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Abstract
Alpha2-adrenoreceptor (α2-AR) is a noradrenergic receptor that is frequently studied for modulation of seizure activity. 
However, the precise role of this receptor agonists in regulating seizure activity is still unclear. Our aim in this study was to 
investigate the effects of α2-AR agonist dexmedetomidine (DEX) and atipamezole (α2-AR antagonist, ATI) on seziures in 
rats. In the study, 32 adult male Wistar Albino rats (weighing 220–260 g) were used. To induce seizures in rats, pentylene-
tetrazole (PTZ, 35 mg/kg) was injected intraperitoneally (i.p.) and seizure stages were determined according to the Racine 
scale. After induction of seizures, DEX (0.1 mg/kg, i.p.) and ATI (1 mg/kg, i.p.) were administered to rats and their effects 
determined on seizures. GABA levels of the brain hippocampal tissue sample were measured using an ELISA kit and c-Fos 
positive cells of the dentate gyrus and hippocampal regions were quantitatively analyzed with Image J software. The results 
showed that DEX decreased the seizure stages according to the Racine scale, significantly prolonged the onset time of first 
myoclonic jerk (FMJ) and reduced the number of spikes and percentage seizure duration (p < 0.05). In contrast, ATI increased 
the seizure stage, the number of spikes and percentage seizure duration. The hippocampal GABA level was significantly 
decreased in rats with only PTZ injection (p < 0.05). In addition, DEX reduced the number of c-Fos positive cells in dentate 
gyrus and the hippocampal CA1 and CA3 regions. In conclusion, our findings showed that α2-AR agonist DEX had a reduc-
ing activity on PTZ-induced seizure, while α2-AR antagonist ATI facilitated seizure formation.
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Introduction

Epilepsy is a common neurological disorder that is charac-
terized by recurrent seizures and affects more than 75 mil-
lion people worldwide [1, 2]. Seizures indicate a disorder in 

the neuronal excitatory system as well as inhibitory systems 
that prevent hyperexcitability [3, 4]. The etiology of epi-
leptic disorders is complex and can be of genetic, develop-
mental or acquired origin. Although specific causes vary, 
ionotropic and metabotropic receptors of glutamate appear 
to be an important factor in the activity of some seizure 
types [4–6]. Seizures often are terminated with depletion 
of ions, energy substrates and neurotransmitters necessary 
for seizure activity or activation of endogenous inhibitory 
mechanisms. Therefore, investigating the mechanisms of 
epilepsy is a promising way to develop drugs for the treat-
ment of epilepsy [7].

There is numerous clinical and experimental evidence 
suggesting that monoamines play an important role in the 
regulation of epileptogenesis and convulsions [8]. It has 
been reported that the noradrenergic system is a significant 
regulator in reducing epileptic seizures [2]. The alpha-2 
adrenoceptor (α2-AR) is frequently investigated for its regu-
lation of seizure activity. However, due to the complexity of 
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multiple α2-AR subtypes and their differential distribution, 
the role of this receptor on seizure activity is not completely 
understood [9]. The complex α2-adrenoceptors consist of 
three different subtypes: α2A-, α2B- and α2C-adrenoceptors 
[10, 11]. The α2A subtype is located in the brain at a high 
density (about 90% central) and participates in the regulation 
of seizure activity [12].

α2-Adrenoceptors can differentially affect the suscep-
tibility to different types of seizures. The α2-AR agonist 
clonidine showed anticonvulsant effects against seizures 
induced of pentylenetetrazole (PTZ) by relatively high doses 
(0.5 mg/kg) [13], whereas lower dose clonidine was not able 
to alter seizure susceptibility in this model [14]. In addition, 
clonidine indicated anticonvulsant effects in the amygdala 
kindling model in rats [15]. Likewise, yohimbine, a α2-AR 
antagonist, exerts anticonvulsant effects on handling-induced 
seizures in mice [16], and at smaller doses of yohimbine has 
a proconvulsant activity on audiogenic seizures in rats [17]. 
Dexmedetomidine (DEX), a highly specific α2-AR agonist, 
is a drug that is frequently used clinically for analgesia and 
sedation [18]. DEX has been reported to increase the convul-
sive threshold in rats injected with cocaine intraperitoneally 
(i.p.) and attenuate ropivacaine-induced seizures depending 
on the dose [19, 20]. However, it remains unclear whether 
DEX is neuroprotective in epilepsy.

The effects of the α2-adrenergic agonist DEX and antago-
nist atipamezole (ATI) on seizures are not yet fully under-
stood. In the light of all this information, our purpose in 
this study was to investigate the effects of DEX and ATI on 
PTZ-induced seizure in rats.

Materials and Methods

Animals

Thirty-two adult male 8–13 weeks old Wistar Albino rats 
(weighing 220–260 g) were used in this study. All experi-
ments performed were carried out according to the rules 
listed in the Guide for the Care and Use of Laboratory 

Animals, as adopted by the National Institutes of Health 
(USA). Permission was obtained from the Animal Ethics 
Committee of Cumhuriyet University before the experiment 
(Ethics No: 2016/95). The rats were kept in quiet rooms with 
12-hlight—dark cycles (light from 07.30 to 19.30) and an 
ambient temperature of 22 ± 1 °C. The rats were given stand-
ard laboratory food and tap water ad libitum. Experimental 
studies were performed between 09.00–15.00 and the light 
and sound level stability of the experimental environment 
was provided.

Drugs

Before experimental application, dexmedetomidine (DEX, 
α2-AR agonist) and atipamezole (ATI, α2-AR antagonist) 
were dissolved in dimethyl sulfoxide (DMSO) solution. 
Physiological saline was used to dissolve pentylenetetra-
zole (PTZ). All research drugs were purchased from Sigma-
Aldrich (Co., St Louis, MO).

Experimental Design

Rats were randomly divided into 4 groups (n = 7–8 for each 
group) for behavioral and histological examination. The 
chemical doses administered to rats in the groups were as 
follows: Control (CTRL) (saline solution 1 mg/kg, i.p.), epi-
leptic control (PTZ), DEX (0.1 mg/kg, i.p.) and ATI (1 mg/
kg, i.p.) group. Drug doses were determined based on previ-
ous studies [21–23]. PTZ (35 mg/kg, i.p.) was injected into 
the rats to induce seizures (Fig. 1). Rats with seizure stage 
4 or 5 after three consecutive PTZ injections were iden-
tified as seizure-induced. The rats were placed with elec-
trodes to obtain electrocorticography (ECoG) recordings 
and rested for one week recovery period. Seizure activities 
of the rats were also confirmed by performing control tests 
in the postoperative 1 week period. It was observed that the 
seizure activity of the fully kindling rats continued in the 
controls. After the experimental process was completed, all 
experimental animals were sacrificed by decapitation. The 
samples of brain tissue were removed and centrifuged after 

Fig. 1   Timeline diagram showing the experimental protocol used in PTZ kindling model. PTZ pentilenetetrazole, ECoG electrocorticography
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homogenization for gamma-aminobutyric acid (GABA) 
analysis in each sample and frozen at − 80 °C. Tissue sam-
ples reserved for histological examination were stored in 
neutral buffered formaldehyde.

PTZ Kindling

Kindling model epilepsy in rats was performed according to 
a previously described method [24]. The rats were induced 
seizures by administering PTZ injections 1 h before with 
or without drugs 15 times every other day. After the sei-
zure induction, rat behavior was observed by taking image 
recordings for a period of 30 min. The seizure activity of 
the rats was scored using the revised Racine scale [25]: 
Stage 0: No response, Stage 1: Ear and facial twitching, 
Stage 2: Myoclonic body jerks without upright position, 
Stage 3: Myoclonic jerks, upright position with clonic fore 
limb convulsions, Stage 4: Tonic–clonic seizures, Stage 5: 
Generalized tonic–clonic seizures, loss of postural control. 
Seizure duration was measured in rats with seizure stage 4 
or 5. Seizure stages 4 or 5 after three consecutive injections 
of PTZ in rats are defined as completely kindling [26].

Stereotaxic Surgery

The rats were anesthetized and sedated with ketamine 
(90 mg/kg, i.p.) and xylasine (10 mg/kg, i.p.). After the 
depth of anesthesia was controlled by cornea and paw 
reflexes, the rats were placed on the stereotaxic instrument 
with the bregma and lambda points in the same plane. After 
the head of the rat was fixed to the stereotaxic instrument, 
the skin and subcutaneous tissue on the bone tissue were 
cleaned. The locations of the screws where the electrode will 
be placed were calculated using the rat brain atlas of Paxinos 
and Watson [27] and the bregma was taken as the “0” refer-
ence point. Three different small burr holes were made with 
a drill (diameter 1 mm) at the points determined in the skull 
of the rat. A stainless steel screw was placed in these holes 
in contact with the brain membranes for electrocorticogram 
(ECoG) recording. Tripolar electrodes were placed over the 
motor cortex.

Electrode coordinates: First electrode 4 mm anterior to 
the bregma and 3 mm right lateral to the midline (frontal 
cortex); the second electrode 4 mm posterior to the bregma 
and 3 mm right lateral to the midline (occipital cortex), 
and the reference electrode 4 mm posterior to the bregma 
and 3 mm left lateral to the midline). All of the electrodes 
(0.12 mm diameter, Plastic One, Roanoke, VA, USA) were 
fixed to the skull with two layers of dental acrylic and linked 
by insulated wires to a connector for the ECoG recordings. 
After this procedure, the animals were injected with 50 mg/
kg sultamicillin (i.p.) twice a day for 3 days to prevent 

infection. Rats were allowed to recover for a week before 
experimental studies were initiated.

Electrocorticography Recordings

After the recovery period, the animals were placed indi-
vidually in plexiglass cages (40 × 40 × 40 cm) for 30 min 
for habituation. The electrocorticography (EcoG) signals of 
the electrodes were amplified at the BioAmp interface (AD 
Instruments, Castle Hill, Australia) and connected with a 
cable to the data acquisition unit PowerLab 4/SP (AD Instru-
ments, Castle Hill, Australia). ECoG signals were recorded 
for 30 min (Fig. 2). EcoG recordings are filtered between 1 
and 34 Hz to remove noise signals from the environment.

ECoG and video recordings were analyzed using Pow-
erLab Chart (v7.0.3) program and calculated the seizure 
stage, onset time of first myoclonic jerk (FMJ), number of 
spikes per minute and percentage of seizure duration. The 
epileptic spike activity in EcoG simultaneously with the 
first limb contraction of the animal in the video recordings 
was interpreted as the first myoclonic jerk and its duration 
was recorded in seconds. Basal ECoG activity threshold 
of each rat was found by using PowerLab Chart software 
and its macro features. By introducing this threshold value 
to the program, the number of epileptic spikes per minute 
was calculated automatically. Then, seizure durations cor-
responding to epileptic spikes for 30 min were calculated 
with the help of the program and converted into percentages 
[(Seizure duration × 100)/1800; 1800 = seconds correspond-
ing to 30 min].

Hippocampal GABA Assay

After the drug injections, animals were sacrificed by decapi-
tation and their right brain tissue was removed. Extracted 
brain tissue was stored in a freezer (− 80 °C). Hippocam-
pus was isolated from brain tissue. For the hippokampal 
tissue homogenization, 50 mM Tris–HCL (pH: 7.5) buffer 
was used and transferred to glass tubes under cold chain 
conditions. 2 ml Tris–HCL buffer was added to the tissue 
sample. Tissue samples were placed in eppendorf tubes and 
homogenized for 3 min at 28,672× g. Buffer was added at 5 
times the weight of the compound. The centrifuged superna-
tants of each sample were used to measure the hippokampal 
GABA levels using GABA ELISA kit (Nanjing Jiancheng 
Bioengineering Institute, Nanjing, China) according to the 
manufacturer's instructions.

Immunohistochemical Analysis

Tissue samples of left cerebral hemispheres were fixed in 
10% neutral buffered formalin for 30–36 h. Tissue sam-
ples were stored to + 4 °C after dehydration, transparency 
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and paraffin embedding. After the blocks were kept at 
− 20 °C for a few hours, 4 μm thick sections were cut with 
a microtome (Leica RM2235, Nussloch, Germany). Each 
12th section of serial sections was taken on a poly-L-lysine 
coated slide for evaluation, and 5 sections for each rat were 
evaluated for c-Fos immunoreactivity. c-Fos expression was 
determined by using primary antibodies and immunohisto-
chemical staining of the sections. The sections taken on the 
slide were kept at 60 °C for 1.5 h and stained with hematoxy-
lin–eosin (H&E). Dentate gyrus (DG), hippocampal CA1 
and CA3 areas isolated from left brain tissue were exam-
ined at 400× magnification by light microscopy (Olympus 
BX5, Olympus corp. Tokyo, Japan). c-Fos protein in neu-
rons is stained red with 3-Amino-9-ethylcarbazole (AEC), 
a chromogenic substrate that visualizes sections stained 
with secondary antibodies. c-Fos positive cells of the DG 
and hippocampal areas were quantitatively analyzed with 
Image J software (National Institutes of Health, Bethesda, 
MD, USA).

Statistical Analysis

Statistical analysis of the numerical data obtained from 
the electrophysiological records was performed using 
the SPSS program (SPSS 22.0 for windows, Chicago, IL, 
USA). Data are expressed as mean ± SEM. Normal distri-
bution was assessed in accordance with the Shapiro Wilk’s 
test. One-way analysis of variance (ANOVA), followed by 
Tukey's HSD multiplex comparisons, was used for the anal-
ysis of seizure parameters and immunohistochemical data 

that were normally distributed and satisfied the paramet-
ric test assumptions. GABA results were compared using 
Kruskal–Wallis nonparametric analysis of variance followed 
by Dunn's comparisons test. Statistical significance level was 
accepted as p < 0.05.

Results

After a one-week recovery period of all rats, drug injec-
tions were made and 30-min ECoG measurements were per-
formed, respectively. The mean of the measurement data of 
8 rats in the groups was used for statistical analysis.

The Effects of DEX and ATI on Seizure Stage

According to the Racine scale, one-way ANOVA revealed a 
significant effect (F2,21 = 5.25, p < 0.01) and further post hoc 
analysis showed that the mean (± SEM) of the DEX group 
(3.16 ± 0.42) significantly decreased in compared to the epi-
leptic control PTZ group (4.83 ± 0.40) (p < 0.01; Fig. 3A). 
In contrast, ATI (4.82 ± 0.32) had no significant effect on 
seizure stage in PTZ-induced epileptic rats (p > 0.05). How-
ever, the difference between the DEX and ATI groups was 
statistically significant (p < 0.05).

The Effects of DEX and ATI on Onset Time of FMJ

FMJ onset time was significantly higher in the DEX group 
(131.3 ± 25.6) than the PTZ (53.1 ± 10.7) (F2,21 = 9.45; 

Fig. 2   Electroencephalographic 
recording. a CTRL (Control), 
b PTZ (pentylenetetrazole), c 
DEX (dexmedetomidine) and d 
ATI (atipemazole)
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p < 0.01; Fig. 3B). There was no statistically significant dif-
ference between ATI (51.8 ± 9.0) and PTZ group. In addi-
tion, the onset time of FMJ was significantly reduced in the 
ATI group compared to DEX, and the difference between the 
means was statistically significant (p < 0.05).

The Effects of DEX and ATI on Spike Number

The number of epileptic spikes was significantly lower 
in the DEX (31.9 ± 3.9) than the PTZ group (83.7 ± 5.9) 
(F2,21 = 6.78; p < 0.01; Fig. 3C). On the contrary, the num-
ber of epileptic spikes increased significantly in the ATI 
group (120.9 ± 10.7) compared to the PTZ (p < 0.05). The 
difference between the DEX and ATI groups was statistically 
significant (p < 0.05).

The Effects of DEX and ATI on Percentage of Seizure 
Duration

The percentage seizure duration in the DEX (27.3 ± 2.7) 
group showed a significant decrease compared to the PTZ 
(50.0 ± 2.4) group (F2,21 = 5.83; p < 0.01; Fig. 3D). On the 
other hand, it was found that the percentage seizure duration 

significantly increased in the ATI (76.8 ± 4.4) group com-
pared to the PTZ (p < 0.05). In addition, the difference 
between the mean seizure duration percentages in the DEX 
and ATI groups was significant (p < 0.05).

GABA Levels

The GABA level was significantly lower in PTZ group 
(83.3 ± 5.1) than the CTRL (122.1 ± 6.9) (p < 0.05; Fig. 4). 
On the other hand, the decrease in the mean GABA levels 
of the DEX (105.6 ± 5.9) and ATI (109.1 ± 6.1) groups were 
not significant compared to the CTRL (p > 0.05).

c‑Fos Immunoreactivity

Light microscopic (a, b) and c-Fos immunohistochemistry 
(c, d, e) images of the CTRL group are displayed in section 
A of the figures (Figs. 5, 6, 7). In the B part of the figures, 
c-Fos positive cells of the drug groups are distinguished by 
an arrow.

The mean percentage of c-Fos positive neurons in 
the PTZ and ATI groups was found to be significantly 
increased compared to CTRL in the dentate gyrus (DG) 

Fig. 3   Effects of drugs on seizures. The effects of DEX (n = 7), and 
ATI (n = 8) on seizure stage (A), onset time of FMJ (B), on spike 
number (per min.) (C), and on percentage of seizure duration (D). 

*p < 0.05, compared to the PTZ group (n = 7); **p < 0.05, compared 
to the DEX group, CTRL group (n = 8)
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sections (p < 0.01; Fig. 5). The number of c-Fos positive 

cells was significantly reduced in rats injected with DEX 
group compared to the PTZ (p < 0.01). This decrease in the 
DEX group was also statistically significant compared to 
the ATI group (p < 0.05).

c-Fos protein expressions of the PTZ and ATI groups 
were significantly increased compared to the CTRL group 
in the hippocampal CA1 region (p < 0.01; Fig. 6). In addi-
tion, the number of c-Fos positive cells of DEX group 
was significantly lower than PTZ group (p < 0.05). The 
difference between the means of ATI and DEX group was 
statistically significant (p < 0.05).

The expression of c-Fos in the PTZ group in the hip-
pocampal CA3 region was significantly increased com-
pared to the CTRL group (p < 0.05; Fig. 7). Additionally, 
the number of c-Fos positive cells of DEX group was sig-
nificantly lower than the PTZ group (p < 0.05). Further-
more, the difference between the means of ATI and DEX 
group was statistically significant (p < 0.05).

Fig. 4   Brain GABA levels. *p < 0.05, compared to the CTRL group

Fig. 5   Effect of drugs on c-Fos expression in the DG region. A CTRL 
group light microscopic image (a, X40 and b, X100) and c-fos immu-
nohistochemistry (c, X40; d, X100 and e, X100 negatif control) 
image. B c-Fos immunoreactivity (X400). a, CTRL; b, PTZ; c, DEX 

and d, ATI. C Number of c-fos positive neurons in DG. *p < 0.01, 
compared to the CTRL group; **p < 0.05, compared to the PTZ 
group and #p < 0.05 compared to the DEX group. DG dentate gyrus. 
↑, c-Fos positive neurons
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Discussion

In this study, the effects of alpha-2 adrenoceptor (α2-AR) 
receptor agonist have been demonstrated on epileptic sei-
zures, hippocampal GABA levels and c-Fos expression in 
PTZ kindling model of epilepsy. The findings showed that 
the α2-AR agonist DEX decreased the seizure stages accord-
ing to the Racine scale and prolonged the onset time of FMJ. 
Similarly, there was a significant decrease in the number of 
spikes and the percentage of seizure duration. In contrast, 
the α2-AR antagonist ATI increased the seizure stages, the 
number of spikes, and percentage of seizure duration. The 
GABA level did not show a significant decrease in other 
groups except the epileptic PTZ group. In addition, DEX 
significantly reduced the number of c-Fos positive cells in rat 
brain. All these data indicate that DEX produces anti-seizure 
effects. In addition, these study results show that DEX exerts 
its anti-seizure effects via α2-adrenergic receptors. Likewise, 
the α2-adrenergic receptor antagonist ATI increases seizure 
susceptibility by lowering the seizure threshold.

Noradrenergic receptors are widely distributed in brain 
tissue. It is especially found in areas associated with the 

formation of seizures, such as the hippocampus, cortex, and 
amygdala [15]. Noradrenaline (NA) has a strong anti-epi-
leptogenic effect and it exerts this effect especially through 
α2-ARs [9]. Therefore, decreasing the endogenous NA level 
increases susceptibility to seizures [28]. Stimulation of the 
locus soeruleus, where noradrenergic neurons are in high 
density, inhibits seizure activity [29]. In contrast, blocking 
of NA activity in the locus ceruleus significantly facilitates 
seizure formation [30]. These study results appear to be con-
sistent with the anti-seizure activity of DEX.

Clonidine, a α2-AR agonist, prevents tonic convulsions 
induced by strychnine and maximal electroshock in rats 
[31]. While clonidine does not alter seizure activity at low 
doses, it exerts a proconvulsant effect at high doses [14]. In 
mice with PTZ induced epilepsy, high dose (0.5 mg/kg) of 
clonidine exerts an anticonvulsant and yohimbine (α2-AR 
antagonist) acts as a proconvulsant [32]. These results are 
supported by the results of Lazarova et al. [33] study on 
rats with seizures. In this study, it was observed that clo-
nidine prolonged the onset time of FMJ in epileptic ani-
mals. DEX (α2-AR agonist) prevents contractions in the 
kainic acid model of epilepsy, whereas atipemazole (α2-AR 

Fig. 6   Effect of drugs on c-Fos expression in the hippocampal CA1 
region. A CTRL group light microscopic image (a, X40 and b, X100) 
and c-Fos immunohistochemistry (c, X40; d, X100 and e, X100 
negatif control) image. B c-Fos immunoreactivity (X400). a, CTRL; 

b, PTZ; c, DEX; d, ATI. C Number of c-Fos positive neurons in 
hippocampal CA1 region. *p < 0.05, compared to the CTRL group; 
**p < 0.05, compared to the PTZ group and #p < 0.05 compared to the 
DEX group
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antagonist, ATI) causes more severe contractions in rats and 
increases seizure stages to 4 or 5 according to the Racine 
scale [34]. Consistent with this study, it was found that the 
seizure stages in rats injected with DEX and ATI were stage 
3 and stage 5, respectively. DEX significantly prolonged the 
onset time of FMJ and decreased the number of epileptic 
spikes and the percentage of seizure duration. There is a 
great deal of evidence showing the neuroprotective effects of 
α2-AR agonists in the brain under ischemic conditions. DEX 
improves pathologies associated with ischemia-induced neu-
rons in rats [35] and protects against ischemia-induced neu-
ronal damage in rabbits [36]. There is a close relationship 
between neuronal ischemia and epilepsy. Hence, prevention 
of ischemia-induced neuronal death by correcting ischemia 
can prevent epileptic seizures [37].

Experimental studies show that the reduction in GABAA 
signal triggers epileptiform activity [13]. At the same time, 
the increase in the number of GABAergic synapses in the 

brains of people with epilepsy and animals with experi-
mental epilepsy is interpreted as a compensatory mecha-
nism [38]. It has been shown that DEX (5 µg/kg) and ATI 
(0.1 mg/kg) do not have a significant effect on extracellu-
lar GABA levels [39]. Consistent with this, in our study, 
the hippocampal GABA level was found to be significantly 
lower in epileptic rats given only PTZ. However, the GABA 
level did not demonstrate a significant decrease when other 
drugs administration to rats.

Increased c-Fos expression detected during seizures is 
accepted as an indicator of neuronal activity. In addition, 
there is a proportional relationship between the severity of 
PTZ-induced seizures and c-Fos expression in the brain [40]. 
Seizures up to stage 3 according to the Racine scale do not 
cause detectable c-Fos expression in the brain. Increased 
c-Fos expression in the cortex is more common after stage 
4 and 5 seizures. However, a stage 5 seizure is required to 
show c-Fos proteins in the hippocampus [41, 42]. It has been 

Fig. 7   Effect of drugs on c-fos expression in the hippocampal CA3 
region. A CTRL group light microscopic image (a, X40 and b, X100) 
and c-fos immunohistochemistry (c, X40; d, X100 and e, X100 
negatif control) image. B c-fos immunoreactivity (X400). a, CTRL; 

b, PTZ; c, DEX; d, ATI. C Number of c-fos positive neurons in hip-
pocampal CA3 region. *p < 0.05, compared to the CTRL group; 
**p < 0.05, compared to the PTZ group and #p < 0.05 compared to the 
DEX group
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observed that c-Fos expression increased significantly in the 
striatum, accumulate nucleus and prefrontal cortex of rats 
induced seizures with kainic acid [41]. α2-AR receptor acti-
vation inhibits epileptiform activity in the rat hippocampal 
CA3 region [43]. Increased mRNA expression of c-Fos is 
considered an early marker of neuronal cell death and neuro-
degeneration. Highly increased c-Fos expression is detected 
in the cerebral cortex and dentate gyrus of rats (10–21 days 
old) with PTZ-induced status epilepticus [44]. In contrast, 
c-Fos expression cannot be detected in the immature rat 
brain. Thus, c-Fos immunoreactivity can be considered as a 
good sign of neuronal activation. In our study, PTZ signifi-
cantly increased c-Fos expression in rats. In addition, the 
number of c-Fos positive cells in the dentate gyrus (DG) and 
hippocampal CA1 and CA3 areas was significantly reduced 
in DEX-administered rats.

Conclusions

In conclusion, α2-AR selective agonist DEX showed anti-
convulsant effects on PTZ-induced seizures in rats. On the 
contrary, α2-AR antagonist ATI facilitated epileptic seizures. 
However, administration of DEX to rats produced neuropro-
tective effects with a significant reduction in the number of 
c-Fos positive cells. Further studies are needed for this drug 
to be used for therapeutic purposes in epileptic seizures.
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