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GYKI 52466 [1,4-aminophenyl)-4-methyl-7,8-methylenedioxy-5H-2,3-
-benzodiazepine], a non-competitive AMPA/kainate receptor antagonist, ad-
ministered ip at the dose of 5 mg/kg, exerted a significant anticonvulsant ef-
fect, as it decreased seizure and afterdischarge durations, being ineffective at
2 mg/kg. Subsequently, GYKI 52466 (2 mg/kg) was combined with antiepi-
leptic drugs at doses ineffective in fully kindled rats. Co-administration of
GYKI 52466 with clonazepam (0.003 mg/kg ip) resulted in a significant re-
duction of seizure severity (by 20%), seizure duration (by 31%) and afterdis-
charge duration (by 24%). Co-injection of GYKI 52466 with valproate (75
mg/kg ip) also resulted in the respective 8%, 16%, and 17% reductions of the
three studied seizure parameters. No protection was observed when GYKI
52466 was co-administered with carbamazepine (20 mg/kg ip), phenobarbi-
tal (20 mg/kg ip), or diphenylhydantoin (40 mg/kg ip). Combinations of
GYKI 524662 with antiepileptic drugs did not cause any significant motor
(rotarod test) or long-term memory deficits (passive avoidance task). Only
GYKI 52466 administered alone at 5 mg/kg, caused a significant impairment
of retention in amygdala-kindled rats. The interaction at a pharmacokinetic
level, at least in case of the combination of GYKI 52466 with valproate, can
be excluded because GYKI 52466 did not interfere with the free plasma
level of valproate. These results give further support to the idea of a potential
clinical benefits of the combined treatment of AMPA/kainate receptor an-
tagonists with some antiepileptic drugs.
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Abbreviations: AMPA – �-amino-3-hydroxy-5-
-methylisoxazole-4-propionate, CGP 37849 – D,L-
-(E)-2-amino-4-methyl-5-phosphono-3-pentenoate,
CBZ – carbamazepine, CLO – clonazepam, (±)CPP
– (±)-3-(2-carboxypiperazin-4-yl)propyl-1-phospho-
nate, D(–)CPP – D(–)-3-(2-carboxypiperazin-4-yl)-
propyl-1-phosphonate, CPP-ene – 3-(2-carboxypi-
perazine-4-yl)-1-propenyl-1-phosphonate, DPH –
diphenylhydantoin, ED�� – the dose of an antiepi-
leptic necessary to protect 50% of mice against
maximal electroshock-induced seizures (effective
dose in 50% of the animals), GYKI 52466 – 1,4-
-aminophenyl)-4-methyl-7,8-methylenedioxy-5H-2,3-
benzodiazepine, LU-73068 – 4,5-dihydro-1-methyl-
-4-oxo-7-trifluoromethylimidazo-[1,2a]quinoxaline-
-2-carbonate, LY 300164 – 7-acetyl-5-(4-amino-
phenyl)-8,9-dihydro-8-methyl-7H-1,3-dioxolo(4,5H)-
-2,3-benzodiazepine, MK-801 – dizocilpine malea-
te, ip – intraperitoneally, NBQX – 2,3-dihydroxy-
6-nitro-7-sulfamoylbenzo[f]quinoxaline, NMDA –
N-methyl-D-aspartate, PB –phenobarbital sodium,
VPA – valproate magnesium

INTRODUCTION

Glutamate is the principal excitatory neuro-
transmitter in the brain and, as such, it plays a role
in the initiation and spread of seizure activity. It
also plays a critical role in epileptogenesis [22].
The involvement of N-methyl-D-aspartate (NMDA)
receptors in synaptic transmission may underlie the
long-lasting changes in neuronal function induced
by kindling [24]. NMDA and non-NMDA (� -ami-
no-3-hydroxy-5-methylisoxazole-4-propionate/kai-
nate; AMPA/kainate) receptor antagonists were
identified as powerful anticonvulsants in various
models of experimental epilepsy [6, 7, 19, 31].
However, both high-affinity competitive and non-
-competitive NMDA receptor antagonists are of
limited usefulness against kindled seizures in rats
and (on the basis of preliminary evidence) in pa-
tients with drug-refractory complex partial seizu-
res, since they produce serious cognitive adverse
effects in epileptic subjects [18, 22]. Moreover, al-
though 3-(2-carboxypiperazin-4-yl)propyl-1-phos-
phonate (CPP) was quite effective against electro-
convulsions [3], it did not reduce kindled seizures
and evoked ataxia accompanied by a reduced mus-
cle tone in rats [21]. On the other hand, another com-
petitive NMDA receptor antagonist, DL-(E)-2-ami-
no-4-methyl-5-phosphono-3-pentenoic acid (CGP

37849), inhibited amygdala-kindled seizures in
rats, but this effect was parallelled by a marked
phencyclidine-like behavioral syndrome (ataxia,
hyperlocomotion, stereotypies), comparable with
the adverse effects following the administration of
the non-competitive NMDA receptor antagonist,
dizocilpine maleate (MK-801) [16]. Low doses of
NMDA receptor antagonists potently enhanced the
protective action of AMPA/kainate receptor anta-
gonists in amygdala-kindled rats [20]. Memantine,
a low-affinity channel blocker of NMDA receptors,
was ineffective in the kindling model of epilepsy.
Co-administration of memantine with 2,3-dihydro-
xy-6-nitro-7-sulfamoylbenzo[f]quinoxaline (NBQX,
a competitive antagonist of AMPA/kainate recep-
tors) resulted in supra-additive anticonvulsant ef-
fect, without overt adverse effects [17]. Further-
more, 4,5-dihydro-1-methyl-4-oxo-7-trifluoromethyl-
imidazo[1,2a]quinoxaline-2-carbonate (LU 73068,
the novel glutamate receptor antagonist with high
affinity for both NMDA and AMPA receptor, sig-
nificantly reduced kindled seizures in rats [27].
Two potent AMPA/kainate receptor antagonists,
NBQX and 1-(4-aminophenyl)-4-methyl-7,8-me-
thylenedioxy-5H-2,3-benzodiazepine (GYKI 52466)
displayed marked anticonvulsant activity against
amygdala-kindling, with no serious undesired ef-
fects [23]. Finally, GYKI 52466 considerably en-
hanced the protection offered by conventional an-
tiepileptic drugs against maximal electroshock-in-
duced seizures in mice [1], a widely recognized
model of generalized clonic-tonic convulsions in
man [21].

This prompted us to examine the effects of
GYKI 52466 on the protection provided by con-
ventional antiepileptics in amygdala-kindled sei-
zures in rats, a predictive animal model of complex
partial seizures with secondary generalization [21].
The adverse effects were evaluated in the rotarod
test (motor coordination) and the passive avoidance
task (long-term memory). A possibility of an in-
volvement of a pharmacokinetic mechanism in the
interaction between GYKI 52466 and antiepileptic
drugs was also considered.

MATERIALS and METHODS

Animals and experimental conditions

Male Wistar rats (200–250 g) were used throu-
ghout the experiments after at least one week of ac-
climatization. They were housed in plastic perspex
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cages under controlled conditions (ambient tempe-
rature of 22 ± 1°C, natural light-dark cycle). Stan-
dard laboratory chow pellets and tap water were
freely available. All experiments were done at the
same time of day (between 9.00 a.m. and 12.00
a.m.) to minimize circadian influences on seizure
susceptibility. The experimental groups consisted
of 8 rats.

Surgery and kindling procedure

The rats were anesthetized with pentobarbital
(Abbott, USA; 50 mg/kg ip) and received stereo-
taxic implantation of one bipolar electrode in the
right basolateral amygdala, according to Fifkova
and Marsala [13]. Coordinates for electrode im-
plantation were AP = –1.5, L = 4.4, V = 8.5. All co-
ordinates were measured from bregma. Scull
screws served as the indifferent reference elec-
trode. The electrode assembly was attached to the
scull by dental acrylic cement (P-10, 3M, USA).
After electrode implantation the animals were
treated locally with an antibiotic for one week to
prevent infection.

After a post-operative period of two weeks, the
stimulation of amygdala was initiated. Each stimu-
lus consisted of a 1 s train of 50 Hz, 1 ms biphasic
square-wave pulses, with pulse amplitude of 500 � A,
and was delivered every 24 h with the use of
a stimulator (type 215/S), stimulus isolation unit
(type 261), constant current unit (type 251; all
equipment from Hugo Sachs Elektronik, Freiburg,
Germany) until at least 10 sequential fully kindled
stage 5 was elicited. The afterdischarges from the
amygdala were recorded prior to and after the
stimulation. The seizure severity was assessed ac-
cording to a modified Racine’s scale [28]: 0 = no
seizure response, 1 = immobility, eye closure, ear
twitching, twitching of vibrissae, sniffing, facial
clonus, 2 = head nodding associated with more se-
vere facial clonus, 3 = clonus of one forelimb, 3.5 =
bilateral forelimb clonus without rearing, 4 = bilat-
eral forelimb clonus with rearing, 4.5 = falling on a
side (without rearing), loss of righting reflex ac-
companied by generalized clonic seizures, 5 = rear-
ing and falling on the back accompanied by gener-
alized clonic seizures. Seizure duration was the du-
ration 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 am-
plitude at least twice greater than the pre-stimula-
tion baseline present in the EEG recorded from the

site of stimulation. Control readings were made
2 days before and 2 days after respective treat-
ments.

Drugs

Diphenylhydantoin, carbamazepine (both drugs
purchased from Sigma, St. Louis, MO, USA), val-
proate magnesium (Polfa, Rzeszów, Poland), phe-
nobarbital sodium and clonazepam (both drugs
from Polfa, Kraków, Poland) and GYKI 52466 (In-
stitute for Drug Research, Budapest, Hungary) were
used in this study. Diphenylhydantoin, carbamaze-
pine and clonazepam were suspended in a 1% solu-
tion of Tween 80 (Sigma, St. Louis, MO, USA).
Valproate, phenobarbital and GYKI 52466 were
dissolved in sterile saline. All drugs were adminis-
tered ip, in a volume of 3 ml/kg. Treatment times
were established according to the maximal protec-
tive activity of respective drugs against kindled
seizures in rats. Actually, diphenylhydantoin was
administered 120 min, phenobarbital 60 min, val-
proate, carbamazepine, clonazepam, 30 min and
GYKI 52466 15 min before the tests.

Rotarod test

Motor coordination was assessed with the use
of the rotarod test [11]. Each rat was placed on
a rod 8 cm long rotating at 3 rounds/min. The time
to falling off the rod was noted and the test was run
up to 120 s.

Passive avoidance task

The pretreated rats were placed in an illumi-
nated box (40 × 40 × 30 cm) connected to a dark
box (40 × 40 × 30 cm), which was equipped with
an metal 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 were excluded from
the experiment. On the next day (24 h later), the
same animals (without any treatment) were put into
the illuminated box and observed up to 180 s. Time
elapsing to rat’s entrance to the dark box was sub-
sequently recorded and the medians with 25 and 75
percentiles were calculated. According to Venault
et al. [32], the step-through passive avoidance task
may be recognized as a measure of long-term
memory.
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Estimation of the plasma levels of valproate

The animals were administered vehicle + val-
proate or GYKI 52466 with this antiepileptic drug.
Blood samples of approximately 1 ml (obtained
from the puncture of the saphenous vein in immo-
bilized non-anesthetized rats) were collected into
Eppendorf tubes. Samples of blood were centri-
fuged at 10 000 r.p.m. (Abbott centrifuge; Irving,
TX, USA) for 3 min and plasma samples were pi-
petted into a micropartition system MPS-1 (Ami-
con, Danvers, MA, USA) for separation of free
from protein bound microsolutes. The MPS-1 tubes
were then centrifuged at 3 000 r.p.m. (MPW-360
centrifuge; Mechanika Precyzyjna, Warszawa, Po-
land) for 10 min and the filtrate samples of 50 � l
were transferred to Abbott system cartridges. Val-
proate free plasma levels were measured by immu-
nofluorescence, with the use of an Abbott TDx ana-
lyzer (Abbott, Irving, TX, USA). Plasma levels of
this antiepileptic were expressed in � g/ml of
plasma as means ± SD of at least 6 determinations.

Statistics

The statistical significances between seizure
scores, seizure and afterdischarge durations in the
same group of animals were calculated by the Wil-
coxon signed rank test. The results from the passive
avoidance and rotarod tests were compared statisti-
cally using the Kruskal-Wallis test followed by
Dunn’s post-hoc test. Plasma levels of antiepilep-

tics alone or in combination with GYKI 52466
were evaluated with Student’s t test.

RESULTS

Effect of GYKI 52466 on fully kindled sei-

zures in rats

GYKI 52466 (2 mg/kg) was devoid of any sig-
nificant action upon each seizure parameter stud-
ied. GYKI 52466 administered at a dose of 5 mg/kg
exerted a protective effect, considerably reducing
seizure severity, seizure duration and afterdischar-
ge duration (Tab. 1).

Effects of antiepileptic drugs on

amygdala-kindled seizures in rats

Carbamazepine (20 mg/kg) did not influence
seizure parameters, but at the higher dose of 30
mg/kg it significantly shortened seizure and after-
discharge durations. Phenobarbital at 30 mg/kg,
valproate (100 mg/kg), diphenylhydantoin (50
mg/kg) and clonazepam (0.005 mg/kg), but not at
lower doses, exerted a similar effect (Tab. 1 and 2).
Also, carbamazepine (30 mg/kg), clonazepam
(0.005 mg/kg), phenobarbital (30 mg/kg), and val-
proate (100 mg/kg), but not diphenylhydantoin (50
mg/kg), significantly reduced the seizure score.
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Table 1. Effects of combined treatment with GYKI 52466 and CBZ or PB upon fully kindled seizures in rats

Treatment
(mg/kg)

Seizure severity Seizure duration (s) Afterdischarge duration (s)

Control Treated Control Treated Control Treated

GYKI (2) 5 (5; 5) 5 (5; 5) 32.4 ± 0.7 31.1 ± 1.0 44.1 ± 1.1 42.0 ± 0.8

GYKI (5) 5 (5; 5) 4 (3; 4.5)� 31.0 ± 2.0 24.3 ± 1.4� 45.2 ± 1.3 39.2 ± 1.5�

CBZ (30) 5 (5; 5) 4 (3.5; 4.5)� 29.3 ± 1.3 22.7 ± 1.0� 42.0 ± 1.5 33.9 ± 1.6�

CBZ (20) 5 (5; 5) 4.5 (4; 5) 25.2 ± 1.3 25.2 ± 1.0 41.7 ± 1.6 39.2 ± 1.2

CBZ (20) + GYKI (2) 5 (5; 5) 4.5 (4; 5) 26.7 ± 1.2 25.6 ± 1.0 42.5 ± 1.4 41.1 ± 1.5

PB (30) 5 (5; 5) 4 (3; 4.5)� 30.6 ± 1.2 24.9 ± 0.8� 44.7 ± 1.3 39.1 ± 1.1�

PB (20) 5 (5; 5) 4.5 (4; 5) 27.9 ± 1.1 26.8 ± 1.2 41.2 ± 1.4 40.7 ± 1.3

PB (20) + GYKI (2) 5 (5; 5) 5 (4.5; 5) 28.4 ± 1.3 25.5 ± 1.0 40.9 ± 1.5 39.2 ± 1.7

Table data represent medians with 25 and 75 percentiles (for seizure severity) or means ± SE of 6 rats per group. Control readings
were made 2 days before and after the respective treatments. PB was given 60 min, CBZ – carbamazepine 30 min, and GYKI 52466
(expressed as GYKI) 15 min prior to the test. � p < 0.05, � p < 0.01, � p < 0.001 versus respective controls [Wilcoxon signed rank test].
PB – phenobarbital; CBZ – carbamazepine



Effect of the combinations of GYKI 52466

with antiepileptic drugs on amygdala-

-kindled seizures in rats

The combined treatment of GYKI 52466, at the
subprotective dose of 2 mg/kg, with valproate (75
mg/kg), resulted in the significant reduction of all
seizure parameters. The combination of GYKI
52466 (2 mg/kg) with clonazepam (0.001–0.003
mg/kg), also resulted in shortening both seizure pa-
rameters. No protection against kindled seizures
was observed, when the AMPA/kainate receptor
antagonist (at 2 mg/kg) was co-administered with
carbamazepine, phenobarbital, or diphenylhydan-
toin (Tab. 1 and 2).

Rotarod test and passive avoidance task

GYKI 52466 (2 mg/kg), valproate (75 and 100
mg/kg) and clonazepam (0.003 and 0.005 mg/kg)
administered alone, did not cause adverse effects in
amygdala-kindled rats. Also, the combinations of
GYKI 52466 (2 mg/kg) with valproate (75 mg/kg)
or clonazepam (0.003 mg/kg), did not produce mo-
tor or memory impairment. GYKI 52466 (5 mg/kg)
did not produce motor deficits, but worsened reten-
tion in rats, evaluated in the passive avoidance task
(Tab. 3).
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Table 2. Effects of combinations of GYKI 52466 with VPA, CLO or DPH on amygdala-kindled seizures

Treatment
(mg/kg)

Seizure severity Seizure duration (s) Afterdischarge duration (s)

Control Treated Control Treated Control Treated

VPA (100) 5 (5; 5) 4 (3; 4)� 33.9 ± 0.9 28.3 ± 0.8� 45.1 ± 1.0 38.2 ± 1.1�

VPA (75) 5 (5; 5) 4.5 (4; 5) 33.2 ± 0.7 32.7 ± 0.6 43.5 ± 1.0 43.0 ± 1.3

VPA (75) + GYKI (2) 5 (5; 5) 4.5 (4; 5) 32.4 ± 0.7 27.3 ± 0.6� 44.6 ± 1.1 36.8 ± 1.2�

VPA (50) + GYKI (2) 5 (5; 5) 5 (5; 5) 33.7 ± 0.8 31.5 ± 0.7 43.4 ± 0.9 40.6 ± 0.8

CLO (0.005) 5 (5; 5) 4 (3.5; 4.5)� 32.9 ± 1.3 24.6 ± 1.0� 43.2 ± 1.7 36.1 ± 1.4�

CLO (0.003) 5 (5; 5) 4.5 (4.5; 5) 29.4 ± 1.2 27.8 ± 1.5 43.1 ± 1.5 42.3 ± 1.6

CLO (0.003) + GYKI (2) 5 (5; 5) 3.5 (3; 4)� 24.9 ± 1.2 17.1 ± 1.0� 42.2 ± 1.4 32.0 ± 1.3�

CLO (0.001) + GYKI (2) 5 (5; 5) 4 (3.5; 4.5)� 31.6 ± 1.7 23.5 ± 2.0� 43.9 ± 1.6 36.1 ± 1.5�

CLO (0.0005) + GYKI (2) 5 (5; 5) 4.5 (4; 5) 29.4 ± 1.6 27.0 ± 1.9 43.5 ± 1.7 40.6 ± 1.6

DPH (50) 5 (5; 5) 5 (5; 5) 32.4 ± 1.1 27.4 ± 1.2� 45.1 ± 1.2 42.6 ± 1.3�

DPH (40) 5 (5; 5) 5 (4; 5) 32.0 ± 0.9 31.9 ± 0.7 44.2 ± 1.2 46.1 ± 1.4

DPH (40) + GYKI (2) 5 (5; 5) 5 (4.5; 5) 31.1 ± 1.0 30.4 ± 0.9 45.1 ± 1.2 41.7 ± 1.2

DPH was administered 120 min whilst CLO and VPA – 30 min before amygdala-kindling. GYKI 52466 was given at 2 mg/kg. VPA –
valproate; CLO – clonazepam; DPH – diphenylhydantoin. For further details see Table 1

Table 3. Influence of GYKI 52466, antiepileptics and the com-
binations of GYKI 52466 with antiepileptics on motor coordi-
nation and long-term memory in kindled rats

Treatment
(mg/kg)

Rotarod test
(s)

Long-term memory
(s)

Saline 120 (120; 120) 180 (180; 180)

GYKI 52466 (2) 120 (120; 120) 154 (65; 180)

GYKI 52466 (5) 108 (36; 120) 109 (67; 180)�

VPA (100) 120 (120; 120) 180 (120; 180)

VPA (75) 120 (120; 120) 180 (180; 180)

VPA (75)
+ GYKI 52466 (2)

120 (120; 120) 180 (42; 180)

CLO (0.005) 120 (120; 120) 180 (180; 180)

CLO (0.003) 120 (120; 120) 180 (180; 180)

CLO (0.003)
+ GYKI 52466 (2)

120 (120; 120) 180 (64; 180)

CLO (0.001) 120 (120; 120) 180 (180; 180)

CLO (0.001)
+ GYKI 52466 (2)

120 (120; 120) 161 (111; 180)

Table data are medians (with 25, 75 percentiles) of 6 determina-
tions. Motor impairment was indicated when the animals were
unable to perform the rotarod task within 120 s. Long-term
memory impairment was considered when the animal did not
avoid the dark compartment within 180 s (see Materials and
Methods). Kruskal-Wallis test with Dunn’s post-hoc modifica-
tion was used for statistical analysis of the data. For more details
see also the legends of Tables 1 and 2



Influence of GYKI 52466 upon the plasma

levels of valproate

GYKI 52466 (2 mg/kg) did not significantly af-
fect the free plasma level of valproate (75 mg/kg,
Tab. 4).

Table 4. Influence of GYKI 52466 upon the free plasma levels
of VPA

Treatment (mg/kg) Free plasma level

VPA (75) 104.47 ± 5.72

VPA (75) + GYKI 52466 (2) 107.25 ± 4.88

Presented values are the means (in � g/ml of plasma) of 6 deter-
minations ± SD. Unpaired Student’s t-test was used for statisti-
cal analysis of the data. For abbreviations see Table 2

DISCUSSION

Our results demonstrate that co-administration of
GYKI 52466 (at the subprotective dose of 2 mg/kg)
with valproate or clonazepam (at non-effective
doses), resulted in a clear-cut anticonvulsant effect
against amygdala-kindled seizures in rats. Any in-
teraction at the pharmacokinetic level, at least in
the case of valproate, can be excluded, because
GYKI 52466 did not interfere with valproate free
plasma level. Clonazepam was used in this study at
a dose too low to estimate its plasma concentration
by immunofluorescence. However, an involvement
of the pharmacokinetic mechanism in the interac-
tion between GYKI 52466 and clonazepam does
not seem probable since 5-fold lower doses of this
antiepileptic were still effective when combined
with the AMPA/kainate receptor antagonist.

It was previously reported that GYKI 52466
(10 mg/kg), reduced seizure score and afterdis-
charge duration in kindled rats, but remained with-
out effect upon the development of kindling [12].
Moreover, GYKI 52466 (5 mg/kg) was active in
pentetrazole-evoked convulsions [18] and poten-
tiated the protective action of valproate, carbama-
zepine, diphenylhydantoin, but not phenobarbital,
against maximal electroshock in mice [1]. Also the
derivative of GYKI 52466, LY 300164 (2 mg/kg),
enhanced the anticonvulsive potency of valproate,
carbamazepine, diphenylhydantoin and phenobar-
bital against maximal electroshock [9], increased
the protective efficacy of valproate against pente-
trazole-induced convulsions, and potentiated the
antiseizure activity of valproate, diazepam and clo-

nazepam in amygdala-kindled rats [2,4,5,8]. An-
other competitive AMPA/kainate receptor antago-
nist, NBQX, suppressed the development of kind-
ling [25], exerted the antiseizure activity in pente-
trazole-induced seizures [18] and potentiated the
protective action of valproate, carbamazepine, di-
phenylhydantoin and phenobarbital against maxi-
mal electroshock [33].

There are electrophysiological data indicating
the involvement of NMDA-mediated component in
the mechanism of action of carbamazepine, diphe-
nylhydantoin and valproate [29]. Thus, the NMDA
component may be responsible for beneficial inter-
actions of antiepileptics with AMPA/kainate recep-
tor antagonists. In fact, NBQX and LY 300164 had
a broader spectrum of activity against maximal
electroshock than GYKI 52466, since they enhan-
ced the protective action of not only carbamazepi-
ne, diphenylhydantoin, and valproate, but also that
of phenobarbital [9,33]. On the other hand, both
GYKI 52466 and LY 300164 [5] were much less
effective in the kindling model of epilepsy, as re-
gards their ability to potentiate the efficacy of an-
tiepileptic drugs. The beneficial interactions were
observed only between AMPA/kainate receptor an-
tagonists and valproate or benzodiazepines. Ac-
cording to Tarnawa et al. [30], GYKI 52466 has
some affinity for central benzodiazepine receptors,
although it is several orders of magnitude weaker
than that of diazepam. It might be hypothesized
that the effect of AMPA/kainate receptor antago-
nists upon the anticonvulsant activity of benzodi-
azepines could result from their action at different
binding sites within the GABA- receptor complex.

The combination of GYKI 52466 with antiepi-
leptics did not produce serious adverse effects. In
fact, AMPA/kainate receptors do not seem to be in-
volved in the induction of long-term potentiation,
which underlies memory processes [26].

In conclusion, our data indicate that, because of
their higher benefit/risk index, AMPA/kainate re-
ceptor antagonists seem to be more useful for the
combined treatment with conventional antiepilep-
tics than high-affinity NMDA receptor antagonists.
Only low-affinity NMDA receptor antagonists may
be candidates for potential antiepileptic drugs [7].
Summing up, the results of this study clearly indi-
cate that the blockade of AMPA/kainate receptors
may be associated with the increased efficacy of
some antiepileptic drugs, particularly benzodiaze-
pines and valproate. Consequently, the obtained
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data provide an experimental background for a suc-
cessful treatment of partial seizures or status epi-
lepticus. One has to consider that there are about
30% of epileptic patients and 35% of epileptic pa-
tients with status epilepticus who cannot receive ef-
fective pharmacological treatment [10]. Recently,
anticonvulsant compounds have been encountered
among metabotropic glutamate receptor ligands,
which easily enter the brain after peripheral injec-
tions [14]. Interestingly, a group II metabotropic
glutamate receptor agonist also potently enhanced
the protective effects of diazepam against pente-
tetrazole-induced convulsions in mice [15] with
practically no observable adverse effects. This may
create a new approach to the treatment of epilepsy,
too.
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