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Riluzole, a pre- and postsynaptic modulator of glutamate transmission,
administered alone at doses of 5 and 10 mg/kg did not affect pentetrazole-
evoked seizures in mice. However, it enhanced the antiseizure action of val-
proate, phenobarbital, ethosuximide, although not that of clonazepam, in this
model of experimental epilepsy. Keeping in mind that riluzole did not
change plasma levels of antiepileptic drugs, a pharmacokinetic interaction,
at least in terms of free plasma levels, does not seem probable. Regarding
undesired effects, riluzole (5 mg/kg) and its combination with valproate did
not produce any motor or long-term memory impairment. In contrast, the
concomitant treatment of riluzole (5 mg/kg) with valproate (144 mg/kg),
phenobarbital (4.9 mg/kg), or ethosuximide (90 mg/kg), resulted in a moder-
ate motor deficit, but not long-term memory impairment in the tested mice.
In conclusion, the results of the present study suggest that riluzole might oc-
cur effective as an additive drug in the treatment of myoclonic or absence
epilepsy in humans.
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INTRODUCTION

Riluzole is a potent neuroprotective drug with
additional anticonvulsant, anxiolytic, anesthetic
[15], sedative and anti-ischemic property [12]. The
drug acts mainly on glutamatergic neurotransmis-
sion bringing into play several known mechanisms.
Up to date, riluzole was reported to: (1) inhibit the
G-protein-dependent release of glutamate to the
synaptic cleft [16], (2) reduce the release of gly-
cine, resulting in the reduction in N-methyl-D-
aspartate (NMDA) channel activity [31], (3) dimin-
ish sensitivity of postsynaptic �-amino-3-hydroxy-
-5-methylisoxazole-4-propionate (AMPA) recep-
tors [6], (4) prolong the inactivation state of the
�-subunit of the Na& [13, 30], attenuating the
NMDA- mediated excitation [15], (5) prevent Ca�&

mobilization by activated G-proteins [15], (6)
block indirectly postsynaptic responses of glutama-
tergic receptors [34], (7) modulate potassium cur-
rents in cortical neurons [14, 34, 35].

Blockade of glutamatergic transmission is sup-
posed to be followed by the dose-dependent inhibi-
tion of reuptake of several other neurotransmitters,
like �-aminobutyric acid (GABA) [21], dopamine
and acetylcholine [26]. From the clinical stand-
point, it should be stressed that riluzole prolongs
the survival rate of patients with amyotrophic
lateral sclerosis [5], and may be helpful in the treat-
ment of Huntington’s disease [22]. The drug at-
tenuates also neurotoxic effects of human immuno-
deficiency virus (HIV) infection, preventing gluta-
mate release triggered by the HIV envelope protein
gp 120 [28].

Under experimental conditions, the drug was
effective in audiogenic convulsions in DBA/2 mice
[11], maximal electroshock in mice and amygdala-
kindled seizures in rats, retarding seizure appear-
ance and reducing afterdischarge duration [34]. Al-
though, riluzole showed no affinity for the NMDA,
AMPA/kainate or metabotropic glutamatergic re-
ceptors in radioligand binding studies [15], it ex-
hibited significant efficacy in convulsions induced
by activation of both NMDA and non-NMDA re-
ceptors. However, it did not modulate chemical sei-
zures induced by GABAergic transmission antago-
nists, like pentetrazole, bicuculline or picrotoxin
[23]. In our previous study, we determined that ri-
luzole potentiated the antiseizure activity of con-
ventional antiepileptics against maximal electro-
shock in mice (unpublished data).

Above information justifies our interest in po-
tential antiseizure effects of riluzole and prompted
us to examine the interaction between riluzole and
conventional antiepileptic drugs in pentetrazole-
induced seizures in mice, the model of myoclonic
convulsions and, to some degree, absence epilepsy
in humans [18]. Adverse effects of riluzole and its
combinations with antiepileptic drugs were evalu-
ated in the chimney test (motor coordination) and
the passive avoidance task (long-term memory).

MATERIALS and METHODS

Animals and experimental conditions

Male Albino Swiss mice (20–25 g) were used
throughout the experiments after at least one week
of acclimatization. They were housed in plastic
cages under standard conditions (ambient tempera-
ture of 22 ± 1°C, natural light-dark cycle, free ac-
cess to chow pellets and tap water. All experiments
were done at the same period of the day (between
9.00 a.m. and 12.00 a.m.) to minimize circadian in-
fluences on seizure susceptibility. The experimen-
tal groups consisted of 8–10 mice. The Bioethical
Committee of Lublin approved all experimental
procedures applied in this study.

Pentetrazole-induced seizures in mice

In the course of experiment, at least four groups
(consisting of 8 mice) were injected with gradually
increasing doses of an antiepileptic and the stable
dose of pentetrazole producing convulsions in 97%
of animals (CD ' = 95 mg/kg). Following the injec-
tion, animals were placed separately in transparent
cages (25 × 15 × 10 cm) and observed for 30 min
for the occurrence of clonic seizures. Clonic seizure
activity was defined as clonus of whole body lasting
over 3 s, with an accompanying loss of righting re-
flex. To estimate the respective ED%� values for an-
tiepileptic drugs, a dose-response curve was calcu-
lated on the basis of the percentage of mice with
clonic convulsions [17].

Drugs

Clonazepam (Polfa, Warszawa, Poland), etho-
suximide (Sigma, St. Louis, MO, USA), were sus-
pended in a 1% solution of Tween 80 (Sigma, St.
Louis, MO, USA). Riluzole (RBI, Natick, MA,
USA), valproate magnesium (Polfa, Rzeszów, Po-
land), phenobarbital sodium (Polfa, Warszawa, Po-
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land) and pentetrazole (Sigma, St. Louis, MO,
USA), were brought into solution with sterile sa-
line. Except for pentetrazole, which was adminis-
tered sc in a volume of 5 ml/kg, all the remaining
agents were given ip, in a volume of 10 ml/kg. Phe-
nobarbital was administered 60 min, while riluzole,
valproate, carbamazepine and clonazepam 30 min
before tests.

Passive avoidance task

The mice were placed in an illuminated box
(10 × 13 × 15), connected to a dark compartment
(25 × 20 × 15 cm), which was equipped with an
electric grid floor. Entrance to the dark box was
punished by an electric footshock of 2 s duration
(0.2 mA). The animals that did not enter the dark
compartment were excluded from the experiment.
On the next day (24 h later), the same animals were
put into the illuminated box and observed up to 180 s.
The median times (with 25, 75 percentiles) to enter-
ing the dark box were subsequently calculated. Ac-
cording to Venault et al. [33], the step-through pas-
sive avoidance task is recognized as a measure of
long-term memory.

Chimney test

In the chimney test [1], the mice had to climb
backwards up a plastic tube (3 cm inner diameter,
25 cm length). Each animal that was unable to fulfil
the task within 60 s was considered to show motor
impairment. Results were quantified as the percent-
age of animals that failed to perform the test.

Estimation of the free plasma levels of antiepilep-

tic drugs

Control animals were given an antiepileptic and
saline, while treatment group was injected with an
antiepileptic and riluzole (5 mg/kg). The mice were
decapitated at times scheduled for the convulsive
test. Blood samples of approximately 1 ml were col-
lected into Eppendorf tubes. Samples of blood were
centrifuged at 10 000 rpm (Abbott centrifuge, Irving,
TX, USA) for 3 min and plasma samples of 200 µl
were pipetted into a micropartition system, MPS-1
(Amicon, Danvers, MA, USA), for separation of
free from protein-bound microsolutes. Then, the
MPS-1 tubes were centrifuged at 3000 rpm
(MPW-360 centrifuge; Precise Mechanics,
Warszawa, Poland) for 10 min and 50 µl of the fil-
tered samples were pipetted into original Abbott
system cartridges, which were subsequently put

into a carousel for up to 20 samples. Control
plasma samples with an antiepileptic were placed
at the beginning and end of each carousel for verifi-
cation of the calibration. The free plasma levels of
antiepileptics were estimated by immunofluores-
cence, with an Abbott TDx analyzer (Abbott,
Irving, TX, USA). Only the total plasma level of
ethosuximide was assessed, because it is only mini-
mally bound to plasma proteins. Plasma levels
were expressed in �g/ml as means ± SD of eight
determinations.

Statistics

ED%� values and statistical analysis of the re-
sults obtained in the pentetrazole test were calcu-
lated by computer probit analysis, according to
Litchfield and Wilcoxon [17]. Kruskal-Wallis test
with post hoc Dunn’s test was used for statistical
analysis of the data obtained from the passive
avoidance task. Results from the chimney test were
compared with the exact Fisher’s probability test.
Plasma levels of antiepileptics alone or in combina-
tion with riluzole were evaluated with Student’s
t-test.

RESULTS

Effect of riluzole on the protective action of antie-

pileptic drugs

Riluzole (5 and 10 mg/kg) was not effective
against pentetrazole-evoked convulsions in mice, the
respective ED%� values of pentetrazole were changed
insignificantly from 83.8 to 83.6 and 79.7 mg/kg. Ri-
luzole applied at 5 mg/kg (but not 2.5 mg/kg) po-
tentiated the protective action of phenobarbital,
valproate and ethosuximide against pentetrazole-
induced seizures. The drug remained without effect
upon the activity of clonazepam in this test (Tab. 1).

Passive avoidance task

The saline-treated animals did not enter the
dark box within the observation time limit (180 s).
Riluzole (5 mg/kg) did not produce any significant
impairment of long-term memory in mice. Also an-
tiepileptic drugs administered alone or in combina-
tions with riluzole, did not disturb long-term mem-
ory in mice (Tab. 2).
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Chimney test

Riluzole (5 mg/kg) and antiepileptics alone did
not produce significant motor impairment in ex-
perimental animals. Conversely, the combinations of
riluzole (5 mg/kg) with valproate (144 mg/kg), phe-
nobarbital (4.9 mg/kg) or ethosuximide (90 mg/kg)
resulted in moderate motor deficit in mice (Tab. 2).

Effect of riluzole on the free plasma levels of an-

tiepileptic drugs

Riluzole (5 mg/kg) did not affect the total
plasma level of ethosuximide, or free plasma levels
of valproate and phenobarbital (Tab. 3).

DISCUSSION

Our results demonstrate that riluzole alone re-
mained ineffective against pentetrazole-induced
seizures in mice, although, when administered at
the dose of 5 mg/kg, it markedly enhanced the pro-
tective activity of valproate, phenobarbital and
ethosuximide in this convulsive test. The nature of
the described positive interactions does not seem to
be related to pharmacokinetic phenomena, since ri-
luzole did not change plasma levels of antiepileptic
drugs. In electrophysiological studies, riluzole pre-
vented both NMDA- and veratridine-induced exci-
totoxicity in rat hippocampal slices [20]. In agree-
ment with this statement remains observation that
riluzole attenuated convulsions evoked by both
glutamate and kainate in mice [23]. Moreover, effi-
cacy of riluzole in the genetic model of seizure-
prone DBA/2 mice might be associated with the in-
hibitory effect on neurotransmission mediated by
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both the glycine/NMDA and AMPA/kainate recep-
tor complex [11]. However, although toxic effects
of cocaine are thought to be associated mainly with
the enhanced transmission through NMDA recep-
tors, riluzole failed to prevent both convulsions and
lethality evoked by cocaine [4].

Considering the affinity for NMDA receptor, rilu-
zole may behave as a competitive [15] or, as a non-
competitive [24] antagonist of this receptor complex.
The observation that NMDA receptor antagonists
greatly enhanced the anticonvulsive potency of con-
ventional antiepileptic drugs, thereby allowing for
their significant dose reduction, was published several
years ago [10]. In maximal electroshock in mice, di-
zocilpine (MK-801), the open NMDA channel
blocker enhanced the protective action of phenobar-
bital and valproate, but not that of carbamazepine or
diphenylhydantoin [32]. Diphenylhydantoin and car-
bamazepine, like MK-801, may non-competitively
block NMDA receptors [29], and this, at least par-
tially, may explain the lack of interaction between
MK-801 and the two antiepileptics. Competitive
NMDA receptor antagonists, D-3-(2-carboxypi-
perazine-4-yl)-1-propenyl-1-phosphonic acid (D-
CPP-ene), D,L-(E)-2-amino-4-methyl-5-phospho-
no-3-pentenoate (CGP 37849) and its ethyl ester
(CGP 395551) potentiated the anticonvulsive ac-
tion of all tested antiepileptics [7, 25, 27, 37]. How-
ever, in the case of its combinations with D-CPP-
ene, pronounced adverse effects were noted [37].
Among antagonists of AMPA/kainate receptors, the
competitive blocker, 2,3-dihydroxy-6-nitro-7-sulfa-
moylbenzo(F)quinoxaline (NBQX), enhanced the
protective efficacy of all four antiepileptics [36]. On
the other hand, non-competitive AMPA/kainate re-
ceptor antagonists, 1-(4-aminophenyl)-4-methyl-7,8-
methylenedioxy-SH-2,3-benzodiazepine hydrochlo-
ride (GYKI 52466) and its derivative LY 300164,
[7-acetyl-5-(4-aminophenyl)-8,9-dihydro-8-methyl-
7H-1,3-dioxolo(4,5H)-2,3-benzodiazepine], weakly
interacted with phenobarbital [2, 9]. Advanta-
geously, the combinations of antiepileptic drugs
with either GYKI 52466 or LY 300164 were devoid
of severe adverse effects [2]. Antagonists of the
glycine site within NMDA receptor complex had
significant antiseizure properties, enhancing also
the efficacy of antiepileptics. Unfortunately, such
combinations led to pronounced adverse effects
[8]. Finally, SIB 1893, a selective mGluR5 receptor
antagonist, exerted a dual (pro- and anticonvulsive)
action against electrically induced seizures. Among

conventional antiepileptic drugs, only the action of
valproate was moderately enhanced by SIB 1893
[19].

In the pentetrazole test, considered as the sec-
ond basic screening test in experimental epileptol-
ogy, antagonists of glutamatergic receptors showed
no or weak antiseizure efficacy. Worth mentioning
is, however, observation that LY 300164 enhanced
the action of valproate in this test [8]. SIB 1893
failed to affect pentetrazole-induced convulsions in
mice. Also the efficacy of conventional antiepilep-
tic drugs was not modified by this non-competitive
antagonist of group I metabotropic glutamate re-
ceptor [3].

In the present study, riluzole potentiated the
protective activity of valproate and ethosuximide,
that is the two drugs of first choice applied in ab-
sence epilepsy. Weaker interaction was also found
between riluzole and phenobarbital, whereas no
significant effect was observed between riluzole
and clonazepam. Keeping in mind that the glutama-
tergic transmission modulator was not active
against pentetrazole-, bicuculline- and picrotoxin-
induced convulsions [23], one can assume that rilu-
zole alone does not affect seizures triggered by
GABAergic antagonists. Moreover, it poorly influ-
ences the effect of drugs stimulating GABA$ re-
ceptors. Nevertheless, riluzole proved much greater
efficacy in respect of interactions with conven-
tional antiepileptics in pentetrazole seizure test
than all previously tested NMDA and AMPA/kai-
nate receptor antagonists.

Summing up, our results suggest that, as far as
experimental results may be transferred into clini-
cal practice, riluzole may be considered as a good
drug candidate for add-on therapy of myoclonic
seizures or absence epilepsy in humans. Additional
neuroprotective effects of riluzole are undoubtedly
advantageous, especially in respect of delayed con-
sequences of seizures.
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