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Ozet

Amag: Bu ¢alismanin amaci, metforminin pentilentetrazol (PTZ) ile indiiklenen nobet davranis iizerindeki etkilerini ve noronal hasar tizerindeki noéroprotek-
tif etkisini arastirmaktir.

Gereg ve Yontemler: 35-38 gram agirhigindaki otuz bes (35) erkek BALB-c Albino fare rastgele bes gruba ayrildi: Kontrol grubu (1), Salin+PTZ grubu (2),
Valproik Asit (VPA 200 mg/kg i.p.)+PTZ grubu (3), Metformin (200 mg/kg i.p.)+PTZ grubu (4) ve VPA+Metformin+PTZ grubu (5). PTZ (60 mg/kg, intrape-
ritoneal-i.p.), nobetleri indiiklemek icin ilag enjeksiyonundan 30 dakika sonra enjekte edildi ve nobet asamalar1 ve davranissal skorlama degerlendirildi. Islem
tamamlandiktan sonra beyin dokulari ¢ikarildi ve biyokimyasal ve histopatolojik prosediirlerle analiz edildi. Hipokampal Cornu Ammonis (CA)1, CA2, CA3
ve DG (dentat girus) bolgeleri histopatolojik olarak degerlendirildi ve oksidatif stres belirtegleri (toplam antioksidan durum (TAS), toplam oksidan durum
(TON)) olgiildii.

Bulgular: Salin+PTZ grubuyla karsilastirildiginda, Metformin tek basina ilk miyoklonik jerk (FMJ) baslangig siiresini etkilemedi, ancak VPA ve metformin
kombinasyonun FMJ baslangig siiresini anlamli derecede artirdig1 izlendi (p<0.05). Ek olarak, VPA ile beraber ve/veya VPA olmadan metformin tedavisi beyin
oksidatif stresini onemli 6l¢lide azaltt1 (p<0.05). Ayrica, histopatolojik degerlendirme ile metformin uygulamasinin ve VPA+metformin kombinasyonunun
hipokampal CA1, CA2, CA3 ve DG alanlarindaki dark néron olusumunu azalttig1 saptandi (p<0.05).

Sonu¢: Metforminin, epileptik nébetleri ve beyin oksidatif stresini azalttig1 ve PTZ ile indiiklenen nébet sonrasi noral hasari onledigi tespit edilmistir.

Anahtar kelimeler: Epilepsi, Metformin, Noronal hasar, Pentylenetetrazole

Abstract

Objective: The aim of this study was to investigate the effects of metformin on pentylenetetrazole (PTZ)-induced seizures and the neuroprotective effect of
metformin on neuronal damage after pentylenetetrazole administration.

Material and Methods: Thirty-five (35) Male BALB-c Albino mice weighing 35-38 g were divided randomly into five groups: Control group (1), Saline+P-
TZ group (2), Valproic Acid (VPA, 200 mg/kg intraperitoneal-i.p.)+PTZ group (3), Metformin (200 mg/kg i.p.)+PTZ group (4), and VPA+Metformin+PTZ
group (5). The PTZ (60 mg/kg, i.p.) was injected 30 min after drugs injection to induce seizures and seizure stages and behavioral scoring were evaluated. After
completing procedure, brain tissues were removed and analyzed with biochemical and histopathological procedures. The hippocampal Cornu Ammonis (CA)
1, CA2, CA3 and DG (dentate gyrus) regions were histopathologically evaluated and oxidative stress markers (total antioxidant status (TAS), total oxidant
status (TOS)) were measured.

Results: Compare to Saline+PTZ group, metformin administration alone did not affect the onset time of the first myoclonic jerk (FMJ), but combination of
VPA and metformin significantly increased FMJ onset time (p<0.05). Additionally, the treatment of metformin with or without VPA reduced the brain oxi-
dative stress (p<0.05). Furthermore, histopathological assessment demonstrated that metformin administration and the combination of VPA and metformin
decreased dark neuron formation in the hippocampal CA1, CA2, CA3, and DG areas (p<0.05).

Conclusion: Metformin was found to be significantly effective in reducing epileptic seizures, brain oxidative stress, and preventing neural damage after
PTZ-induced seizure
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INTRODUCTION

Epilepsy is a chronic neurological disease caused by
the excessive irregular discharge of cerebral neurons (1).
It is the second widespread neurological disease with an
annual incidence of 0.05/1000 per year. The incidence
and prevalence of epilepsy varies across countries. It ac-
counts for 1% of the disease burden all over the world
(2). The pathogenesis of epilepsy, particularly temporal
lobe epilepsy, is complex and this process involves an
initial neuronal degeneration and then sclerosis. More-
over, besides the loss of neurons, the changes in both
receptors and function of channel can be observed du-
ring the course of the epileptic discharge (3). Evidence
indicates that besides these neurodegenerative changes,
epileptic seizures also induce oxidative stress and cause
the damage of hippocampus (4-6). Previous studies have
demonstrated that high ROS levels in the hippocampus
leads to loss of memory function and hippocampal im-
pairment (7,8).

Metformin (N, N’-dimethylbiguanide) is an orally
administered hypoglycemic drug used widely for the
treatment of type 2 diabetes mellitus (9). Metformin has
been found to be beneficial in not only type 2 diabetes
mellitus and also heart disease and stroke. Moreover, it
has been shown in a clinical study that metformin sig-
nificantly reduces a risk of stroke independent from
low blood glucose levels (10). The pharmacokinetics of
metformin in humans are well described. Metformin
(acute and chronic administration) has been shown to
cross the blood-brain barrier (11,12). The effects of met-
formin on the central nervous system are contradictory
(13). Some studies have reported the negative effects of
metformin, such as an increased risk of Alzheimer’s di-
sease and cognitive dysfunction (14,15). However, va-
rious studies on central nervous system function and
pathology have shown that metformin improves hip-
pocampal neurogenesis and enhanced spatial learning,
and cognitive changes. In addition, metformin has been
reported to be effective in the treatment of Huntington’s
disease (16,17). Moreover, metformin has been claimed
to have beneficial effects in different neuroinflammatory
and neurodegenerative disease models and has protec-
tive effects against apoptosis of neuronal cell (18,19). It
is suggested that the beneficial effects of metformin may
be related to its antioxidant activity (11).

This present study aimed to investigate the effects of
metformin on pentylenetetrazole- induced seizures and
to indicate the neuroprotective effect of metformin on
neuronal damage after pentylenetetrazole administration.
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MATERIALS AND METHODS

Animals

Male BALB-c Albino mice (n=35) weighing 35-38 g
were procured from Sivas Cumhuriyet University, Sivas,
Turkey. Animals were kept under a 12-hlight-dark cycle
with the temperature of 20-22 °C with a standard pel-
let diet and fed and tap water ad libitum during the tre-
atment period. All experiments were carried out blind
between 09:00 and 17:00 h (n=7 in each experimental
group). The experimental protocols were approved by
the Cumhuriyet University Animal Ethics Committee
(Approval no: 65202830-050.04.04-157). This study was
conducted in accordance with the principles of Guide
for the Care and Use of Laboratory Animals.

Drug Administration

Pentylenetetrazole (PTZ), metformine and valproic
acid were dissolved in physiological saline. The drugs
were purchased from Sigma-Aldrich Co., St Louis, MO,
USA. Solutions were freshly prepared on the days of the
experiments.

Experimental Protocols

Thirty-five mice were divided randomly into five
groups for behavioral assessments (n=7 for each groups).
Control group (1), Saline+PTZ group (2), Valproic Acid
(VPA, 200 mg/kg i.p.)+PTZ group (3), Metformin (200
mg/kg i.p.)+PTZ group (4), and VPA+Metformin+PTZ
group (5). Group 1 was defined as basic control group.
The mice in group 2 received saline (10 ml/kg, i.p.). The
mice in group 3 received metformin (200 mg/kg i.p.).
The mice in group 4 (positive control) received VPA
(200 mg/kg i.p.). The mice in group 5 received combi-
nation of Metformin and VPA at indicated doses. The
pentylentetrazol (PTZ) (60 mg/kg, i.p.) was injected 30
min after drugs injection to induce seizures. Pentylene-
tetrazole (PTZ) was given to mice to induce epileptic se-
izures (60 mg/kg, i.p.) 30 min after the administration of
the last dose of the medicine. Racine’s Convulsion Scale
(RCS) were used to evaluate the seizures stages. Seizure
stages are defined by RCS as follows: no convulsion (0);
twitching of vibrissae and pinnae (1); motor arrest with
more pronounced twitching (2); motor arrest with ge-
neralized myoclonic jerks (3); tonic clonic seizure while
the animal remained on its feed (4); tonic-clonic seizure
with loss of the righting reflex (5); and lethal seizure (6).
Mice were observed for 30 minutes after PTZ injection
both for behavioral scoring according to RCS and for
determining the time of FMJ, which indicated the seizu-
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re onset (20). The observation period for PTZ-induced
seizures were limited with 30 minutes duration (21). The
animals were sacrificed by decapitation after two hours
and the brain tissues were removed for biochemical and
histopathological evaluations.

Biochemical Analyses

Preparation of Brain Tissue Homogenates

The brain tissue samples were homogenized in cold
phosphate buffered saline solution (PBS, pH: 7.2) using
a manual homogenizer. The homogenates were centrifu-
ged at 10000xg for 10 min at 4 °C and the supernatant
was collected for protein concentration determination by
a Bradford protein assay kit (Merck, Germany) and for
TAS and TOS determination by using TAS, TOS kit (To-
tal Oxidant Status Assay Kit, sample code: RL0024, Rel
Assay Diagnostics® Mega Tip Ltd., Gaziantep, Turkey).

Measurement of Total Antioxidant Status (TAS)

Tissue TAS concentrations were measured with an
automated assay method developed by Erel. This met-
hod is based on monitoring the reaction rate of free ra-
dicals which produced during the Fenton reaction. An-
tioxidants in the tissue samples should suppress coloring
proportionally to their concentration (22). The results
were expressed in micromole Trolox equivalents per
milligram tissue protein (umol Trolox Eq/mg protein).

Measurement of total oxidant status (TOS)

Tissue TOS concentrations were measured with pre-
vious described method developed by Erel (23). Since
the ferrous ion is oxidized to the ferric ion when suffi-
cient oxidant is present in the environment, the method
allows for determining TOS levels by measuring tissue
levels of ferric ions (23). The results of the assay were
expressed in micromole hydrogen peroxide equivalents
per milligram tissue protein (umol H,O, Eq/mg protein).

Histopathologic Examination

Two hours after finishing the experimental proto-
cols, the animals were given a high dose of urethane and
transcardially perfused with 100 ml of saline followed by
100 ml fixative solution (formaldehyde %4 in 0.2 M buf-
fer phosphate at pH: 7.4). After perfusion, all mice were
sacrificed and the brains removed. After 72 h fixation
with 4% formaline, brain tissues were then processed for
histological analysis. After routine histological procedu-
res, the 5-um thick coronal serial sections were obtained
using a rotary microtome (Leica model RM 2145, Ger-
many). Ten sections including hippocampus tissue from
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each group were chosen by systematic randomized met-
hod and mounted on glass slides to determine the hip-
pocampus dark neurons with Toluidine blue staining.
The slides were examined with light microscope (BX51,
Japan) at magnification of X40 objective lens (UPlan FI,
Japan) and digital photographs were taken from hippo-
campal CA1l, CA2, CA3 and dentate gyrus (DG) areas
of both hemispheres. For quantitative analysis of dark
neurons, the physical dissector method was used.

Statistical Analysis

The data were expressed as mean+SEM. For all data,
the one-way ANOVA test were run and Tukey post hoc
test were used for pairwise comparisons. A p value less
than 0.05 was used for statistical significance.

RESULTS

Evaluation of Groups in Terms of Epileptic

Behavioral Assessment

Epileptic seizure stages were determined according
to Racine scores between the groups. There were statis-
tically significant differences between the saline+PTZ
group and VPA+PTZ group (p<0.05). However, the-
re were no statistically significant differences between
the saline+PTZ group and the Metformin+PTZ group
(p>0.05; Table 1).

In terms of FM] onset times, there were statistically
significant differences between the saline+PTZ group
and VPA+PTZ group (p<0.05; Table 1). Moreover,
combination of VPA and Metformin significantly inc-
reased FM] onset time compared to Metformin+PTZ
group (p<0.05; Table 1).

Table 1. Effect of metformin, VPA and their combination

on seizures threshold (latency) in PTZ-induced seizures
in mice

Latency to the
Group Racine Scale | 1st myoclonic

seizures (min)
Control None None

Saline (1 ml/kg serum

physiologic)+PTZ (60 5.33+0.21 1.44+0.36
mg/kg)

VPA (200 mg/kg)+PTZ |2.83+0.16*# | 3.01+£0.38*#
Metformin (200 mg/

kg)+PTZ 5.00+0.44 1.26+0.08
VPA+Metformin+PTZ | 2.66+0.21* 5.49+0.96*+

Values are presented as mean+SEM. *p<0.05 compared to sali-
ne+PTZ group, #p<0.05 and +p<0.05 compared to metformin
group. VPA: Valproic acid, PTZ: Pentylenetetrazole
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Evaluation of Groups in Terms of Biochemical levels in the brain tissues after PTZ-induced seizures
Assessment compared with the control group (p<0.05; Table 2). The
The TAS and TOS levels in the brain were measured 200 mg/kg VPA, 200 mg/kg metformin, and combinati-
using commercial kits. There were no statically signifi- on of VPA and metformin significantly reduced TOS le-
cant in the TAS levels in the brain tissues between each vels in the brain tissues compared to saline+PTZ group

group (p>0.05; Table 2). There were increase in the TOS (p<0.05; Table 2).

Table 2. Effect of metformin, VPA and their combination on TAS and TOS levels after PTZ-induced seizures in mice

Group TAS . Tos .
(umol/mg protein) (umol/mg protein)

Control 0.57+0.13 1.05+0.10

Saline (1 ml/kg serum physiologic)+PTZ (60 mg/kg) 0.57+0.01 1.45+0.07*

VPA (200 mg/kg)+PTZ 0.55+0.10 1.18+0.03#

Metformin (200 mg/kg)+PTZ 0.54+0.00 1.20+0.04#

VPA+Metformin+PTZ 0.55£0.01 1.19+0.02#

Values are presented as mean + SEM. *p<0.05 compared to control group, #p<0.05 compared to saline+PTZ group. VPA: Valproic acid, PTZ:
Pentylenetetrazole, TAS: Total antioxidant status TOS: Total oxidant status
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Figure 1. Histopathological evaluation of dark neurons
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Figure 2. The Effect of Metformin on dark neuron in CA1, CA2, CA3, and DG hippocampal regions after PTZ induced seizures.

The values are presented as mean + SEM. *P<0.05 vs. PTZ group. VPA: Valproic acid, PTZ: Pentylenetetrazole

Histopathological Evaluation

In this study, the identification of the neuroprote-
ctive effect of metformin was provided by histopatho-
logical evaluation of dark neurons (Figure 1). The dark
neurons are defined by various morphological features
such as, neuronal shrinkage, nuclear pyknosis, chroma-
tin aggregation, intense (dark) staining of perikaryal,
dendritic and axonal cytoplasm (Figure 1, arrows).

The sections of the rat coronal hippocampus with to-
luidine blue staining. Basophilic (dark) neurons (arrow)
distributed between normal pyramidal neurons. Gene-
ral hippocampal images of control, PTZ (saline), VPA,
MET, and MET+VPA groups (A-E, respectively); DG
(dentate gyrus) region of control, PTZ (saline), VPA,
MET, and MET+VPA groups (F-J, respectively); CA3 re-
gion of control, PTZ (saline), VPA, MET, and MET+V-
PA groups (K-O, respectively); CA2 region of control,
PTZ (saline), VPA, MET, and MET+VPA groups (P-T,
respectively); CA1 region of control, PTZ (saline), VPA,
MET, and MET+VPA groups (U-Y, respectively).

The 200 mg/kg VPA, 200mg/kg Metformin, and the
combination of VPA and Metformin significantly decre-
ased percentage of dark neuron formation in the hippo-
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campal CA1, CA2, CA3, and DG areas as compared to
saline+PTZ group (p<0.05, Figure 2). In addition, there
were no statistically differences in terms of the percen-
tage of dark neuron formation in the hippocampal areas
between the VPA+PTZ, Metformin+PTZ, and VPA+-
Metformin+PTZ groups (>0.05; Figure 2).

DISCUSSION

In this present study, we have studied the neuropro-
tective effect of metformin against PTZ-induced epi-
leptic seizures and epileptogenesis. Previous studies
have represented that PTZ induced neuronal death and
neuronal damage in the hippocampus (4,24,25). PTZ
exposure is known to trigger epileptic seizures as well
as increase the permeability of the blood-brain barrier
(26). Metformin, an oral anti-hyperglycemic agent, is
primarily used in the treatment of type 2 diabetes. Met-
formin can able to cross the blood-brain barrier and has
neuroprotective, anti-inflammatory, and antioxidant
properties (27,28). Takata et al. (29) have demonstra-
ted that metformin has therapeutic effects that prevent
the breakdown of the blood-brain barrier. Furthermore,
metformin has beneficial effects on multiple sclerosis,
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stroke, and neurodegenerative disease such as Alzhei-
mer’s and Huntington’s diseases (16,17,30). In addition,
it is claimed that metformin activates neural progenitor
cells in hypoxia-ischemia injury and enhances neuroge-
nesis through BMP, Shh, and aPKC signaling pathways
(31).

In this current study, we confirmed that PTZ admi-
nistration induced behavioral seizures, oxidative stress,
and hippocampal neuronal damage. PTZ kindling is as-
sociated with behavioral seizures in the form of a long
seizure duration and a short latency for the first jerk.
According to our findings, Metformin alone did not af-
fect the FMJ onset time, but combination of VPA and
metformin significantly increased FM] onset time. Ad-
ditionally, metformin exhibited anticonvulsant activity
and caused reduced oxidative stress after PTZ-induced
seizures in brain tissue. It is known that PTZ-induced
changes are associated with oxidative stress and excessive
ROS production or decreased antioxidant activity leads
to oxidative stress. However, increased oxidative stress
(ROS production) plays an important role in neuronal
death (4,32). Some previous studies have claimed that
oxidative damage increases in post-seizure brain tissu-
es in rodents after a single dose of PTZ administration
(4, 32,33). Similarly, to these studies, we observed high
TOS levels in the post-seizure brain tissues (Table 2). In
this study, Metformin was used due to neuroprotective,
anti-inflammatory, and antioxidant properties. Indeed,
the treatment of Metformin with or without VPA signi-
ficantly reduced the brain oxidative stress (Table 2). It
is well known that metformin provides maintenance of
mitochondrial integrity and treating damage caused by
oxidative stress through activation of phosphatidylino-
sitol-3-kinase (PI3K) and AKT phosphorylation. Thus,
Metformin clears ROS from brain tissue by inducing
the production of the antioxidant system and increasing
the antioxidant system activity through this pathway
(34,35). Additionally, previous studies have shown that
PTZ-induced oxidative stress causes to the neuronal
death in the nervous system (24,25). Therefore, incre-
asing ROS production during epileptogenesis can cau-
se permanent damage to the brain (36,37). In addition,
the results of this current work showed that PTZ-indu-
ced seizures resulted in dark neuron production in the
hippocampal regions, as observed in previous studies
(4,38). These basophilic neurons are found among he-
althy neurons in the central nervous system and have
been detected in hypoglycemia, ischemia, stress, as well
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as in epilepsy (39). In our results, we have shown that
the Metformin administration and the combination of
VPA and Metformin decreased dark neuron formation
in the hippocampal CA1, CA2, CA3, and DG areas (Fi-
gure 1 and 2). This result has demonstrated that Met-
formin has a significant neuroprotective effect against
neuronal damage.

The results of this current study showed that Met-
formin treatment decreased epileptic seizures as well as
the brain oxidative stress and preventing neural dama-
ge after PTZ- induced seizure. These results support the
beneficial effect of Metformin on the nervous system.
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