. In contrast, the thresholds for tonic seizures
induced by higher doses of these various glutamate
receptor agonists were all elevated by topiramate.

Bearing in mind that topiramate enhances GABAA
receptor-mediated neurotransmission [18, 23], the im-
pairment of its anticonvulsant activity by BIC seems
to be expected. Surprisingly, conventional AEDs (val-
proate, carbamazepine, phenobarbital and diphenyl-
hydantoin), as well as, some novel or potential AEDs
(such as: lamotrigine, felbamate and LY 300164) are
quite resistant to this convulsant [6, 24, 26, 29]. This
would indicate that GABAergic component is not fre-
quently implicated in AED effect in the MES test.

Topiramate, given alone at various doses (from
76.2 to 135 mg/kg), did not worsen motor perform-
ance or long-term memory. On the other hand, its
combinations with KA or BIC (or NMDA, as regards
long-term memory) led to a significant augmentation of
adverse effects. However, this seems to result rather
from a simple addition of side effects of both, topira-
mate and convulsants, than a synergic interaction.

The obtained results suggest a strong dependence
of the anticonvulsant action of topiramate on AMPA /KA
and GABAA receptor-mediated events. In addition,
NMDA-induced impairment of the protective action
of topiramate may indicate the more complex interac-
tion of this AED with the glutamate receptors.

�����������	��� 
������ ����� ��� ������� 377

Interaction of topiramate and convulsant agents in the maximal electroshock-test in mice
������� �	 
����� �� ��	
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Treatment (mg/kg) Plasma levels (µg/ml)

Topiramate (107) 67.3 ± 14.2

Topiramate (107) + NMDA (50) 75.4 ± 19.1

Topiramate (102) 65.8 ± 17.8

Topiramate (102) + KA (10) 69.3 ± 13.8

Topiramate (135) 82.4 ± 16.1

Topiramate (135) + BIC (1.5) 89.3 ± 19.7

2����� ��� ��������� �� ��� ����� 3�� µ�4� �	 �����6 F (� �	
 ��������������* 0��� ������ ���� ����� �� ����� �������� 	��
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