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SIB 1893, a non-competitive antagonist of group I metabotropic gluta-
mate receptor subtype 5, administered at doses ranging from 0.25 to 10 mg/kg,
failed to influence pentetrazole-induced convulsions in mice. Moreover, SIB
1893 (10 and 20 mg/kg) did not affect the protective action of valproate,
ethosuximide, phenobarbital and clonazepam in this test. Similarly, the
mGluR5 antagonist did not modulate the antiseizure activity of carbamaze-
pine, diphenylhydantoin and phenobarbital against maximal electroshock in
mice. The combined treatment of SIB 1893 with conventional antiepileptic
drugs did not lead to motor impairment. Long-term memory disturbances
were observed only in the case of the combination of SIB 1893 with pheno-
barbital.
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INTRODUCTION

The eight metabotropic glutamate receptors
(mGluRs) known so far are divided into three
groups, according to their sequence homology, sig-
nal transduction mechanisms, and agonist selectiv-
ity [18]. Group I includes mGluR1 and mGluR5,
which are linked to the activation of phospholipase
C. Groups II and III include all other types, nega-
tively coupled to adenylyl cyclase [2]. Recent stud-
ies revealed separate functions for two group I
receptor subtypes. Glutamate stimulation produces
a single peak of intracellular Ca�, mobilization
through mGluR1, but Ca�, oscillations through
mGluR5 receptors [16].

SIB 1893 [(E)-2-methyl-6-(2-phenylethynyl)-
pyridine] is a selective mGluR5 receptor antago-
nist, and to a lesser degree, an agonist of mGluR4,
belonging to group III of mGluRs. At this point, it
should be underlined that both group I receptor an-
tagonists and group III receptor agonists exert anti-
seizure and neuroprotective properties [4]. More-
over, SIB 1893 acts also as a non-competitive
NMDA receptor antagonist [17]. In experimental
conditions, SIB 1893 proved its efficacy in sound-
induced seizures in DBA/2 mice and primary gene-
ralized non-convulsive seizures in lethargic mice [6].

In our previous study, we described a dual (pro-
and anticonvulsant) pharmacological activity of
SIB 1893 against electroconvulsive threshold-indu-
ced seizures in mice. Consequently, we decided to
study the effects of the selective antagonist of
mGluR5 receptors, SIB 1893, on the protection
provided by conventional antiepileptic drugs against
maximal electroshock and pentetrazole-evoked sei-
zures in mice, two basic models of generalized
clonic-tonic seizures and myoclonic seizures, re-
spectively, in humans [14]. The adverse effects were
evaluated in the chimney test (motor coordination)
and passive avoidance test (long-term memory).

MATERIALS and METHODS

Animals and experimental conditions

Male Swiss mice (20–25 g) were used through-
out the experiments after at least one week of accli-
matization. They were housed in plastic cages under
standard conditions (ambient temperature of 22 ±
1°C, natural light-dark cycle). Tap water and chow
pellets were freely available. All experiments were
carried out at the same period of the day (between

9.00 a.m. and 12.00 a.m.) to minimize circadian
influences on seizure susceptibility. The experi-
mental groups consisted of 8 mice. All experimen-
tal procedures applied in this study were conducted
in agreement with the Bioethical Committee of
Lublin.

Electroconvulsions

Electroconvulsions in mice were produced with
the help of ear-clip electrodes and alternating cur-
rent delivered by a Hugo Sachs (Type 221, Frei-
burg, Germany) generator. The stimulus duration
was 0.2 s. Full tonic extension of both hind limbs
was taken as the endpoint. The convulsive thresh-
old was evaluated as CS&�, which is the current
strength (in mA) required to produce tonic hind-
limb extension in 50% of the animals tested. In or-
der to calculate the convulsive threshold, at least
three groups of mice (consisting of at least 8 ani-
mals per group) were challenged with electro-
shocks of various intensities. An intensity-response
curve was calculated with a computer, taking into
consideration the percentage of animals convulsing
in experimental groups. In order to calculate the
ED&� value for antiepileptic drugs, the mice were
challenged with maximal electroshock (25 mA). At
least four groups (8 animals per group) were used
to estimate the respective ED&� values.

Pentetrazole-induced seizures

At least four groups of mice (8 mice per group)
were injected intraperitoneally (ip) with various
doses of antiepileptic drugs and subcutaneously
(sc) with pentetrazole at a dose of 103 mg/kg,
which was its CD!- (convulsive dose for 97% of
animals showing the clonic phase). Following the
injection, mice were placed separately in transpar-
ent Plexiglass cages (25 × 15 × 10 cm) and ob-
served for 30 min for the occurrence of clonic and
tonic seizures. Clonic seizure activity was defined
as clonus of whole body lasting over 3 s, with an
accompanying loss of righting reflex, whereas the
tonic extension of the hind limbs was considered as
the endpoint for tonic seizures. To estimate ED&�

values for antiepileptic drugs, an intensity-response
curve was calculated on the basis of the percentage
of mice with clonic convulsions.

Drugs

Valproate magnesium (ICN Polfa, Rzeszów, Po-
land), carbamazepine (ICN Polfa, Rzeszów, Poland),
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phenobarbital sodium, clonazepam (both drugs
from Polfa, Kraków, Poland), diphenylhydantoin,
ethosuximide, pentetrazole (Sigma, St. Louis, USA)
and SIB 1893 (purchased from Tocris Cookson
Ltd., Bristol, UK) were used in this study. Clonaze-
pam, ethosuximide, carbamazepine, diphenylhy-
dantoin and SIB 1893 were suspended in a 1% so-
lution of Tween 80 (Loba Chemie, Vienna, Austria).
Valproate, phenobarbital and pentetrazole were dis-
solved in sterile water. All drugs were administered
ip, in a volume of 10 ml/kg, diphenylhydantoin
120 min, phenobarbital 60 min, valproate, carba-
mazepine, ethosuximide and clonazepam 30 min,
and SIB 1893 15 min before electroconvulsions
and behavioral tests.

Chimney test

The effects of antiepileptic drugs on motor im-
pairment were quantified with the chimney test of
Boissier et al. [1]. In this test, animals had to climb
backwards up the plastic tube (3 cm inner diameter,
25 cm long). Motor impairment was indicated by
the inability of mice to climb backwards up the
tube within 60 s and the results were shown as per-
centage of animals that failed to perform the test.

Passive-avoidance task

Mice were placed in an illuminated box (10 ×
13 × 15 cm) connected to a dark box (25 × 20 × 15
cm), which was equipped with an electric grid
floor. An electric footshock of 2 s in duration and
current intensity of 0.6 mA punished entrance to
the dark box. The animals that did not enter the
dark compartment were excluded from the experi-
ment. On the next day (24 h later), the same ani-
mals were put into the illuminated box and ob-
served for up to 180 s. Long-term memory impair-
ment was expressed as percentage of mice that
entered the dark compartment before 180 s elapsed.
According to Venault et al. [22], the step-through
passive avoidance task may be recognized as
a measure of long-term memory.

Statistics

ED&� values and statistical analysis of the re-
sults obtained in the electroconvulsive and pente-
trazole tests were calculated by computer probit
analysis, according to Litchfield and Wilcoxon
[13]. Statistical analysis of the data from the chim-
ney test and passive avoidance task was calculated
with Fisher’s exact probability test. Plasma and

brain levels of valproate alone or in combination
with SIB 1893 were evaluated with Student’s t-test.

RESULTS

Effects of SIB 1893 on the protective

activity of conventional antiepileptic

drugs against maximal electroshock-

induced seizures in mice

In our previous study, we reported that SIB 1893
applied at doses up to 2 mg/kg exerted a proconvul-
sant activity, decreasing the electroconvulsive thres-
hold, while at 40 mg/kg it displayed anticonvulsant
activity, increasing the threshold in mice. Moreover,
SIB 1893 at 20 mg/kg, but not at doses between
0.25–10 mg/kg, enhanced the protective activity of
valproate, reducing its ED&� from 218.2 to 179.5
mg/kg [15]. However, SIB 1893 did not affect the
antiseizure efficacy of carbamazepine (Tab. 1), phe-
nobarbital (Tab. 2) or diphenylhydantoin (Tab. 3).
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Effects of SIB 1893 on the protective

activity of conventional antiepileptic

drugs against pentetrazole-induced

seizures in mice

SIB 1893 applied at doses between 0.25 and 10
mg/kg proved ineffective against pentetrazole-induced
seizures (Tab. 4). The mGluR5 receptor antagonist
(administered at 10 and 20 mg/kg) did not influence
the protective activity of antiepileptic drugs against
pentetrazole-induced seizures in mice (Tab. 5).
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Results obtained in the chimney test and

passive-avoidance task

The combinations of SIB 1893 (10 mg/kg) with
valproate (177.6 mg/kg), ethosuximide (143.7 mg/kg)
and clonazepam (0.023 mg/kg), as well as the com-
bined treatment of SIB 1893 (20 mg/kg) with val-
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proate (179.5 mg/kg) did not produce motor- or
long-term memory impairment. On the other hand,
significant memory deficit with no motor coordina-
tion disturbances was observed when SIB 1893 (10
mg/kg) was co-administered with phenobarbital
(8.8 mg/kg; Tab. 6).

DISCUSSION

Our results demonstrate that SIB 1893 remained
ineffective against pentetrazole-induced seizures in
mice. Moreover, it did not modify the protective
action of valproate, ethosuximide, phenobarbital,
and clonazepam in this test. SIB 1893 did not influ-
ence the anticonvulsant activity of carbamazepine,
diphenylhydantoin and phenobarbital against maxi-
mal electroshock-induced seizures in mice. Moreo-
ver, combinations of SIB 1893 with antiepileptic
drugs did not result in adverse effects. In our pre-
liminary communication, we reported that SIB 1893
exerted the dual pharmacological activity against
electrically-induced seizures, decreasing the elec-
troconvulsive threshold at doses between 0.5–2
mg/kg, and increasing the threshold at the dose of
40 mg/kg. The mGluR5 receptor antagonist (20
mg/kg) enhanced also the anticonvulsant action of
valproate against maximal electroshock, and this
interaction was not due to pharmacokinetic events
[15]. In addition, SIB 1893, being ineffective against
amygdala-kindled seizures, enhanced, however, the
protective action of valproate and phenobarbital in
this model of epilepsy (unpublished data). On the
other hand, LY 354740 {(+)-2-aminobicyclo-[3.1.0]-
hexane-2,6-dicarboxylate}, an agonist of the group
II of mGluRs, enhanced the protective action of di-
azepam against pentetrazole-induced seizures [12].

In light of the above data, one can assume that
mGluR5 receptor antagonists hardly interact with
antiepileptic drugs when compared with ionotropic
glutamate receptor antagonists. For instance, in
maximal electroshock, dizocilpine (MK-801), a non-
competitive NMDA receptor antagonist, potentia-
ted the action of valproate and phenobarbital.
Several competitive NMDA antagonists, D-CPP-ene
[D-3-(2-carboxypiperazine-4-yl)-1-propenyl-1-phos-
phonic acid], CGP 37849 [D,L-(E)-2-amino-4-me-
thyl-5-phosphono-3-pentenoate], and LY 235959
[3R,4aS,6R,8aR-6-(phosphonomethyl)decahydroiso-
quinoline-3-carboxylic acid] enhanced the protec-
tion offered by valproate, phenobarbital, diphenyl-

hydantoin and carbamazepine in this test [3, 10].
Also, LY 300164 [7-acetyl-5-(4-aminophenyl)-8,9-
dihydro-8-methyl-7H-1,3-dioxolo-(4,5H)-2,3-benzo-
diazepine hydrochloride], an antagonist of AMPA/
kainate receptors, potentiated the anticonvulsant
action of all four conventional antiepileptic drugs
[9]. However, the pharmacological profile of SIB
1893 in pentetrazole-induced convulsions resem-
bles somehow that of NMDA receptor antagonists,
which were reported to show very poor efficacy in
this model of epilepsy [7]. On the other hand, an
AMPA/kainate receptor antagonist, LY 300164,
moderately enhanced the activity of valproate and
ethosuximide in the pentetrazole test in mice [8].

In our previous study, we assumed that the dual
nature of SIB 1893, revealed, however, only in
electroconvulsive threshold test, might be due to its
non-specific interactions with other metabotropic
glutamate receptors. Nevertheless, unknown yet
events may be involved in the diversity of SIB
1893 action on seizure phenomena. The increase in
neuronal excitability caused by activation of group
I mGluRs is produced primarily by inhibition of
potassium channels [11], but also by modulation of
calcium currents through N-type, L-type, and other
voltage-dependent calcium channels [19]. Stimula-
tion of mGluR1 and mGluR5 receptors may also
modulate the function of other neurotransmitters,
including the inhibitory effect on adenosine [5]
and dopamine [23] transmission. On the contrary,
mGluR1/5 agonists potentiate NMDA [20] and
AMPA/kainate receptor responses [21].

Summing up, one can hypothesize that rela-
tively weak antiseizure efficacy of SIB 1893 may
result from its indirect and sometimes diverse in-
fluence on various neurotransmission systems in
the central nervous system. The agonist of group II
mGluRs, LY 354740 (4–16 mg/kg), inhibited pen-
tetrazole-induced clonic convulsions in mice and
moderately potentiated the anticonvulsant action of
diazepam in this test, being ineffective upon etho-
suximide and valproate treatment [12]. SIB 1893
did not generally modify the protective activity of
conventional antiepileptics, valproate and pheno-
barbital being the exceptions in other convulsive
models [15, unpublished data]. Thus, in our opinion,
anticonvulsant mGluRs ligands may be potential
candidates for add-on therapy with only specified
antiepileptic drugs.
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