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INTRODUCTION

A wide variety of experimental models of epilepsy 
have been developed in order to understand the basic 
mechanisms of epilepsy and to discover new drugs for 
seizure management. One such model is the kindling 
model of epilepsy. Kindling is defined as a progressive 
increase in vulnerability to evoked seizures (Lukasiuk 
et al. 2011). Two kinds of kindling model can be cre-
ated: the first one is the electrical kindling model, 
while the second one is the chemical kindling model 
(Gilbert and Goodman 2006). 

Pentylenetetrazole (PTZ) is one of the most pre-
ferred substances used in the production of chemical 

kindling. It has been reported that PTZ-kindled sei-
zures mimic primary generalized epilepsy in terms of 
ILEA classification (Gilbert and Goodman 2006). The 
mechanism of action of PTZ is unclear, but it is thought 
that PTZ is a selective inhibitor of chloride channels 
associated with GABAA receptors and reduces the 
effect of GABA (Kaminska et al. 1994, Sejima et al. 
1997, Hansen et al. 2004). 

Gap junctions between eukaryotic cells are special-
ized links which provide direct intercellular communica-
tion (Goodenough and Paul 2009). Gap junctions consist 
of a pair of hemi-channels, called connexons. A con-
nexon is normally made up of six similar protein sub-
units, called connexins (Kandel and Siegelbaum 2000). 

It has been suggested that gap junctions have an 
essential role in neuronal synchronization and epilep-
togenesis (the development of epilepsy). Nassir-Asl et 
al. revealed that trimethylamine (a gap junction open-
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er) increased seizure severity in an acute PTZ model 
and inhibited the effects of the antiepileptic gap junc-
tion blocker, quinine (Nassiri-Asl et al. 2008). 

There are many chemical agents and drugs that 
block gap junctions. The most widely-used gap junc-
tion blockers in experimental seizure models are car-
benoxolone, octanol, glycyrrhetinic acid, quinine and 
quinidine (Juszczak and Swiergiel 2009). Studies in 
mice and rats demonstrated that systemic administra-
tion of carbenoxolone and quinine has anticonvulsant 
effects. In addition, when applied directly to the brain, 
octanol, quinine and carbenoxolone reduced the epi-
leptiform activity (Bostanci and Bagirici 2006, 
2007a,b). Moreover, in an earlier study, it was reported 
that carbenoxolone has anticonvulsant potential in 
DBA/2 mice (Gareri et al. 2004).

Carbenoxolone has been reported to exert cranial 
nerve system effects after systemic administration in 
rats, and it has also been reported that carbenoxolone 
did not block any specific type of connexins (Juszczak 
and Swiergiel 2009). There are however very few stud-
ies in which carbenoxolone was found to prevent sei-
zures in kindling models of epilepsy. Some researchers 
revealed that carbenoxolone exhibited anticonvulsant 
effects in PTZ-kindled rats (Ding et al. 2006, Lan et al. 
2007b). Furthermore, Sayyah et al. administrated car-
benoxolone to the basolateral nucleus of the amygdala, 
and found that carbenoxolone increased after-discharge 
duration and shortened the generalized seizure dura-
tion (Sayyah et al. 2007). 

Phenytoin is one of the most preferred treatments 
for partial seizures (Tunnicliff 1996). Chemically, phe-
nytoin is a lipophilic organic acid, and easily pene-
trates through the cell membrane. It has been shown 
that phenytoin binds voltage-gated sodium channels, 
and prevents seizures by extending the inactivation 
duration of these channels (Shorvon 2005).

Krug et al. originally investigated the effects of phe-
nytoin against the PTZ-kindling model in rats, and 
suggested that phenytoin was not effective in this 
model (Krug et al. 1998). However, phenytoin has been 
found to have anticonvulsant effects in amygdaloid-
kindled guinea pigs (Gilbert et al. 2001). 

There is very little information in the literature con-
cerning the effect of carbenoxolone in the kindling 
models of epilepsy. To the best of our knowledge this 
is the first study investigating the effect of carbenox-
olone and phenytoin in combination on PTZ kindled 
rats. Therefore the purpose of the present study was to 

explore the effects of carbenoxolone and phenytoin 
and the influence of carbenoxolone on the anticonvul-
sant efficacy of phenytoin in PTZ-kindled rats. 

METHODS

Animals

Male albino rats of the Wistar strain (12–16 weeks 
of age, weighing 200 ± 50 g) were used in the study. 
The animals were provided by the Center for Surgical 
Research, University of Ondokuz Mayis at Samsun. 
Before the experiments, this study was approved by 
the Ethical Committee for Animal Experiments at the 
University of Ondokuz Mayis (OMU HAYDEK/2008-
48). The experiments were carried out in accordance 
with the guidelines of the European Community 
Council for experimental animal care. Rats were 
housed individually in a 12-h light: 12-h dark cycle 
(lights on at 08.00 am–08:00 pm), at a temperature of 
22 ± 2°C and 50–55% humidity. Water and food were 
given ad libitum.

Kindling procedure

For PTZ-kindling, in the first step of the study, ani-
mals were given PTZ 35 mg/kg intraperitoneally (i.p.) 
three times a week (Monday, Wednesday, Friday) until 
kindling was produced. Animals were placed individu-
ally into transparent cages (dimensions 35 × 35 × 35 cm) 
and observed for 30 min after each PTZ injection. 
Seizure behaviors were evaluated in terms of Fischer 
and Kittner’s study (Fischer and Kittner 1998) on a 
seizure severity scale of 1–5. 

(Stage 0) no seizure; (Stage 0.5) weak nodding; 
(Stage 1) ear, face and eyelid twitching; (Stage 1.5) 
mild forelimb clonus; (Stage 2) myoclonic body jerks, 
clonic convulsions of fore-limb (no rearing); (Stage 
2.5) partial rearing and rapid clonic seizures of fore-
limb; (Stage 3) powerful bilateral fore-limb clonus 
with complete rearing (≥ 10 s); (Stage 3.5) rearing and 
falling with intense bilateral fore-limb clonus; (Stage 
4) generalized clonic seizures with rearing-falling 
down episodes, or jumping; (Stage 4.5) generalized 
clonic-tonic seizures with failure of rightning reflex; 
(Stage 5) generalized clonic-tonic seizures and status 
epilepticus (≥ 2 min). 

If the seizure behavior was stage 3 or more severe, 
it was accepted as a generalized seizure. Kindling was 
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considered to be completed when an animal had expe-
rienced a total of five generalized seizures (grade 3 or 
more severe). To induce complete kindling 14.0 ± 1 
injections were performed. The non-kindled rats were 
not included in the study. 

Surgical operation

Indwelling screw electrodes, which allow EEG 
monitoring of conscious animals, were fixed into the 
skulls of the kindled rats. In this way, we were able to 
record EEG and evaluate the seizure stage at the same 
time. The kindled rats were anesthetized with intrap-
eritoneally (i.p.) 90 mg/kg ketamine hydrochloride and 
10 mg/kg xylasine combination, and then positioned in 
a stereotaxic apparatus (Harvard). After a midline 
scalp incision, electrodes were fixed into the skull at 
the following  coordinates: first electrode: 3 mm lat-
eral to sagittal suture and 4 mm anterior to Bregma: 
(primary motor cortex, M1) and second electrode: 3 
mm lateral to sagittal suture and 4 mm posterior to 
Bregma (medial parietal association cortex, MPtA) 
(Paxinos and Watson 2007). A reference electrode was 
positioned in the skull at 4 mm posterior to the 
Bregma. All electrodes were attached to a connecting 
socket. Finally, the electrodes were implanted by using 
cold-cured dental acrylic. After the surgery, the ani-
mals were allowed to recuperate for a week. 

Electrophysiological recordings 

Totally awake kindled rats were connected to a com-
puterized EEG recording system (PowerLab/4SP, AD 
Instruments) by a cable. All EEG recordings were 
stored on an individual computer for off-line analysis 
and spike numbers for each animal were automatically 
calculated by using a software program (Chart v.5.1.1). 

Drugs and routes

Pentylenetetrazole (PTZ) was dissolved in saline 
and injected i.p. at a dose of 35 mg/kg. 

Carbenoxolone (CBX) was dissolved in saline and 
given i.p. at a dose of 40 mg/kg 60 min before PTZ 
injection. Phenytoin (PHT) was dissolved in 3% dime-
thyl-sulfoxide (DMSO), and administrated i.p. at a 
dose of 60 mg/kg 30 min prior to PTZ injection.

Pentylenetetrazole, carbenoxolone, and phenytoin 
were obtained from Sigma-Aldrich Co. 

Experimental groups

Only kindled-rats were involved in groups. After 
kindling, the animals were divided into six groups. 
PTZ dosage, which was used to complete the kindling 
process for each group, was homogeneous. Seizure 
stages in all groups were evaluated simultaneously 
with the EEG recordings for 30 min. 

(1) Control group (n=6) – The EEGs of kindled ani-
mals were recorded for 30 min without administration 
of any drugs; (2) Pentylenetetrazole group (n=6) – 35 
mg/kg i.p. PTZ was injected into rat; (3) Carbenoxolone 
group (n=6) – Carbenoxolone was given i.p. at a dose of 
40 mg/kg 60 min before PTZ injection; (4) Phenytoin 
group (n=6) – Phenytoin was administrated i.p. at a 
dose of 60 mg/kg 30 min before PTZ administration; (5) 
Carbenoxolone + phenytoin group (n=6): Carbenoxolone 
was given i.p. at a dose of 40 mg/kg 60 min before PTZ 
injection. Phenytoin was administrated i.p. at a dose of 
60 mg/kg 30 min before injection of PTZ; (6) DMSO 
group (n=6) – 3% DMSO (a volume of 0.1 ml) was 
administrated i.p. 30 min prior to PTZ injection.

Statistical analysis

The data obtained were analyzed using the SPSS 
15.0 package program for Windows. Data are expressed 
as means ± SEM. Statistical significance was deter-
mined 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 
that meet the normal distribution. One-way analysis of 
variance (ANOVA) was used to test for statistical sig-
nificance, and if the difference was significant, LSD 
post-hoc test was used. Mann-Whitney U test was per-
formed if variables did not show a normal distribu-
tion.

RESULTS

The effects of PTZ on EEG activity and seizure 
score in the PTZ-kindled rats

Thirty-five mg/kg PTZ was administrated by i.p. in 
the PTZ group. Then the animals were observed and 
their EEGs were recorded during the course of 30 min. 
In the PTZ group, the generalized seizures were 
observed in all animals. The average seizure stage was 
3.5 ± 0.2 in the PTZ group (Figs 1, 2).
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The effects of carbenoxolone on EEG activity 
and seizure score in the PTZ-kindled rats

Carbenoxolone shortened the generalized seizure dura-
tion (P<0.05) and reduced the total average spike num-
bers (P<0.01) compared to the PTZ group. Carbenoxolone 
did not reduce the seizure stage (P>0.05) (Figs 1, 2). 

The effects of phenytoin on EEG activity and 
seizure score in the PTZ-kindled rats

Phenytoin diminished the seizure stage, reduced the 
total average spike numbers and shortened the general-
ized seizure duration in comparison with the PTZ and 
DMSO groups (P<0.05) (Figs 1, 2).

The effects of carbenoxolone and phenytoin 
combination on EEG activity and seizure score 
in the PTZ-kindled rats

The carbenoxolone + phenytoin combination 
shortened the generalized seizure duration (P<0.05), 
and reduced the total average spike numbers 
(P<0.05) and the seizure stage (P<0.05) compared 
to the PTZ and DMSO groups. However, the car-
benoxolone-phenytoin combination did not result in 
any significant change in the seizure stage or total 
average spike number, compared to the phenytoin 
and carbenoxolone groups (Figs 1, 2).

The effects of DMSO on EEG activity and 
seizure score in the PTZ-kindled rats

DMSO did not lead to any significant change in all 
seizure parameters when compared with PTZ group 
(P>0.05) (Figs 1, 2). 

DISCUSSION

In the present study, the effects of carbenoxolone 
and phenytoin were monitored in PTZ-kindled rats. 
The influence of carbenoxolone on the anticonvulsant 
efficacy of phenytoin was then investigated in the 
study. 

We applied PTZ three times a week to develop 
the kindling model since intermittent administra-
tion of PTZ has been confirmed as more appropri-
ate than daily injections (Gilbert and Goodman 
2006).

Carlen et al. has suggested that gap junctions 
play an important role in neuronal synchronization 
and that neuronal synchronization is responsible for 
the spreading of epileptic discharges (Carlen et al. 
2000). Gajda et al. showed that gap junctions pro-
vide for the synchronization of cortical activity and 
may be responsible for epileptogenesis. It has been 
suggested that the blockade of glial gap junctions 
could influence neuronal excitability (Gajda et al. 
2005). 

Carbenoxolone in doses of 200 and 300 mg/kg 
was reported to prolong the onset time of seizures 
and to decrease the duration of seizures in an acute 
PTZ model in mice (Hosseinzadeh and Nassiri-Asl 
2003). Carbenoxolone was also was found to pre-
vent seizures in a refractory epilepsy model (Nilsen 

Fig. 1. (A) Spike numbers in each treatment group (Means  
± SEM). One-way ANOVA with LSD post-hoc test was 
used; (B) Generalized seizure durations in each treatment 
group (Means  ± SEM). T test was used; (C) Seizure stages 
for each treatment group (Means  ± SEM). Mann-Whitney 
U test was used. Indications: In comparison with the PTZ 
group: #P>0.05, *P<0.05, **P<0.01; In comparison with the 
DMSO group: &P<0.05. (PTZ) Pentylenetetrazole; (CBX)  
Carbenoxolone; (PHT) Phenytoin.



Effects of CBX and phenytoin in kindled rats 181 

et al. 2006). In a previous study, Lan and coworkers 
(2007b) reported that 10 mg/kg i.p. carbenoxolone 
decreased spike waves in PTZ-kindled rats and in 
another study it was found that NMDAR2-Li and 
Fos-Li neuron numbers were decreased in the car-
benoxolone-treated group, but not in a PTZ-kindled 
group (Lan et al. 2007a). Furthermore, it was 
revealed that 20 mg/kg i.p. carbenoxolone reduced 
seizure stages (Ding et al. 2006), and 40 mg/kg i.p. 
carbenoxolone shortened the wild running phase of 
audiogenic seizures (Gareri et al. 2004). Similarly, 
in our study, 40 mg/kg i.p. carbenoxolone decreased 
spike numbers and reduced the seizure stage and 
shortened the generalized seizure duration. The dif-
ference between the study of Ding and colleagues 
(2006) and our study is that they have administrated 
carbenoxolone in lower doses and not reported any 
EEG monitoring. Lan and coauthors (2007b) have 
reported EGG monitoring but they have adminis-
trated carbenoxolone in lower doses.

However, Voss and others (2009) showed that 
carbenoxolone had pro-convulsant effects and gap 
junctions did not promote seizure activity in vitro. 
In contrast, results of some in vivo experiments 
indicated that gap junction blockers, including car-
benoxolone reduced seizure activity (Gareri et al. 
2004, Bostanci and Bagirici 2007a). In addition, 
Nassir-Asl and coworkers (2008) reported that a 
gap junction opener, which is called trimethylamine 
increased seizure severity in  vitro and they sug-
gested that gap junctions may have a pro-convulsant 
potential. 

It has been suggested that phenytoin exerts variable 
effects in the kindling model. Ebert and colleagues (1999) 
showed that this variation is due in part to the existence 
of subgroups of kindled rats with different sensitivities to 
phenytoin; they reported that some animals consistently 
responded while others never responded to phenytoin. It 
was also hypothesized that these variable effects, in refer-
ence to increases in after-discharge threshold in some 
kindled rats, may be due to genetic factors (Cramer et al. 
1998, Ebert and Loscher 1999).

Some researchers have reported that phenytoin had 
no anticonvulsant effect in kindling models (McNamara 
et al. 1989, Rundfeldt et al. 1990, Lothman et al. 1991, 
Rundfeldt and Loscher 1993). However, others have 
shown that phenytoin exhibited anticonvulsant effects 
in kindling models of epilepsy (Morimoto et al. 1997, 
Otsuki et al. 1998). Gilbert and coauthors (2001) sug-

gested that variable effects of phenytoin arose from the 
administration route, gender, intensity of stimulus and 
amount of kindling. 

Phenytoin does however show dose-dependent 
anticonvulsant effects on amygdaloid and hip-
pocampal kindling models of epilepsy in rats. 
Otsuki et al. administrated phenytoin by i.p.at 
doses of 30, 60, 120, and 180 mg/kg 30 min before 
the kindling stimulations, and reported that pheny-
toin prolonged after-discharge durations at doses of 
60 and 120 mg/kg, but significantly shortened 
after-discharge durations and seizure stages sig-
nificantly at 180 mg/kg. They also reported that 
phenytoin was ineffective in terms of reducing sei-
zure stages at lower doses (Otsuki et al. 1998). 
Similarly, in a previous study, Krug and others 
(1998) showed that phenytoin was not effective in 
preventing PTZ kindling. In their study, phenytoin 

Fig. 2. Representative EEGs for each treatment group. 
Arrows indicate pentylenetetrazole administrations. 
(a) 1 mV, 10 seconds; (b) 0,5 mV, 10 seconds
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was administrated 60 min before each PTZ injec-
tion for PTZ kindling and that phenytoin was 
unable to prevent kindling (Krug et al. 1998). In 
contrast, at single i.p. doses of 50 and 70 mg/kg 
phenytoin was found to be effective in terms of 
increasing the after-discharge threshold and reduc-
ing after-discharge duration and seizure severity in 
amygdaloid-kindling (Gilbert et al. 2001). In that 
study they also measured plasma levels of pheny-
toin following single i.p. injections of 50 and 75 
mg/kg phenytoin, reporting that both doses had 
statically equivalent plasma levels. Indeed, the 
main difference between the studies of Gilbert and 
colleagues (2001) and Otsuki and coauthors (1998) 
was the model. Gilbert and colleagues (2001) 
administrated single phenytoin injections, and used 
kindled guinea pigs. However, Otsuki and others 
(1998) injected phenytoin 30 min before each kin-
dling stimulation in rats. Moreover, in another 
study using Sprague Dawley rats, phenytoin has 
been administrated by i.p. 180 mg/kg 30 min prior 
to each kindling stimulation, and it was reported 
that phenytoin ameliorated amygdaloid kindled sei-
zures (Morimoto et al. 1997). It can thus be con-
cluded that at lower doses phenytoin prevents sei-
zures in kindled animals, but it is unable to stop the 
kindling process. At the higher doses, phenytoin 
can also prevent the kindling process. 

Gareri and coworkers (2004) suggested that car-
benoxolone enhanced the efficacy of some antiepilep-
tic drugs due to the blockage of selective connexins, 
and showed that the degree of potentiation induced by 
carbenoxolone was greater for some antiepileptic 
drugs and less for phenytoin than some other drugs in 
DBA/2 mice. However, in our study, carbenoxolone 
did not have any potentiation for phenytoin in PTZ 
kindled rats.

It has been reported that carbenoxolone inhibited 
the junctional transfer and increased the level of 
Cx43 expression in bovine aortic endothelial cells 
(Sagar and Larson 2006). After recurrent seizures, 
the expression levels of Cx 32, Cx43 and Cx46 
mRNA were shown to increase (Gajda et al. 2003). 
In addition, Ding and colleagues (2006) have sug-
gested that Cx32 mRNA expression has been 
increased in PTZ kindled rats. It has been suggested 
that phenytoin may have effects on gap junctions. 
Phenytoin is a 2-aminoethoxydiphenyl borate ana-
log, and has been shown to block the Cx26 and 

Cx32 subtypes in liver cell cultures (Tao and Harris 
2007). The antiepileptic mechanism of carbenox-
olone involves the blockade of gap junctions. The 
similar anticonvulsant effects of carbenoxolone and 
phenytoin may due to the use of the same pathways 
and this may be why potentiation was not observed 
when they were combined.

CONCLUSION

Carbenoxolone and phenytoin have anti-seizure 
effects in PTZ kindled rats. However, our results indi-
cate that carbenoxolone combined with phenytoin is no 
more effective than the use of these two drugs alone. 
Further investigations are needed to explore the effects 
of these drugs on gap junctions or ion channels.
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