
EFFECT OF SOME CONVULSANTS ON THE PROTECTIVE
ACTIVITY OF LORECLEZOLE AND ITS COMBINATIONS
WITH VALPROATE OR CLONAZEPAM IN
AMYGDALA-KINDLED RATS

Kinga K. Borowicz���, Stanis³aw J. Czuczwar���

����������� 	
 ����	����	�	�� ������� ���������� �����������	 �� �� �� �!� �"#���� �	�����
�$�	�	�� ��#	���	�� $�����"�� 	
 %����"��"��� ��������� �����������	 �� �� �� !&� �"#���� �	����

Effect of some convulsants on the protective activity of loreclezole and
its combinations with valproate or clonazepam in amygdala-kindled rats.
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Loreclezole (5 mg/kg) exerted a significant protective action in amygda-
la-kindled rats, reducing both seizure and afterdischarge durations. The com-
binations of loreclezole (2.5 mg/kg) with valproate, clonazepam, or carba-
mazepine (applied at their subprotective doses) also exhibited antiseizure ef-
fect in this test. However, only two first combinations occurred to be of
pharmacodynamic nature. Among several chemoconvulsants, bicuculline,
N-methyl-D-aspartic acid and BAY k-8644 (the opener of L-type calcium
channels) reversed the protective activity of loreclezole alone and its combi-
nation with valproate. On the other hand, bicuculline, aminophylline and
BAY k-8644 inhibited the anticonvulsive action of loreclezole combined
with clonazepam.

The results support the hypothesis that the protective activity of lorecle-
zole and its combinations with other antiepileptics may involve potentiation
of GABAergic neurotransmission and blockade of L-type of calcium chan-
nels.
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Abbreviations: AMI – aminophylline, BIC –
bicuculline, CLO – clonazepam, ED�� – the effec-
tive dose protecting 50% of animals against con-
vulsions, KA – kainic acid, LCZ – loreclezole,
NMDA – N-methyl-D-aspartic acid, STR – strych-
nine, VPA – valproate

INTRODUCTION

Loreclezole (LCZ) belongs to antiepileptic and
anxiolytic drugs effective against refractory partial
seizures [14]. Experimental epilepsy studies showed
the drug to exhibit a broader spectrum than some
conventional antiepileptics. In contrast to diphenyl-
hydantoin or carbamazepine, LCZ exerted protec-
tive action against generalized genetic absence sei-
zures in WAG/Rij rats [1], amygdala-kindled sei-
zures, and cortical stimulation-evoked jerks in rats
[7]. The drug attenuated also clonic seizures in-
duced by cocaine [8], pentetrazole or picrotoxin
[12]. In the light of these data, LCZ may seem to be
superior to the mentioned conventional antiepilep-
tics, widely used in the treatment of epilepsy.

Mechanism of LCZ action differs from that of
diphenylhydantoin or carbamazepine, which is
strongly associated with the blockade of voltage-
dependent sodium channels [6]. From pharmacol-
ogical point of view, LCZ was reported to bind
preferentially to an allosteric site on the ��- or
�'-subunit of the GABA% receptor [16]. The drug
does not seem to affect the benzodiazepine site [5].
On the other hand, the anticonvulsant activity of
LCZ appears to have a barbiturate-like profile. The
drug was also described to alter the binding charac-
teristics of GABA and picrotoxin modulatory sites
within the GABA% receptor complex [9]. Never-
theless, the exact mechanism of LCZ action re-
mains still unclear.

In our previous experiments, we found that LCZ,
applied at its subprotective dose of 2.5 mg/kg, sig-
nificantly potentiated the anticonvulsant action of
valproate (VPA), clonazepam (CLO) and carbama-
zepine, but not that of phenobarbital or diphenylhy-
dantoin in amygdala-kindled rats, the established
animal model of complex partial seizures. How-
ever, LCZ significantly increased the free plasma
concentration of carbamazepine, which points to
a pharmacokinetic component in this interaction [4].

The obtained results prompted us to assess the
effect of several chemoconvulsants on the protec-
tive action of LCZ and its combinations. In our

opinion, such observations may complete available
knowledge on the relationship between LCZ and
various neurotransmission systems in the brain.
Amygdala-kindled seizures in rats are widely reco-
gnized as the most appropriate model of refractory
complex partial seizures in humans. So far, several
potential drugs, including e.g. the AMPA/kainate
receptor antagonists [2] or gonadal antihormones
[3], were successfully tested in this model.

MATERIALS and METHODS

General

The experiments were carried out on male Wis-
tar rats weighing 200–250 g. The animals were kept
under controlled environmental conditions (ambient
temperature was 21–23°C, humidity 50–60%, natu-
ral light-dark cycle). The control and experimental
groups, consisting of 8 animals, were chosen by
means of a randomized schedule. All experiments
were done between 10.00 a.m. and 2.00 p.m. to
minimize the influence of circadian rhythms. The
Bioethical Committee of Lublin approved the ex-
perimental procedures run in this study.

Drugs

Valproate magnesium (ICN Polfa SA, Rzeszów,
Poland), clonazepam (Polfa, Kraków, Poland), lo-
reclezole (Janssen Pharmaceutica, Beerse, Bel-
gium), kainic acid (KA), N-methyl-D-aspartic acid
(NMDA), bicuculline (BIC), aminophylline (AMI),
strychnine (STR) (all chemoconvulsants from
Sigma, St. Louis, MO, USA), and BAY k-8644
(Tocris Cookson Ltd., Bristol, UK) were used in
the present study. LCZ and CLO were suspended in
a 1% solution of Tween 80 (Sigma, St. Louis, MO,
USA). All remaining drugs were brought into solu-
tion with sterile saline (BIC with a drop of glacial
acetic acid). The pH of excitatory amino acid solu-
tions was adjusted to 7.2 and that of BIC solution to
5.5 with 0.1 M NaOH. All drugs were given ip in
a volume of 5 ml/kg, VPA and CLO 30 min, LCZ
60 min, BIC and BAY k-8644 15 min, KA, NMDA,
AMI and STR 30 min before tests.

Surgery and kindling procedure

The rats were anesthetized with pentobarbital
(50 mg/kg ip) and received stereotaxic implanta-
tion of one bipolar electrode in the right basolateral
amygdala. The following stereotaxic coordinates
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for electrode implantation were used: AP = –1.5,
L = 4.4, V = 8.5, according to the brain atlas of
Paxinos and Watson [11]. All coordinates were
measured from bregma. Scull screws served as the
indifferent reference electrode. The electrode as-
sembly was attached to the scull by dental acrylic
cement. After electrode implantation, the animals
were treated with an antibiotic for one week to pre-
vent 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 µA,
and was delivered every 24 h, until at least 10 se-
quential fully kindled stage 5 was elicited. The af-
terdischarges from the amygdala were recorded
prior to and after the stimulation. The seizure se-
verity (SSv) was assessed according to a modified
Racine’s system [13]. According to this scale, 0 =
no seizure response, 1 = immobility, eye closure,
ear twitching, twitching of vibrissae, sniffing, fa-
cial clonus, 2 = head nodding associated with more
severe facial clonus, 3 = clonus of one forelimb, 3.5
= bilateral forelimb clonus without rearing, 4 = bi-
lateral forelimb clonus with rearing, 4.5 = falling
on a side (without rearing), loss of righting reflex
accompanied by generalized clonic seizures, 5 =
rearing and falling on the back accompanied by
generalized clonic seizures. Seizure duration (SD)
was the duration of limbic seizures (stage 1–2) and
motor seizures (stage 3–5). Afterdischarges (AD)
were defined as spikes with a frequency of at least
1 Hz and amplitude at least twice greater than the
pre-stimulation baseline present in the EEG re-
corded from the site of stimulation. Afterdischarge
threshold (ADT) was determined after administra-
tion of a test drug or its vehicle by delivering
a series of stimulations at intervals of 1 min in-
creasing in steps of about 20% of the previously
applied current until an afterdischarge of a duration
of at least 3 s was evoked. Electrical stimulations
for each individual animal began about three
20%-steps below its control ADT value taken 2–3
days before drug experiment. At the ADT current,
SSv, SD, and AD were recorded and analyzed.
Control readings were made 2 days before and
2 days after respective treatments.

Statistics

The statistical significances of differences be-
tween seizure scores, seizure and afterdischarge

durations were calculated by the Student’s t-test for
paired replicates.

RESULTS

Influence of chemoconvulsants on seizure

parameters

BIC (2 mg/kg), AMI (10 mg/kg), NMDA (30
mg/kg), KA (2.5 mg/kg), and STR (0.2 mg/kg) did
not exert any significant effect upon the seizure pa-
rameters studied. BIC (3 mg/kg), AMI (20 mg/kg),
NMDA (40 mg/kg), KA (5 mg/kg) and STR (0.3
mg/kg) exerted proconvulsive effects as regards
seizure and afterdischarge durations, the ADT be-
ing only affected by KA (Tab. 1).

Effects of loreclezole on amygdala-kindled

seizures

LCZ (5 mg/kg) administered ip 60 min before
the test, significantly shortened the seizure and af-
terdischarge durations from 34.6 and 69.8 s to 29.1
and 61.0 s, respectively. No effect was observed
when LCZ was used at the lower dose of 2.5 mg/kg
(Tab. 2, [4]). BIC, NMDA and BAY k-8644 (Tab.
2) inhibited the protective effect of LCZ.

Influence of loreclezole on the protective

activity of antiepileptic drugs in

amygdala-kindled rats

In all drug combinations, LCZ and conven-
tional antiepileptic drugs were administered at their
subprotective doses. Co-administration of LCZ
(2.5 mg/kg) with VPA (50 mg/kg) resulted in a sig-
nificant decrease in the afterdischarge duration,
from 76.2 to 57.8 s. VPA alone administered at the
dose of 75 mg/kg significantly increased the ADT
and SD and when administered at 100 mg/kg, it
lowered also the two remaining parameters (SSv
and ADT, Tab. 3).

CLO (at 0.1 mg/kg) essentially reduced SSv,
SD and AD. The combined treatment of CLO at its
subprotective dose of 0.05 mg/kg with LCZ (2.5
mg/kg) significantly decreased seizure and after-
discharge durations from 48.3, 79.2 to 40.5 and
61.0 s, respectively (Tab. 4).
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Effects of some chemoconvulsants on

the protective effect of combination of

loreclezole with valproate or clonazepam

BIC, NMDA and BAY k-8644 (Tab. 5) reversed

the anticonvulsive effect of the combination of

LCZ (2.5 mg/kg) with VPA (50 mg/kg). BIC, AMI

and BAY k-8644 (Tab. 6) inhibited the effect of the

co-administration of LCZ (2.5 mg/kg) with CLO

(0.05 mg/kg). In combination experiments, all che-

moconvulsive agents were used at their subconvul-

sive doses (Tab. 1).
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Table 1. Influence of some convulsants upon amygdala-kindled seizures in rats

Treatment (mg/kg) C ADT C SSv C SD C AD

BIC (3) 43.6 ± 4.1 42.7 ± 3.8 5(5;5) 5(5;5) 47.5 ± 3.4 53.4 ± 4.1� 76.8 ± 3.8 84.1 ± 4.2�

BIC (2) 42.9 ± 4.2 40.6 ± 4.0 5(5;5) 5(5;5) 46.4 ± 3.3 48.0 ± 3.7 76.3 ± 3.5 77.5 ± 3.8

AMI (20) 43.5 ± 3.4 44.8 ± 4.2 5(5;5) 5(5;5) 46.5 ± 3.4 52.4 ± 4.0� 79.1 ± 3.7 85.7 ± 4.2�

AMI (10) 43.4 ± 4.2 41.1 ± 4.3 5(5;5) 5(5;5) 47.8 ± 3.5 48.4 ± 4.3 78.0 ± 3.4 79.2 ± 4.5

NMDA (40) 44.8 ± 4.1 41.7 ± 4.4 5(5;5) 5(5;5) 47.7 ± 3.6 58.8 ± 4.4� 79.5 ± 3.8 94.6 ± 4.8�

NMDA (30) 43.6 ± 4.4 44.8 ± 4.6 5(5;5) 5(5;5) 46.8 ± 3.4 46.8 ± 3.8 76.8 ± 3.6 77.2 ± 4.2

KA (5) 44.3 ± 4.7 36.4 ± 4.8� 5(5;5) 5(5;5) 48.1 ± 3.6 60.0 ± 3.7� 78.2 ± 3.8 96.2 ± 4.9�

KA (2.5) 45.9 ± 4.4 42.1 ± 4.6 5(5;5) 5(5;5) 47.3 ± 3.2 48.7 ± 3.9 76.3 ± 3.7 78.0 ± 4.3

STR (0.3) 44.4 ± 4.0 42.0 ± 4.4 5(5;5) 5(5;5) 47.4 ± 3.7 52.0 ± 3.5� 76.8 ± 3.4 84.6 ± 4.8�

STR (0.2) 46.5 ± 4.4 45.8 ± 4.3 5(5;5) 5(5;5) 46.5 ± 3.5 47.8 ± 3.8 76.3 ± 3.8 77.1 ± 4.4

BAY k-8644 (2) 45.4 ± 4.6 47.2 ± 4.5 5(5;5) 5(5;5) 48.6 ± 3.7 47.2 ± 3.7 78.0 ± 4.2 79.8 ± 4.4

BAY k-8644 (4) 48.2 ± 4.6 45.9 ± 4.2 5(5;5) 5(5;5) 50.2 ± 4.5 49.0 ± 3.9 83.2 ± 4.8 81.7 ± 4.8

Table data represent means ± SE or medians with 25, 75 percentiles of 8 rats per group. Absence of SE or percentiles means identical
readings. Control readings were made 2 days before and after the respective treatments. BIC was administered 15 min, AMI, NMDA,
KA, BAY k-8644 and STR 30 min before the test. � p < 0.001, � p < 0.01 vs. respective controls (Student’s t-test for paired replicates).
BIC – bicuculline; AMI – aminophylline; NMDA – N-methyl-D-aspartate; KA – kainic acid; STR – strychnine; C – control; ADT –
afterdischarge threshold; SSv – seizure severity; SD – seizure duration; AD – afterdischarge duration

Table 2 . Influence of loreclezole and its combinations with chemoconvulsants on amygdala-kindled seizures in rats

Treatment (mg/kg) C ADT C SSv C SD C AD

LCZ (5) 62.0 ± 6.3 63.2 ± 6.9 5 4(3.5;5) 34.6 ± 2.4 29.1 ± 2.1� 69.8 ± 3.4 61.0 ± 2.9�

LCZ (2.5) 57.0 ± 4.5 58.1 ± 4.9 5 5(5;5) 36.8 ± 2.2 37.5 ± 2.5 73.0 ± 3.9 72.6 ± 3.3

LCZ (5) + BIC (2) 55.1 ± 4.6 56.2 ± 6.0 5 5 37.7 ± 2.8 36.6 ± 3.0 76.9 ± 3.4 75.0 ± 4.0

+ AMI (10) 43.6 ± 3.5 45.4 ± 4.2 5 4.5(4;5) 38.4 ± 3.0 32.1 ± 3.3� 76.3 ± 4.0 69.3 ± 3.7�

+ NMDA (30) 54.2 ± 3.7 56.7 ± 4.1 5 5 35.4 ± 2.7 35.8 ± 2.4 78.6 ± 4.3 79.0 ± 4.4

+ KA (2.5) 59.4 ± 3.9 55.8 ± 4.3 5 5 32.4 ± 2.6 27.8 ± 2.3� 80.3 ± 4.1 69.7 ± 3.6�

+ STR (0.2) 49.6 ± 3.4 51.4 ± 3.9 5 5 39.5 ± 2.4 34.1 ± 2.1� 76.5 ± 4.2 67.8 ± 3.5�

+ BAY (2) 53.2 ± 3.8 57.4 ± 4.1 5 5 41.4 ± 3.0 40.9 ± 3.2 79.5 ± 4.4 77.8 ± 4.5

Table data represent means ± SE or medians with 25, 75 percentiles of 8 rats per group. Absence of SE or percentiles means identical
readings. Control readings were made 2 days before and after the respective treatments. LCZ was administered 60 min, BIC 15 min,
AMI, NMDA, KA, STR and BAY 30 min before the test. � p < 0.01, � p < 0.05 vs. respective controls (Student’s t-test for paired repli-
cates). LCZ – loreclezole; BIC – bicuculline; AMI – aminophylline; NMDA – N-methyl-D-aspartate; KA – kainic acid; STR –
strychnine; BAY – BAY k-8644; C – control; ADT – afterdischarge threshold; SSv – seizure severity; SD – seizure duration; AD –
afterdischarge duration
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Table 3. Influence of valproate and its combinations with loreclezole against amygdala-kindled seizures in rats

Treatment (mg/kg) C ADT C SSv C SD C AD

VPA (50) 50.6 ± 3.1 52.0 ± 3.8 5 4.5 (4;5) 36.7 ± 2.0 35.2 ± 2.4 64.0 ± 2.8 63.6 ± 2.6

VPA (75) 51.4 ± 3.2 60.6 ± 4.1� 5 4.5 (4;5) 36.4 ± 2.1 35.5 ± 3.1 63.5 ± 2.6 58.7 ± 2.4�

VPA (100) 50.1 ± 4.4 95.0 ± 5.8� 5 3.5 (3;4)� 38.3 ± 2.5 33.1 ± 2.2� 66.0 ± 2.5 50.0 ± 2.8�

VPA (50) + LCZ (2.5) 46.3 ± 3.3 45.1 ± 5.0 5 5 (5;5) 42.4 ± 3.0 44.4 ± 2.9 76.2 ± 3.3 57.8 ± 3.0�

VPA (50) + LCZ(1.25) 45.7 ± 3.5 44.5 ± 4.8 5 4.5 (4;5) 47.9 ± 3.4 46.6 ± 3.6 77.4 ± 3.5 75.9 ± 3.4

LCZ was administered 60 min, VPA 30 min before the test. � p < 0.001, � p < 0.01, � p < 0.05 vs. respective controls (Student’s t-test
for paired replicates). LCZ – loreclezole; VPA – valproate; C – control; ADT – afterdischarge threshold; SSv – seizure severity; SD –
seizure duration; AD – afterdischarge duration. For more details see also the legend to Table 1

Table 4. Influence of clonazepam and its combinations with loreclezole against amygdala-kindled seizures in rats

Treatment (mg/kg) C ADT C SSv C SD C AD

CLO (0.05) 48.1 ± 4.0 46.8 ± 4.5 5(5;5) 5(5;5) 38.9 ± 3.7 37.7 ± 4.2 74.3 ± 3.5 64.6 ± 6.2

CLO (0.1) 47.8 ± 3.6 48.0 ± 4.5 5(5;5) 3.5(3;4)� 38.5 ± 3.1 29.6 ± 2.7� 76.3 ± 3.6 40.8 ± 2.7�

CLO (0.25) 43.5 ± 3.8 46.9 ± 4.8 5(5;5) 3(2;3.5)� 41.5 ± 3.3 19.9 ± 2.4� 76.4 ± 3.8 33.4 ± 2.6�

CLO (0.05) + LCZ (2.5) 45.6 ± 3.9 44.4 ± 4.2 5(5;5) 5(5.5) 48.3 ± 3.9 40.5 ± 3.4� 79.2 ± 4.0 61.0 ± 3.2�

CLO (0.05) + LCZ (1.25) 48.2 ± 4.4 45.7 ± 4.6 5(5;5) 5(5;5) 46.7 ± 3.6 46.2 ± 3.9 80.3 ± 4.3 82.5 ± 4.6

LCZ was administered 60 min, CLO 30 min before the test. � p < 0.001, � p < 0.01, � p < 0.05 vs. respective controls (Student’s t-test
for paired replicates). LCZ – loreclezole; CLO – clonazepam; C – control; ADT – afterdischarge threshold; SSv – seizure severity;
SD – seizure duration; AD – afterdischarge duration. For more details see also the legend to Table 1

Table 5. Effect of some convulsants on the protective action of the combination of loreclezole with valproate against kindled seizures
in rats

Treatment (mg/kg) C ADT C SSv C SD C AD

VPA (50) + LCZ (2.5):

+ BIC (2) 47.1 ± 3.6 45.6 ± 4.0 5 5 47.5 ± 3.8 46.2 ± 4.0 76.9 ± 3.9 75.0 ± 4.1

+ AMI (10) 43.6 ± 3.9 46.4 ± 4.2 5 5 48.2 ± 3.5 41.2 ± 3.3� 74.9 ± 4.0 69.3 ± 3.6�

+ NMDA (30) 45.2 ± 3.4 47.3 ± 4.0 5 4.5(4;5) 50.4 ± 3.6 48.8 ± 3.6 77.9 ± 4.1 79.2 ± 4.2

+ KA (2.5) 42.2 ± 3.3 44.4 ± 4.0 5 5 47.8 ± 3.5 41.2 ± 3.1� 72.7 ± 4.0 67.9 ± 3.8�

+ STR (0.2) 48.7 ± 3.7 50.4 ± 4.2 5 5 44.5 ± 3.4 39.0 ± 3.0� 81.3 ± 4.2 74.7 ± 3.9�

+ BAY (2) 40.8 ± 3.5 44.2 ± 4.1 5 5 49.4 ± 3.7 49.7 ± 2.9 79.3 ± 4.2 80.6 ± 4.3

LCZ was administered 60 min, VPA, AMI, NMDA, KA, STR, and BAY 30 min, BIC 15 min before the test. � p < 0.001, � p < 0.05 vs.
respective controls (Student’s t-test for paired replicates). C – control; ADT – afterdischarge threshold; SSv – seizure severity; SD –
seizure duration; AD – afterdischarge duration. For more details see also the legend to Table 1



DISCUSSION

In our previous study, we demonstrated that
LCZ significantly reduced seizure and afterdis-
charge durations in amygdala-kindled rats. Moreo-
ver, the combination of LCZ with VPA, carba-
mazepine and CLO, but not with phenobarbital or
diphenylhydantoin applied at their subprotective
doses showed anticonvulsant efficacy in this estab-
lished model of human complex-partial seizures
[4]. However, pharmacokinetic events may be in-
herent to the protective interaction of LCZ with
carbamazepine. These phenomena did not contrib-
ute to the interaction between LCZ and VPA or
CLO [4], and only in the case of these combina-
tions, we tried to reverse their anticonvulsive action
by several chemoconvulsants. In consequence, we
observed that BIC, NMDA and BAY k-8644 (but
not KA, AMI or STR) reversed the protective ef-
fect of LCZ and its combination with VPA. On the
other hand, BIC, AMI and BAY k-8644 (but not
NMDA, STR) inhibited the effect of the co-
administration of LCZ with CLO.

There is currently a good evidence that LCZ en-
hances the action of GABA at the GABA% receptor
complex [17]. It was also reported that the drug
does not bind to the benzodiazepine modulatory
site [9]. Therefore, different targets within the
GABA% receptor complex may facilitate the occur-
rence of positive interaction between LCZ and
CLO. Since currents induced by LCZ were blocked
by either BIC or picrotoxin [15], it does not seem to
be surprising that BIC reversed the protective ac-

tion of LCZ and its combinations with either CLO
or VPA. The antiseizure effect of this combination
was also attenuated by AMI. In the light of these
data, it is worth mentioning that chronic treatment
with CLO enhances the purinergic transmission in
the brain [10]. On the other hand, the mechanism of
action of VPA is associated mostly with its ability
to delay the recovery from inactivation of sodium
channels. However, VPA may also inhibit gluta-
mate transmission, at least under in vitro condi-
tions. In fact, this antiepileptic drug was reported to
suppress NMDA-evoked transient depolarization in
the rat neocortex [19]. It was also shown that VPA
inhibited GABA transaminase activity in the syn-
aptic cleft, thus increasing brain GABA concentra-
tions [6]. All described pharmacological properties
of VPA may, at least partially, explain its positive
interaction with LCZ, as well as the reversal of the
protective effect of this combination by BIC and
NMDA. Participation of calcium ions in the epilep-
tic activity at the level of a single neuron [18] ex-
plains the fact that BAY k-8644, an L-type calcium
channel opener, reduced the anticonvulsive action
of LCZ and its combinations. On the other hand, at-
tenuation of the glycinergic transmission by STR,
does not appear to influence the efficacy of LCZ
and its interactions with either VPA or CLO.

Summing up, the exact mechanism of LCZ ac-
tion remains unclear despite of availability of nu-
merous experimental and electrophysiological data.
The established GABA-mimetic activity appears
not enough to explain effectiveness of LCZ in seve-
ral models of experimental epilepsy as well as its
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Table 6. Effect of some convulsants on the protective action of the combination of loreclezole with clonazepam against kindled sei-
zures in rats

Treatment (mg/kg) C ADT C SSv C SD C AD

CLO (0.05) + LCZ (2.5):

+ BIC (2) 44.3 ± 3.9 43.9 ± 3.7 5 5 42.8 ± 3.6 44.6 ± 3.9 78.8 ± 3.9 80.1 ± 4.2

+ AMI (10) 42.9 ± 3.4 40.2 ± 3.6 5 5 46.4 ± 3.7 47.0 ± 3.7 74.8 ± 4.2 70.9 ± 4.0

+ NMDA (30) 46.0 ± 3.9 50.0 ± 4.3 5 5 (5;5) 47.8 ± 3.6 40.6 ± 3.3� 77.0 ± 4.3 69.5 ± 4.0�

+ KA (2.5) 43.0 ± 3.8 43.6 ± 4.1 5 4.5 (4;5) 50.1 ± 3.5 45.2 ± 2.9� 80.6 ± 4.5 72.0 ± 3.8�

+ STR (0.2) 48.5 ± 3.3 45.6 ± 3.5 5 4.5 (4;5) 47.5 ± 3.5 42.0 ± 2.8� 79.2 ± 4.3 74.5 ± 3.7�

+ BAY (2) 45.5 ± 3.7 45.6 ± 3.6 5 5 (5;5) 45.6 ± 3.6 46.9 ± 3.4 82.1 ± 4.5 81.7 ± 4.2

LCZ was administered 60 min, CLO 30 min, AMI, NMDA, KA, STR, and BAY 30 min, BIC 15 min before the test. � p < 0.001,
� p < 0.01, � p < 0.05 vs. respective controls (Student’s t-test for paired replicates). C – control; ADT – afterdischarge threshold; SSv –
seizure severity; SD – seizure duration; AD – afterdischarge duration. For more details see also the legend to Table 1



interactions with other antiepileptics. Thus, results
of our study may extend the present knowledge or,
at least, shed more light on mechanisms of LCZ an-
tiseizure activity.
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