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Abstract:

Successful management of epilepsy still remains a vital problem. Despite using various combinations of antiepileptic drugs (AEDs),
20–25% of epileptic patients are insensitive to currently available medication. Therefore, there is a considerable need for finding
a more effective AED or synergistic combinations of AEDs. Experimental and clinical data indicate that excitatory amino acid (EAA)
receptor antagonists possess anticonvulsant potential. Moreover, EAA antagonists can potentiate the protective action of conventional
AEDs. Unfortunately, not all beneficial (in terms of anticonvulsant activity) combinations may be recommended since some of them
produce significant adverse effects which restrict their clinical use. The aim of this review was to assemble current literature data on
interactions of EAA receptor antagonists with conventional AEDs. Generally, N-methyl-D-aspartate (NMDA) receptor antagonists
combined with AEDs produce significant adverse effects. Non-NMDA receptor antagonists represent a more promising group.
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Abbreviations: AD – Alzheimer’s disease, AED(s) – antiepi-
leptic drug(s), AMPA – �-amino-3-hydroxy-5-isoxazole-4-
propionate, 2-APV – 2-amino-5-phosphonovalerate, 4-AP – 4-
aminopyridine, CBZ – carbamazepine, CGP 37849 – D,L- (E)-2-
-amino-4-methyl-5-phosphono-3-pentenoate, CGP 39551 – ethyl es-
ter of D,L-(E)-2-amino-4-methyl-5-phosphono-3-pentenoate, CGX-
1007 – Conantokin G, CLO – clonazepam, (±)-CPP – D,L-3-
(±)-(2-carboxypiperazin-4-yl)propyl-1-phosphonate, D-(–)-CPP –
D-(–)-3-(2-carboxypiperazin-4-yl)propyl-1-phosphonate, D-CPP-ene –
D-3-(2-carboxypiperazine-4-yl)-1-propenyl-1-phosphonate, DZP –
diazepam, EAA(s) – excitatory amino acid(s), ED�� – effective dose
50, ETX – ethosuximide, GluR – glutamate receptors, GBP – gabap-
entin, GYKI 52466 – 1-(4-aminophenyl)-4-methyl-7,8-methylenedi-
oxy-5H-2,3-benzodiazepine hydrochloride, HD – Huntington’s

disease, iGluR – ionotropic glutamate receptors, KA – kainate,
mGluR – metabotropic glutamate receptors, LY 300164 –
7-acetyl-5-(4-aminophenyl)-8,9-dihydro-8-methyl-7H-1,3-dioxolo
(4,5H)-2,3-benzodiazepine (talampanel), LY 354740 – (+)-2-
aminobicyclo-[3.1.0]hexane- 2,6-dicarboxylic acid, MES – maxi-
mal electroshock, MK-801 – dizocilpine maleate, MPEP – (2-
methyl-6-phenylethynylpyridine), MRZ – 2/576 – 8-chloro-4-
hydroxy-1-oxo-1,2-dihydropyridazino[4,5-b] quinolin-5-oxide cho-
line salt, NBQX – 2,3-dihydroxy-6-nitro-7-sulfamoylbenzo(F)qui-
noxaline, NMDA – N-methyl-D-aspartate, PB – phenobarbital,
PHT – phenytoin (diphenylhydantoin), PTZ – pentetrazole, SIB
1893 – (E)-6-methyl-2-styrylpyridine, TPM – topiramate (2,3
:4,5-bis-O-(1-methyl-ethylidene-)-�-D-fructopyranose sulfamate),
VPA – valproate
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Introduction

The first report on the convulsant activity of excita-
tory amino acids (EAAs) appeared in 1954 when
Hayashi described the occurrence of seizures follow-
ing administration of L-glutamate and L-aspartate
into the cerebral cortex of dogs and monkeys [38].
Since then numerous experiments clarifying the nature
of L-glutamate, the structure and functions of glutamate
receptors, and the consequences of potentiating or inhi-
biting glutamatergic transmission have been carried out.

Glutamate fulfils four main criteria of a neurotrans-
mitter: 1) It is present in specific nerve endings. 2) It
is released into synaptic cleft at concentrations suffi-
cient to induce postsynaptic events. 3) Administration
of exogenous glutamate evokes the same response as
endogenous neurotransmitter does. 4) There is a me-
chanism responsible for termination of glutamate’s
action [34].

Glutamate receptors

Glutamate receptors (GluR) are classified into two
main groups: ionotropic (iGluR) and metabotropic
(mGluR) receptors [40, 55]. Furthermore, iGluR are sub-
divided into three types depending on their preferential
agonists: N-methyl-D-aspartate (NMDA), �-amino-
3-hydroxy-5-isoxazole-4-propionate (AMPA), and kai-
nate (KA). The latter two are also described as non-
NMDA receptors [76]. The NMDA receptors are re-
sponsible for synaptic formation, neuronal plasticity
and long-term potentiation, whereas the non-NMDA
receptors participate in rapid synaptic transmission
[54, 67]. Another difference between NMDA and
non-NMDA receptors is the fact that the stimulation
of NMDA receptors triggers Na+, K+ and Ca2+ conduc-
tance, while stimulation of non-NMDA receptors acti-
vates mainly Na+ and K+ flow [40, 53, 85].

The mGluR are classified into three groups com-
posed of eight different subtypes of receptors. Group I
mGluRs (mGluR1 and mGluR5) are positively cou-
pled to phospholipase C, whereas group II mGluRs
(mGluR2 and mGluR3) and group III (mGluR4,
mGluR6, mGluR7, mGluR8) are negatively coupled
to adenylate cyclase [39]. The mGluRs take part in

the modulation of both, excitatory and inhibitory neu-
rotransmission [31, 39, 57].

The role of EAAs in the central nervous

system pathology

Apart from being involved in seizure activity, EAAs
possess neurodegenerative potential that may account
for neuronal cell loss observed in such conditions as:
stroke, hypoglycemic or infectious brain damage, epilepsy,
Alzheimer’s disease (AD) or Huntington’s (HD) disease
[for review see 37, 76]. Neurodegeneration caused by
EAAs in epileptic patients may negatively affect the pro-
tective profile of some antiepileptic drugs (AEDs) [27, 29].

EAA antagonists

In the light of the facts presented above, a presump-
tion that EAA antagonists may be effective in the
treatment of epilepsy has arisen. Experimental studies
have revealed antiseizure properties of certain EAA
antagonists, and also their ability to enhance the pro-
tective effects of conventional AEDs. Additionally,
animal experiments have shown that some beneficial
(in terms of antiseizure activity) drug combinations
may evoke serious side effects.

Maximal electroshock (MES)-induced seizures in
rodents are regarded as a model of generalized tonic-
clonic convulsions, pentetrazole (PTZ) test is an es-
tablished model of myoclonic seizures, while amyg-
dala-kindled rats provide a reliable model of complex
partial seizures in man [48, 49]. Although the results
obtained in animal models cannot be fully extrapo-
lated to humans, they provide essential information
for effective design of successful clinical approach.

NMDA receptor antagonists

NMDA receptor antagonists inhibit seizures induced
by electroshock and a number of chemical convul-
sants [for review see 1, 2, 21, 75].
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NMDA receptor antagonists can also potentiate the
anticonvulsive effects of some AEDs. Enhancement
of the antielectroshock activity of phenobarbital (PB)
and phenytoin (PHT) by 2-amino-5-phosphono-
valerate (2-APV), a competitive NMDA receptor an-
tagonist, in the MES test in mice was first docu-
mented more than two decades ago [28]. The results
of this study were encouraging, despite the necessity
of using the NMDA receptor antagonist at very high
systemic doses (50–200 mg/kg). However, neither the
assessment of plasma levels of AEDs nor the evalua-
tion of possible side effects were performed [28].

Dizocilpine (MK-801) is an open channel blocker
within the NMDA receptor complex. At doses of
0.0125 and 0.05 mg/kg, it increased significantly the
anticonvulsive effects of PB and valproate (VPA) in
the MES test in mice, remaining ineffective when
combined with carbamazepine (CBZ) or PHT. The
pharmacokinetic interactions may be excluded as this
non-competitive NMDA receptor antagonist did not
influence the plasma levels of PB and VPA. Both
beneficial combinations of the drugs were free of ad-
verse effects assessed in the chimney test and passive
avoidance test [74]. In spite of this, the results of
clinical trials were not so encouraging. Dizocilpine
ability to enhance the protective actions of some
AEDs in epileptic patients tended to diminish gradu-
ally in the course of therapy [71]. Furthermore, di-
zocilpine is probably responsible for adverse activity,
such as confusion and psychotomimetic effects in pa-
tients with epilepsy [64, 71].

D-3-(2-carboxypiperazine-4-yl)-1-propenyl-1-pho-
sphonic acid (D-CPP-ene), a competitive NMDA re-
ceptor antagonist, at the dose of 1 mg/kg, enhanced
the anticonvulsive actions of CBZ, diazepam (DZP),
PB, PHT and VPA in the MES test in mice, without
affecting their plasma levels. However, the combina-
tions of D-CPP-ene with DZP, PB, PHT and VPA pro-
duced significant impairment of long-term memory
and motor coordination (assessed in the chimney and
passive avoidance tests, respectively). Only the com-
bination of D-CPP-ene with CBZ was free of adverse
effects [87]. The results of clinical trials of D-CPP-
ene were also discouraging. The substance not only
produced profound side effects in epileptic patients,
but also was totally ineffective as an add-on therapy
to AEDs [68].

Borowicz et al. [9] have tested interactions of two
competitive NMDA receptor antagonists, D-(–)-3-(2-
carboxypiperazin-4-yl)propyl-1-phosphonate (D-(–)CPP)

and D,L-3-(±)-(2-carboxypiperazin-4-yl)propyl-1-pho-
sphonate ((±)-CPP), with conventional AEDs in the
MES test in mice. It was established that both NMDA
receptor antagonists at the dose of 0.625 mg/kg poten-
tiated the anticonvulsive action of CBZ, VPA and PB
without influencing their plasma levels and being de-
void of significant adverse effects. Only the combined
treatment of VPA with CPP agents caused a moderate
motor impairment comparable to that evoked by VPA
alone [9]. These results may be especially important
for epileptic patients treated with PB or VPA, as an
addition of NMDA antagonist to conventional AEDs
may protect them from long-term memory impair-
ment caused by high doses of the drugs in monother-
apy. Neither D-(–) CPP nor (±)-CPP modified the an-
ticonvulsive effect of PHT [9].

D,L-(E)-2-amino-4-methyl-5-phosphono-3-pentenoate
(CGP 37849) and its ethyl ester (CGP 39551) also be-
long to the group of competitive antagonists of
NMDA receptors. Both agents increased the antielec-
troshock potency of PB, PHT and VPA. Additionally,
CGP 37849 enhanced the protective activity of CBZ
against electroconvulsions. NMDA receptor antago-
nists did not modify the plasma levels of AEDs except
for VPA whose plasma level was decreased by CGP
39551. The combinations of CGP 37849 with VPA, and
also the combination of CGP 37849 or CGP 39551 with
PHT did not evoke any undesirable effects [20, 62].

CGX-1007 (Conantokin G) is a selective NMDA
receptor antagonist exhibiting a broad spectrum of an-
ticonvulsive activity in animal models of epilepsy. At
therapeutic doses the substance did not induce behav-
ioral toxicity. It displayed a strictly additive interac-
tion with CBZ, PHT and VPA against MES-induced
seizures in mice [for review see 1].

Memantine, procyclidine and trihexyphenidyl are
the antiparkinsonian drugs possessing anti-NMDA ac-
tivity [5, 59]. In the study carried out by Urbañska et
al. [73], memantine and trihexyphenidyl potentiated
the antielectroshock potency of VPA [73]. The en-
hancement of the anticonvulsive activity of AEDs
was also observed by ¯arnowski et al. [88], who
tested the interactions between procyclidine and CBZ,
DZP, PB, PHT and VPA in the MES test in mice. Un-
fortunately, all antiparkinsonian drugs in combina-
tions with AEDs produced profound side effects, es-
pecially impairing long-term memory [73, 88].

Ifenprodil (an antagonist of the polyamine site
within the NMDA receptor complex) did not modify
the action of conventional AEDs in the MES test in
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mice, although when administered alone, it displayed
anticonvulsive properties, increasing the electrocon-
vulsive threshold in mice [88].

Indole-2-carboxylate, 5-fluoroindole-2-carboxylate
and 8-chloro-4-hydroxy-1-oxo-1,2-dihydropyridazino
[4,5-b]quinolin-5-oxide choline salt (MRZ 2/576) are
the antagonists of the glycine site at the NMDA recep-
tor. Indole-2-carboxylate enhanced the protective ac-
tivity of conventional AEDs, but evoked strong side
effects [24]. Similar results were obtained with
5-fluoroindole-2-carboxylate. The substance, at the
dose of 100 mg/kg, potentiated the anticonvulsive ac-
tion of CBZ, PB and VPA in the MES test in mice, re-
maining ineffective when combined with PHT. How-
ever, these interactions were not free of adverse ef-
fects. All combinations produced motor impairment
(assessed in the chimney and rotarod tests), and the
combined treatment of 5-fluoroindole-2-carboxylate
with VPA worsened additionally long-term memory
(assessed in the passive avoidance test). The latter
combination also resulted in 50% mortality after 24
hours. Interestingly, 5-fluoroindole-2-carboxylate, at
the dose of 50 mg/kg, potentiated the antielectroshock
potency of CBZ without evoking significant side ef-
fects [41]. MRZ 2/576, at subthreshold doses of 2.5
and 5 mg/kg against electroconvulsions, enhanced the
protection offered by CBZ and VPA whilst at
5 mg/kg, it potentiated the anticonvulsant activity of
PB, PHT and oxcarbazepine against MES in mice.
Apart from the combined treatment with VPA which
disturbed both motor coordination and long-term
memory, the remaining combinations did not result in
significant adverse activity. Moreover, a possibility of
pharmacokinetic interactions was excluded, consider-
ing free plasma concentrations of AEDs [52]. In the
PTZ test, MRZ 2/576 (5 mg/kg) remained ineffective
in improving the anticonvulsant action of CLO, ETX,
and VPA [52].

In the study carried out by Borowicz et al. [14], fel-
bamate, an antagonist of NMDA receptors containing
the NR2B subunit, used at a subprotective dose of
5 mg/kg, did not affect the anticonvulsive action of
conventional AEDs against MES-induced seizures in
mice. The drug, used at the lowest protective dose of
7.5 mg/kg, enhanced the protective potential of PHT,
but not that of CBZ, PB or VPA. All combinations
were free of adverse effects, and pharmacokinetic in-
teractions were excluded [14]. In another study, Gor-
don et al. [36] have shown that subprotective doses of
conventional AEDs (CBZ, PB, PHT, VPA) are able to

enhance the protective effects of felbamate against
MES. The potentiation of the protective action of fel-
bamate did not result from pharmacokinetic interac-
tions. Moreover, the protective index for felbamate
was increased by more than 100% after its combina-
tion with conventional AEDs [36]. Felbamate en-
hanced the potency of VPA against seizures evoked
by 4-aminopyridine (4-AP), but not against pentetra-
zole (PTZ)-induced convulsions. The combination did
not produce any signs of neurotoxicity (assessed in
the rotarod test). Pharmacokinetic interactions were
also discarded [19]. At present, felbamate is marketed
in some countries worldwide for mono- and polyther-
apy of epilepsy. Unfortunately, aplastic anemia and
hepatic lesions observed in patients treated with this
AED, restrict its usefulness [60].

AMPA/KA receptor antagonists

Anticonvulsant effects of AMPA/KA receptor antago-
nists were proved in various animal models of epi-
lepsy [2, 6–8, 11, 30, 45, 47, 56, 72, 81, 82]. Interac-
tions of AMPA/KA receptor antagonists with conven-
tional AEDs have been widely documented in the
literature.

1-(4-Aminophenyl)-4-methyl-7,8-methylenedioxy-
5H-2,3-benzodiazepine hydrochloride (GYKI 52466)
is a selective, noncompetitive antagonist of AMPA
/KA-mediated excitation, displaying anticonvulsive
and muscle relaxant properties [70]. The compound
highly effectively potentiated the protective activity
of conventional AEDs in the MES test in mice and
during amygdala kindling in rats. GYKI 52466, ad-
ministered at the subprotective dose of 5 mg/kg, sig-
nificantly enhanced the protection offered by CBZ,
PHT and VPA against MES-induced convulsions in
mice, remaining ineffective on the anticonvulsant ac-
tion of PB [7]. Biochemical and electrophysiological
studies have confirmed that PB is able to inhibit
AMPA/KA-mediated neurotransmission [35, 44]. The
inability of GYKI 52466 to enhance the protective ac-
tion of PB may result from competition between these
two agents for the same binding site in the central
nervous system. The enhancement of the anticonvul-
sive action of conventional AEDs by GYKI 52466 in
amygdala-kindled seizures in rats was observed by
Borowicz et al. [6]. GYKI 52466, at the dose of
2 mg/kg, elevated the efficacy of clonazepam (CLO)
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and VPA given at otherwise ineffective doses. No pro-
tection was observed when this AMPA/KA antagonist
was combined with subprotective doses of CBZ, PB
or PHT [6]. GYKI 52466, at the dose of 10 mg/kg did
not influence the anticonvulsive profile of CLO, etho-
suximide (ETX) and PB against PTZ-induced sei-
zures in mice. Only the combination with VPA turned
out to be beneficial in terms of antiseizure activity,
but because of side effects observed in the course of
therapy (impairment of long-term memory), its use-
fulness in the treatment of patients with myoclonic
epileptic attacks is questionable [22]. Nevertheless, it
should be underlined that GYKI 52466 in combina-
tion with the majority of conventional AEDs did not
produce any significant adverse effects (assessed in the
chimney and passive avoidance tests). The interactions
at a pharmacokinetic level can be excluded since
GYKI 52466 did not evoke any changes in the free and
total plasma levels of the AEDs tested [6, 7, 22].

A derivative of GYKI 52466, 7-acetyl-5-(4-amino-
phenyl)-8,9-dihydro-8-methyl-7H-1,3-dioxolo(4,5H)-
2,3-benzodiazepine (LY 300164), was shown to be
a more potent antagonist of AMPA-mediated excita-
tion than its parent compound [32, 65]. However, both
agents enhanced the protective activity of conven-
tional AEDs to a comparable degree. Similarly to
GYKI 52466, LY 300164 given at subprotective
doses, potentiated the protective activity of CBZ,
PHT and VPA against MES. Additionally, LY 300164
enhanced the anticonvulsant action of CLO, DZP and
PB. Only the combination of LY 300164 (2 mg/kg)
with DZP (8.7 mg/kg) disturbed motor coordination.
This fact is especially important for VPA, which
given alone at its ED50 influenced negatively this pa-
rameter. CLO, DZP, PB and VPA alone produced im-
pairment of long-term memory (assessed in the pas-
sive avoidance task), while in combination with LY
300164, this side effect was observed only for DZP
and VPA [10, 12, 26].

LY 300164, administered at the dose of 2 mg/kg,
enhanced the efficacy of DZP, ETX and VPA, but not
that of CLO and PB in PTZ-induced seizures in mice.
Significant motor and long-term memory impairment
was noted when LY 300164 was given together with
DZP (8.7 mg/kg). This result was not surprising, as
DZP alone also produced similar effects. The remain-
ing combinations of the drugs were free of adverse ef-
fects [10, 12, 23].

LY 300164 at the dose of 2 mg/kg potentiated the
protective action of CLO, DZP and VPA, but not that

of CBZ, PB or PHT (given at their subprotective
doses) against amygdala-kindled seizures in rats [8,
10, 12]. The combination of LY 300164 (2 mg/kg)
with DZP (1.25 mg/kg) against amygdala-kindling in
rats seems to be extremely beneficial, as it allows to
avoid adverse effects evoked by DZP used in mono-
therapy (10–20 mg/kg) [10]. CLO given alone at its
ED50 against MES (14.4 mg/kg) caused long-term
memory deficits in mice, whereas in combination
with LY 300164 did not produce this effect [12]. The
combination of AMPA/KA receptor antagonist with
VPA was also devoid of undesired effects [8]. LY
300164 in combination with gabapentin resulted in
a synergistic interaction against MES in mice which
has been evaluated by isobolographic analysis [15].
This combination was also very promising as regards
adverse effect and was fully devoid of an pharmacoki-
netic component [15]. These observations support hy-
pothesis that AMPA/KA receptor antagonists may be
good candidates for adjuvant therapy in epileptic patients.

2,3-Dihydroxy-6-nitro-7-sulfamoylbenzo(F)quinox-
aline (NBQX) is a competitive antagonist of AMPA /KA
receptors, which significantly potentiated the anticon-
vulsant action of CBZ, PB, PHT and VPA in the MES
test in mice. The compound did not evoke any side ef-
fects in combination with the former three drugs.
However, because of short time of action, its useful-
ness in epileptic patients may be limited [86].

Topiramate (TPM; 2,3:4,5-bis-O-(1-methyl-ethy-
lidene-)-�-D-fructopyranose sulfamate) is a novel
AED exerting its anticonvulsant action through multi-
ple mechanisms [42, 47, 61, 66, 80, 84]. One of them
is blockade of AMPA/KA current, without affecting
NMDA-evoked events [66]. TPM at the dose of
5 mg/kg potentiated the protective action of CBZ, PB,
PHT and VPA in the MES test in mice. At the lower
dose (2.5 mg/kg), it retained its effectiveness only in
augmenting the CBZ and PB action [69]. TPM given
at the dose of 150 mg/kg enhanced the antiseizure po-
tential of ETX, but not that of CLO, PB or VPA
against PTZ-induced seizures in mice [11]. Co-
administration of TPM (10 mg/kg) with CBZ, PB and
VPA turned out to be beneficial against amygdala-
kindled convulsions in rats, while combination of
TPM with PHT was ineffective in this model of epi-
lepsy [11]. All combinations of TPM with conven-
tional AEDs did not produce any significant adverse
effects [11, 69]. TPM administered together with
ETX, PHT, PB or VPA did not alter their free plasma
levels, but combination of TPM with CBZ resulted in

�����������	��� 
������ ����� ��� ������� 591

Excitatory amino acid receptor antagonists and antiepileptic drugs
��������� �	
��� �� ��



592 �����������	��� 
������ ����� ��� �������

Tab. 1. Influence of EAA antagonists on the anticonvulsant action of conventional AEDs in the MES test in mice

EAA antagonist (mg/kg) CBZ CLO PHT DZP PB VPA GBP References

2-APV (25.0) NT NT 0 NT � NT NT [28]

2-APV (200.0) NT NT � NT � NT NT [28]

MK-801 (0.0125) NT NT NT NT � � NT [74]

MK-801 (0.05) 0 NT 0 NT � NT NT [74]

D-CPP-ene (1.0) � NT � � � � NT [87]

D(–)CPP (0.625) � NT 0 NT ^ � NT [9]

(±)CPP (0.625) � NT 0 NT � � NT [9]

CGP 37849 (0.125) NT NT NT NT NT � NT [20]

CGP 37849 (0.5) 0 NT 0 NT � � NT [20, 62]

CGP 37849 (1.0) � NT � NT � � NT [20, 62]

CGP 39551 (1.25) NT NT � NT 0 � NT [20, 62]

CGP 39551 (2.5) NT NT � NT ^ � NT [20, 62]

CGP 39551 (5.0) 0 NT � NT � � NT [20, 62]

Memantine (0.0156; 0.5) NT NT NT NT NT � NT [73]

Trihexyphenidyl (30.0; 50.0) NT NT NT NT NT � NT [73]

Procyclidine (10.0) � NT � 0 � � NT [88]

Procyclidine (20.0) NT NT NT � NT NT NT [88]

Ifenprodil (10.0) 0 NT 0 NT 0 0 NT [88]

5-fluoroindole-2-carboxylate (50.0) � NT 0 NT 0 0 NT [41]

5-fluoroindole-2-carboxylate (100.0) � NT 0 NT � � NT [41]

MRZ 2/576 (2.5) � NT 0 NT 0 � NT [52]

MRZ 2/576 (5.0) � NT � NT � � NT [52]

Felbamate (5.0) 0 NT 0 NT 0 0 NT [14]

Felbamate (7.5) 0 NT � NT 0 0 NT [14]

GYKI 52466 (5.0) � NT � NT 0 � NT [7]

LY 300164 (0.5) 0 � 0 NT 0 0 �* [12, 15, 26]

LY 300164 (0.75) � NT 0 NT 0 � �* [15, 25]

LY 300164 (1.0) � � � 0 0 � �* [10, 12, 15, 26]

LY 300164 (2.0) � � � � � � �* [10, 12, 15, 26]

NBQX (10.0) � NT � � � � NT [86]

SIB 1893 (20.0) 0 NT 0 NT 0 � NT [13, 50]

MPEP (1.0) 0 NT 0 NT 0 0 NT [83]

TPM (2.5) � NT 0 NT � 0 NT [69]

TPM (5.0) � NT � NT � � NT [69]

CBZ – carbamazepine, CLO – clonazepam, DZP – diazepam, GBP – gabapentin, PB – phenobarbital, PHT – phenytoin,VPA – valproate, 2-APV
– 2-amino-5-phosphonovalerate, CGP 37849 – D,L-(E)-2-amino-4-methyl-5-phosphono-3-pentenoate, CGP 39551 – ethyl ester of D,L-(E)-2-
amino-4-methyl-5-phosphono-3-pentenoate, (±)CPP – D,L-3-(±)-(2-carboxypiperazin-4-yl)propyl-1-phosphonate, D(–)CPP – D(–)-3-(2-
carboxypiperazin-4-yl)propyl-1-phosphonate, D-CPP-ene – D-3-(2-carboxypiperazine-4-yl)-1-propenyl-1-phosphonic acid, GYKI 52466 –
1-(4-aminophenyl)-4-methyl-7,8-methylenedioxy-5H-2,3-benzodiazepine hydrochloride, LY 300164 – 7-acetyl-5-(4-aminophenyl)-8,9-
dihydro-8-methyl-7H-1,3-dioxolo(4,5H)-2,3-benzodiazepine (talampanel), MK-801 – dizocilpine maleate, MPEP – 2-methyl-6-
phenylethynylpyridine, MRZ 2/576 – 8-chloro-4-hydroxy-1-oxo-1,2-dihydropyridazino[4,5-b]quinolin-5-oxide choline salt, NBQX – 2,3-
dihydroxy-6-nitro-7-sulfamoylbenzo(F)quinoxaline, SIB 1893 – (E)-6-methyl-2-styryl-pyridine, TPM – topiramate. Effect of EAA antagonists: � –
potentiating effect, 0 – without effect, NT – not tested, * – isobolographic analysis (doses of an EAA do not apply)



an increase in free plasma level of CBZ [11, 69]. The
method of isobolographic analysis has also been em-
ployed to evaluate the effectiveness of a combined
treatment of topiramate with lamotrigine in mice
against MES [51]. It was revealed that a combination
of these AEDs at the fixed ratio of 1:1 (based upon
their respective ED50s against MES) was supraaddi-
tive in the convulsive test and subadditive (antagonis-
tic) in the chimney test, and a pharmacokinetic inter-
action, in terms of the free plasma levels, was totally
excluded [51].

mGluR antagonists

In the light of the studies carried out recently, it be-
came evident that most antagonists of mGluR belong-

ing to the group I exerted anticonvulsant action in ani-
mal models of epilepsy [17, 50, for review see 75].
Most mGluR agonists belonging to the group II and
III have similar properties [16, 43, for review see 75].
Up till the present, little is known about interactions
of mGluR antagonists with conventional AEDs.

SIB 1893, (E)-6-methyl-2-styryl-pyridine, is a non-
competitive antagonist of group I mGluR5, which
acts also as a non-competitive NMDA receptor an-
tagonist and as an agonist of group III mGluR4. The
compound exerted both pro- and anticonvulsant effect
(depending on the dose it was given at) in MES test in
mice, but remained ineffective against PTZ and
amygdala-kindling induced seizures [13, 50, 58, 77].
SIB 1893, given at the dose of 20 mg/kg, potentiated
the antiseizure activity of VPA, but not that of CBZ,
PB or PHT against MES in mice. The compound did
not influence the free plasma level of VPA, so a phar-
macokinetic interaction is not likely. Combinations of
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Tab. 2. Influence of EAA antagonists on the anticonvulsant action of conventional AEDs against pentetrazole (PTZ)-induced seizures in mice

EAA antagonist (mg/kg) CLO DZP ETX PB VPA References

GYKI 52466 (10.0) 0 NT 0 0 � [22]

LY 300164 (2.0) 0 � � 0 � [10, 12, 23]

MRZ 2/576 (5.0) 0 NT 0 NT 0 [52]

SIB 1893 (10.0; 20.0) 0 NT 0 0 0 [13]

LY 354740 (0.5) NT 0 0 NT 0 [43]

LY 354740 (5.0) NT � 0 NT 0 [43]

TPM (150.0) 0 NT � 0 0 [11]

CLO – clonazepam, DZP – diazepam, ETX – ethosuximide, PB – phenobarbital, VPA – valproate, GYKI 52466 – 1-(4-aminophenyl)-4-methyl-
-7,8-methylenedioxy-5H-2,3-benzodiazepine hydrochloride, LY 300164 – 7-acetyl-5-(4-aminophenyl)-8,9-dihydro-8-methyl-7H-1,3-dioxolo
(4,5H)-2,3-benzodiazepine, LY 354740 – (+)-2-aminobicyclo-[3.1.0]hexane-2,6-dicarboxylic acid, MRZ 2/576 – 8-chloro-4-hydroxy-1-
oxo-1,2-dihydropyridazino[4,5-b]quinolin-5-oxide choline salt, SIB 1893 – (E)-6-methyl-2-styryl-pyridine, TPM – topiramate. Effect of EAA an-
tagonists: � – potentiating effect, 0 – without effect, NT – not tested

Tab. 3. Influence of EAA receptor antagonists on the anticonvulsant action of conventional AEDs against amygdala-kindled seizures in rats

EAA antagonist (mg/kg) CBZ CLO PHT DZP PB VPA References

GYKI 52466 (2.0) 0 � 0 NT 0 � [6]

LY 300164 (2.0) 0 � 0 � 0 � [8, 10, 12]

SIB 1893� NT NT NT NT � �

TPM (10.0) � NT 0 NT � � [11]

*– unpublished data, CBZ – carbamazepine, CLO – clonazepam, PHT – phenytoin, DZP – diazepam, PB – phenobarbital, VPA – valproate,
GYKI 52466 – 1-(4-aminophenyl)-4-methyl-7,8-methylenedioxy-5H-2,3-benzodiazepine hydrochloride, LY 300164 – 7-acetyl-5-(4-
aminophenyl)-8,9-dihydro-8-methyl-7H-1,3-dioxolo(4,5H)-2,3-benzodiazepine, SIB 1893 – (E)-6-methyl-2-styryl-pyridine, TPM – topiramate.
Effect of EAA antagonists: � – potentiating effect, 0 – without effect, NT – not tested



SIB 1893 with AEDs were free of adverse effects (as-
sessed in the chimney and passive avoidance tasks)
with one exception: SIB 1893 combined with PB pro-
duced significant memory deficits [13, 50]. SIB 1893
failed to modify the protective activity offered by
conventional AEDs (CLO, ETX, PB, VPA) against
PTZ-induced convulsions in mice [13]. However, it
enhanced the protection offered by VPA and PB
against amygdala-kindled seizures in rats [unpub-
lished data]. Another non-competitive mGluR5 an-
tagonist and mGLuR4 agonist, MPEP (2-methyl-6-

phenylethynylpyridine), although raised the electro-
convulsive threshold at doses of 1.25 and 1.5 mg/kg,
nevertheless, when administered at the subprotective
dose of 1 mg/kg, it remained without effect on the ac-
tion of VPA, CBZ, PHT and PB against maximal elec-
troshock in mice [83].

K³odziñska et al. [43], have shown that combina-
tion of (+)-2-aminobicyclo-[3.1.0]hexane-2,6-dicarb-
oxylic acid (LY 354740), an agonist of the group II
mGluR, enhanced the anticonvulsive activity of DZP
against PTZ-induced seizures in mice, remaining inef-
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Tab. 4. Adverse effects evoked by combinations of conventional AEDs and EAA antagonists

EAA antagonist (mg/kg) CBZ CLO PHT DZP PB VPA References

MK-801 (0.0125) NT NT NT NT NT – [74]

MK-801 (0.05) NT NT NT NT – NT [74]

D-CPP-ene (1.0) – NT + + + + [86]

D(–)CPP (0.625) – NT – NT – +/– [9]

(±)CPP (0.625) – NT – NT – +/– [9]

CGP 37849 (0.25) NT NT NT NT NT – [20, 62]

CGP 37849 (1.0) + NT – NT + NT [20, 62]

CGP 39551 (2.5) NT NT – NT + + [20, 62]

Memantine (0.5) NT NT NT NT NT + [73]

Trihexyphenidyl (50.0) NT NT NT NT NT + [73]

Procyclidine (10.0) –/+ NT –/+ + + + [88]

Procyclidine (20.0) NT NT NT + NT NT [88]

5-fluoroindole-2-carboxylate (50.0) – NT NT NT NT NT [41]

5-fluoroindole-2-carboxylate (100.0) +/– NT NT NT +/– + [41]

MRZ 2/576 (5.0) – NT – NT – + [52]

Felbamate (7.5) – NT – NT – – [14]

GYKI 52466 (5.0) – NT – NT NT + [7]

LY 300164 (2.0) – NT/– –/+ a)–*b)+ – –/+ [10, 12, 26]

NBQX (10.0) – NT – + – + [86]

SIB 1893 (10.0) NT – NT NT –/+ – [13]

SIB 1893 (20.0) NT NT NT NT NT – [13]

TPM (5.0) – NT – NT – – [69]

TPM (10.0) – NT NT NT – – [11]

CBZ – carbamazepine, CLO – clonazepam, PHT – phenytoin, DZP – diazepam, PB – phenobarbital, VPA – valproate, CGP 37849 – D,L-(E)-2-
amino-4-methyl-5-phosphono-3-pentenoate, CGP 39551 – ethyl ester of D,L-(E)-2-amino-4-methyl-5-phosphono-3-pentoate, (±)CPP –
D,L-3-(±)-(2-carboxypiperazin-4-yl)propyl-1-phosphonate, D(–)CPP – D(–)-3-(2-carboxypiperazin-4-yl)propyl-1-phosphonate, D-CPP-ene –
D-3-(2-carboxypiperazine-4-yl)-1-propenyl-1-phosphonic acid, GYKI 52466 – 1-(4-aminophenyl)-4-methyl-7,8-methylenedioxy-5H-2,3-
benzodiazepine hydrochloride, LY 300164 – 7-acetyl-5-(4-aminophenyl)-8,9-dihydro-8-methyl-7H-1,3-dioxolo(4,5H)-2,3-benzodiazepine,
MK-801 – dizocilpine maleate, MRZ 2/576 – 8-chloro-4-hydroxy-1-oxo-1,2-dihydropyridazino[4,5-b]quinolin-5-oxide choline salt, NBQX – 2,3-
dihydroxy-6-nitro-7-sulfamoylbenzo(F)quinoxaline, SIB 1893 – (E)-6-methyl-2-styryl-pyridine, TPM – topiramate. Adverse effects: – – no ad-
verse effects, +/– – motor coordination impairment (assessed in the chimney test of Boissier et al. [4]), –/+ – long-term memory impairment (as-
sessed in the passive avoidance task according to Venault et al. [78]), + – impairment of both motor coordination and long-term memory, NT –
not tested. * – motor coordination assessed in the rotarod test according to Dunham and Miya [33], a) DZP at the dose of 1.25 mg/kg, b) DZP at
the dose of 8.7 mg/kg



fective on the anticonvulsant action of ETX and VPA.
The authors concluded that the potentiation of protec-
tive activity of DZP was probably the result of both
pharmacodynamic and pharmacokinetic interactions,
the former being much potent [43].

Interactions of EAA receptor antagonists with
AEDs in MES- and PTZ-induced convulsions in mice
or amygdala-kindled seizures in rats are shown in Ta-
bles 1, 2, and 3, respectively. Adverse effects of the
above combinations are listed in Table 4.

Final conclusions

There is a large body of evidence confirming anticon-
vulsant potency of iGluR antagonists and their ability
to enhance the protective effects of conventional
AEDs. Therefore, it may be presumed that at least
some of iGluR antagonists or their derivatives with
better pharmacokinetic profiles, will be proven to be
effective in the form of mono- or add-on therapy in
epileptic patients. Experimental studies have shown
superiority of AMPA/KA receptor antagonists over
NMDA receptor antagonists. The latter ones in com-
binations with conventional AEDs generally evoke
significant side effects, which, in most cases, exclude
them from the group of potential antiepileptics. On
the other hand, numerous AMPA/KA receptor antago-
nists enhance the antiseizure actions of conventional
AEDs without inducing significant adverse effects
and this group of EAA antagonists holds a consider-
able potential for epileptic patients. Talampanel (LY
300164) whose clinical trials are almost completed
may be a good example. The trials have proved its ef-
ficacy and safety as adjunctive therapy in patients
with partial seizures. The most frequently observed
side effects were dizziness, headache and somno-
lence, which usually disappeared after a few days of
treatment [3].

Similarly to talampanel, topiramate may be also re-
garded as an AMPA/KA receptor antagonist [66] al-
though displaying other multiple mechanisms of ac-
tion. Especially, its combination with lamotrigine is
very promising from the preclinical point of view as
its clear-cut synergy in the convulsive test is accom-
panied by an antagonism in the test for neurotoxicity
[51].

So far, only a few publications concerning interac-
tions of mGluR antagonists with conventional AEDs
have been available. In this situation, it is impossible
to draw any general conclusions as to their usefulness
in the treatment of epilepsy.
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