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Influence of some convulsant agents on the protective activity of a novel antiepileptic
drug, felbamate, against maximal electroshock in mice. M. ŒWI¥DER, M. G¥SIOR,
M. WIELOSZ, S.J. CZUCZWAR. Pol. J. Pharmacol., 2003, 55, 649–653.

The aim of this study was to evaluate effects of strychnine, as well as bicuculline and
picrotoxin on the anticonvulsant action of felbamate against maximal electroshock
(MES)-induced seizures in mice. Strychnine (up to 0.5 mg/kg), bicuculline (up to 2 mg/kg)
and picrotoxin (3 mg/kg) did not affect the seizure threshold. However, strychnine
(0.25–0.5 mg/kg) and picrotoxin (3 mg/kg) impaired the protective activity of felbamate
against MES. It may be concluded that GABAergic inhibition and strychnine-insensitive
glycine receptor-mediated events may contribute to the anticonvulsant activity of felba-
mate.
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INTRODUCTION

Felbamate is a novel antiepileptic drug with
a broad anticonvulsant profile. Several mechanisms
of its antiepileptic effect have been identified. Fel-
bamate inhibits voltage-sensitive sodium channels,
probably by prolonging their inactivation [20] and
decreases the firing rate of neurons [26]. Voltage-
sensitive calcium channels are also blocked by fel-
bamate [21]. Felbamate could potentiate �-amino-
butyric acid (GABA)-mediated chloride currents,
but at high concentrations of the drug [18]. More-
over, recently published data have shown that felba-
mate interacts with the NR1-2B subtype of N-me-
thyl-D-aspartate (NMDA) receptor [10] although
early reports suggested that the drug competitively
inhibited glycine-enhanced NMDA-induced intra-
cellular calcium currents in mice [25]. In animal
models, felbamate displays wide spectrum of anti-
convulsant activity. For example, it is effective
against maximal electroshock-induced seizures [1]
and against seizures induced by glutamate agonists,
NMDA and quisqualic acid [19]. It is also active
against certain chemically induced clonic seizures
[23] and amygdala-kindled seizures in rats [27].
However, felbamate remains ineffective against
bicuculline- and strychnine-induced seizures [23]
and its propensity for interactions with calcium
channel inhibitors or methylxanthines is low [9].

In clinical practice, felbamate is indicated for
monotherapy and adjunctive therapy in the treat-
ment of partial seizures with or without generaliza-
tion in adults, or as adjunctive therapy in the treat-
ment of partial and generalized seizures associated
with the Lennox-Gastaut syndrome in children [16].
However, identification of aplastic anemia and he-
patotoxicity associated with felbamate, drastically
restricted its use [15]. It is now considered a third-
or fourth-line drug and is prescribed primarily for
those with truly intractable epilepsy [15].

Considering that felbamate was relatively resis-
tant to the effects of methylxanthines [9], it seemed
of interest to study the effects of other convulsant
agents, strychnine, bicuculline and picrotoxin on
the anticonvulsant activity of felbamate against
maximal electroshock-induced seizures in mice. In-
fluence of aminophylline on the antiseizure action
of felbamate in electroconvulsions was previously
described by G¹sior et al. [9]. Part of this study has
been already published as an abstract [24].

MATERIALS and METHODS

General

The experiments were carried out on male
Swiss mice (20–25 g) purchased from a licensed
dealer (T. Górzkowska, Warszawa, Poland). The
animals were housed in colony cages with free ac-
cess to food (chow pellets) and tap water. The ex-
perimental temperature was 21°C ± 1°C and ani-
mals were kept under a natural light-dark cycle.
The experimental groups, consisting of 8–12 mice
were chosen by means of a randomized schedule.
All experimental procedures were approved by Lo-
cal Ethics Committee of Lublin.

Drugs

Strychnine nitrate, bicuculline, picrotoxin (all
three drugs from Sigma, St. Louis, MO, USA) and
felbamate (2-phenyl-1,3-propanediol dicarbamate,
Felbatom, Wallace Laboratories, Cranbury, NJ, USA)
were used in this study. Strychnine was brought
into solution with sterile saline. Bicuculline and pi-
crotoxin were dissolved in a drop of glacial acetic
acid and subsequently made up with saline to the
appropriate volume. The final pH was adjusted to
5.0 with 0.2 M NaOH. Felbamate was suspended in
a 1% solution of Tween 80 (Sigma, St. Louis, MO,
USA). All convulsants were given in a volume of
5 ml/kg, strychnine, bicuculline and picrotoxin –
subcutaneously (sc), and the antiepileptic drug in
a volume of 10 ml/kg, intraperitoneally (ip). Con-
vulsant agents were injected at doses correspond-
ing to their highest non-convulsive doses, strych-
nine at 0.5 mg/kg, bicuculline at 2 mg/kg and
picrotoxin at 3 mg/kg, which were determined ex-
perimentally. Bicuculline or picrotoxin were in-
jected 30 min and strychnine 10 min before the
convulsive test. Felbamate was injected 60 min be-
fore electroconvulsions.

Electroconvulsions

Electroconvulsions were produced using ear-
clip electrodes and alternating current delivered by
a Hugo Sachs (Type 221, Freiburg, Germany) ge-
nerator (the stimulus duration was 0.2 s; tonic hind-
limb extension was taken as the endpoint). The
electroconvulsive threshold was evaluated as CS(!,
which is the current strenght (in mA) necessary to
produce tonic hindlimb extension in 50% of the
tested animals. The effects of injections of chemo-
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convulsants at subconvulsive doses in combina-
tions with felbamate were examined in the maxi-
mal electroshock test. To estimate the electrocon-
vulsive threshold, at least four groups of mice
(8–10 mice per group) were challenged with elec-
troshocks of various intensities. Subsequently, an
intensity-response curve was calculated on the ba-
sis of percentage of mice exhibiting convulsions in
experimental groups. The protective activity of fel-
bamate was quantitatively expressed as ED(! val-
ues (with 95% confidence limits), which reflected a
dose of an antiepileptic drug (in mg/kg) predicted
to abolish tonic hindlimb extension in 50 % of mice
challenged with the fixed stimulus (25 mA; four- to
five-fold higher than the CS(! value in untreated
animals). At least four groups of mice, 8–10 ani-
mals per group, were used to estimate each ED(!

value.

Statistics

Calculation and statistical evaluation of CS(!

and ED(! values (with their 95% confidence limits
in parentheses) were performed according to the
method of Litchfield and Wilcoxon [11].

RESULTS

Influence of convulsants upon the

electroconvulsive threshold

Neither strychnine (0.5 mg/kg) or bicuculline
(2.0 mg/kg) nor picrotoxin (3.0 mg/kg) affected the
threshold for electroconvulsions, which was 5.4
(5.0–5.9) mA. Specifically, the threshold following
administration of strychnine (0.5 mg/kg) was 5.2
(4.7–5.8) mA, bicuculline (2 mg/kg) – 5.1 (4.8–5.6)
mA, and picrotoxin – 5.4 (5.0–6.1) mA.

Influence of strychnine, bicuculline and

picrotoxin on the anticonvulsive activity

of felbamate against maximal

electroshock in mice

Strychnine (0.125–0.5 mg/kg) decreased the
protective activity of felbamate, significantly in-
creasing its ED(! value. Strychnine at 0.5 mg/kg
elevated the ED(! of felbamate from 85.4 (63.9–114)
to 165 (116–234) mg/kg. Moreover, picrotoxin (3.0

mg/kg) increased the ED(! of felbamate from 64.4
(51.5–80.5) to 87.3 (76.2–100) mg/kg (Table 1).
On the contrary, bicuculline (1.0–2.0 mg/kg) did
not affect the protective action of felbamate (Tab. 1).

Table 1. !�"����	� �" #$%	������ ��	�	������ ��& ��	�$�'��
���� $�� ��$�	$�(� �	$�(�$% �" "������$� �� ��	�
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DISCUSSION

This study demonstrates that ED(! value of fel-
bamate was diminished by strychnine (0.5 mg/kg)
and picrotoxin (3.0 mg/kg), which were given at
subthreshold doses. Moreover, bicuculline (up to
2 mg/kg) did not affect the protective activity of
felbamate. Bearing in mind that felbamate has been
shown to displace a competitive antagonist at the
strychnine-insensitive glycine site of the NMDA
receptor [12], the susceptibility of felbamate to the
convulsive action of strychnine, indicates that
strychnine-sensitive glycinergic transmission may
also play a significant role in the protective activity
of this anticonvulsant against maximal electro-
shock. As already mentioned, the effect of amino-
phylline on the anticonvulsant action of felbamate
was previously evaluated by G¹sior et al. [9]. Spe-
cifically, aminophylline (at the dose of 100 mg/kg)
significantly reduced the anticonvulsant activity of
felbamate, being ineffective at lower doses. On the
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other hand, it was previously reported that amino-
phylline and strychnine (both at much lower doses)
impaired the anticonvulsive action of conventional
antiepileptics against maximal electroshock in mice
[3, 4, 6–8]. Further, any pharmacokinetic interac-
tions, which could be responsible for these effects,
were not probable [5, 8]. Surprisingly, in an experi-
mental model of aminophylline overdose, felba-
mate, administered at up to 300 mg/kg, has been
shown to increase seizures and lethality [24].

Bicuculline’s mechanism of action was well
characterized as a GABA' receptor antagonist able
to evoke generalized clonic-tonic convulsions after
systemic administration [13]. It is noteworthy that
bicuculline was not able to affect the protective po-
tential of conventional antiepileptic drugs [17] and
newer ones, e.g. lamotrigine or LY 300164 (an
AMPA/kainate antagonist, Talampanel®) [2]. Also,
it was previously reported that picrotoxin blocked
chloride ion channels within GABA/benzodiazepi-
ne receptor complex [14]. Interestingly, picrotoxin
was also without effect upon the protective activity
provided by LY 300164 or lamotrigine [2]. How-
ever, there is apparent difference between both con-
vulsants as regards the anticonvulsant action of fel-
bamate. The results of the present study indicate
that GABA-dependent chloride currents and strych-
nine-sensitive glycine receptor-mediated events,
but not the direct activation of GABA/benzodi-
azepine receptor complex, seem to contribute to the
expression of the anticonvulsant activity of felba-
mate. However, prior to the estimation of the free
plasma concentration of felbamate, one cannot ex-
clude a possibility of pharmacokinetic interactions.
In case of strychnine, this possibility seems to be
rather low since in no case this convulsant agent af-
fected the plasma concentration of conventional,
novel and potential antiepileptic drugs [2, 8]. Com-
parison of the protective effect of felbamate to
other antiepileptic drugs [2, 8], shows that the former
is much less sensitive to proconvulsant action of
strychnine or aminophylline. For this reason, felba-
mate may be a good candidate for the management
of drug-resistant epilepsy, especially associated
with methylxanthine-mediated events and/or a re-
duction of strychnine-sensitive glycine receptor-
evoked inhibition [15]. However, felbamate, in
contrast to conventional antiepileptics, was sensi-
tive to picrotoxin [17] which clearly points to the
expression of its anticonvulsant activity against
electroconvulsions via the chloride channels.
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