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Abstract

a-Amino-3-hydroxy-5-methyl-isoxazole-4-propionate /kainate (AMPA /kainate) receptor antagonists (at subthreshold doses
against electroconvulsions), 1-(4-aminophenyl)-4-methyl-7,8-methylenedioxy-5H-2,3-benzodiazepine (GYKI 52466 at maximally 5
mg/kg) and 2,3-dihydroxy-6-nitro-7-sulfamoylbenzo( F)quinoxaline (NBQX at maximally 20 mg/kg) enhanced the protective
effects of NMDA receptor antagonists, MK-801 (dizocilpine) or 2-(2-carboxypiperazine-4-yl)-1-propenyl-1-phosphonic acid
(p-CPP-¢ne), against electroconvulsions. Similarly, MK-801 or p-CPP-ene reduced the EDs, values of both NBQX and GYKI
52466 against maximal electroshock. The adverse effects of p-CPP-ene, evaluated in the chimney and rotorod tests, were
potentiated by both GYKI 52466 (2.5 mg/kg) and NBQX (10 mg/kg). Also, p-CPP-ene (0.1 mg/kg) worsened the motor
performance of mice pretreated with GYKI 52466 in the rotorod test. Neither MK-801 (0.025 mg/kg) nor p-CPP-ene (0.1
mg/kg) affected the NBOX-induced impairment of motor coordination. Similarly, GYKI 52466 (2.5 mg/kg) or NBQX (10
mg /kg) did not influence the performance of mice treated with MK-801 (0.2 mg /kg). It may be concluded that the blockade of
more than one subtype of glutamate receptors leads to a more pronounced anticonvulsive effect when compared with the effect
of blockade of an individual receptor subtype. In some cases more efficient seizure protection was not associated with increased

adverse effects.
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1. Introduction

It is evident that excitatory amino acids (e.g. gluta-
mate or aspartate) are involved in the generation of
seizure activity (Dingledine et al., 1990; Meldrum,
1992). There are also data available indicating a signifi-
cant increase in plasma excitatory amino acids or ele-
vated extracellular concentrations in some cases of
human epilepsy (Huxtable et al., 1983; During, 1991).
This may lead to the conclusion that excitatory events
mediated by glutamate or other excitatory amino acids
in the central nervous system may be associated with
the occurrence of epileptic activity in humans.

Excitatory amino acids can influence central neu-
rons via either ionotropic or metabotropic receptors.
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The former seem to play a pivotal role in the initiation
and maintenance of convulsive states in rodents
(Czuczwar and Meldrum, 1982; Czuczwar et al., 1985a;
Schwarz and Freed, 1986; Steppuhn and Turski, 1993).
Further, ionotropic receptors can be subdivided in two
main groups —those sensitive to N-methyl-p-aspartate
(NMDA) and those sensitive to a-amino-3-hydroxy-
5-methyl-isoxazole-4-propionate /kainate (AMPA /
kainate) (Watkins et al., 1990). These two subpopula-
tions of glutamate receptors differ substantially in terms
of electrophysiological properties. Whilst AMPA /
kainate receptors produce most of the rapid excitatory
post-synaptic potential (fast EPSP), NMDA receptors
are responsible for the so-called late EPSP. In addi-
tion, the former increase mainly Nat conductances
and the latter both Ca®* and Na* permeability (Wro-
blewski et al., 1985; Monaghan et al., 1989; Zorumski
and Thio, 1992).
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Interestingly, antagonists of NMDA and AMPA/
kainate-mediated excitation possess anticonvulsive ac-
tivity in various models of experimental epilepsy, in-
cluding electroconvulsions and chemically or sound-in-
duced seizures (Croucher et al., 1982; Czuczwar and
Meldrum, 1982; Czuczwar et al., 1985b, 1994 Turski et
al., 1990, 1992; Smith et al., 1991; Meldrum et al.,
1992). However, when a single population of ionotropic
receptors for excitatory amino acids is blocked, then
glutamate can still produce excitatory events through
the unblocked one, which may limit the anticonvulsive
activity of either NMDA or non-NMDA receptor an-
tagonists applied alone. Consequently, we attempted to
study whether a total blockade of ionotropic excitatory
transmission would produce a potent protective effect
against electroconvulsions in mice. To this end, MK-801
(a non-competitive NMDA receptor blocker; Wong et
al., 1986), p-CPP-¢ne (a competitive NMDA receptor
antagonist; Lowe et al.,, 1990), GYKI 52466 (a non-
competitive AMPA /kainate receptor blocker; Donevan
and Rogawski, 1993), and NBQX (a competitive
AMPA /kainate receptor antagonist; Sheardown et al.,
1990) were used.

2. Material and methods
2.1. Animals

The experiments were performed on male Swiss
mice, weighing 22-27 g. The animals were kept under
standard laboratory conditions on a natural light-dark
cycle, with unlimited access to food (Murigran chow
pellets; Bacutil, Motycz, Poland) and tap water. The
experimental groups consisted of 8—10 mice and were
completed by means of a randomized schedule. Each
mouse was used only once. The control groups were
always tested on the same day as the respective experi-
mental groups. The temperature in the animal room
and during testing was always 21 + 1°C and all the tests
were carried out between 10.00 and 13.00 h.

2.2. Drugs

p-CPP-ene (3-(2-carboxypiperazine-4-yl)-1-propenyl-
1-phosphonic acid, Sandoz, Berne, Switzerland) and
MK-801 (maleate salt; dizocilpine; RBI, Natick, MA,
USA) were used as NMDA receptor antagonists.
NBQX (2,3-dihydroxy-6-nitro-7-sulfamoylbenzo( F)-
quinoxaline, Novo Nordisk, Mélgv, Denmark) and
GYKI 52466 (1-(4-aminophenyl)-4-methyl-7,8-methyl-
enedioxy-5 H-2,3-benzodiazepine, Institute for Drug
Research, Budapest, Hungary) were used as
AMPA /kainate receptor antagonists.

Both NMDA receptor antagonists were dissolved in
sterile saline, GYKI 52466 was put into solution in
distilled water whilst NBQX was brought into solution

in a small quantity of 1 N NaOH and made up with
distilled water to the appropriate volume, the final pH
being 8.5-9.0. All substances were administered intra-
peritoneally (i.p.) in a volume of 10 ml/kg body weight,
except for MK-801 which was given subcutancously
(s.c.) in a volume of 5 ml/kg. For the combined treat-
ments drugs were given either with an additional an-
tagonist or the vehicle of that antagonist. The doses
refer to the free drug forms and the treatment times
were: D-CPP-ene 90 min, MK-801 45 min, and both
GYKI 52466 and NBQX 15 min prior to the tests. The
treatment times for GYKI 52466, MK-801, and NBQX
were chosen based upon the time of their peak effects
(Chapman et al.,, 1991; Vezzani et al., 1989). The
latency between injection of p-CPP-ene and testing
was obtained from Dr. Herrling (personal communica-
tion).

2.3. Electroconvulsions

Electroconvulsions were produced by means of an
alternating current (0.2 s stimulus duration, 50 Hz)
delivered via ear-clip electrodes by a Hugo-Sachs stim-
ulator (Type 221; Freiburg, Germany). The criterion
for the occurrence of seizure activity was tonic hindlimb
extension.

In order to evaluate the anticonvulsive activity of
MK-801, the threshold for electroconvulsions was mea-
sured. Maximal electroshock was not used in order to
reduce the dosage of this non-competitive NMDA re-
ceptor antagonist. At higher dosages MK-801 is re-
ported to exert a clear-cut excitation due to its central
sympathomimetic properties (Clineschmidt et al.,,
1982b). Briefly, at least four groups of mice were
challenged with electroshocks of various intensities to
yield 10-30%, 30-50%, 50-70% and 70-90% of ani-
mals with seizures. Then, an intensity-effect curve was
constructed, according to Litchfield and Wilcoxon
(1949), from which a CSg, (current strength 50 in mA)
value was estimated. Each CS;, value represents the
current intensity necessary to induce tonic hindlimb
extension in 50% of mice challenged. The protective
action of p-CPP-ene and both non-NMDA receptor
antagonists was evaluated as their EDg, values (in
mg/kg) against maximal electroshock (fixed current
intensity of 25 mA). The animals were administered
different doses of the investigated drugs to obtain a
variable percentage of protection against maximal elec-
troshock, allowing us to construct a dose-effect curve,
according to Litchfield and Wilcoxon (1949). Each ED,,
represents the dose of a drug required to protect 50%
of animals against maximal electroshock. In addition,
the effects of p-CPP-ene, GYKI 52466, and NBQX
upon the threshold for electroconvulsions were also
measured to find out their subthreshold doses for the
combined treatment.
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2.4. Chuimney test

The effects of NMDA or non-NMDA receptor an-
tagonists alone or in combination on motor perfor-
mance were measured with the chimney test of Boissier
et al. (1960). Mice had to climb backwards up a plastic
Perspex tube (3 cm inner diameter, 25 cm length). The
animals unable to perform the test within 60 s were
considered to display motor impairment. An ED, value
for an excitatory amino acid antagonist alone or com-
bined with another excitatory amino acid antagonist
was subsequently calculated.

2.5. Rotorod test

Motor coordination was assessed with the use of the
rotorod test (Dunham and Miya, 1957). Each mouse
was placed on a 2.5 cm diameter rod rotating at 3
revs./min. The animal’s coordination was considered
to be impaired if it fell from the rotorod during the 2
min observation period. Respective EDy, values were
calculated on the basis of dose-response curves.

2.6. Statistics

The CSs, and EDs, values and their statistical eval-
uation were calculated by fitting the data by probit
analysis according to Litchfield and Wilcoxon (1949),
with the use of a computer.

3. Results

3.1. Influence of either NMDA or AMPA / kainate recep-
tor antagonists on the threshold for electroconvulsions

p-CPP-ene (0.1 mg/kg), MK-801 (0.05 mg/kg), and
GYKI 52466 (5 mg /kg) were devoid of any anticonvul-
sive activity against electroconvulsions. p-CPP-ene (0.2
and 0.5 mg/kg), MK-801 (0.1 and 0.2 mg/kg) and
GYKI 52466 (10 mg /kg) produced a clear-cut increase
in the convulsive threshold. However, NBQX (up to 20
mg /kg) remained ineffective in this test (Table 1).

3.2. Effects of either GYKI 52466 or NBQX on the
protective action of MK-801 against electroconvulsions

For the combinations with MK-801 (0.2 mg/kg)
GYKI 52466 and NBQX were used in subthreshold
doses. It should be stressed that the combined treat-
ment of MK-801 (0.2 mg/kg) and GYKI 52466 (1.25-5
mg/kg) resulted in an elevation of the convulsive
threshold. Similarly, NBQX (10 and 20 mg/kg) en-
hanced the protection offered by MK-801. GYKI 52466
at 0.625 mg/kg and NBQX at 2.5 mg/kg did not
modify the effect of MK-801 upon the threshold for
electroconvulsions (Table 2).

Table 1
Influence of NMDA and non-NMDA receptor antagonists on the
threshold for tonic electroconvulsions

Treatment (mg/kg) Electroconvulsive threshold (mA)
Vehicle 5.9 (5.2- 6.8)
p-CPP-ene (0.1) 6.2 (5.5- 7.1
p-CPP-ene (0.2) 742 (6.6- 8.2)
p-CPP-ene (0.5) 912  (8.2-10.0)
Vehicle 6.1 (5.4- 6.9)
MK-801 (0.05) 6.2 (5.5-7.1)
MK-801 (0.1) 812 (7.4- 89)
MK-801 (0.2) 962 (85-10.8)
Vehicle 6.5 (5.9- 7.3)
GYKI 52466 (5) 6.3 (5.5- 7.2)
GYKI 52466 (10) 16.0* (10.3-24.9)
Vehicle 6.1 (5.3- 7.0)
NBQX (10) 6.4 (5.6- 7.4)
NBQX (20) 6.5 (6.0- 7.0)

Drugs were given i.p.: b-CPP-ene 90 min, GYKI 52466 and NBQX
15 min before testing; MK-801 given s.c. 45 min before testing. The
data are CSs, values with 95% confidence limits in parentheses,
calculated and compared according to Litchfield and Wilcoxon (1949).
2 P at least < (.05 vs. respective vehicle-treated group.

3.3. Influence of GYKI 52466 or NBQX on the anticon-
vulsive action of p-CPP-ene against maximal elec-
troshock-induced seizures

GYKI 52466 (2.5 and 5 mg/kg) considerably re-
duced the EDs, value for p-CPP-ene against maximal
electroshock. NBOX (10 and 20 mg/kg) exerted a
similar effect. Neither GYKI 52466 (1.25 mg/kg) nor
NBQX at 2.5 mg/kg affected the anticonvulsive effi-
cacy of pD-CPP-ene (Table 3).

3.4. Influence of NMDA receptor antagonists on the
protective action of GYKI 52466 against maximal elec-
troshock

D-CPP-ene at the subthreshold dose of 0.1 mg/kg
potentiated the protection afforded by GYKI 52466

Table 2
Effects of either GYKI 52466 or NBQX upon the protective action
of MK-801 (0.2 mg/kg) against tonic electroconvulsions in mice

Treatment (mg /kg) Electroconvulsive threshold (mA)

MK-801 (0.2)+ vehicle 9.6 (8.5-10.8)
MK-801 (0.2)+ GYKI 52466
(0.625) 10.7  (10.0- 11.4)
(1.25) 12.82 (12.1- 13.6)
2.5) 3402 (28.5- 40.6)
) 108 ®  (94.0-124.0)
MK-801 (0.2) + vehicle 9.9 (8.8— 11.2)
MK-801 (0.2) + NBQX
2.5) 10.3 (9.4- 11.3)
(10) 3432 (32.2- 36.4)
20) 426° (31.4- 52.8)

For explanations see Table 1. * P at least < 0.001 vs. respective
control (i.e. MK-801-treated) group.
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Table 3
Influence of either GYKI 52466 or NBQX on the protective action
of b-CPP-ene against maximal electroshock-induced seizures

Table 4
NMDA receptor antagonist-induced enhancement of the anticonvul-
sive activity of GYKI 52466 against maximal electroshock

Treatment (mg/kg) EDj, of b-CPP-ene (mg/kg)

Treatment (mg/kg) ED;, of GYKI 52466 (mg/kg)

D-CPP-ene + vehicle 1.5 (1.1-21)
D-CPP-ene + GYKI 52466
(1.25) 1.1 (0.9-14)
2.5) 09?2 (0.7-1.1)
5) 027 (0.1-0.3)
p-CPP-ene + vehicle 21 (1.5-2.8)
p-CPP-ene + NBQX
2.5) 1.7 (14-21
(10) 0.8% (0.5-1.3)
20) 052 (0.3-0.8)

Table data are EDg, values (in mg /kg, with 95% confidence limits in
parentheses), calculated and statistically compared according to the
method of Litchfield and Wilcoxon (1949). The original method was
modified by computer construction of the dose-effect curve. At least
32 animals were used to calculate each EDg, value. The criterion for
seizure activity was tonic hindlimb extension. See Table 1 for treat-
ment times and other details. ® P at least <0.05 vs. respective
vehicle-treated group.

against maximal electroshock-induced convulsions.
MK-801 (when given in subthreshold doses of 0.025
and 0.05 mg/kg) also reduced the ED,, value for
GYKI 52466. p-CPP-ene and MK-801 at lower doses
of 0.05 and 0.0125 mg/kg, respectively, did not affect
the anticonvulsive activity of GYKI 52466 (Table 4).

3.5. Effects of NMDA receptor antagonists on the anti-
convulsive activity of NBQX against maximal elec-
troshock

p-CPP-ene (0.1 mg/kg) and MK-801 (0.025 and 0.05
mg/kg) enhanced the protective action of NBQX
against maximal electroshock-induced convulsions,
which was reflected by the decreases in its EDy, value.
When administered in lower doses, p-CPP-ene (0.05

Table 6

GYKI 52466 + vehicle 123 (10.6-14.1)
GYKI 52466 + MK-801
0.0125) 1.3 (10.0-12.8)
(0.025) 822 (6.7- 9.9
0.05) 642 (49— 83)
GYKI 52466 + »-CPP-ene
(0.05) 9.9 (8.0-12.1)
0.1) 812 (6.0-10.9)

The data are EDs, values (in mg/kg) with 95% confidence limits in
parentheses. For further explanations see Tables 1 and 3. ® P at least
< 0.05 vs. vehicle-treated group.

mg /kg) and MK-801 (0.125 mg/kg) remained ineffec-
tive in this respect (Table 5).

3.6. Influence of either NMDA or AMPA / kainate recep-
tor antagonists given alone or in combination upon the
performance of mice in the chimney and rotorod tests

MK-801 (0.2 mg/kg) did not affect the motor per-
formance of mice in the chimney test and this was also

Table 5
Effects of NMDA receptor antagonists on the protective action of
NBQX against maximal electroshock

EDj, of NBQX (mg/kg)

Treatment (mg /kg)

NBQX +vehicle 484  (36.7-63.9)
NBQX + MK-801
(0.0125) 35.7 (28.6-44.6)
(0.025) 20.7* (15.1-28.5)
0.0 1542 (10.5-22.7)
NBQX + p-CPP-ene
(0.05) 430 (33.6-55.1)
©0.1) 27.6* (19.1-39.8)

Table data are EDs, values (in mg /kg) with 95% confidence limits in
parentheses. For further details refer to Tables 1 and 3. ® P at least
< 0.05 vs. vehicle-treated group.

Influence of NMDA or AMPA /kainate antagonists alone or in combination upon the motor performance of mice

Treatment (mg /kg) Chimney test

Rotorod test

MK-801 + vehicle >0.2 0.10  (0.08- 0.13)
MK-801 + GYKI 52466 (2.5) > 0.2 0.14 (0.10- 0.18)
MK-801 + NBQX (10) >0.2 0.09 (0.06- 0.15)
p-CPP-ene + vehicle 2.1 (1.2~ 3.6) 14 1.0 - 21
p-CPP-ene + GYKI 52466 (2.5) 042 (0.3~ 0.6) 02?* (0.08- 0.5)
p-CPP-ene + NBQX (10) 042 (0.3~ 0.6) 0.5 (0.36- 0.7)
GYKI 52466 + vehicle 12.0 (8.9-16.1) 11.9 (8.1 -17.6)
GYKI 52466 + MK-801 (0.025) 14.6 (11.7-18.2) 10.8 (8.4 -14.0)
GYKI 52466 + p-CPP-ene (0.1) 11.0 (7.5-16.0) 682 (54 - 8.5)
NBQX + vehicle 31.2 (27.4-35.4) 12.1 (6.8 -21.8)
NBQX + MK-801 (0.025) 347  (30.8-39.2) 13.9 (8.3 -23.3)
NBQX + p-CPP-ene (0.1) 30.5 (23.5-39.7) 134 (7.9 =227

Table data are EDg values (in mg/kg). In the chimney test mice had to climb backwards up a plastic tube (3 cm inner diameter, 25 cm length).
Motor impairment was indicated when the animals were unable to perform the task within 60 s. Further, the motor coordination of the animal
was considered impaired if it fell from the rotorod (2.5 cm diameter, 3 revs./min) within 2 min. For other details see Tables 1 and 3. 2 P at least

< 0.05 vs. respective control group.
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true for the combined treatment of MK-801 (0.2
mg /kg) with either GYKI 52466 (2.5 mg/kg) or NBQX
(10 mg/kg). Further, these AMPA /kainate receptor
antagonists in the same dose range did not change the
ED;, for MK-801 in the rotorod test. However, the
performance of mice treated with o-CPP-ene in combi-
nation with GYKI 52466 (2.5 mg/kg) or NBQX (10
mg /kg) was considerably poorer in both tests (Table
6).

MK-801 (0.025 mg/kg) did not produce any signifi-
cant changes in the adverse effects of GYKI 52466,
whilst b-CPP-ene (0.1 mg/kg) worsened the perfor-
mance of GYKI 52466-treated animals only in the
rotorod test. However, neither MK-801 (0.025 mg/kg)
nor p-CPP-ene (0.1 mg/kg) influenced the NBQX-in-
duced impairment of motor coordination (Table 6).

4. Discussion

The results shown from these experiments clearly
indicate that NMDA receptor antagonists (in sub-
threshold doses) considerably potentiated the protec-
tive activity of AMPA /kainate receptor antagonists
against electroconvulsions and vice versa. Thus, a
blockade of glutamate-mediated excitation, at more
than one subtype of its ionotropic receptors, leads to a
pronounced anticonvulsive effect, with no further in-
crease in the adverse effects in some cases. As regards
MK-801, its potent central sympathomimetic activity
(Clineschmidt et al., 1982b) may contribute to the
observed effects. In fact, Clineschmidt et al. (1982a)
provided evidence for the blockade of MK-801’s anti-
electroshock activity in rodents by haloperidol and
prazosin. Similarly, prazosin impaired the protective
activity of MK-801 against quinolinic acid-induced con-
vulsions in rats (Vezzani et al., 1989). A distinct corre-
lation between lowering of central monoamine levels
and a decrease in the convulsive threshold for both
electro-and chemoconvulsions was also found in mice
and rats by Kilian and Frey (1973). MK-801, when
given alone, may be effective against maximal elec-
troshock-induced seizures in mice (Palmer et al., 1992).
It is noteworthy, however, that the combination of this
non-competitive NMDA receptor antagonist with ei-
ther NBQX or particularly GYKI 52466 resulted in an
elevation of the electroconvulsive threshold far above
the current intensity used for the induction of maximal
electroshock-induced seizures.

Generally, when b-CPP-ene was used to block
NMDA receptors, addition of an AMPA /kainate re-
ceptor antagonist resulted in the enhancement of bp-
CPP-ene-induced adverse effects. This is consistent
with our previous data showing that combinations of
D-CPP-ene with antiepileptic drugs produced a consid-
erable impairment of motor performance and long-term

memory in mice (Zarnowski et al., 1994). Similarly,
D-CPP-ene added to standard antiepileptic therapy
produced a series of unwanted actions which seem to
disqualify its use in humans for the treatment of
epilepsy (Sveinbjornsdottir et al., 1993). MK-801 also
produced considerable adverse effects in humans, so it
seems to possess only an experimental value to delin-
eate the importance of NMDA-mediated excitation in
experimental epilepsy (Rogawski, 1992). In addition,
NMDA receptor antagonists were shown to induce a
sequence of phencyclidine-like behavioral disturbances
in epileptic subjects (kindled rats) within the anticon-
vulsive dose range (Loscher and Honack, 1991a). How-
ever, these effects were not observed in non-kindled
controls, which suggests that kindling-induced epilep-
togenesis may actually reduce the therapeutic index of
NMDA receptor antagonists (Ldscher and Honack,
1991a,b). Interestingly, NBQX was devoid of phencycli-
dine-like side effects in kindled rats, which may indi-
cate that AMPA /kainate receptor antagonists may
possess a better clinical potential than NMDA recep-
tor antagonists (Loscher et al., 1993). Further, it was
demonstrated that NMDA receptor antagonists, which
per se display very weak anticonvulsive properties at
even large doses in the kindling model of epilepsy,
synergistically enhanced the protective effect of NBQX
against amygdala kindling in rats (L3scher et al., 1993).
Consequently, a new strategy for the treatment of
epilepsy was postulated by these authors. Qur results
indicate that the interaction between NMDA and
AMPA /kainate receptor antagonists may occur in both
directions against electroconvulsions —i.e. NMDA re-
ceptor blockers enhance the protective ecffects of
AMPA /kainate receptor antagonists and, additionally,
AMPA /kainate receptor antagonists potentiate the
anticonvulsive action of NMDA receptor antagonists.
It is unlikely that the observed effects may be due to
pharmacokinetic interactions since in many cases sev-
eral fold increases in the convulsive threshold or de-
creases in the respective EDs, values were noted with
the combined treatment. It should be additionally ac-
centuated that a second excitatory amino acid antago-
nist, added to a combination, was always used in sub-
convulsive doses. It can be assumed, therefore, that a
simultaneous blockade of more than one type of gluta-
mate receptor leads to pronounced anticonvulsive ef-
fects, which extends the observations of Loscher et al.
(1993) to electroconvulsions, a well recognized model
of generalized tonic-clonic seizures in humans. Accord-
ing to Peeters et al. (1994), all glutamate ionotropic
receptor subtypes may be involved in nonconvulsive
epilepsy, evaluated in their WAG /Rjj rat inbred strain.
In this context, the new strategy for the treatment of
human epilepsy (Loscher et al., 1993) would be con-
firmed and completed with an additional seizure model.
However, a recent study by Foutz et al. (1994) provides
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evidence of respiratory arrest produced by the com-
bined blockade of NMDA and non-NMDA receptors
in cats. For this purpose, MK-801 was administered in
a dose of (.1 mg /kg and NBQX at 40 mg/kg. Interest-
ingly, no such effects were observed when the excita-
tory amino acid receptor antagonists (MK-801 or
NBQX) were given separately. It is, thus, of pivotal
importance to find out whether such unwanted effects
appear in primates upon the combined blockade of
receptors for excitatory amino acids. If this is the case,
then the idea of the combined treatment of NMDA
and non-NMDA receptor antagonists to control human
epilepsy may prove premature. It is probable that the
combined treatment of conventional antiepileptics with
some NMDA receptor antagonists (Czechowska et al.,
1993; Pietrasiewicz et al., 1993) or AMPA /kainate
receptor blockers (Zarnowski et al., 1993) could pro-
vide an alternative and safer strategy for clinical pur-
poses.
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