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Vigabatrin is a novel antiepileptic drug, which increases GABA levels
by irreversible inhibition of GABA-aminotransferase. The aim of this study
was to evaluate the effects of vigabatrin on the anticonvulsant activity of val-
proate, ethosuximide and clonazepam against pentetrazole-induced seizures
in mice. In addition, the effects of antiepileptic drugs alone or in combina-
tion with vigabatrin were studied on motor performance and long-term
memory. Chemical seizures were induced by subcutaneous injection of pen-
tetrazole at its CD

��
and defined as a clonus of the whole body with an ac-

companying loss of righting reflex, lasting for over 3 s. Vigabatrin inhibited
the clonic pentetrazole-induced seizures and ED

��
of the drug was 879

mg/kg. Vigabatrin (at the subthreshold dose of 250 mg/kg) potentiated the
protective activity of ethosuximide, reducing its ED

��
from 142 to 95 mg/kg

against clonic seizures induced by pentetrazole, but simultaneously elevated
its plasma level. The protective activity of valproate and clonazepam re-
mained almost unchanged. However, vigabatrin (250 mg/kg) decreased
TD

��
(50% toxic dose – corresponding to the impairment of motor coordina-

tion in 50% of the animals) of ethosuximide and clonazepam from 549 and
3.84 to 460 and 1.1 mg/kg, respectively, in the chimney test. Vigabatrin (250
mg/kg) did not influence TD

��
value of valproate in this test. Vigabatrin (at

the dose of 250 mg/kg) did not impair long-term memory in combination
with antiepileptics. Potentiation of the ethosuximide’s protective activity
was apparently due to a pharmacokinetic interaction. Consequently, no phar-
macodynamic interactions between vigabatrin and the studied conventional
antiepileptic drugs were evident.

Key words: vigabatrin, antiepileptic drugs, pentetrazole-induced sei-
zures
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INTRODUCTION

�-Aminobutyric acid (GABA) is the major in-
hibitory neurotransmitter in the mammalian brain.
Extensive studies in animals have shown that
changes in GABA release and metabolism have an
important role in the origin and propagation of sei-
zure activity [22]. Moreover, patients with partial
epilepsy have lower brain GABA levels than other
individuals, which was confirmed by magnetic re-
sonance spectroscopy [28] and microdialysis in pa-
tients with temporal lobe epilepsy [7]. Vigabatrin
(VGB; �-vinyl GABA) is a GABA analog that was
developed to increase GABA concentration in the
central nervous system [26]. VGB irreversibly in-
hibits GABA-oxoglutarate aminotransferase (GABA-
transferase), the principal enzyme responsible for
GABA degradation, by acting as a substrate for this
enzyme. VGB binds covalently to the active site on
GABA-transaminase, where it blocks further enzy-
matic degradation of GABA. The increase in brain
GABA level after oral VGB administration has been
established in animal models and human studies
[11, 31]. Moreover, on the basis of experiments with
audiogenic sensitive rats, Engelborghs et al. [8]
suggested that VGB possessed an additional me-
chanism of action by reduction of brain excitatory
amino acid levels and/or elevation of glycine level.

Experimental data indicate that VGB decreases
seizure activity in amygdala-kindled rats [14, 18],
photosensitive baboons [23], and audiogenic seizure
prone mice or rats [8]. It also decreases pentetrazole
(PTZ)-induced seizures [1, 19]. VGB to a weaker
degree is also protective against bicuculline- [16]
and picrotoxin-induced convulsions, but is ineffec-
tive in the maximal electroshock test [1].

In clinical practice, VGB is used as an add-on
therapy against generalized myoclonic, atonic and
tonic-clonic, as well as, partial (with or without
secondary generalization) seizures [32]. In spite of
a number of new antiepileptic drugs, there are still
about 30% of epileptic patients who cannot be sa-
tisfactorily treated with monotherapy. Two antiepi-
leptics and sometimes more, may be necessary to
improve seizure control [21]. On the other hand, it
is widely known that addition of a second drug can
contribute to considerable intensification of side ef-
fects. Unfortunately, the use of antiepileptic drug
combinations in the past was poorly understood,
and patients were treated with irrational combina-
tions of drugs. Alternatively, patients may be treated

by the use of minor doses of antiepileptic drugs, ap-
plied in the form of adjunctive therapy. Relatively
low doses of a concomitant drug, without adverse
effects, could improve seizure control and standard
of patients’ lives. It is very important that the effec-
tive use of antiepileptics in polytherapy requires
the understanding of their mechanisms of action,
knowledge of clinical effects of individual drugs,
and the most important, the understanding of type
of drug interactions. Treatment options for epilepsy
have markedly increased since 1990. Over the past
decade, additional agents have been introduced,
with a promise of improved seizure control and
minimal side effects. The new antiepileptic drugs
such as: felbamate, gabapentin, lamotrigine, tiaga-
bine, topiramate, VGB or oxcarbazepine, have de-
monstrated superior efficacy for refractory epilepsy.
In addition, the new agents are often much better
tolerated when used as monotherapy or adjunctive
therapy. In add-on therapy, VGB (2 g/day) has shown
impressive efficacy, reducing seizure frequency by
50% in approximately half of patients [10]. It is
worth to mention that VGB is rapidly absorbed
from the gastrointestinal tract in about 80%. More-
over, it is not bound to serum proteins and is elimi-
nated largely by renal excretion, essentially in the
unchanged form [12, 29]. The serum distribution
and elimination of VGB is not markedly affected
by concomitant drugs [24]. VGB profound GABA
elevating effects may be responsible for the various
adverse effects that are associated with its use in
humans. Thus, in addition to the central nervous
system-related adverse effects, such as drowsiness,
fatigue and dizziness, VGB has been associated with
psychiatric reaction (aggression, depression, para-
noia) and visual field constriction [34].

Consequently, the present study assessed the
anticonvulsant potential of VGB given alone or in
combination with conventional antiepileptics. Ad-
verse effects were examined in motor impairment
and long-term memory tests. In order to define a
possible involvement of pharmacokinetic mecha-
nisms in the observed effects, the influence of VGB
on the plasma levels of conventional antiepileptics
was also studied.

MATERIALS and METHODS

General

The experiments were conducted on male Swiss
mice, weighing 20–27 g. The animals were kept in
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colony cages, under standard laboratory conditions,
with free access to food and tap water (Murigran
pellets; Bacutil, Motycz, Poland). All mice were
maintained at an ambient temperature of 20 ± 1°C
and on a natural light-dark cycle. After the adapta-
tion period of seven days, mice were randomly as-
signed to experimental groups consisting of 8–12
animals. All experiments were performed between
9 a.m. and 1 p.m. Each mouse was used only once.
The experimental procedures listed below were ap-
proved by the Bioethical Committee of Lublin
Medical University.

Seizure activity

Mice were injected subcutaneously (sc) with
PTZ, at the dose of 99 mg/kg, which was its CD#)

value (the convulsive dose evolving convulsive ef-
fect in 97% of animals) for the induction of clonic
convulsions. Mice were placed singly into transpar-
ent cages (25 × 15 × 10 cm), where they were ob-
served for 30 min for the occurrence of clonic sei-
zures. Clonic seizure activity was defined as a clo-
nus of the whole body lasting over 3 s, with loss of
righting reflex.

Drugs

The following antiepileptic drugs were used:
ethosuximide (Sigma, St. Louis, MO, USA), val-
proate magnesium (ICN Polfa, Rzeszów, Poland),
clonazepam (Polfa, Warszawa, Poland) and VGB
(Sabril, Laboratories, Casenne, France). PTZ was
from Sigma, St. Louis, MO, USA. PTZ, ethosuxi-
mide and valproate magnesium were dissolved in
distilled water whilst clonazepam and VGB were
suspended in a 1% solution of Tween 80 (Sigma,
St. Louis, MO, USA). All antiepileptic drugs were
administered intraperitoneally (ip) in a volume of
0.01 ml/g, except for PTZ, which was given sc in
a volume of 0.05 ml/g. Valproate magnesium and
clonazepam were administered 30 min and etho-
suximide 45 min before the test. Conventional an-
tiepileptic drugs were given at the time of their
peak anticonvulsant activity according to our previ-
ous studies [5, 9]. According to Bernasconi et al.
[1], VGB was given 60 min before convulsive and
behavioral tests.

Chimney test

The effects of the antiepileptic drugs alone or
combined with VGB on motor performance were
evaluated in the chimney test according to Boissier

et al. [2]. The animals had to climb backwards up
a plastic tube (3 cm in inner diameter, 25 cm long).
Motor impairment was indicated by the inability of
mice to climb backwards up the tube within 60 s.
The mice were pretrained 24 h before treatment
and those unable to perform the test were rejected
from experimental groups (each group consisted of
8 animals). All substances were administered ip.
The results were presented as TD(! values for con-
ventional antiepileptics and VGB.

Passive avoidance acquisition and retention testing

According to Venault et al. [33], the step-through
passive avoidance task may be regarded as a measure
of long-term memory acquisition. The pretreated
animals were placed in an illuminated box (10 × 13
× 15 cm) connected with a larger (25 × 20 × 15 cm)
dark compartment equipped with an electric grid
floor. In this test, entry into the dark compartment
was punished by an electric footshock (0.6 mA for
2 s; facilitation of acquisition). The mice that did
not enter the dark compartment within 60 s were
excluded from the experiment. On the following
day (24 h later), the same animals without treat-
ment were again placed in the illuminated box and
those avoiding the dark compartment for longer
than 180 s were regarded as remembering the task.
Retention was evaluated as a median (in s) with 25
and 75 percentiles required to enter the dark com-
partment.

Estimation of total or free plasma levels of antie-

pileptic drugs

Plasma levels of antiepileptic drugs were meas-
ured according to Czuczwar et al. [4]. The animals
were given either one of the antiepileptic drugs
studied and saline (control group) or combinations
of VGB (250 mg/kg) with one of these drugs. Mice
were decapitated at times scheduled for the convul-
sive test and blood samples of approximately 1 ml
were collected into Eppendorf tubes. Samples of
blood were centrifuged at 10,000 rpm (Abbott cen-
trifuge, Irving, TX, USA). Afterwards, the total
plasma level of ethosuximide was determined by
immunofluorescence or samples of plasma were pi-
petted into a micropartition system, MPS-1 (Ami-
con, Denvers, MA, USA). Then the samples were
centrifuged again and free plasma levels of the in-
vestigated drugs were determined by immunofluo-
rescence, using an Abbott TDx analyzer (Abbott,
Irving, Texas, USA). Control plasma samples of
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each antiepileptic drug were used to verify the cali-
bration. Plasma levels were expressed in �g/ml as
means ± SD of at least 8 determinations.

Statistics

CS(!, ED(!, as well as, TD(! values (with 95%
confidence limits in parentheses) and their statisti-
cal comparisons were calculated by computer pro-
bit analysis, according to Litchfield and Wilcoxon
[17]. The results from the passive avoidance task
were statistically verified with the Kruskal-Wallis
test followed by Dunn’s test. Plasma levels of an-
tiepileptic drugs were statistically analyzed by the
use of unpaired Student’s t-test.

RESULTS

Influence of VGB on PTZ-induced seizures

CD#) of PTZ for the induction of the clonic
phase was 99 mg/kg. VGB (250 mg/kg) remained
without significant effect against PTZ-induced sei-
zures. However, VGB at the dose of 500 mg/kg,
decreased the number of clonic convulsions in
comparison with the control animals. CD(! (con-
vulsive dose) values of PTZ were raised from 71.1
(65.1–77.6) to 97 (78.1–121) mg/kg (Fig. 1). On
the other hand, VGB dose-dependently reduced
PTZ-induced seizures and its ED(! value against
the clonic phase was 880 (503–1537) mg/kg.
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Influence of VGB on the protective

activity of antiepileptic drugs against

clonic PTZ-induced seizures

ED(! value of ethosuximide against PTZ-indu-
ced clonic seizures was 142 (128–158) mg/kg.
Combined treatment with VGB (250 mg/kg) and
ethosuximide significantly reduced this value to 95
(75.4–119) mg/kg (Fig. 2). VGB administered at
the dose of 250 mg/kg remained without influence
upon the protective effects of valproate or clonaze-
pam (Fig. 2).

Influence of VGB on motor coordination

in the chimney test

VGB (250 mg/kg) decreased the TD(! value of
ethosuximide from 549 (490–615) to 460 (406–521)
mg/kg, evaluated in the chimney test. Also, VGB
combined with clonazepam significantly worsened
the motor performance, reducing its TD(! value
from 3.84 (2.53–5.81) to 1.1 (0.62–1.98) mg/kg. In
contrast, VGB did not change the TD(! of valproate
in this test (Fig. 3).
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Influence of VGB on long-term memory

in the passive avoidance test

VGB (250 mg/kg) given alone and co-adminis-
tered with conventional antiepileptics (providing
a 50% protection against PTZ), did not impair
long-term memory in mice (Tab. 1).

Influence of VGB on the plasma levels of

antiepileptic drugs

VGB applied simultaneously with ethosuxi-
mide markedly raised the total plasma level of this
antiepileptic drug from 45.7 ± 8.7 to 97.8 ± 13.4
�g/ml. On the other hand, this novel antiepileptic
did not affect the free plasma levels of valproate or
clonazepam (data not shown).

DISCUSSION

This study showed that VGB (250 mg/kg) sig-
nificantly enhanced the protective activity of etho-
suximide against PTZ-induced clonic seizures. In
contrast, this novel antiepileptic drug did not affect
the anticonvulsant action of valproate or clonaze-
pam. VGB in combinations with ethosuximide or
clonazepam worsened the motor coordination in
mice, when compared to these antiepileptics in-
jected alone. Moreover, VGB (250 mg/kg) alone or
co-administered with valproate, clonazepam and
ethosuximide did not significantly disturb long-
term memory.

It has been previously documented that VGB
inhibited seizures in experimental animals and hu-
mans, via an increase in synaptic GABA level [6,
15, 27]. The similar mode of action has been shown
for a few conventional antiepileptic drugs, such as
valproate, beznodiazepines or barbiturates. How-
ever, in the present study, neither the protective ef-
fects of valproate nor these of clonazepam were en-
hanced by VGB, although the ED(! of clonazepam
was lowered by VGB. Due to the high confidence
limits, this difference did not reach the level of sig-
nificance. It seems that an interaction between two
or more drugs possessing similar mechanisms of
action could be additive. £uszczki et al. [20] indi-
cated that the combined treatment of lamotrigine
with diphenylhydantoin showed an additivity in
both maximal electroshock and chimney tests in
mice.

VGB possesses good pharmacokinetic charac-
teristics: it is rapidly absorbed, quickly distributed
and excreted unchanged in urine 4–7 h after ad-
ministration. Further, animal experiments have
confirmed that GABA level increases in whole
brain 1 h [1] or 4 h after its injection [25], with
sharp decreases in GABA-transaminase activity. It
is not metabolized by liver enzymes and does not
bind to serum proteins, therefore, there is little
theoretical chance of interacting with other antiepi-
leptic drugs. Available clinical studies showed VGB
to decrease the plasma concentration of diphenyl-
hydantoin [3, 30]. In patients, this effect may occur
with a delay of about 5 weeks after initiation of
VGB treatment and shows considerable interindi-
vidual variability. VGB may also slightly decrease
the concentration of primidone and phenobarbital,
but these effects are usually of little clinical signifi-
cance. Moreover, if VGB is added to carbamazepine
monotherapy, some patients respond with adverse,
toxic symptoms suggesting possible carbamazepi-
ne-VGB interaction [13]. In our tests, VGB was
without influence on the free plasma levels of val-
proate or clonazepam (thus, a pharmacokinetic in-
teraction does not seem to be probable), but signifi-
cantly increased the total plasma level of ethosuxi-
mide. As already mentioned, VGB enhanced the
anticonvulsant activity of ethosuximide in com-
parison with this drug given alone, but also the
plasma level of this antiepileptic was elevated al-
most 2-fold. The differences between clinical data
[3, 13, 30] and our experimental study may be due
to the relatively long period of antiepileptic ther-
apy, which may result in some possible changes in
the pharmacokinetic interactions (e.g. the induction
of hepatic cytochrome P450 enzymes, following
prolonged administration of carbamazepine or di-
phenylhydantoin).

Finally, the presented studies indicate that acute
treatment with VGB enhanced the anticonvulsant
activity of ethosuximide against PTZ-induced sei-
zures due to a pharmacokinetic interaction. Chronic
treatment with VGB would be necessary to specifi-
cally characterize the nature of interactions of this
antiepileptic with conventional antiepileptic drugs.

Acknowledgments. The authors are grateful to ICN
Polfa, Rzeszów (Poland) for the generous gift of valproate
magnesium. This study was supported by grant No. 3 P05F
035 23 from the State Committee for Scientific Research,
Warszawa, Poland.

368 ���� �� �����	���� ����� ��� �������

M. Œwi¹der, J. £uszczki, M. Wielosz, S.J. Czuczwar



REFERENCES

1. Bernasconi R., Klein M., Martin P., Christen P., Haf-
ner T., Portet C., Schmutz M.: Gamma-vinyl GABA:
comparison of neurochemical and anticonvulsant ef-
fects in mice. J. Neural Transm., 1988, 72, 213–233.

2. Boissier J.-R., Tardy J., Diverres J.-C.: Une nouvelle
méthode simple pour explorer l’action ‘tranquillisan-
te’: Le test de la cheminée. Med. Exp., 1960, 3, 81–84.

3. Brown T.R., Mattson R.H., Penry J.K., Smith D.B.,
Treiman D.M.: Vigabatrin for refractory complex par-
tial seizures: multicenter single-blind study with long-
term follow-up. Neurology, 1987, 37, 184–189.

4. Czuczwar S.J., Janusz W., Szczepanik B., Wamil A.,
Kleinrok Z.: Effect of aminophylline upon the protec-
tive activity of common antiepileptic drugs and their
plasma levels in mice. Neurosci. Res., 1989, 6, 470–474.

5. Czuczwar S.J., Ma³ek U., Kleinrok Z.: Influence of
calcium channel inhibitors upon the anticonvulsant ef-
ficacy of common antiepileptics against pentylenete-
trazole-induced convulsions in mice. Neuropharma-
cology, 1990, 29, 943–948.

6. Czuczwar S.J., Patsalos P.N.: The new generation of
GABA enhancers. Potential in the treatment of epi-
lepsy. CNS Drugs, 2001, 15, 339–350.

7. During M.J., Spencer D.D.: Extracellular hippocampal
glutamate and spontaneous seizures in the conscious
human brain. Lancet, 1993, 341, 1607–1610.

8. Engelborghs S., Pickut B.A., D’Hooge R., Wiechert
P., Haegele K., De Deyn P.P.: Behavioral effects of vi-
gabatrin correlated with whole brain gamma-amino-
butyric acid metabolism in audiogenic sensitive rats.
Arzneim.-Forsch.-Drug Res., 1998, 48, 713–716.

9. G¹sior M., Kaminski R., Brudniak T., Kleinrok Z.,
Czuczwar S.J.: Influence of nicardipine, nimodipine
and flunarizine on the anticonvulsant efficacy of antie-
pileptics against pentylenetetrazole in mice. J. Neural
Transm., 1996, 103, 819–831.

10. Grant S.M., Heel R.C.: Vigabatrin. A review of its
pharmacodynamic and pharmacokinetic properties,
and therapeutic potential in epilepsy and disorders of
motor control. Drugs, 1991, 41, 889–926.

11. Grove J., Schechter P.J., Tell G., Koch-Weser J., Sjo-
erdsma A., Warter J.M., Marescaux C., Rumbach L.:
Increased gamma-amino-butyric acid (GABA), homo-
carnosine and �-alanine in cerebral fluid of patients
treated with �-vinyl GABA (4-amino-hex-5-enoic
acid). Life Sci., 1981, 28, 2431–2439.

12. Haegele K.D., Schechter P.J.: Kinetics of the enantio-
mers of vigabatrin after an oral dose of the racemate
or the active S-enantiomer. Clin. Pharmacol. Ther.,
1986, 40, 581–586.

13. Jêdrzejczak J., D³awichowska E., Owczarek K., Maj-
kowski J.: Effect of vigabatrin addition on carbamaze-
pine blood serum levels in patients with epilepsy. Epi-
lepsy Res., 2000, 39, 115–120.

14. Kalichman M.W., Livingston K.E., Burnham W.M.:
Pharmacological investigation of gamma aminobu-
tyric acid (GABA) and the development of amyg-

dala-kindled seizures in the rat. Exp. Neurol., 1981,
74, 829–836.

15. Kalviainen R., Keranen T., Riekkinen P.J. Sr.: Place of
newer antiepileptic drugs in the treatment of epilepsy.
Drugs, 1993, 46, 1009–1024.

16. Kendall D.A., Fox D.A., Enna S. J.: Effect of gamma-
vinyl GABA on bicuculline-induced seizures. Neuro-
pharmacology, 1981, 20, 351–355.

17. Litchfield J.T., Wilcoxon F.: A simplified method of
evaluating dose-effect experiments. J. Pharmacol.
Exp. Ther., 1949, 96, 99–113.

18. Löscher W., Czuczwar S.J., Jackel R., Schwarz M.:
Effect of microinjections of gamma-vinyl GABA or
isoniazid into substantia nigra on the development of
amygdala kindling in rats. Exp. Neurol., 1987, 95,
622–638.

19. Löscher W., Schmidt D.: Which animal models should
be used in the search for new antiepileptic drugs?
A proposal based on experimental and clinical consid-
erations. Epilepsy Res., 1988, 2, 145–181.

20. £uszczki J., Krysa J., Pasztelan I., Czuczwar M., Kiœ
J., Tarkowski A., Czochra P., Œwi¹der M., Czuczwar
S.J.: Interactions of lamotrigine with some antiepilep-
tic drugs: an isobolographic analysis. Pol. J. Pharma-
col., 2002, 54, 82–84.

21. Mattson R.H., Cramer J.A., Collins J.F. Smith D.B.,
Delgado-Escueta A.V., Browne T.R., Williamson P.D.,
Treiman D.M., McNamara J.O., McCutchen C.B., et
al.: Comparison of carbamazepine, phenobarbital,
phenytoin and primidone in partial and secondary
generalized tonic-clonic seizures. N. Eng. J. Med.,
1985, 313, 145–151.

22. Meldrum B.S.: GABAergic mechanisms in the patho-
genesis and treatment of epilepsy. Brit J. Clin. Phar-
macol., 1989, 27, Suppl. 1, 3S–11S.

23. Meldrum B., Horton R.: Blockade of epileptic re-
sponses in the photosensitive baboon, Papio papio, by
two irreversible inhibitors of GABA-transaminase,
gamma-acetylenic GABA (4-amino-hex-5-ynoic acid)
and gamma-vinyl GABA (4-amino-hex-5-enoic acid).
Psychopharmacology, 1978, 59, 47–50.

24. Patsalos P.N., Duncan J.S.: Antiepileptic drugs. A re-
view of clinically significant drug interactions. Drug
Safety, 1993, 9, 156–184.

25. Perry T.L., Kish S.J., Hansen S.: Gamma-vinyl GABA:
effects of chronic administration on the metabolism of
GABA and other amino compounds in rat brain.
J. Neurochem., 1979, 32, 1641–1645.

26. Petroff O.A.C., Rothman D.L., Behar K.: Vigabatrin:
effects on human brain GABA levels by nuclear mag-
netic resonance spectroscopy. Epilepsia, 1994, 35,
Suppl. 5, S29–S32.

27. Petroff O.A., Rothman D.L., Behar K.L., Collins T.L.,
Mattson R.H.: Human brain GABA levels rise rapidly
after initiation of vigabatrin therapy. Neurology, 1996,
47, 1567–1571.

28. Petroff O.A., Rothman D.L., Behar K.L., Mattson
R.H.: Low brain GABA level is associated with poor
seizure control. Ann. Neurol., 1996, 40, 908–911.

&**+ , -!".!! 369

/&0'1'�2&+ '+� '+�&3�&�3��&4 �2�0* '0'&+*� �3+�3�2'56�3"&+��43� *3&5�23*



29. Rey E., Pons G., Olive G.: Vigabatrin. Clinical phar-
macokinetics. Clin. Pharmacokinet. 1992, 23, 267–278.

30. Rimmer E.M., Richens A.: Double-blind study of
gamma-vinyl GABA in patients with refractory epi-
lepsy. Lancet, 1984, 1, 189–190.

31. Schechter P.J., Hanke N.F.J., Grove J., Huebert N.,
Sjoersma A.: Biochemical and clinical effects of
�-vinyl GABA in patients with epilepsy. Neurology,
1984, 34, 182–186.

32. Sheth R.D., Buckley D., Penney S., Hobbs G.R.:
Vigabatrin in childhood epilepsy: comparable efficacy

for generalized and partial seizures. Clin. Neurophar-
macol., 1996, 19, 297–304.

33. Venault P., Chapouthier P., de Carvallo L.P., Simiand
J., Morre M., Dodd R.H., Roissier J.: Benzodiazepines
impair and beta-carbolines enhance performance in
learning and memory tasks. Nature, 1986, 321, 864–866.

34. Wild J.M., Martinez C., Reinshagen G., Harding G.F.:
Characteristics of a unique visual field defect attribu-
ted to vigabatrin. Epilepsia, 1999, 40, 1784–1794.

Received: February 10, 2003; in revised form: April 1, 2003.

370 ���� �� �����	���� ����� ��� �������

M. Œwi¹der, J. £uszczki, M. Wielosz, S.J. Czuczwar


