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Effects of the ATP-dependent K (+)-channel effectors pinacidil and glibenclamide on
liver tissue in an experimental model of epilepsy: A histopathological study
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ABSTRACT

Aim: It is known that most of the antiepileptic drugs have negative effects on the liver. Pinacidil is a
nonselective opener of KATP channels, including the plasma membrane and mitochondria. Glibenclamide is
an ATP -dependent K channel blocker ensuring the intake of calcium. Our aim in this experimental study was
to examine the effects of pinacidil and glibenclamide on the liver tissue of rats with focal epilepsy.

Method: Sixty male Sprague Dawley rats (2-4 months old, 200-250 gr) were used in the study. The rats were
divided into 4 groups, 15 in each group. The groups were divided into control group, penicillin group, penicillin
+ pinacidil group and penicillin + glibenclamide group. The craniums of the rats in the control group were
opened and normal saline was given; Penicillin (2 ul 500 TU) was intracortically administered to other groups
and an experimental epilepsy model was created. At the end of the study, liver tissue of rats was taken and
evaluated in terms of vacuolar degeneration, lymphocyte infiltration, vascular congestion, sinusoidal
dilatation, necrosis, and Kupffer cell proliferation, radial alignment of hepatic cords, central vein and portal
vein dilatation in hepatocytes.

Results: Venous congestion, cytoplasmic vacuolization, Kupffer cell proliferation, portal vein dilatation and
necrosis were distinct in the group to which pinacidil was administered, and distortion was present in the radial
sequence (p<0.001). In addition, inflammation, venous congestion and hepatocyte necrosis were found to be
lower in the glibenclamide given group compared to the control group (p<0.001).

Conclusion: It can be suggested that pinacidil treatment caused negative results in liver histopathological
parameters, whereas glibenclamide was more protective by reducing inflammation, venous congestion and
hepatocyte necrosis.
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system [1]. Unbalanced potassium homeostasis
is one of the important factors playing a role in
the pathogenesis of epileptic seizures [1]. The
concentration of extracellular  potassium
increases during the seizures, and the potential
of cellular membrane decreases [1]. Therefore,

Introduction
Epilepsy is one of the frequent central nervous
system disorders, affecting many organs and

the studies examining the pathophysiological
mechanisms are critical [1]. Drug toxicity may
occur owing to the role of liver in the
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elimination of drugs and potential toxins [2].
Inflammation occurs through the activation of
inflammasome that is a significant factor for
hepatocyte damage and hepatic stellate cell
activation, and acute and chronic liver diseases
occur [3]. Most of anti-epileptic drugs may
cause hepatotoxicity [2].

ATP-sensitive K channels (KATP) are present
in many cells and tissues such as pancreas [
cells, skeletal muscles, neurons, glial cells,
kidney and liver [4]. KATP channels play key
roles in  hyperglycemia, hypoglycemia,
ischemia and hypoxia [4]. ATP-dependent
potassium channels consists of two sub-units as
Kir6.x and sulphonylurea receptor [5]. They are
found in the mitochondrial inner membrane of
rat liver [6]. They directly take part in the
glucose metabolism of in the intra-cellular ATP
concentrations with liver KATP channels [4].
Moreover, they have different physiological
and pharmacological functions based on KATP
subunits [4]. However, the
information on the roles of K channels in
hepatocytes is limited [5].

Pinacidil is a nonselective opener of KATP
channels, including the plasma membrane and
mitochondria [7, 8]. Pinacidil has been shown
to have significant cardioprotective and
vasorelaxant effects cardiac
ischemia/reperfusion injury, arrhythmia and
hypertension [7, 8].

Pinacidil is a vasodilator agent used in the
treatment of hypertension [9]. Pinacidil have
also been shown to prevent hypoxia in rat
cardiac myocytes [8].

Glibenclamide is an ATP -dependent K channel
blocker ensuring the intake of calcium [10, 11].
It is one of the most commonly-administered
anti-diabetic drugs from the sulfonylurea group
[3, 12]. Having been used for type 2 diabetes
since 1960s, it has been reported to have anti-
inflammatory and anti-oxidant effects [3, 10].

channels’

In the literature, there is no study revealing the
effects of pinacidil and glibenclamide on the
liver tissue of rats in which a focal epilepsy
model was created. Therefore, in this study, we
aimed to histopathologically investigate the
effects of pinacidil and glibenclamide on liver
morphology by creating experimental epilepsy
in rats.

Materials and methods

Sixty male Sprague Dawley rats (2-4 months
old, 200-250 gr) were used in the study. The
Institutional Animal Care and Use Committee
of Bolu Abant Izzet Baysal University
(Number: 2018/36/A1) approved for the study.
All procedures complied with the Guide for the
Care and Use of Laboratory Animals (1996).
These rats were kept in the environment that
was illuminated/dark for 12, had a room
temperature of 22 + 2°C and relative humidity
of 60-70% and they were fed ad libitum (with
water and food).

Epilepsy animal model and groups
Experimental focal epilepsy model was
performed by intracortical administration of
penicillin to the animals in the experimental
groups under ketamine-xylazine anesthesia
(10/90 mg/kg, intraperitoneally).

Group 1: used as negative control group. The
craniums of the rats in this group were opened
and 2 pl of normal saline was intracortically
administered.

The craniums of the rats in group 2, group 3 and
group 4 were opened as in the group 1 and 2 pl
of 500 IU penicillin was intracortically
administered.

Group 2: dimethyl sulfoxide (DMSO) was
intravenously administered 15 minutes after the
focal penicillin model was formed in the brain.
Group 3. KATP channel opener pinacidil
monohydrate (0.1 mg/kg, Sigma-Aldrich, CAS:
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85371-64-8) was intravenously administered
15 minutes after the focal penicillin model was
formed in the brain. The solvent of this drug
was DMSO.

Group 4: KATP channel blocker glibenclamide
(0.2mg/kg, Sigma-Aldrich, CAS: 10238-21-8)
was intravenously administered 15 minutes
after the focal penicillin model was formed in
the brain. The solvent of this drug was DMSO.
On the eighth day of work, the animals were
euthanized by cervical dislocation under deep
anesthesia using 5% halothane. Then, the liver
tissues obtained from rats were fixed in 10%
formaldehyde for histopathological
examination.

Histopathological examination

Sections from liver tissues were followed in a
manner to view the broadest surfaces, and then
embedded into paraffin. 3 um sections were cut
from the paraffin blocks and stained with
hematoxylin eosin. Sections were assessed by a
pathologist under LEICA DM 2000 LED light
microscope.

Vacuolar degeneration, lymphocyte infiltration,
vascular congestion, sinusoidal dilatation,
necrosis, Kupffer cell proliferation, radial
alignment of hepatic cords, central vein and
portal vein dilatation in hepatocytes were
assessed in the pathological examination of
liver tissue and semi-quantitatively scored with
points from 0 to 3 [13, 14]. Based on this score,
absence of pathology was scored as 0, while
presence of mild (focal) pathology was scored
as 1, presence of moderate (multifocal)
pathology was scored as 2, and presence of
severe (diffuse) pathology scored as 3. Sections
were stained with hematoxylin eosin were
photographed at different scales through the
Infinity 3 Analyze Release 6.5 system.
Statistical analyses

Number and percentage values were used for
the descriptive statistics. To determine whether

there was a significant difference between the
groups, Kruskal-Wallis test was used. In cases
where there were differences between the
groups, paired comparisons (post hoc) test was
used to determine the groups as the sources of
this difference. Significance level was used as
p<0.05. Analyses were performed on Statistical
Package for the Social Sciences (SPSS) v.21 by
IBM.

Results

Two rat each in the groups 1, 2 and 3 died on
the fourth day and were excluded from the
study. While no epileptic activity was observed
in the control group by electrophysiological
evaluation of the experimental groups, it was
shown by spike waves that the epilepsy model
was formed in the other groups.

The histopathological parameters of the groups
are presented in table 1. In addition, examples
of microscopic images of the groups are
presented in figures 1-4. The inflammatory
cells in the portal area had a significant
difference (p<0.001). The penicillin group (PE)
had a significant increase compared to the
control group. Moreover, compared to the PE
group, penicillin+glibenclamide (PE+GLI)
group had a significantly less inflammation. A
significant difference regarding the sinusoidal
dilatation values was present (p<0.001).
Penicillin group had a significance increase
compared to the control group.

A significance difference regarding the venous
congestion values was present between the
groups (p<0.001). PE and penicillin+pinacidil
(PE+PI) groups had a significant increase in the
venous congestion compared to the control
group. PE+Pl and PE+GLI group had a
statistically significant decrease in venous
congestion compared to the penicillin group.
PE+PI group had a more distinctive congestion
compared to the PE+GLI group.
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Table 1. Distribution of histopathological parameters among the groups.

Groups
Control PE PE + Pl PE + GLI
Parameters
(N=13) (N=13) (N=13) (N=15) P
N (%) N (%) N (%) N (%)
0 4(30.8) 0(0.0) 0(0.0) 0(0.0)
. 1 9 (69.2 6 (46.2 10 (76.9 15 (100.0
Inflammation 2 0((0.0)) 4 E3o.8; 2 ((15.4)) 0 20.0) ) 0.001
3 0(0.0) 3(23.1) 1(7.7) 0(0.0)
Average rank 17.73 38.04° 30.19%P 24.50°
- 1 12 (92.3) 0 (0.0) 6 (46.2) 6 (40.0)
2:?;22:32' 2 1(7.7) 10 (76.9) 4(30.8) 9 (60.0) 0.001
3 0(0.0) 3(23.1) 3(23.1) 0(0.0)
Average rank 14.35° 39.96° 28.882P 26.90%b
1 5 (38.5) 0(0.0) 0(0.0) 9 (60.0)
Congestion 2 8 (61.5) 2 (15.4) 6 (46.2) 5 (33.3) 0.001
3 0(0.0) 11 (84.6) 7 (53.8) 1(6.7)
Average rank 18.272 41.92° 35.77° 15.832
0 11 (84.6) 0(0.0) 0(0.0) 4(26.7)
L. 1 2(15.4 4 (30.8 8 (61.5 7 (46.7
Vacuolization 2 0((0.0)) 9 EGQ.Z; 3 ((23.1)) 4 EZG.Y; 0.001
3 0(0.0) 0(0.0) 2 (15.4) 0(0.0)
Average rank 10.772 38.81° 34.50° 26.13°
0 10 (76.9) 4(30.8) 2 (15.4) 10 (66.7)
. 1 3(23.1) 4 (30.8) 8 (61.5) 5 (33.3)
Necrosis 2 0(0.0) 5 (38.5) 2 (15.4) 0(0.0) 0.001
3 0(0.0) 0(0.0) 1(7.7) 0(0.0)
Average rank 18.812 34.620¢ 36.38° 21.17¢
0 12 (92.3) 3(23.0) 0(0.0) 3(20.0)
Kupffer cell 1 1(7.7) 4 (30.8) 12 (92.3) 11 (73.3) 0.001
proliferation 2 0 (0.0) 6 (46.2) 0(0.0) 1(6.7) '
3 0(0.0) 0(0.0) 1(7.7) 0(0.0)
Average rank 11.272 35.27° 34.15° 29.07°
o 0 11 (84.6) 10 (76.9) 5 (38.5) 14 (93.3)
E;Zti;”'on " 1 2 (15.4) 2 (15.4) 6 (46.2) 0(0.0) 0010
alignment 2 0(0.0) 0(0.0) 1(7.7) 1(6.7)
3 0(0.0) 1(7.7) 1(7.7) 0(0.0)
Average rank 24.352 26.88P 36.96° 22.572
. 0 7 (53.8) 4(30.8) 3(23.0) 4 (26.7)
gﬁ;‘f;f}'of,e'” 1 5 (38.5) 4 (30.8) 6 (46.2) 10 (66.7) 0.192
2 1(7.7) 5 (38.5) 4 (30.8) 1(6.7)
Average rank 20.81 31.31 31.58 26.47
0 9 (69.2) 7 (53.8) 1(7.7) 10 (66.7)
Portal vein 1 4 (30.8) 3(23.1) 6 (46.2) 2 (13.3) 0,003
dilatation 2 0(0.0) 3(23.1) 5 (38.5) 3(20.0)
3 0(0.0) 0(0.0) 1(7.7) 0(0.0)
Average rank 20.46° 26.692P 39.85° 23.60?

* Kruskal Wallis test ** letters a, b indicate the paired comparison (post-hoc) test results.
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Figure 1. A. Control group, regular radial alignment present, inflammation and necrosis absent, HEX100. B.

PE group; distinctive inflammation in the portal area (black arrow), portal venous congestion (tip of black
arrow), sinusoidal dilatation (tip of blue arrow), HEX100. C. PE+PI group; distinctive portal inflammation
(black arrow), central vein dilatation (tip of black arrow), HEX100. D. PE+GLI group; mild congestion in the
central vein (black arrow), no distinctive inflammation present, HEX100.

The groups had a significant difference in terms
of cytoplasmic vacuolization values (p<0.001).
Cytoplasmic vacuolization statistically and
significantly increased in other groups
compared to the control group.

The groups had a significant difference in terms
of necrosis values (p=0.001). Necrosis
statistically and significantly increased in PE
and PE+PI groups compared to the control
group. PE+Pl group had more necrosis
compared to the PE+GLI group.

The groups had a significant difference in terms
of Kupffer cell proliferation values (p<0.001).
Kupffer cell proliferation statistically and

significantly increased in other groups
compared to the control group.

The groups had a significant difference in terms
of the values of radial sequence distortion
(p=0.010). Compared to the control group and
PE+GLI group, radial sequence of PE+PI group
had a statistically significant distortion. The
groups had no significant difference in terms of
central vein dilatation (p=0.192).

The groups had a significant difference in terms
of portal venous dilatation values (p=0.003).
Portal vein dilatation statistically and
significantly increased in PE+Pl group
compared to the control group. PE+PI group
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had more portal vein dilatation compared to the
PE+GLI group.

Discussion

Penicillin is administered intracortically or
parenterally to form the experimental epilepsy
model, and chemical convulsions are formed
[15]. Based on the hypoxic processes in the
cells of all systems, seizures may cause
reversible and irreversible damages [15].
KATP channels are important for electrical
activity [1]. KATP channels close when
intracellular ATP concentration is high, and
open in case of ischemia [4]. These channels
consist of four pore-forming subunits Kir6.x
(Kir6.1 or Kir6.2) and four regulatory subunit
sulfonylurea receptors SUR (SUR1, SUR2A, or
SUR2B) [4]. SURL1 and Kir6.2 are sensitive to
diazoxide, the activator of KATP channels, and
Kir6.2 with SUR2A is sensitive to pinacidil [4].
Genetic, physiological and pharmacological
findings have demonstrated that K channels
also have a role in epilepsy management and
neuronal excitability [16, 17]. Thus, it has been
reported that KATP channels may be a potential
treatment for novel drugs [16, 17]. Acar et al.
showed that pinacidil reduced epileptic activity,
but glibenclamide did not have an effect [16].
Another study reported that glibenclamide
showed an anticonvulsant effect by inhibiting
generalized tonic clonic and absence seizures
[18].

Ates et al. examined the impact of epileptic
seizure experienced by rats during their
pregnancy on the liver of newborn rat [15].
Under the electron microscope, expansion and
decrease in the number of mitochondria was
seen and assessed in favor of latency in the
hepatogenesis [15].

Inflammation, venous congestion, cytoplasmic
vacuolization in hepatocytes, necrosis and
Kupffer cell proliferation increased in the livers

of rats that were exposed to epilepsy seizure
through the intracortical administration of
penicillin, and inflammatory impact was seen in
the livers of rats that suffered epileptic seizures,
indicating hepatotoxic effect.

Pinacidil is an ATP-dependent mitochondrial K
channel opener [19]. Pinacidil has been
reported to have cardioprotective impacts by
protecting the cardiac  tissues  from
mitochondrial damage in ischemia reperfusion
that occurs in vivo and in vitro [19]. In addition,
pinacidil suppressed the inflammation around
the incision line, as seen in a study conducted
with rats [20]. However, the literature did not
have data on the morphological effects of
pinacidil on liver. This study indicated
distinctive venous congestion, cytoplasmic
vacuolization, Kupffer cell proliferation, portal
vein dilatation and necrosis in the PE+P1 group,
and distortion was seen in the radial alignment.
Compared to the control group, hepatotoxic
impact was seen, but no significant difference
with PE group was seen.

Glibenclamide inhibits ATP-sensitive
potassium channels in pancreas beta cells [11].
Glibenclamide  reduces  proinflammatory
cytokine generation, vasogenic edema and
caspase-3 activation in bacterial infection cases
among diabetic patients [3]. It has a protective
role against the inflammation-related damage in
the respiratory system, digestive system,
kidneys, bladder and heart, in ischemia
reperfusion damage and septic shock [3, 10]. Its
anti-inflammatory impact is inhibited by the
NLRP3 inflammasome, and it makes its
contributions by reducing the generation of
proinflammatory cytokines, preventing the
spread of inflammatory cells into the
inflammation area and boosting the nitric oxide
generation [12].

Dwivedi et al. found that glibenclamide
decreased thioacetamide-related
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inflammasome  activation,  inflammatory
lymphocyte infiltration, collagen deposition,
necrotic  hepatocytes and fibrosis [3].
Sokolovska et al. indicated that glibenclamide
treatment reduced the liver tissue damage
among the rats that had streptozotocin-related
diabetes [11]. Liu et al. examined the effects of
glibenclamide on the liver tissue damage
related to acute radiation on rats [10].
Glibenclamide was found to decrease
hepatocyte vacuolization, hepatocellular edema
and hepatic sinusoids [10]. Administration of
glibenclamide before the radiation stimulated
the Akt-NF-«B pathway and decreased reactive
oxygen derivatives, creating a protective
impact on the hepatocytes [10].

Malhi et al. indicated that ATP-dependent K
channels had an important role in the
arrangement of hepatocyte proliferation [5]. A
limited DNA synthesis was seen in cell culture
and pinacidil increased DNA synthesis, while
glibenclamide inhibited DNA synthesis [5].
Ymazaki et al. conducted a study on pigs and
examined the impact of nicorandil and
glibenclamide on ischemia reperfusion damage
[6]. Glibenclamide corrected the hepatocyte
damage like nicorandil, but no difference was
found when compared to the control group [6].
Hai et al. indicated that nicorandil (KATP
channel opener) was protected from ischemia
reperfusion  damage through  apoptosis
inhibition [21].

This study indicated that glibenclamide
decreased inflammation, venous congestion
and hepatocyte necrosis, and that glibenclamide
might have a hepatoprotective effect, which is
in line with the literature. Pinacidil, whose
impacts on the liver morphology has not been
detailed in the literature, created hepatotoxic
impact compared to the control group, but no
significant difference with the data of PE group
was found.

The study was solely based on histopathologic
examination, and biochemical and other
clinical tests were not present. We see this
situation as the limitation of our study.

Conclusion

As a results, it can be suggested that pinacidil
treatment caused negative results in liver
histopathological parameters, whereas
glibenclamide was more protective by reducing
inflammation,  venous  congestion and
hepatocyte necrosis. In addition to, studies that
will reveal the impact mechanisms of ATP-
dependent K channel opener and blocker drugs
for liver will be beneficial for the therapeutic
use of these drugs.
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