
SHORT COMMUNICATION

SIB 1893, A SELECTIVE mGluR5 RECEPTOR ANTAGONIST,
POTENTIATES THE ANTICONVULSANT ACTIVITY OF
OXCARBAZEPINE AGAINST AMYGDALA-KINDLED
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SIB 1893, a selective mGluR5 receptor antagonist, potentiates the anti-
convulsant activity of oxcarbazepine against amygdala-kindled convulsions
in rats. K.K. BOROWICZ, J.J. £USZCZKI, S.J. CZUCZWAR. Pol. J. Phar-
macol., 2004, 56, 459–464.

SIB 1893 (a non-competitive antagonist of group I metabotropic gluta-
mate receptors), given at 40 mg/kg (but not at 20–30 mg/kg), shortened the
afterdischarge duration in amygdala-kindled rats, being ineffective on other
seizure parameters – seizure severity, seizure duration, and afterdischarge
threshold. Oxcarbazepine (at 7.5 mg/kg, but not at 5 mg/kg), a newer antie-
pileptic drug, reduced seizure severity, seizure and afterdischarge durations.
When combined at ineffective doses in amygdala kindling, SIB 1893 at 20 or
30 mg/kg and oxcarbazepine at 5 mg/kg, significantly reduced seizure and
afterdischarge durations.

The results indicate that combinations of oxcarbazepine with antagonists
of group I metabotropic glutamate receptors may offer a novel therapeutic
approach in cases of drug-resistant epilepsy.

Key words: SIB 1893, metabotropic glutamatergic receptors, oxcar-
bazepine, amygdala kindling, seizures
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INTRODUCTION

Metabotropic glutamate receptors (mGluRs)
represent eight individual receptor types assigned
into three groups. The groups have been distin-
guished basing upon the receptor sequence homol-
ogy, signaling mechanisms, and selectivity of ago-
nists [18]. Group I consists of mGluR1 and mGluR5,
associated with the activation of phospholipase C.
Groups II and III include the remaining types, all
being negatively coupled to adenylyl cyclase [2].
There is evidence that group I receptors may differ-
entially respond to glutamate, viz. stimulation of
mGluR1 results in a single peak resembling intra-
cellular calcium (Ca��) mobilization whilst there
are evident Ca�� oscillations through mGluR5 re-
ceptors [17].

SIB 1893 [(E)-2-methyl-6-(2-phenylethynyl)-pyr-
idine] is preferentially a selective mGluR5 receptor
antagonist, also showing some agonistic activity to-
wards mGluR4 (group III of mGluRs). This dual
activity is advantageous for the protective activity
of SIB 1893 in experimental models of epilepsy
since antagonists of group I and, generally, agonists
of groups II and III, exert anticonvulsant action [8].

There is evidence that SIB 1893 is an anticon-
vulsant agent against electroconvulsions, audio-
genic seizures and primary generalized non-
convulsive seizures in lethargic mice [9, 16]. Inter-
estingly, in the electroconvulsive threshold test,
SIB 1893 in the low dose range (0.5–2.0 mg/kg)
lowered the threshold whilst at 40 mg/kg it evi-
dently increased the threshold, showing anticonvul-
sant activity [16].

Bearing in mind that approximately 30% of epi-
leptic patients do not properly respond to mono-
therapy with an antiepileptic drug (AED) [12],
there is a continuous need for adjuvant antiepilep-
tics for a combined treatment in the form of an
add-on therapy. The present study fulfils this crite-
rion, presenting data on the interaction of a newer
AED, oxcarbazepine with SIB 1893 in amygdala-
kindled seizures in rats. Amygdala-kindled seizures
provide a reliable model of human partial epilepsy
[15], often resistant to monotherapy [12]. Apart
from the assessment of an anticonvulsant efficacy
of co-administration of oxcarbazepine with SIB
1893, the influence of this drug combination upon
motor coordination, long-term memory and body
temperature was evaluated.

MATERIALS and METHODS

General

The experiments were conducted on male Wis-
tar rats weighing 200–250 g (authorized breeder:
T. Górzkowska, Warszawa, Poland). The animals
were housed in colony cages with free access to
food (chow pellets) and tap water. The experimental
temperature was kept at 21 ± 1°C and rats were on
a natural light-dark cycle. The experimental groups,
consisting of 8 rats, were chosen by means of a ran-
domized schedule. All experiments were carried out
between 10.00 a.m. and 2.00 p.m. to minimize the
influence of circadian rhythms. The animal proce-
dures were performed in accordance with the regu-
lations of the Local Ethics Committee at the Medi-
cal University of Lublin, Poland.

Drugs

Oxcarbazepine (Novartis, Basel, Switzerland)
and SIB 1893 (Tocris Cookson Ltd., Bristol, UK) were
suspended in a 1% solution of Tween 80 (Sigma, St.
Louis, MO, USA). The solution of Tween 80 did not
affect seizure correlates. All drugs were adminis-
tered ip, in a volume of 3 ml/kg, and at times re-
flecting their maximal anticonvulsant activity, ox-
carbazepine 30 min, whilst SIB 1893 15 min prior
to seizure and behavioral tests.

Surgery and kindling procedure

Rats, anesthetized with chloral hydrate (350
mg/kg, ip), were stereotactically implanted with
a bipolar electrode in the right basolateral amyg-
dala. Coordinates for electrode implantation, with
bregma point as reference, were anteroposterior
(AP) = –2.4, mediolateral (ML) = 4.6, dorsoventral
(DV) = 8.5, according to Fifkova and Marsala [13].
Scull screws served as the indifferent reference
electrode. The electrode assembly was attached to
the scull by dental acrylic cement. After electrode
implantation, the animals were treated with an anti-
biotic for one week to prevent infection.

After a post-operative period of two weeks, the
stimulation of the amygdala started. Kindling was
performed by constant current stimulations (500 �A,
1 ms, biphasic square-wave pulses, 50 Hz for 1 s)
applied once daily until at least 10 sequential fully
kindled stage 5 seizures were elicited. Rats usually
got fully kindled after approximately 10–15 stimu-
lations. Then, the threshold for induction of after-
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discharges in the stimulated amygdala was deter-
mined by a staircase procedure (series of stimula-
tions at intervals of 1 min increasing in steps of about
20% of the previously applied current), until an after-
discharge of at least 3-s duration was evoked. The af-
terdischarges from the amygdala were recorded prior
to and after the stimulation. The seizure activity
was assessed according to a modified Racine’s sys-
tem [19]. The respective scores were 0 = no seizure
response, 1 = immobility, eye closure, ear twitch-
ing, twitching of vibrissae, sniffing, facial clonus,
2 = head nodding associated with more severe fa-
cial clonus, 3 = clonus of one forelimb, 3.5 = bilat-
eral forelimb clonus without rearing, 4 = bilateral
forelimb clonus with rearing, 4.5 = falling on a side
(without rearing), loss of righting reflex accompa-
nied by generalized clonic seizures, 5 = rearing and
falling on the back accompanied by generalized
clonic seizures. Seizure duration was the duration
of limbic seizures (stage 1–2) and motor seizures
(stage 3–5). Afterdischarges were defined as spikes
with a frequency of at least 1 Hz and amplitude at
least twice greater than the pre-stimulation baseline
present in the EEG recorded from the site of stimu-
lation. Control experiments, on animals receiving
only vehicle, were undertaken 2 days before and
2 days after respective treatments.

Motor coordination evaluated in the chimney

test

The effects of oxcarbazepine and SIB 1893
(alone or combined) on motor coordination were
assessed by use of the chimney test of Boissier et
al. [1]. In this test, animals had to climb backwards
up a plastic tube (7 cm inner diameter, 50 cm
length). Motor impairment was indicated by the in-
ability of rats to climb backwards up the tube
within 60 s.

Long-term memory in the passive avoidance task

The step-through passive avoidance task, which
is recognized as a measure of long-term memory,
was used [20]. The drug-treated rats were placed in
an illuminated box (40 × 40 × 40 cm) connected to
a dark box (40 × 40 × 40 cm), which was equipped
with an electric grid floor. Entrance to the dark box
was punished by an electric footshock (0.7 mA for
2 s; facilitation of acquisition). The animals that did
not enter the dark compartment within 60 s were
excluded from the experiment. Twenty-four hours
later, the same rats, but without drug administra-

tion, were placed into the illuminated box and ob-
served up to 180 s. The median time to enter the
dark box was subsequently calculated. The control
(vehicle-treated animals) were similarly evaluated.

Body temperature measurement

The body temperature was measured by using
a BioMedic Data System DAS 5001 (supported by
the State Committee for Scientific Research KBN 6
P05F 022 20). The apparatus for temperature moni-
toring consists of a scanner device and microchip
transponders implanted into the loose fold of dorsal
skin of the rats. Three days following the trans-
ponder implantation, three consecutive measures of
body temperature were performed in order to adapt
the rats to the biotelemetric recording and mini-
mize a handling-evoked variability of temperature.
On fourth day, a temperature of each rat was meas-
ured in triplicate and considered as a control value
(reference value). Afterwards, the rats were given
the respective treatments (i.e. vehicle; oxcarbaze-
pine at 5 mg/kg; SIB 1893 at 30 mg/kg alone or in
combination with oxcarbazepine at 5 mg/kg). Fol-
lowing ip injections of SIB 1893 alone or in combi-
nation with oxcarbazepine, the body temperature
(of 8 rats per group) was recorded in triplicate and
analyzed.

Evaluation of oxcarbazepine brain concentra-

tion

The rats (8 animals per group) were adminis-
tered oxcarbazepine with vehicle or SIB 1893. Af-
ter decapitation, performed at times scheduled for
the seizure test, the brains were removed from
skulls and, instantaneously, weighed and homoge-
nized with a presence of distilled water (2:1
vol/weight). The brain homogenates were centrifuged
at 10,000 × g (MPW-360, Warszawa, Poland) for
10 min and supernatants were transferred to high
pressure liquid chromatography (HPLC)-technique of
drug detection. The chromatograph (Laboratorij Pris-
troje, Praha, Czech Republic) was equipped with
a 305 micropump (LCP 3001) and an ultraviolet
detector (HP 1050). A stainless steel Hypersil ODS
column (200 × 4.6 mm) was used at an ambient
temperature of 22°C. The mobile phase was metha-
nol, acetonitrile, acetate buffer (5 mM acetic acid/
50 mM sodium acetate); 15:15:70 vol/vol/vol. The
brain supernatants of 400 �l were added to 400 �l
of distilled water and the external standard of
0.15 �g of carbamazepine in 150 �l of aqueous
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methanol solution (1:1) was added. The samples
were shaken and to each sample, a volume of 4 ml
of tert-butyl-methyl ether was added and centri-
fuged for 4 min at 2000 × g. The samples were
evaporated to dryness under a vacuum system and
redissolved in 1 ml of naphthyl ether (HPLC, Ald-
rich), and again evaporated to dryness under a vac-
uum system. The residue was redissolved in 100 �l
of the mobile phase and samples of 50 �l were then
injected into the chromatograph. Oxcarbazepine
concentrations were calculated using the original
Gilson 715 software. Brain concentrations of ox-
carbazepine were expressed in �g/ml of brain su-
pernatants as means ± SD of 8 determinations.

Statistical calculations

Statistical significances between afterdischarge
threshold values, seizure and afterdischarge dura-
tions were calculated by the Student’s t-test for
paired replicates. The statistical significances be-
tween seizure scores (always at stage 5 in controls)
were evaluated by the Wilcoxon signed rank test.
Control values for seizure parameters were aver-
aged, although statistical comparisons were per-
formed with the use of individual controls. The re-

sults from the chimney test were compared using
Fisher’s exact probability test, while those from the
passive avoidance task were compared using the
Kruskal-Wallis test followed by Dunn’s post-hoc
test. Body temperature of animals subjected to vari-
ous treatment options was statistically analyzed
with ANOVA followed by Dunnett a posteriori
test. Oxcarbazepine concentrations were evaluated
with Student’s t-test for unpaired data.

RESULTS

Effects of SIB 1893 and oxcarbazepine alone or

combined on amygdala-kindled seizures in rats

SIB 1893 (20–30 mg/kg) did not affect any sei-
zure correlates in amygdala-kindled rats, whilst at
40 mg/kg, it moderately shortened the afterdischarge
duration (Tab. 1). Oxcarbazepine at 7.5 mg/kg redu-
ced both seizure and afterdischarge durations, show-
ing at 5 mg/kg no protective activity against amyg-
dala-kindled convulsions in rats. Consequently, for
the combination studies, SIB was used at a maximum
dose of 30 mg/kg and oxcarbazepine – at 5 mg/kg
(Tab. 2).
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When combined at subprotective doses, oxcar-
bazepine (5 mg/kg) and SIB 1893 (30 mg/kg), led to
significant reductions of seizure and afterdischarge
durations in amygdala-kindled rats (Tab. 2).

Results obtained in the chimney test and

passive-avoidance task

Neither SIB 1893 (30 mg/kg) nor oxcarbazepine
(5 mg/kg) alone affected the rats’ performance in the
chimney test and passive avoidance task. Similarly,
their combination at doses mentioned above, also did
not significantly disturb motor coordination or long-
term memory in rats (results not shown).

Influence of SIB 1893, oxcarbazepine and a com-

bination thereof upon the body temperature in

rats

Single injection of SIB 1893 at the dose of
30 mg/kg alone or in combination with oxcar-
bazepine (at 5 mg/kg) did not change the body tem-
perature in rats (Tab. 3). Similarly, the body tem-
perature of animals receiving oxcarbazepine alone
(35.9°C) did not differ from control (vehicle-
treated) animals (35.5°C; Tab. 3).

Effect of SIB 1893 upon the brain concentrations

of oxcarbazepine

The brain concentrations of oxcarbazepine (ap-
plied singly at the dose of 5 mg/kg) amounted to
0.352 ± 0.095 �g/ml of brain supernatants, and did
not significantly differ from the brain levels of ox-
carbazepine co-administered with SIB 1893 at the
dose of 30 mg/kg (0.357 ± 0.129 �g/ml of brain su-
pernatants).

DISCUSSION

So far, SIB 1893 has demonstrated some anti-
convulsant activity against electro-convulsions, rais-
ing the threshold at a dose of 40 mg/kg. Detailed
mechanism of action of SIB 1893 has been pre-
sented elsewhere [7, 16]. Interestingly, in the lower
dose range of 0.5–2.0 mg/kg, the mGluR5 receptor
antagonist has exhibited some proconvulsive effects,
lowering the threshold [16]. The drug (at 20 mg/kg)
has been shown to enhance the protective activity of
valproate against maximal electroshock-induced
convulsions in mice [16] but the protection offered
by other conventional AEDs has not been affected
in this test [7]. Also, SIB 1893 has not protected

against pentetrazole-induced convulsions in mice,
nor has it affected (at 20 mg/kg) the anticonvulsant
effects of clonazepam, ethosuximide, phenobarbital
and valproate against this chemical convulsant [7].
In this context, antagonists of ionotropic glutamate
receptors, demonstrate much better profile as regards
their interaction with conventional AEDs against
maximal electroshock or pentetrazole-induced con-
vulsion in mice. Although in many cases, combina-
tions of AEDs with antagonists of N-methyl-D-
aspartate (NMDA) receptors have resulted in pro-
found adverse activity, which has been rather not
the case with non-NMDA receptor antagonists [11].

Against amygdala kindling, a very promising
interaction has been identified between a non-
NMDA receptor antagonist and benzodiazepines or
valproate [3–5]. NMDA receptor antagonists were
much weaker in this respect, potentiating only the
protective action of diphenylhydantoin [5]. Consid-
ering that what has been found with SIB 1893 and
conventional antiepileptics in acute models of epi-
lepsy in mice, its good interaction with oxcar-
bazepine in the kindling model is somewhat unex-
pected. This may add some additional evidence to
the suggestion, expressed earlier by Borowicz et al.
[6], that the final outcome of interactions between
AEDs and other agents may be very well depend-
ent upon a seizure model used. It is noteworthy that
the combined treatment of oxcarbazepine with SIB
1893 was free of adverse effects, evaluated in a bat-
tery of tests (chimney test, passive avoidance task
and body temperature measurement). Also, no
pharmacokinetic mechanism was identified. Bear-
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ing in mind that combinations of SIB 1893 with su-
beffective doses of valproate or phenobarbital have
resulted in a significant protection against amyg-
dala-kindled seizures in rats [unpublished data],
one can assume that antagonists of mGluR5 may
yield a potential group of adjuvants for a manage-
ment of drug-resistant partial epilepsy. Interestingly,
other agents among ligands of mGluR, may also en-
hance the anticonvulsant action of some AEDs in
chemically-induced seizures. Specifically, LY 354740
{(+)-2-aminobicyclo[3.1.0] hexane-2,6-dicarboxy-
late}, an agonist of the group II of mGluRs, potenti-
ated the protective action of diazepam against
pentetrazole-induced seizures [14].

In conclusion, a detailed analysis of interaction
of mGluR5 antagonists with AEDs in the kindling
model of epilepsy is required. Initial data tend to
indicate that agents blocking these receptors may
offer a new approach in the management of partial
epilepsy as adjuvant AEDs.
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