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ABSTRACT

Epilepsy 1s one of the neurological diseases that is commonly
seen in the world. It is characterized by excessive activation of
neurons that can not be controlled by the central nervous system. ATP
dependent potassium (Karp) channel modulation is related with the
epilepsy. This study is intended to research the physiological role of
mitochondrial KATP channels 1in epilepsy 1in electrophysiological
perspective. And bepridil has Dbeen used for this purpose. Wistar
albino rats have been used. Animals have been divided into three main
groups; Control, bepridil applied groups 1in pre-seizure, and during
seizure. As a result, bepridil once applied prior to seizure in 0.1
and 1mg/kg doses increased the latency period of the seizure. Bepridil
showed anticonvulsant effect at doses of 0.1 and 1 mg/kg before and
during seizure groups. Closure of sarcoplasmic channels and opening of
mitochondrial channels may be important to decrease the convultion
occurred during epilepy.
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1. INTRODUCTION

Epilepsy is one of the neurological diseases that has impacted
more than 50 million people in the world. There are many identified
type of Epilepsy. Among the epilepsy types, 6 out of every 10 cases
where the main cause cannot be determined is defined as idiopathic
epilepsy. The other one can be identified as symptomatic epilepsy.
Possible causes for symptomatic epilepsy are known and they can be
listed as brain damage due to prenatal causes, mulfunctions related to
congenital abnormalities and genetic conditions, cases, such as brain
damage and stokes, where oxygenation of the brain 1is reduced,
infections 1like meningitis, encephalitis, neurocysticercosis, and
brain tumors [1, 2 and 3]. To put it another way, epilepsy can be
defined as a disease that arise from shifting of the balance between
the excitatory and inhibitory neurotransmitters in the brain in favor
of excitation, and it is characterized by concurrent discharging of
the neurons. Most of the epilepsy types have a complex genetic
etiology involving the interaction of one or more genes and
environmental factors. Ion channels located within the cell membrane
have effects over the formation of seizures [4].
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Karp channels exist in brain as well as in many tissues [5 and 6].
They are produced pre- and postsynaptically in the brain. They open or
close depending on the intracellular changes in the ratio of ATP/ADP.
These channels open once the ATP level decreases and K leaks out of

the cell and hyperpolarization occurs [4]. ZKare channels have Dbeen
initially discovered in the heart [5], and their role has been
ultimately understood in the course of the studies related to the
secretion of insulin from pancreatic B cells [7 and 8]. It has been

confirned via multiple studies that Kare channels can play an important
role in the cellular responses of the tissues to the various metabolic
conditions 1like hyperglycaemia, hypoglycaemia, ischemia, and hypoxia
[9]. It has been proven that Karp channels located 1in different
sections of the brain have differentiated molecular structures and
accordingly they possess different functions. Along with the control
over synaptic excitability, Karp channels controls the local K flow as
well as they control the local electrical activity [10]. Furthermore,
existance of Karp channels also in nucleus and mitochondria points to
the fact that these channels play a critical role in the intracellular
metabolic activities [11 and 12]. While a significant number of
studies have been conducted to show the effect of other channels on
epilepsy, studies regarding the importance of Karp channels 1in
controlling the seizure threshold are insufficient.

2. RESEARCH SIGNIFICANCE

In this study performed by means of bepridil, we have targetted
searching of the physiological role of the closing of sarcoplasmic Kare
channels while openning of the mitochondrial Kare channels in neural
stimulation which occures in epilepsy. With the help of the results
obtained, we are targetting to determine the role of mitochondrial
channels. With this study, for the first time, it has been targetted
to search for the role of bepridil, applied in three different doses,
in epilepsy prior to and during seizure.

3. MATERIAL AND METHODS

3.1. Animal

In this study, wistar albino rats, 4-6 months old and 300-350
grams in weight, have been obtained from BAIBU (Experimental Animal
Application and Research Center). Total of 51 animals have been used
in this study.

The animals were kept in 22-25C° room temperature and %60-70
humidity rate on 12-hour light/dark period. Water and nutrition were

fed ad libitum. The study has been conducted with permission obtained
from the Ethics Board for Animal Studies of BAIBU (ethical committee
no: 2012/19). Randomly selected animals have been divided into 7
groups (Table 1). Rats have been anesthetized with 1.2g9/kg
intraperitoneal (i.p.) urethane (supplied by Sigma-Aldrich Chemical
Co., St. Louis, Missouri, USA). Epileptic focus has been generated by

means of intracortical (IC) application of penicillin at a dose of 500
IU/2 pl (I.E. Ulugay, Istanbul, Turkey). No drug has been applied on
the control group. Medications have been applied on the before seizure
groups 10 minutes prior to the penicillin application whereas they
have Dbeen applied on seizure experiencing groups 10 minutes after to
the penicillin application. All of the drug have been prepared on a
daily basis and intravenously injected into the tail vein. Bepridil
has been disolved in ethyl alcohol and then applied on both before
seizure and seizure experiencing groups 1in doses of O0.1lmg, 1mg,
10mg/kg/100pnl.
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Table 1. Experimental groups

The location of| The time of
Groups Drugs Dose Drug Drug n
Administration | Administration
Control Penisilin G 500 IU/2 pl 1.c 8
BS* Bepridil . . 10 Min Before
0.1 mg/kq Bepridil 0.1mg/kg/100ul I.v Penicillin 7
BS* Bepridil s : 10 Min Before
1 mg/kg Bepridil 1mg/kg/100 pl I.v Penicillin 6
BS* Bepridil s : 10 Min Before
10 mg/kg Bepridil 10mg/kg/100 pl I.v penicillin 9
DS** Bepridil g . 10 Min After
0.1 mg/kg Bepridil 0.1mg/kg/100 nul I.v Penicillin 7
DS** Bepridil g . 10 Min After
1 mg/kg Bepridil Img/kg/100 pl I.v Penicillin 6
DS** Bepridil g . 10 Min After
10 mg/kg Bepridil 3mg/kg/100 pl I.v Penicillin 8
*BS: Before Seizure **DS: During Seizure

3.2. Surgical Operation

Following the application of anesthesia using 1.2gr/kg
intraperitoneal (i.p.) injection of wurethane (supplied by Sigma-
Aldrich Chemical Co., St. Louis, Missouri, USA), all of the rats have
been placed on stereotaxic device. Skull bone from the 2mm posterior
and 3 mm lateral of left cerebral cortex bregma has been removed
followed by the removal of dura mater. Using Hamilton microinjector
(701N, Hamilton Co., Reno, NV, USA), 500IU/2 upl of penicillin G has
been injected at a depth of 1.2 mm in order to constitute epileptic
focus.

3.3. Electrophysiological Recording

ECoG recording has been collected (Chart 5.1.1 (AD Instruments,
Australia) Australia) after placing of two Ag- AgCl ball electrodes on
somatomotor cortex, lateral to the Dbregma suture on the left
hemisphere. Following the collection of a 180-minute EcoG recording
from each animal, analysis for these recordings have been performed
via Chart 5.1.1 (AD Instruments, Australia) software tool (AD
Instruments Pty Ltd, Castle Hill, NSW, Australia).

3.4. Statistical Analysis

Number of spike waves, average amplitudes, and the seizure onset
times in the recordings, analyzed in five-minute periods, have been
evaluated wusing the One-Way ANOVA statistical software tool and
distinctions in between the groups have been determined accordingly.
LSD has been used for the Post-Hoc test and p<0.05 values have been
considered statistically significant.

4. RESULTS

Once the seizure onset times were evaluated, a distinction has
been found in the before seizure (BS) groups. With respect to all
other groups, epileptic seizure has started later in the group that
lmg/kg bepridil was applied prior to seizure (p<0.05). Significant
amount of delays on the seizure onset times have been observed on the
group that 1mg/kg of bepridil was applied prior to seizure with
respect to the groups that 1 mg/kg and 10mg/kg of bepridil were
applied during seizure (DS) (p<0.05) (Figure 1).
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Figure 1. Seizure onset times (meantSD)* is significantly different
with respect to the control group# is significantly different with
respect to the DS 10 mg/kg group (p<0.05)

lmg/kg BS group 1is statistically significant than other groups.
10mg/kg BS group is different than all DS groups from statistical
significance point of wview. Once the total number of spike waves 1is
evaluated from groups’ stand point for the duration of 180-minute
recording period, a significant decrease in the number of spike waves
has been observed in BS 10 mg/kg bepridil, DS 0.lmg/kg bepridil, and
DS 1mg/kg bepridil applied groups with respect to the control group
(p<0.05). Most effective dose of bepridil has been determined to be
the 1mg/kg dose applied DS (p<0.05). Once examined in general, 10mg/kg
dose applied DS has appeared to be ineffective (p>0.05) (Figure 2).
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Figure 2. Total number of spike waves (mean*zSD) *Total number of
spike waves is significantly different with respect to the control
group, *as well as they are significantly different with respect to the
during seizure 10mg/kg group (p<0.05)

Once the total number of spike waves was evaluated for the
initial 10 periods of the 180-minute recording duration, it has Dbeen
observed that the seizures had started exactly after the 4th period.
While the average number of spike waves was observed between 0 and 18
from the 4th through the 10th five-minute periods in the before BS
0.1mg/kg and before BS 10mg/kg bepridil-applied groups, the average is
between 0 and 200 in DS 0.1lmg/kg and DS 1mg/kg bepridil-applied
groups. An increase of up to 100(0-100) in the number of spike waves
has been observed in the before seizure (BS) 1mg/kg bepridil-applied
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group, whereas in the during seizure (DS), the spike waves, has
depicted a lower rate of increase after they started. In the BS
0.1lmg/kg group; While decreasing the average number of spike waves
between P13 and P17, it increased again between P18 and P21 (p<0.05).
When the number of spike wave is high between the P22 and P25, spike
wave number decreased significantly between P25 and P36 (p<0.05).
Between P30 and P33, it decreased more and the seizure ended
completely after P33 (p<0.05).

In the BS 1mg/kg group; While the average number of spike waves
until the 10th period was close to the control group, It gradually
decreased after P12 and it was observed that the number of spike waves
between P14 and P20 decreased significantly (p<0.05). From P 21, it
increased to the control 1level again, and the average spike wave
number between P25 and P36 decreased significantly (p<0.05) .
Especially after P34, the seizure ended (p<0.05). From P 21, it
increased to the control 1level again, and the average spike wave
number between P25 and P36 decreased significantly (p<0.05) .
Especially after P34, the seizure ended (p<0.05). In the BS 10mg/kg
group; Between P10 and P21, the mean spike wave number significantly
decreased (p<0.05), and between P22 and P36, although it did not

decrease to zero, 1t decreased compared to the control (p<0.05). In
the DS 0.1lmg/kg group; Spike Wave Number was significantly decreased
between P10 and P21 (p<0.05). While the number of spike waves

decreased significantly between P22 and P25 compared to the control,
the Spike Wave Number between P25 and P36 remained constant even
though it did not decrease to zero (p<0.05).

In the NS 1lmg/kg group, bepridil significantly decreased Spike
Wave Number between P10 and P21 (p<0.05). In this group, spike wave
number between P22 and P25 was significantly lower than the control
group, but it decreased further after P26 and stopped the seizure at
P30 (p<0.05). In the NS 10mg/kg group, spike wave number did not
differ from the beginning of the seizure to the end of the seizure
compared to the control group (p>0.05) (Figure 3).
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Figure 3. The average number of spike wave (meantSD) for 5 minutes
intervals in a total of 180 minutes of ECoG recording
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Figure 4. The average spike wave amplitude value (meantSD) for 5
minutes intervals in a total of 180 minutes of ECoG recording

In the BS 0.lmg/kg group; The average amplitude of the spike
waves between Pl and P10 was found to be significantly lower than the
control group (p<0.05). Between P6 and P36, the amplitudes did not
differ significantly compared to the control group (p>0.05).

In the BS 1mg/kg group; The average amplitude of spike waves
between Pl and P36 1is not significantly different from the control
group (p>0.05).

In the BS 10mg/kg group; The average amplitude of the spike wave
between Pl and P12 was found to be significantly lower than the
control group (p<0.05).

In the DS 0.1lmg/kg group; While the average spike wave amplitude
values between P1-P14 are significantly lower than the control group,
but there was no significant difference between P15-P36 and the
control group (p>0.05).

In the DS 1mg/kg group; The average spike wave amplitude values
between Pl and P36 are significantly lower than the control group
(p<0.05) .

In the DS 10 mg/kg; No significant difference was found between
Pl and P36 in terms of average spike wave amplitude compared to the
control group (p>0.05) (Figure 4).

5. DISCUSSION

Bepridil blocks the channels on the cell membrane called
sarcolemmal Karp channels, while opening the mitochondrial Kare channels
[13]. So far, there were no studies on the effect of bepridil on
epilepsy. In this study, three different doses of bepridil were
administered both before and during a seizure to investigate its
effect on epilepsy, and it was found to decrease spike-and-wave
frequency and stopped the seizures in a short time at doses of 0.1 and
Ilmg/kg. In the before seizure groups, it delayed the onset of seizures
at doses of 0.1 and 1lmg/kg. Neuronal Karp channels control the energy
level in general, and neuronal ATP consumption adjusts the metabolic
state of neurons precisely in line with the electrical activity. The
ATP/ADP ratio depends on the increased regional activity, and changes
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the channel activity. Activity-dependent stimulation of Kare channels
hyperpolarizes the cells and reduces the excitability of neurons. Kare
channel activity is associated with energy consumption and electrical
signals, and is controlled by a negative feedback mechanism [14]. In
this study, the reduction of spike-and-waves may have occurred due to
the effect of Karp channels on the electrical activity. According to
the literature, while sarcoplasmic Karp channels are associated with
electrical activity, mitochondrial channels may be protective against
cell death [15, 16 and 17]. The onset and progression of
hypoxic/ischemic neuronal death is caused by excisotoxicity due to
excessive glutamate release [18].

Activation of Kare channels during acute ischemic period can
decrease glutamate release by reducing depolarization. In addition,
somatodentritic Kare channel activation may reduce the onset of
necrotic and apoptotic cell death in cases where intracellular Ca*?
increases extremely due to glutamate [19]. Some studies have found
that Kare channel activation reduces neurotransmitter release. 1In
addition, its partial effect on GABAergic neurotransmission has also
been proven [18]. Animal studies have shown that bepridil has an
antiarrhythmic activity. Bepridil shows a ©protective effect in
myocardial cells by prolonging the duration of action potential [13
and 19]. Similar to this mechanism, this study shows that bepridil
delays the onset of a seizure, when administered before a seizure,
possibly by extending the duration of action potential, through a
mechanism similar to that of myocardial cells. While bepridil protects
the brain against ischemic damage by blocking K* outflow by blocking
the sarcoplasmic channels, it also shows a protective effect at the
cellular level by simultaneously opening mito Karp channels [13]. In
this study, the seizure stopped in a short time compared to the
control groups, when bepridil administered both before and during a
seizure.

During a seizure, amount of intracellular ATP decreases due to a
convulsant agent, hyperoxia, and hypoxia, and causes cell death due to
activation of many pathways, such as increased amount of intracellular
Ca, glutamate exitotoxicity, and inflammation. While cell 1loss
increases the excitability of the cells here, it reduces the threshold
and causes seizures to occur more easily. At this stage, Kare channels
regulate the electrical activity of the «cell by opening the
sarcolemmal channels in relation with the decrease in the amount of
intracellular ATP, and the cell hyperpolarizes with the loss of K in
the cell in the first stage. On the other hand, the opening of the
mitochondrial channels reduces cell death and exhibits a protective
effect at the cellular level [16, 17 and 20]. The mito Kare channels
are located in the inner mitochondrial membrane, control the mito

volume, and play a role in protecting the cell [21]. Both Karp channels
are normally closed. In cases such as hypoglycemia, ischemia, hypoxia,
these channels are opened [22 and 23]. Transport of K' in the cytoplasm
to the mitochondria leads to Ca*? channel blockade [24]. In clinical

trials, bepridil has been used as a Ca*? channel blocker [13 and 21].
Bepridil, which causes potassium to be removed from the cytoplasm,
also blocks the Ca*? channels parallel to this effect, which explains
its anti-convulsant effect. As shown in many studies of the Pentylene
Tetrazol (PTZ) and Kainic acid induced epilepsy models, the Kar
channel Dblockers (e.g. glibenclamide, 4-aminopyridine) trigger a
seizure and shorten the latent period, while openers ©provide
protection against a seizure and prolong the latent period [19, 23 and
25]. When administered before a seizure, bepridil increased the latent
period, depending on the dose.
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Intracellular ATP concentration decreases during excessive
neuronal activation during seizures. It has Dbeen shown that agents
that significantly decrease the amount of intracellular ATP have anti-
convulsant effects through Kare channels. This mechanism shows an anti-
convulsant effect by opening potassium channels when mitochondrial ATP
levels drop. A study with cannabioids suggested that seizure threshold
can be controlled by controlling mitochondrial Kare channels [26]. The
mechanism of K' current regulation in the central nervous system can be
performed by neurons [27, 28, 29 and 30]. A relationship has been
shown Dbetween K' channels and epilepsy. In epilepsy, K channels
directly control neural excitability while indirectly having effects
on ion metabolism [30]. In-vivo and in-vitro pharmacological studies
play a significant role in controlling seizures [31 and 32].

Depending on the change in extracellular ATP, many symptoms may
occur, such as cerebral ischemia, stroke, and seizure [33 and 34]. In
neuropathological cases in the brain, the metabolites resulting from
extracellular ATP function have a complex effect, but they play a role
in neuroinfilamtion, hyperexcitability and neurodegeneration [34, 35,
36 and 37]. In addition, extracellular change 1in ATP can cause
neurological and neuropsychiatric diseases, including epilepsy [38 and
39]. Intracellular ATP concentration is of qgquite importance for the
Karp channels. As a result of the decrease in the amount of
intracellular ATP, these channels open and perform their function.
Changes 1in extracellular ATP, the changes in neurons, and metabolic
changes in the extracellular environment, or the changes due to any
disease condition can affect the amount of intracellular ATP, and
indirectly activate Kare channels.

6. CONCLUSION

In this study, it was observed that bepridil stops seizures in a
short time at doses of 0.1 and 1lmg/g when administered before and
during a seizure. It was concluded that this drug may be used in the
control of epilepsy since it delays the onset of seizures when
administered before the seizures. In addition to this, it is important
to note that bepridil acts by opening the mito Karp channels. If these
effects are observable when mito Kare channels are opened, drugs that
stimulate the opening of mitochondrial channels may be considered in
new epilepsy treatment strategies. Although there were no data at the
cellular 1level in this study, it 1is possible to assume that the
mitochondrial Karp channels may also have a role in the electrical
activity of the cell, according to the electrophysiological data,
contrary to the literature. Previous studies have also proven the role
of Kare channels in seizure control. Determining the specific role of
mitochondrial Karp channels in electrical discharges during epilepsy is
the original aspect of this study.
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