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Abstract: Gap junctions play an important role in the synchronized neuronal discharges. The main reason of the
epileptic seizures is disruption of this synchronization. Therefore, the aim of the present study is to explore the
combination valproic acid with carbenoxolone in pentylenetetrazole-kindled rats. In the first set of experiments,
pentylenetetrazole (35 mg/kg intraperitoneally was administered to the rats to produce the kindling and then per-
manent screw electrodes to record electroencephalographic signals. The kindled rats were divided into six groups.
While electroencephalographic recordings received from animals, behavioral evaluation was done by an observer.
The data analysis was performed using T test and Mann-Whitney U tests. The dose of 40 mg/kg carbenoxolone was
the most effective in carbenoxolone treatment groups. It prevented generalized seizures by 50%, reduced seizure
stage, seizure duration and spike frequency. There was no significant difference between carbenoxolone-valproic
acid combination and valproic acid on any seizure parameters. The current study is the first study which shows the
interaction of carbenoxolone with valproic acid in pentylenetetrazole kindling model. As a result, carbenoxolone-

valproic acid combination was not more effective than the standalone use of these drugs.
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Introduction

Epilepsy is a one of the most common neuro-
logical disorder that affects 0.5%-2% of man-
kind [1, 2]. Regardless of the availability of
numerous new antiepileptic drugs, 30% of the
epilepsy patients still have unrestrained sei-
zures [3]. For this reason, numerous experi-
mental seizure models have been developed in
order to realize the essential mechanisms of
epileptic disorders and to find out new drugs for
seizure management [4, 5].

One of them is chemical kindling that may be
induced by repeated administration of an ini-
tially subconvulsive chemical stimulus that
leads progressive increase in vulnerability to
seizures [6-8]. Pentylenetetrazole is the most
preferred drug to develop chemical kindling
and it is reported that PTZ-kindled seizures
mimic primary generalized epilepsy in aspect of
ILEA classification [9]. It is thought that the

action mechanisms of PTZ include blocking the
GABA-mediated CI influx associated with the
GABA-A receptor blockage [10]. This blockage
induces neuronal membrane depolarization
that causes the propagation of seizure activity.
[8, 11, 12].

There is growing evidence that gap junction
blockers (GJBs) may have preventing effects
against seizures in experimental epilepsy mod-
els [13-15]. However, proconvulsant effects
have alsobeenreported [16, 17]. Carbenoxolone
(CBX) is one of the most widely used GJBs in
these models. In our previous study we found
that CBX (at a dose of 40 mg/kg) had antisei-
zure effect in PTZ-kindled rats [7].

Valproic acid (VPA) is one of the most commonly
used antiepileptic drugs owing to its wide anti-
seizure spectrum of epileptic disorders. Alth-
ough its mechanism of antiepileptic action is
not completely clear, it is thought that GABA-A
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Figure 1. Comparing the spike frequency between CBX groups (in compari-

son with PTZ group (a: P<0.05, b: P<0.01).

receptors are responsible for the main antiepi-
leptic effect. Moreover, VPA enhances GABA
production, reduces GABA transaminase, and
inhibits excitatory neurotransmission [18-20].
It has been suggested that VPA successfully
restrain absence, myoclonic, and tonic-clonic
seizures of the primary generalized epilepsies
[24]. It is found that VPA have anticonvulsive
effect on PTZ-kindled model [22-24]. Moreover,
itis suggested that CBX increase the efficacy of
VPA in audiogenic epileptic mice [25]. However,
to our knowledge, there is no study investigat-
ing the effect of CBX on the efficacy of VPA in
PTZ-kindled model. Therefore, the aim of the
present study is to explore the combination VPA
with CBX in PTZ-kindled rats.

Materials and the methods

Research animals and the induction of the PTZ
kindling model

In this study, 12-16 week-old female albino rats
of Wistar breed with body weights of 200 + 50
have been used. The animals have been ac-
quired from Ondokuz Mayis University Surgical
Research Center. Before starting the experi-
ments, a permission was granted upon our
request (OMU HAYDEK/2008-48) by Ondokuz
Mayis University Research Animals Ethics Com-
mittee, and the ethics code has been observed
throughout the experiment.

In order to induce kindling, three days of the
week (Mondays-Wednesdays-Fridays) 35 mg/
kg pentylenetetrazole was administered intra-
peritoneally until the animals kindled. Following
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the injection the animals were
observed for thirty minutes
within their glass observation
cages (35x35x35 cm). The
ictal behaviours of the animals
- were evaluated according to
mcexio  the Racine score [26]. If the sei-
7,CBX20 .
scexao  ZUre behavior was stage 4 or
more severe, it was confirmed
as a generalized seizure.
Kindling was considered to be
completed when an animal had
experienced a total of five gen-
eralized seizures. Permanent
screw electrodes were placed
on the skulls of each of those
kindled animals.

Surgical operation

The completely kindled animals were taken into
surgery. In order to be able to record the brain
activities of the awake animals, permanent
screw electrodes were implanted to their skulls.
For this reason, the animals were kept hungry
for 12 hours before the operation in order to
prepare them for the operation conditions. The
next day anaesthesia was induced to the ani-
mals with a combination of 100 mg/kg
Ketamine HCI-10 mg/kg-Xylazine. Each ani-
mal’s head has been fixed to the stereotaxic
device. A 3 cm long incision was performed on
the scalp along the rostro-caudal axis. After the
incision, any scalp that covers the frontal and
occipital cortex was removed from its fascia
and tendon extensions.

Afterwards, with the aid of a drill 4 holes that
were 1 mm in diameter and 1 mm in depth
were drilled. The stainless steel screw elec-
trodes were placed in these holes.

The screws have been fixed in accordance with
the coordinates obtained from the rat brain
atlas [27]: 1. At 4 mm anterior of Bregma point,
3mm left lateral from the midline, (positive
electrode, over the primary motor region); 2. At
4 mm posterior of Bregma point 3mm left lat-
eral of the midline, (negative electrode, over the
medial parietal association cortex); 3. At 4 mm
posterior of Bregma point 3 mm right lateral
form the midline, (ground electrode); 4. At 4
mm anterior of Bregma point, 3 mm right later-
al from the midline (in order for the acrylic to
hold the electrode in a more secure manner a
loose screw was placed in this hole).
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Figure 2. Comparison of seizure stage in CBX groups:
(in comparison with PTZ group (a: P<0.05).
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Figure 3. Comparison of the seizure onset in CBX
groups: (in comparison with PTZ group (a: P<0.05)
(Onset of seizure = The latency to the first myoclonic
activity).

Electrophysiologic recording process

The electrodes that were screwed in, to be able
to obtain an EEG record, were connected to a
small (3-prong) plug with thin cables. The
screws and the plug were fastened to the skull
through the use of dental acrylic. Following the
operation, each animal was placed in a sepa-
rate cage and were given at least five days’ time
to recover.

At the end of the recovery period, the animals
were connected to the PowerLab (AD Ins-
truments) data acquisition system with the aid
of a small plug placed on their heads. Thus, the
cerebral electrical activity was transmitted to a
computer environment via the Chart 5.1.1 pro-
gram. Due to the macro properties of this soft-
ware, it has been split into one-second slices.
The number of spikes per minute have been
calculated automatically due to this software’s
such properties.

Drugs and routes

PTZ, CBX and VPA were obtained from Sigma-
Aldrich Co. PTZ and CBX were dissolved in phys-
iologic saline. VPA dissolved in distilled water.
The entire chemical was given intraperitoneally
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Figure 4. Comparison of the seizure duration in CBX
groups: (in comparison with PTZ group (a: P<0.05).

(i.p.). VPA was injected 30 min prior to PTZ. But
CBX was given 60 min before PTZ admini-
stration.

Experimental groups

Only kindled-rats were enrolled in groups. After
kindling, the animals were divided into six
groups. Number of PTZ injection which was
used to complete the kindling for each group,
was similar. Seizure score and EEG recordings
were assessed simultaneously for 30 min in all
groups.

1. PTZ (n = 6): 35 mg/kg PTZ
2: CBX-10 (n = 6): 10 mg/kg CBX
3. CBX-20 (n = 6): 20 mg/kg CBX
4.CBX 40 (n = 6): 40 mg/kg CBX
5 VPA (n = 6): 300 mg/kg VPA

6. CBX-VPA (n = 6): 40 mg/kg CBX + 300 mg/kg
VPA

Statistical analysis

The data obtained were analyzed using the
SPSS 16.0 package program for Windows.
Data are expressed as means + SEM. Statistical
significance was determined as P values less
than 0.05. Normal distribution was assessed in
accordance with the Shapiro Wilk’s test. T test
was used for comparisons of two groups, and
Mann-Whitney U test was performed if vari-
ables did not show a normal distribution.

Results

In CBX-10 group and CBX-20 groups spike fre-
quency increased at 10" minute of PTZ injec-
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Figure 5. Comparison of the spike frequency between groups (in compari-
son with PTZ group; a: P<0.05, b: P<0.01, c: P<0.001; in comparison with

CBX 40x: P<0.05).
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Figure 6. Comparison of seizure stage in groups: (in
comparison with PTZ group (a: P<0.05, b: P<0.01,).

tion in comparison with PTZ group (P<0.05)
(Figure 1). However, in CBX-10 group there was
no significant change at other minutes. CBX 20
mg/kg significantly reduced the spike frequen-
cy after 25" minute of PTZ injection compared
to PTZ group (Figure 1).

At 40 mg/kg dose CBX reduced spike frequen-
cy after 5" (P<0.01), 15" (P<0.05), 20" (P<
0.05) and 30 (P<0.05) minutes of PTZ injection
compared with PTZ group (Figure 1).

CBX also reduced the seizure severity score at
40 mg/kg dose in comparison to PTZ group
(P<0.05). Moreover, in CBX-40 group general-
ized seizures prevented in 3 of 6 animals, while
in CBX-10, CBX 20 and PTZ group generalized
seizures were observed in entire rats (Figure 2).

However in CBX 40 group onset of myoclonic
seizures were prolonged significantly (P<0.05),
10 and 20 mg/kg doses of CBX have been
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unable to increase the onset of
myoclonic seizures (Figure 3).

In CBX 20 and CBX 40 group dura-
tion of generalized seizures were
reduced in comparison with PTZ
group (P<0.05) (Figure 4).

WPTZ In VPA group, myoclonic jerks
were seen, in only 2 of 6 animals.

CBX40 Similarly, in CBX-VPA group 2 of 6
=VPA animals had myoclonic jerks.
Therefore, the standard error val-

% CBX-VPA ues of myoclonic jerk latencies of

VPA and CBX-VPA groups were not
been calculated. Generalized sei-
zures also were not observed in
any animals of VPA and CBX-VPA
groups.

VPA decreased the spike frequen-

cy at 5™, 25" (P<0.001); 15"
(P<0.01); 10, 20t and 30" (P<0.05) after PTZ
application in comparison with PTZ group
(Figure 5). VPA was also more effective at 5™,
25" and 30" min. after PTZ injection when
compared to CBX group accord with spike fre-
quency. Similarly CBX-VPA combination reduced
the spike frequency at 5" (P<0.001); 10, 15%,
20, 25" and 30" (P<0.05) min. in comparison
with PTZ group. When compared with CBX
group at 5" min CBX-VPA combination is more
effective according to spike frequency. However,
there were no differences between VPA and
CBX-VPA groups in terms of spike frequency
and seizure stage (Figure 6).

Discussion

This is the first study which shows the interac-
tion of CBX, a gap junction blocker, with VPA in
PTZ kindled rats. With this study, the effects of
CBX and VPA in PTZ kindled awaken rats and
CBX’s interaction with VPA in this model was
evaluated with both electrophysiological and
behavioral parameters.

In order to prevent audiogenic seizures in
DBA/2 mice, Gareri et.al injected carbenoxo-
lone i.p. 60 minutes before the audiogenic stim-
ulation in 10, 15, 20 and 30 mg/kg, i.p doses
and showed that audiogenic seizures restrained
tonic-clonic phase in a dose-dependent man-
ner, and likewise 40 mg/kg i.p. CBX which is
injected 60 and 180 minutes before the audio-
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genic stimulation shortened the wild running
phase of the audiogenic seizures [25].

Lan L et.al (2007a and 2007b) watched CBX's
effects on PTZ kindling model in two studies. In
one of these studies, they injected carbenoxo-
lone to kindled animals in 10 mg/kg ip dose for
3 days and showed that CBX reduced sponta-
neous seizures. And then they showed that
GFAP-Li, Fos-Li and NMDAR-Li neurons in-
creased in immunohistochemical terms in ani-
mals [28]. In the other study, they showed that
10 mg/kg ip CBX reduced rhythmic spikes and
wave complexes. However, 10 mg/kg carben-
oxolone was found ineffective in our study. This
may be because Li et.al used carbenoxolone
for three days. Moreover, Lan L et.al injected
PTZ every day [29]. Yet, we created the kindling
model by injecting 35 mg/kg PTZ only three
days a week. Ding et.al injected carbenoxolone
in 10 and 20 mg/kg doses before creating PTZ
kindling model and showed that the seizure
latency were lengthened in a dose-dependent
manner. Twenty mg/kg carbenoxolone also
reduced the seizure score. Besides, 10 and 20
mg/kg doses hippocampus led to increase in
Cx32 expression in the study by Ding et.al [30].

In the current study, carbenoxolone was inject-
ed in 10, 20 and 40 mg/kg i.p. doses 60 min-
utes before PTZ. 20 and 40 mg/kg carbenoxo-
lone reduced the spike frequency. 10 and 20
mg/kg carbenoxolone did not prevent general-
ized seizures and did not lead to a significant
change in jerk latencies. Moreover, 40 mg/kg
carbenoxolone significantly lengthened myo-
clonic jerk latency. Similarly, 10 and 20 mg/kg
carbenoxolone prolonged the seizure latency in
the study by Ding et.al [30].

In a study by Hosseinzadeh and Asl, CBX was
used as 100, 200 and 300 mg/kg ip in the
acute PTZ model in mice and 300 mg/kg was
found to be the most effective. However, they
also saw that CBX in such doses reduced the
motor activity [31]. CBX can lead to side effects
such as ataxia, tachypnea, tachycardia and
vomiting when it is applied systematically [32].
It was observed that CBX reduced stereotypical
movements when systematically applied to the
rats in 7-35 mg/kg dose interval [32]. In addi-
tion, 100 mg/kg and higher doses of carben-
oxolone lead to reduction in coordination, seda-
tion and muscle relaxant effect in mice [31]. We
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avoided using higher doses of carbenoxolone
due to these side effects.

VPA is an effective antiepileptic drug in the kin-
dling model. It shortens afterdischarge dura-
tion and reduces the severity of the seizures.
VPA prevents kindled in chronic application, too
[22-24]. Seizures with light severity were seen
in half of the animals when 200 mg/kg i.p VPA
40 mg/kg PTZ were simultaneously applied
[33]. However, 300 mg/kg VPA generalized sei-
zures were completely prevented in our study. It
also reduced spike frequency. The difference
between them may be because they injected
VPA in less dose and PTZ simultaneously. In the
literature scanning, there were no studies
which showed VPA's effect on the spike fre-
quency in the rats which were kindled with PTZ.
Silver et.al, on the other hand, showed that
100, 200 and 400 mg/kg VPA in rats reduced
the seizure score in amygdale kindling model
in a dose-dependent manner and shortened
afterdischarge duration [34]. Likewise, [35]
showed that 200 and 300 mg/kg i.p. VPA which
was injected 30 minutes before electrical stim-
ulation in guinea pigs shortened afterdischarge
duration of amygdale kindling seizures in a
dose-dependent manner and reduced the fre-
quency of the seizure score. In the study which
we did in the light of this information, we inject-
ed VPA in 300 mg/kg dose i.p. 30 minutes
before PTZ.

In the present study, in VPA group generalized
seizures were completely restrained. It also sig-
nificantly reduced the seizure score and spike
frequency. These results show that VPA is effec-
tive towards PTZ kindling seizures. Li et.al
showed that VPA reduced glutamate and aspar-
tate release in rats which were kindled with
PTZ. The disruption of the balance between the
excitatory and inhibitor neurotransmitters plays
an important role in epilepsy [33, 36].

Gareri et.al showed that 40 mg/kg CBX short-
ened the wild running phase of the seizures in
DBA/2 audiogenic mice. Furthermore, in this
study, CBX significantly increased the antiepi-
leptic effectiveness of VPA in audiogenic sei-
zures [25]. In our study, on the other hand, car-
benoxolone did not cause any increase in the
effectiveness of VPA. In our study, unlike the
study by Gareri et.al, carbenoxolone did not
contribute to VPA's antiepileptic effect on
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potentialization level when all parameters were
evaluated. This may be because different parts
of the brain can be affected in audiogenic sei-
zures and PTZ kindled seizures.

In conclusion, the current study is the first study
which shows the interaction of CBX with VPA in
PTZ kindling model. As a result, CBX-VPA combi-
nation was not more effective than the stand-
alone use of these drugs.
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