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Abstract:

The purpose of this study was to evaluate the influence of the glycine site antagonist of the NMDA receptor, MRZ 2/576
(8-chloro-4-hydroxy-1-oxo-1,2-dihydropyridazino[4,5-b]quinolin-5-oxide choline salt), on the anticonvulsive activity of
carbamazepine, oxcarbazepine, diphenylhydantoin, phenobarbital and valproate against maximal electroshock (MES)-induced
seizures and ethosuximide, valproate and clonazepam against pentetrazole (PTZ)-induced seizures in mice. MRZ 2/576 applied
intraperitoneally 5 min before electroconvulsions, at the dose of 10 and 15 mg/kg, significantly raised the convulsive threshold (from
6.9 to 8.8 and 10.8 mA respectively). At lower doses, it did not affect the threshold. MRZ 2/576 applied at the dose of 5, 10 and
20 mg/kg did not influence the clonic phase of PTZ-induced seizures, but protected the animals against the tonic phase. The
anticonvulsant effect of a given antiepileptic drug was expressed as its ED�� value (in mg/kg), which represents the dose of the drug
required to protect 50% of animals against MES or PTZ seizures. MRZ 2/576 co-administered at a subprotective dose (5 mg/kg) with
carbamazepine, oxcarbazepine, diphenylhydantoin, phenobarbital or valproate, significantly reduced their ED�� values in MES test.
Also, at the dose of 2.5 mg/kg it enhanced the protective activity of carbamazepine and valproate. At the lowest tested dose
(1.25 mg/kg), it still potentiated the anticonvulsant activity of valproate. However, MRZ 2/576 (5 mg/kg) applied with valproate,
ethosuximide or clonazepam did not influence their protective effects in the PTZ test. The combinations of MRZ 2/576 with almost
every studied antiepileptic drug (providing a 50% protection against maximal electroshock or PTZ-induced seizures) did not
produce motor impairment in the chimney test nor long-term memory deficit measured in the passive avoidance task. Only valproate
alone or combined with MRZ 2/576 impaired both of these measures. It may be concluded that MRZ 2/576 enhanced the
anticonvulsive activity of antiepileptic drugs against MES without accompanying potentiation of adverse effects. However, there
was no positive interaction in the PTZ test. Finally, pharmacokinetic interactions do not seem responsible for the obtained results
because MRZ 2/576 (5 mg/kg) did not alter the free plasma levels of the antiepileptics tested in the present study.
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Abbreviations: AED(s) – antiepileptic drug(s), AMPA – �-amino-3-hydroxy-5-methylisoxazole-4-propionate, CBZ – carba-
mazepine, CZP – clonazepam, DPH – diphenylhydantoin, ETX – ethosuximide, KA – kainate, MES – maximal electroshock,
MRZ 2/576 – 8-chloro-4-hydroxy-1-oxo-1,2-dihydropyridazino[4,5-b]quinolin-5-oxide choline salt, NMDA – N-methyl-
D-aspartate, NMDLA – N-methyl-D,L-aspartate, OCBZ – oxcarbazepine, PB – phenobarbital sodium, PTZ – pentetrazole, VPA –
valproate magnesium
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Introduction

Anticonvulsant activity of glutamate receptor antago-
nists was observed in various models of experimental
epilepsy [6]. N-methyl-D-aspartate (NMDA) receptor
antagonists are effective in a range of seizure models
[2, 21]. Unfortunately, their clinical applications are
limited by untoward effects, mainly on memory or
motor functions and also by induction of psychotomi-
metic activity [20]. Interestingly, however, admini-
stration of subthreshold doses of NMDA receptor an-
tagonists potentiates the protective effects of antiepi-
leptic drugs (AEDs) in animal models of epilepsy.
Consequently, such combined treatment allows for re-
duction of their effective doses and adverse effects [2,
4, 27].

Discovery of the glycine, strychnine-insensitive,
modulatory site of NMDA receptor prompted a great
interest in developing pharmacological antagonists of
the site with possible anticonvulsant activity [7, 8]. In
fact, studies have shown that antagonists of the
glycine site derived from kynurenic acid and indole
acetic acid have various degree of anticonvulsant ac-
tivity [15]. For instance, 5-fluoroindole-2-carboxylic
acid inhibited electrically, but not chemically induced
seizures [10]. In addition, the combined treatment
with this compound and conventional AEDs en-
hanced their potency against maximal electroshock-
induced seizures (MES), however, profound unde-
sired effects were also observed in such combinations
[10]. Another glycine site antagonist, indolo-2-carboxylic
acid, also potentiated the anticonvulsant activity of
antiepileptic drugs (carbamazepine, phenobarbital and
valproate) in MES, but this effect was associated with
profound motor impairment [11]. Additionally, memory
deficit was also observed when the glycine site antagonist
was combined with valproate [11].

A series of tricyclic pyrido-phthalazine dione com-
pounds has been reported to potently block the
glycine site of the NMDA receptor [16]. These com-
pounds show much better systemic availability and
penetration through the blood-brain barrier than most
glycine site receptor antagonists that had been studied
previously [16]. Consequently, we decided to estab-
lish the anticonvulsant potential of a “pyrido-
phthalazine dione” compound, MRZ 2/576 (8-chloro-
4-hydroxy-1-oxo-1,2-dihydropyridazino[4,5-b]quino-
lin-5- oxide choline salt) against MES- and pentetrazole

(PTZ)-induced seizures. Also, the influence of MRZ
2/576 on the anticonvulsant effects of antiepileptic
drugs (carbamazepine, oxcarbazepine, phenobarbital,
diphenylhydantoin, valproate, clonazepam and etho-
suximide) against MES- and/or PTZ-induced seizures
was studied. These experiments were accompanied by
an evaluation of adverse effects of the combined treat-
ments with MRZ 2/576 and antiepileptic drugs. Fi-
nally, we evaluated a possibility of a pharmacokinetic
interaction by measuring the plasma levels of antiepi-
leptic drugs alone or co-administered with MRZ
2/576.

Materials and Methods

General

Experiments were performed on male Swiss mice
weighing 22–27 g. The animals were obtained from
a licensed dealer (T. Górzkowska, Warszawa, Poland)
and kept under standard laboratory conditions and
a natural light-dark cycle, with free access to food
pellets and tap water. Mice were randomly assigned to
experimental groups consisting of 8–15 mice. All ex-
perimental procedures were conducted in accordance
with the regulations of the Bioethical Committee of
Lublin, Poland.

Seizure activity

Electroconvulsions were produced with ear-clip elec-
trodes and alternating current delivered by a Hugo
Sachs stimulator (Type 221, Freiburg, Germany). The
stimulus duration was 0.2 s. Tonic hindlimb extension
was taken as the seizure end point. The convulsive
threshold was expressed as CS50, which corresponds
to minimal current strength (in mA) required to
produce tonic hindlimb extension in 50% of the mice
tested. Mice pretreated with AEDs were challenged
with a current (25 mA) exceeding the threshold values
several-fold (maximal electroshock – MES) to evalu-
ate their respective ED50 values (dose of a drug in
mg/kg, required to protect 50% of animals against
MES).

In the PTZ test, mice were injected with this con-
vulsant at the dose of 103.5 mg/kg, which was equal
to its CD97 value (a dose producing clonic seizures in
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97% of animals). Following the injection, mice were
put individually to transparent cages and observed for
30 min for the occurrence of clonic and tonic seizures
or lethality. Mortality rate was also recorded 24 h after
the injection of PTZ.

Drugs

The following AEDs were used: carbamazepine
(CBZ; Amizepin, Polfa, Warszawa, Poland), oxcar-
bazepine (OCBZ; Novartis, Basel, Switzerland),
diphenylhydantoin (DPH; Phenytoinum, Polfa, War-
szawa, Poland), phenobarbital sodium (PB; Lumi-
nalum Natrium, Polfa, Kraków, Poland), valproate
magnesium (VPA; Dipromal, ICN Polfa, Rzeszów,
Poland), ethosuximide (ETX; Ronton, ICN Polfa,
Rzeszów, Poland), clonazepam (CZP; Polfa, War-
szawa, Poland). MRZ 2/576 (8-chloro-4-hydroxy-1-
oxo-1,2-dihydropyridazino[4,5-b]quinolin-5-oxide cho-
line salt, Merz Pharmaceuticals, Frankfurt/M, Ger-
many) was used as the glycine site antagonist. VPA
and PB were brought into solution with sterile saline.
CBZ, OCBZ and DPH were suspended in a 1% solu-
tion of Tween 81 (Loba Chemie, Vienna, Austria).
MRZ 2/576 and PTZ (pentetrazole, Sigma, St. Louis,
USA) were dissolved in sterile saline. All drugs were
injected intraperitoneally (ip) except for PTZ, which
was given subcutaneously (sc). CBZ, OCBZ, VPA
and ETX were administered 30 min before the tests,
while the pretreatment time for MRZ 2/576, PB and
DPH was 5, 60 and 120 min, respectively.

Chimney test

The effects of AEDs alone or combined with MRZ
2/576 on motor performance were evaluated with the
chimney test of Boissier et al. [1]. In this test, mice
had to climb backwards in the plastic tube (3 cm in diame-
ter and 25 cm long). Motor impairment was indicated
by the inability of mice to climb out of the tube within
60 s, and the results were expressed as the percent-
ages of animals that failed to perform the task.

Passive avoidance acquisition and retention testing

The mice were placed in an illuminated box (10 × 13
× 15 cm) connected to a large dark box (25 × 20 × 15 cm).
The large box was equipped with an electric grid
floor. Each pretreated animal was punished by an
electric foot shock (0.6 mA for 2 s) just after the en-

trance into the dark box. On the next day (24 h later),
the same animals (without treatment), were placed
into the illuminated box and observed for 180 s. The
retention time expressed as median with 25th and
75th percentiles was calculated. According to Venault
et al. [22] the step-trough passive avoidance task may
be recognized as a measure of long-term memory.

Estimation of the free plasma concentrations of

AEDs

The estimation of the free plasma concentrations of
all AEDs, except OCBZ, was carried out by immuno-
fluorescence method with the use of an Abbott TDx
analyzer (Abbott, Irving, TX, USA). The plasma level
of OCBZ was determined with the use of high pres-
sure liquid chromatography (HPLC).

The animals were administered an AED or a com-
bination of MRZ 2/576 with this AED. The mice were
then decapitated at times scheduled for the seizure
tests and blood samples of about 1 ml were collected
into Eppendorf tubes. The samples were centrifuged
at 10 000 rpm (Abbott centrifuge, Irving, TX, USA)
for 5 min and plasma aliquots of 200 �l were pipetted
into a micropartition system, MPS-1 (Amicon, Dan-
vers, MA, USA), for separation of free drug from
plasma proteins. Then the MPS-1 tubes were centri-
fuged at 10 000 rpm for 5 min and 70 �l of the fil-
trated samples were pipetted into the Abbott system
cartridges and loaded to the analyzer. Standard sam-
ples of AEDs were placed at the beginning and end of
each run for verification of the calibration. Plasma
levels were expressed in �g/ml as the means ± SD of
8 determinations.

Chromatographic determination of OCBZ

plasma levels

The plasma level of OCBZ was measured by HPLC.
The chromatograph (Laboratorni Pristroje, Praha) was
equipped with a 305 micropump (LCP 3001), and an
ultraviolet (UV) detector (HP 1050) with a sensitivity
setting of 0.1 AUFS (absorbance units full scale),
a time constant of 0.1 s and Alltech HSC column. The
mobile phase was methanol/acetonitrile/acetate buffer
(5 mM acetic acid/50 mM sodium acetate) buffer; 15 :
15 : 70 v/v/v.

Blood samples collection and processing was per-
formed as described above. The obtained plasma sam-
ples of 200 �l were mixed with 40 �l of methanol/wa-
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ter solution. The solutions were evaporated to dryness
under a vacuum system and re-dissolved in tert-butyl-
methyl ether and again evaporated to dryness under
vacuum system. The residues were re-dissolved in
100 �l of mobile phase and samples of 50 �l were
then injected into the chromatograph. The concentra-
tions of OCBZ were calculated by comparing the
peak area with the peak area of the external standard
(CBZ) and expressed in �g/ml as the mean ± SD.

Statistics

Both CS50 and ED50 values and their statistical com-
parisons were calculated by computer probit analysis,
according to Litchfield and Wilcoxon [12]. The re-
sults from chimney test were compared statistically
by using Fisher’s exact probability test. The data
obtained in the passive avoidance test were statisti-
cally evaluated using Kruskal-Wallis test, followed by
Dunn’s test. An unpaired Student’s t-test was em-
ployed for the statistical evaluation of the plasma
levels of AEDs.

Results

Influence of MRZ 2/576 on the electroconvulsive

threshold

MRZ 2/576 administered at doses of 10 and 15 mg/kg,
5 min before the test, significantly raised the electro-
convulsive threshold from 6.9 to 8.8 and 10.8 mA, re-
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spectively. It did not alter the threshold for electrocon-
vulsions at the dose of 5 mg/kg (Fig. 1).

Effects of MRZ 2/576 on the protective activity

of AEDs against MES in mice

MRZ 2/576 administered at 5 mg/kg enhanced the
protective activity of all studied AEDs, which can be
seen as the reduction of their ED50 values (Fig. 2A–E).
MRZ 2/576 at the lower dose (2.5 mg/kg) augmented
the protective actions of CBZ and VPA (Fig. 2A, B),
respectively.

Effects of MRZ 2/576 on PTZ-induced seizures

MRZ 2/576, applied at the doses of 5, 10 and 20 mg/kg,
did not influence the clonic seizures induced by PTZ
(Tab. 1). However, at doses of 10 and 20 mg/kg, it sig-
nificantly inhibited the tonic phase of PTZ seizures.
MRZ 2/576, given at 20 mg/kg, also significantly re-
duced the mortality rate of mice 30 min and 24 h fol-
lowing PTZ injection (Tab. 1).

Influence of MRZ 2/576 on the protective activ-

ity of AEDs against the clonic phase of PTZ-

induced seizures

MRZ 2/576, given at the dose of 5 mg/kg, did not po-
tentiate the anticonvulsant activity of co-administered
AEDs (VPA, ETX and CLO) against the clonic phase
of PTZ seizures. Accordingly, the ED50 values of
ETX (164 mg/kg), VPA (149 mg/kg), and CLO
(0.028 mg/kg) were reduced by MRZ 2/576 co-
administration to 153, 124, and 0.015 mg/kg, respec-

tively (data not shown). However, these effects did
not reach statistical significance.

Influence of MRZ 2/576 co-administered with

AEDs on motor performance of mice in the

chimney test

Most of AEDs, with the exception of VPA and CLO,
applied at doses equal to their ED50 against MES or
PTZ-induced convulsions, did not influence the motor
performance of mice in the chimney test (Tab. 2).
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Tab. 1. ,		��� �	 �-6  /237 �� ������������ 8
C69"������� ������
�� ����

Treatment (mg/kg) Clonic
seizures

(%)

Tonic
seizures

(%)

Mortality
rate (%)

PTZ (103.5) + 0.9% NaCl 100 90 70

PTZ (103.5) + MRZ 2/576 (5) 100 80 60

PTZ (103.5) + RZ 2/576 (10) 90 50* 30

PTZ (103.5) + MRZ 2/576 (20) 70 10*** 0**

? � @ !'!2� ?? � @ !'!!2� ??? � @ !'!!5 vs' ������� �����' �-6  /237
����������� ip� 2 ���' ����� �� ��� ���' C�� �:���������� �����
������� �	 5! ������' C�� ���������� �	 ��� ���������� �	 ��"
���� ����� 1! ���' C�� ��������� �	 ���� ������� �� ������� ���
 D � �	��� ��� ��*������ �	 
C6

Tab. 2. ����� ���������� �	��� ������������� �	 �-6  /237� �������"
������ ���� �� ����������� �	 �-6  /237 ���� �������������

Treatment (mg/kg) Number of
mice per group

Percentage of mice
impaired (%)

Vehicle + vehicle 10 0

MRZ 2/576 (5) + vehicle 10 10

CBZ (9.3)� + vehicle 10 10

CBZ (5.3)� + vehicle 10 0

CBZ (5.3) + MRZ (5)� 10 20

VPA (285)� + vehicle 15 26.6*

VPA (208)� + vehicle 15 13.3

VPA (208) + MRZ (5)� 15 46.6**

DPH (8.8)� + vehicle 10 10

DPH (3.9)� + vehicle 10 0

DPH (3.9) + MRZ (5)� 10 10

PB (22.7)� + vehicle 10 10

PB (16.4)� + vehicle 10 0

PB (16.4) + MRZ (5)� 10 0

OCBZ (11.8)� + vehicle 10 0

OCBZ (8.3)� + vehicle 10 0

OCBZ (8.3) +MRZ (5)� 10 20

ETX (164)� + vehicle 12 0

ETX (153)� + vehicle 12 0

ETX (153) + MRZ 2/576 (5)� 12 0

VPA (149)� + vehicle 15 6

VPA (125)� + vehicle 15 6

VPA (125) + MRZ 2/576(5)� 15 20

CLO (0.028)� + vehicle 15 26.6*

CLO (0.015)� + vehicle 15 13.3

CLO (0.015) + MRZ 2/576 (5)� 15 20

�
C�� ��� �	 ���� ��	�� �� ����� ,�

��
����� ��������� �� �,� ���'

�
C�� ��� �	 ���� ��������� �� ����� ,�

��
����� �� 
C6 ���'
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MRZ 2/576 (5 mg/kg) did not affect motor coordina-
tion either. The combined treatment with MRZ 2/576
(5 mg/kg) and CBZ, OCBZ, PB, DPH, ETX or CLO,
providing a 50% protection against MES- or PTZ-
induced seizures, was also free of negative effects on
the motor performance of mice. Only co-
administration of MRZ 2/576 (5 mg/kg) with VPA
significantly worsened the performance (Tab. 2).

Influence of MRZ 2/576 co-administered with

AEDs on long-term memory in the passive

avoidance test

CBZ, OCBZ, PB, DPH, ETX and CLO, applied at
doses equal to their ED50 against MES- or PTZ-
induced seizures, did not affect the retention time in
the passive-avoidance test. The combined treatment
with MRZ 2/576 (5 mg/kg) and each of these AEDs
also did not influence the long-term memory of mice
(Tab. 3). In contrast, administration of VPA (285
mg/kg) alone or VPA (208 or 125 mg/kg) combined
with MRZ 2/576 (5 mg/kg), providing the same 50%
protection against MES- or PTZ-induced seizures that
the drugs given alone, significantly decreased the re-
tention in the passive avoidance test. However, MRZ
2/576 (5 mg/kg) administered alone did not affect
long-term memory (Tab. 3).

Influence of MRZ 2/576 on the plasma levels of

antiepileptic drugs

MRZ 2/576 (5 mg/kg) did not significantly affect the
free plasma levels of CBZ, OCBZ, PB, DPH and VPA
(Tab. 4).

�����������	��� 
������ ����� ��� ������� 463

Effect of the glycine site antagonists of the NMDA receptor on AED activity
��������� ��	��
	������	 �� ���

Tab. 3. $�	������ �	 �-6  /237� ������������� ���� �� ��� ��������
��������� �� ��� ��������� ���� �	 ����� ��������� ���

Treatment
(mg/kg)

Median
(s)

Percentiles
(25, 75)

Vehicle + vehicle 180 175, 180

MRZ 2/576 (5) + vehicle 180 161.5, 180

CBZ (9.3)� + vehicle 115 22, 180

CBZ (5.3)� + vehicle 131 43, 180

CBZ (5.3) + MRZ (5)� 161 14.5, 180

VPA (285)� + vehicle 77** 34.5, 179.5

VPA (208)� + vehicle 168.5 23.5, 180

VPA (208) +MRZ(5)� 84** 24, 179

PB (22.7)� + vehicle 180 144, 180

PB (16.4)� + vehicle 180 133.5 180

PB (16.4) + MRZ (5)� 179 135, 180

DPH (8.8)� + vehicle 180 117.5, 180

DPH (3.9)� + vehicle 180 180, 180

OCBZ (11.8)� + vehicle 180 180, 180

OCBZ (8.3)� + vehicle 180 180, 180

OCBZ (8.3) + MRZ(5)� 180 135, 180

ETX (164)� + vehicle 180 180, 180

ETX (153)� + vehicle 180 180, 180

ETX (153) + MRZ 2/576 (5)� 124.5 25, 180

VPA (149)� + vehicle 115 17.5, 180

VPA (125)� + vehicle 180 25, 180

VPA (125) + MRZ 2/576 (5)� 30.5** 17, 85

CLO (0.028)� + vehicle 180 154.5, 180

CLO (0.015)� + vehicle 180 180, 180

CLO (0.015) + MRZ 2/576 (5)� 162 32.5, 180
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Treatment (mg/kg) Plasma levels (µg/ml)

CBZ (5.3) + vehicle 0.61 ± 0.13

CBZ (5.3) + MRZ 2/576 (5) 0.52 ± 0.15

VPA (207.6) + vehicle 137.7 ± 36.8

VPA (207.6) + MRZ 2/576 (5) 140.3 ± 13.6

PB (16.4) + vehicle 9.44 ± 1.9

PB (16.4) + MRZ 2/576 (5) 10.88 ± 2.6

DPH (3.9) + vehicle 0.31 ± 0.037

DPH (3.9) + MRZ 2/576 (5) 0.28 ± 0.04

OCBZ (8.3) + vehicle 1.079 ± 0.62

OCBZ (8.3) + MRZ 2/576 (5) 1.057 ± 0.41
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Discussion

The present study has demonstrated that a choline salt
of pyrido-phthalazin dione, MRZ 2/576, a glycine site
antagonist of the NMDA receptor, showed protective
action against electroconvulsions, but not against the
clonic phase of PTZ-induced seizures. MRZ 2/576
protected animals from the tonic phase of PTZ sei-
zures and reduced the mortality rate of mice in this
test. MRZ 2/576, used at a sub-protective dose, sig-
nificantly enhanced the anticonvulsant activity of
CBZ, OCBZ, PB, DPH and VPA against maximal
electroshock, but did not affect the protective activity
of VPA, ETX and CLO against PTZ-induced clonic
seizures. The combined treatment of MRZ 2/576 and
the AEDs did not exert any undesired effects, except
for its combination with VPA, where motor impair-
ment was observed. This combination, however, had
the same effect on long-term memory as VPA admin-
istered alone. The pharmacokinetic interactions did
not seem to be responsible for the positive effects ob-
tained in the MES test, since the free plasma levels of
AEDs in the presence of MRZ 2/576 remained un-
changed.

MRZ 2/576 is a compound that belongs to tricyclic
pyrido-phthalazin diones, a novel class of antagonists
of the glycine site of the NMDA receptor complex.
This compound displays a relatively good bioavail-
ability and solubility in water. It was moderately po-
tent in reducing responses to NMDA, but more selec-
tive than other compounds of this series [16]. Conse-
quently, MRZ 2/576, like other glycine site antago-
nists, displays neuroprotective [19, 23] and anticon-
vulsant activity (present study).

This study confirmed the anticonvulsant activity of
MRZ 2/576 against electroconvulsions. MRZ 2/576,
at the dose of 10 mg/kg, significantly raised the con-
vulsive threshold. The duration of the anticonvulsant
action of MRZ 2/576 was rather short; the maximum
was noted 5–7 min after its ip administration. This is
characteristic of the majority of the compounds of its
class [16]. It was shown that MRZ 2/576 is rapidly
cleared from the systemic circulation and the central
nervous system by the probenecid-sensitive organic
acid transport system [9, 16]. Consequently, co-
aministration of this glycine site antagonist with pro-
benecid increased about 2.5-fold its half time in the
brain extracellular fluid and in serum [9].

The present results demonstrated also that the com-
bined treatment of MRZ 2/576 at a sub-protective
dose with conventional AEDs (CBZ, OCBZ, VPA,
DPH, PB) potentiated their anticonvulsant activity
against MES-induced seizures. The highest potentia-
tion was obtained in combined treatments with CBZ
and VPA since MRZ 2/576 potentiated their anticon-
vulsant activity at the dose of 2.5 mg/kg, whereas the
protective effects of other AEDs were generally en-
hanced only when MRZ 2/576 was administrated at
higher doses (5 mg/kg). Interestingly, the partial ago-
nist at the strychnine site of the NMDA receptor,
D-cycloserine, also potentiated the protective activity
of DPH, but not that of CBZ, against MES in mice.
The neurotoxic potential of DPH was not increased [26].

Both CBZ and DPH share the same mechanism of
action. Namely, they block the voltage-dependent Na+

and Ca2+ channels [18, 24]. However, it seems that
these drugs differentially affect glutamate-mediated
neurotransmission, since administration of NMDA re-
duced the anticonvulsant activity of CBZ, but not that
of DPH [5]. That may explain why the blockade of
glycine site within the NMDA receptor complex leads
to bigger potentiation of the protective activity of
CBZ than DPH. When the glycine site antagonists
(fluoroindole-2-carboxylic acid or indolo-2-carboxylic
acid) were applied in combinations with DPH, no in-
fluence was observed on its protective activity against
MES [10, 11]. Also in the present study, MRZ 2/576
potentiated the activity of CBZ at lower doses than
those required for potentiation of DPH effects.

Competitive and non-competitive NMDA and
AMPA/KA receptor antagonists as well as glycine site
antagonists applied in combination with VPA aug-
ment its anticonvulsant activity [2–4, 10, 11, 17]. The
present results are in agreement with those studies,
which together may suggest that the blockade of glu-
tamatergic neurotransmission generally enhances the
protection against seizures afforded by this AED.

MRZ 2/576 did not significantly alter the PTZ-
induced clonic phase, but the tonic phase was inhib-
ited in a dose-dependent manner. It should be under-
lined that the clonic phase of PTZ-induced seizures is
the main endpoint in this model, which may be pre-
dictive for drugs effective against absence and/or
myoclonic convulsions [14]. However, the protection
against tonic phase may potentially indicate its effec-
tiveness against generalized tonic-clonic convulsions
in epileptic patients.
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The anticonvulsive effects of combinations of
MRZ 2/576 with the AEDs were not promising in
PTZ-induced seizures. These AEDs (i.e. ETX, VPA,
CLO) are clinically used for the treatment of absence
and myoclonic epilepsy. Unfortunately, the combina-
tions of these drugs with MRZ 2/576 were not supe-
rior to the protection against PTZ seizures obtained
when the AEDs were given alone.

In conclusion, MRZ 2/576 revealed a better profile
of anticonvulsant activity than most of competitive
and non-competitive NMDA receptor antagonists
with high affinity for the receptor complex, when
studied in MES test [6]. This glycine site blocker may
be compared with the compounds of the group of
AMPA/KA antagonists, which show much better
pharmacological parameters and more promising
therapeutic potential than NMDA receptor antagonists
[6]. However, the lack of significant protection
against the clonic phase of PTZ-induced seizures
(present study) and amygdala-kindled seizures [25]
may limit its potential clinical applications. However,
based on observations of Löscher et al. [13], it seems
that an attempt to apply MRZ 2/576 with an
AMPA/KA receptor antagonist might be more promising
in this model of seizures.

Nevertheless, the present results suggest that MRZ
2/576 might be at least a good parent compound for
derivatives with better pharmacokinetic profile for
add-on therapy in epilepsy.
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