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Abstract The objective of this study was to evaluate the
PTZ-induced seizures effects on GABAp receptor
(R) expression and to observe its neurodegenerative effect
in hippocampal part of developing rat brain. In the present
study, high dose of pentylenetetrazol (PTZ 40 mg/kg) was
injected in developing rats of age 5 weeks having average
weight of 60-65 g for 4 days. Further, baclofen (B 3 mg/kg
i.p) agonist and phaclofen (P 30 pg/rat) antagonist of
GABAgR were injected along with PTZ. Western blot
analysis was used to elucidate expression of GABAgR
protein upon PTZ, baclofen and phaclofen exposure in the
developing rat brain. Furthermore, PTZ-induced apoptotic
neurodegeneration was also observed through the release of
caspase-3 antibody and propidium iodide (PI) staining using
confocal microscopy. Seizure was confirmed using elec-
troencephalography (EEG) data obtained from the Laxtha
EEG-monitoring device in the EEG recording room and
EEG was monitored 5-15 min after PTZ injection. The
results of the present study showed that PTZ-induced sei-
zure significantly decreased GABAgR expression and
induced neuronal apoptosis in cortical and hippocampal
part of brain. While, baclofen reverse the effect of PTZ by
increasing the expression of GABAgR as compared to the
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PTZ- , PTZ plus B- and PTZ plus P-treated groups. Our
findings indicated that PTZ-induced seizure showed not
only decrease in GABAgR expression but also cause neu-
ronal apoptosis in the developing rat brain.
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Introduction

Epilepsy is one of the most common neurological diseases
worldwide that is estimated to affect 1-2 % of the world
population [1]. This disorder is characterized by the
occurrence of spontaneous and recurrent seizures that
occur due to abnormal excessive and synchronous electri-
cal activity of neuronal networks [2, 3].

It is well known that PTZ cause epileptic seizures and
brain damage, acting on defined receptors groups and the
consequences of status epilepticus in the developing brain
differ from those of the mature brain [4, 5]. PTZ is a blocker
of the chloride ionophore complex to the GABA AR [6] that
has convulsant effects after repeated or single dose admin-
istration and also affects several neurotransmitter systems,
such as the GABAergic and glutamatergic systems [7, 8].

The GABAgRs are the members of the G-protein cou-
pled receptors family that modulate multiple signal trans-
duction pathways [9, 10]. Experimental evidences suggest
that GABAgR mechanisms might play a role in learning
and memory processes [11], and its mechanisms may be
altered in kindling [12]. Molecular expression studies and
gene deletion experiments provide unequivocal evidence
for modifications of GABAgR in the development of sei-
zures, hyperalgesia, hypothermia, memory impairment,
anxiety and retarded growth all of which provide important
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clues about the role of GABAgR in controlling brain
function [13-15].

Baclofen, a g-aminobutyric acid (GABA) agonist, is
widely used to treat spasticity of cerebral and spinal origin
(including cerebral palsy, spinal cord injury, traumatic
brain injury, multiple sclerosis) and dystonic disorders in
both adults and children. Baclofen showed anticonvulsant
[16, 17] and proconvulsant effects in animal models [18].
Phaclofen GABAgR antagonist reduces ethanol intoxica-
tion, including impaired motor activity, coordination and
thermoregulation, as well as anticonvulsant actions in mice
[19, 20]. Further, GABAgR antagonists have proconvulsant
effects and produce focal seizures in cortical and limbic
structures [21].

Previously, it is reported that cell death in the hippo-
campus is a well-established consequence of human epi-
lepsy [22] and experimental animal seizure models [23,
24]. There are many potential mechanisms by which neu-
rons may die after seizures, including excitotoxicity from
excessive glutamate, release of nitric oxide, increased
oxidative stress, as well as induction of apoptosis [25].
Recently, we have studied that PTZ-induced seizure cause
apoptotic neurodegeneration and decreased GABAg;R
expression in prenatal rat brain during pregnancy [26].

The aim of the present study was to examine the PTZ-
induced seizures effect on GABAgR expression and
apoptotic neuronal death in hippocampal part of develop-
ing rat brain. Our results revealed that PTZ-induced seizure
not only cause apoptotic neurodegeneration but also
decreased GABAEgR expression in rat brain. These results
provide evidence of apoptotic neurodegeneration and
decreased GABAgR expression in developing rat brain due
to seizure induced by PTZ.

Methodology
Animals and drug treatment

Sparague-Dawley developing rats of 5 week average
weight of 60-65 g (King Abdulaziz University, Neurobi-
ology Laboratory, Jeddah, Saudi Arabia) were housed in a
temperature-controlled environment with lights from 06:00
to 20:00 h with food ad libitum. Rats were injected i.p.
with a dose of 40 mg/kg of PTZ in saline solution and
co-treatment of baclofen (B 3 mg/kg i.p) agonist and
phaclofen (P 30 pg/rat) antagonist of GABAgR was done
along with PTZ for 4 days.

EEG recording and seizure observation

Animals were injected intraperitoneally with sub convul-
sive doses of PTZ (40 mg/kg) in saline every day and
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control groups were given only saline injection. Convulsive
behavior was observed for 30 min after each injection, and
resultant seizures were scored as follows: stage 0, no
response; stage 1, ear and facial twitching; stage 2, con-
vulsive waves axially through the body; stage 3, myoclonic
jerks and rearing; stage 4, clonic convulsions with the
animal falling on its side; and stage 5, repeated severe
tonic—clonic convulsions or lethal convulsions. EEG data
were recorded for 5-10 min using amplifiers (LAXTHA,
LXEJ 108) and were digitized at 250 Hz in EEG recording
room. Whole EEG samples were analyzed by visual
inspection for the presence of epileptic form activity as
previously defined [27].

Western blotting

Animal were killed after 4 days of PTZ, PTZ plus baclo-
fen, PTZ plus phaclofen and PTZ plus baclofen and pha-
clofen treatments. Brains were dissected out and
hippocampal part was removed carefully and tissue was
frozen in dry ice. For each treatment group, three to four
rats were analyzed. The brain tissues were homogenized in
0.2 M PBS with protease inhibitor cocktail. The protein
concentration was measured using Bio-Rad protein assay
solution. Equivalent amounts of protein (30 pg per sample)
were electrophoresed on 10 % SDS-PAGE gels under
reducing conditions and transferred to a polyvinylidene
difluoride (PVDF) membrane (Santa Cruz Biotechnology,
Santa Cruz, CA, USA). Prestained protein markers, broad
range (6-175 kDa, New England Biolabs Inc., Ipswich,
MA, USA), were run in parallel for the detection of the
molecular weights of the protein. GABAgR analysis was
done as previously described with some modification [23].
Western blots were analyzed by densitometry using the
computer-based Sigma Gel (SPSS Inc. Chicago, USA)
system. In every case, the acceptance level for statistical
significance was *P < 0.05.

Tissue collection and sample preparation

Animals were killed after 4 days of drug treatment. Brain
sections from control rats and rats subjected to PTZ fol-
lowed by baclofen were analyzed. For tissue analysis
(n = 4-5 per group), developing rats were perfused tran-
scardially with 4 % ice-cold paraformaldehyde followed by
1 x PBS; brains were post-fixed in 4 % paraformaldehyde
overnight and then transferred to 20 % sucrose until they
sank to the bottom of the tubes. Brains were frozen in
O.C.T compound (A.O. USA) and 16 pm sections were
made in the coronal planes using a Leica cryostat (CM
3050C, Germany). Sections were thaw-mounted on probe-
on plus charged slides (Fisher).
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Visualization of caspase-3 expression and PI staining
by using confocal microscopy

The analysis of caspase-3 expression and PI staining was
carried out by immunofluorescence technique. Tissue sec-
tions of cortex and hippocampus were prepared as mentioned
above. Caspase-3 expression was detected using rabbit anti-
caspase-3 antibody (Cell signaling) over night at 4 °C and
goat anti-rabbit FITC-labeled secondary antibody (Santa
Cruz Biotechnology, CA, USA) for 90 min at room tem-
perature (1:250 and 1:100, respectively; Santa Cruz Bio-
technology, CA, USA). Propidium iodide (PI) staining was
performed as previously described [28]. For PI, slides were
dipped in 1 mg/mL of PI solution in PBS for 20 min at room
temperature with gentle mixing and washed twice with PBS
for 10 min. Glass cover slip was mounted on glass slides with
mounting medium. PI filter was used to detect the PI staining
(red color). Images were taken by use of a confocal laser
scanning microscope (Fluoview FV 1000, Olympus, Japan).

Nissl staining

Cresyl violet was used to stain tissue sections for histological
examination and measurement of neuronal loss. Nissl his-
tology of developing rat brain and the presence and absence
of dead and injured neurons were analyzed on microscope
using slides mounted with 16 um thick brain sections. Sec-
tions derived from all investigated rat pups were defatted in
ascending alcohols (70-100 %), hydrated in descending
alcohols (95-70 %), washed in acetate buffer pH 5.0 and
subsequently stained with a 0.25 % cresyl violet for
approximately 15 min. Sections were then washed with
distilled water and dehydrated in graded ethanol. Images
were viewed with a fluorescence light microscope.

Data analysis and statistics

Western blots were scanned and analyzed by densitometry
using a computer based on the Sigma Gel System (SPSS
Inc., Chicago, IL, USA). Density values were expressed as
mean £+ SEM. Comparisons between treated groups and
controls were done by Student‘s ¢ test to determine the
significance of differences between relevant treatment
groups. In every case, the acceptance level for statistical
significance was P < 0.05.

Results
PTZ-induced seizures

A convulsant dose of pentylenetetrazol (PTZ) (40 mg/kg,
i.p.) was administered for 4 days in developing rats. After

injection of PTZ, occurrence of central nervous system
(CNS) excitation was noted for 5-30 min by observing the
animal’s behavior in a plexiglass chamber. Convulsive
dose of PTZ 40 mg/kg for 4 days induced minimal sei-
zures. In addition, barrel rotations and tonic seizures were
noticed in some of the animals: 65 % of the animals after
the 4th injection. A seizure induced by PTZ in developing
rat started with hindlimb kicks, followed by generalized
tonic and clonic convulsion of four limbs while laying
down. The results of seizure observations after PTZ
injections are summarized in Table 1. To confirm the sei-
zure induced by PTZ, EEG recording was monitored for
30 min and started 3 min after the PTZ injection. Five rats
from the control group and five from the PTZ-treated group
were monitored for EEG recording. The results for the
evaluation of EEG monitoring are summarized in Fig. 1.

GABAGgR expression upon PTZ-induced seizure
in rat brain

To explore the in vivo changes of GABAgR expression and its
relation with PTZ-induced seizure in hippocampal neuronal
cells, samples of protein from rat brain were studied using
Western blot analysis. The results showed that PTZ-induced
seizure significantly decreased GABAgR expression in hip-
pocampal neurons (Fig. 2), whereas baclofen (GABAgR
agonist) treatment along with PTZ injection reverse this pro-
cess. Further, phaclofen (GABAgR antagonist) treatment
along with PTZ also decreased the GABAgR expression as
compared to the control groups. Moreover, the co-treatment of
baclofen and phaclofen along with PTZ showed significant
increased expression as compared to PTZ-treated group.
Thus, the decreased protein level of GABAgR upon PTZ
exposure suggests that PTZ-induced seizure modulates the
GABAGgR protein expression in the developing rat brain.

Release of caspase-3 and PI expression
upon developing rat brain

To study the effect of PTZ-induced apoptotic neurode-
generation in cortical and hippocampal part of rat brain,

Table 1 Observation of seizure after convulsive dose of PTZ
injection in developing rats

PTZ-induced seizures

Number of seizures 3.1+ 15
Latent period (s) 50 + 17.5
Seizure time (min) 52+09
Hind limbs kicks 10 (80.2 %)
Mouth automatisms 11 (35 %)
Tonic and clonic twist 12 (68.2 %)
Myoclonic jerks 9
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Fig. 1 Representative EEG traces in adult rat after 4th injections of
PTZ, PTZ plus B, PTZ plus P. Representative 30 s EEG samples
recorded 15 min after 5th injection of PTZ (40 mg/kg). a Showed
normal EEG in saline group as a base line, b EEG 15 min after 4th
PTZ injection and ¢ EEG after PTZ + B injection, d EEG after
PTZ + P injection
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Fig. 2 Western blot analyses of the GABAgR in the hippocampal
brain. Developing rat of 5-week old was treated with PTZ 40 mg/kg
while baclofen and phaclofen was treated along with PTZ injection.
Saline was injected as control (c), rat treated with PTZ, rat treated
with PTZ + B, rat treated with PTZ 4+ P and rat treated with
PTZ + B + P. f-actin is taken as loading control. a Immunoblots of
GABAGgR of hippocampal area under different treatment conditions.
The immunoblots were labeled with GABAgR antibody. b Density
values were expressed as mean = SEM (n = 4) of the corresponding
protein of GABAgR are presented. The density values on the Y-axis
are expressed as arbitrary units (AU). *P < 0.05 versus control group

animals were treated with PTZ, baclofen and PTZ plus
baclofen for 4 days. The ability of PTZ-induced seizure to
induce neuronal cell death such as the activation of cas-
pase-3 was studied. The translocation of caspase-3 along
with PI stains using confocal microscopy was observed,
which revealed a diffuse staining pattern of caspase-3 and
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PI, suggesting increase in neuronal apoptosis (caspase-3,
green FITC-labeled) along with (PI, red) upon PTZ treat-
ment in the developing rat cortex and hippocampus. Fig-
ure 3 illustrated that exposure of PTZ caused significant
increase around 50 % expression of caspase-3 and PI level
in cortex and hippocampus of rat brain as compared to
control group, while the co-treatment of PTZ with baclofen
showed 20-25 % decrease in expression of caspase-3 and
PI stains as compared to the PTZ-treated group, suggesting
that baclofen protects the PTZ-induced apoptotic neuro-
degeneration (Fig. 3).

PTZ-induced seizure cause neuronal cell death
in developing rat brain

Further, Nissl staining was used to measure the extent of
neuronal cell death upon PTZ-induced seizure in the cortex
and hippocampus of the developing rats. Dying neurons in
the section allow identification of cells demonstrating clear
light microscopic morphological hallmarks of apoptosis
(with large, round, chromatin clumps). An increased vac-
uolization and neuronal loss in the cortex and hippocampus
was observed in PTZ-treated group as compared to the
control (Fig. 4). Moreover, the co-treatment of PTZ with
baclofen was associated with less vacuolization and neu-
ronal loss, in these vulnerable brain regions (Fig. 4), and
showed a significant neuroprotection against PTZ-induced
apoptotic cell death as compared to the PTZ groups.

Discussion

In the present study, we have observed the PTZ-induced
seizure’s effect on expression of GABAgR and neuronal
cell death in developing rat brain. Our results showed that
PTZ-induced epileptic seizure elicited decreased in
GABAGgR expression and increased in neuronal cell death
in the cortex and hippocampus of the developing rat brain.
Epileptic rats were examined using Western blot analysis
for GABAgR expression analysis while, release of caspase-
3, PI and Nissl staining was used for the detection of
neurodegeneration in the developing brain.

PTZ produces proconflict and convulsant effects in
rodents [29], but cognitive deficits have also been noted
[30]. PTZ-induced seizure is associated with an imbalance
between excitatory and inhibitory neurotransmissions
where long-term reduction of GABA-mediated inhibition
in the cortex increases the seizure susceptibility [31, 32].
GABA R mediate most fast inhibitory synaptic transmis-
sion in the central nervous system (CNS). The evidence
that altered function of GABAR subtypes is closely
related to epileptogenesis has been elucidated in animal
models and human epilepsy [33, 34]. Furthermore,
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Fig. 3 a Developing rats were injected with saline (Control) PTZ and
PTZ plus baclofen. Animals were killed at 12 h after PTZ injection
for analysis. Shown are tissue sections from anterior cingulate cortex
and CALl region of the hippocampus that were double stained for
caspase-3 (FITC-label, green) and PI (TRITC-label, red). a—f Magni-
fication with 40x objective field, Scale bar 20 pm. b Number of
shrunken and damaged neurons were counted and represented in
graph. Graphic representation of saline, PTZ and PTZ plus baclofen
effect groups in developing rat brain after PTZ-induced apoptotic
neurodegeneration in cortical and hippocampal part of brain. Signif-
icance *P < 0.05 versus control group. Magnification 40x; Scale bar
20 pm (color figure online)

Fig. 4 Histopathological changes in cortical and hippocampal part of
the brain-treated saline as controls, PTZ and PTZ plus baclofen
groups a—c cortex and d-f hippocampus. The arrows indicate
shrunken and damaged neurons. Nissl-stained brain tissue at higher
magnification with 40x objective field, Scale bar 50 pm

pharmacological effects of PTZ appear to be mediated
through a specific interaction with the GABA-gated chlo-
ride ionophore. GABA,R are involved in the control of
neuronal excitability and epileptogenesis in the generalized
convulsive seizures [35].

Previously, it has been reported that transient decreases
in GABAg ;R mRNA expression occurs in all subfields of
the hippocampus after KA-induced seizures [36]. Since the
early decreases in GABAR-R mRNAs in CAl and CA3
pyramidal cells essentially preceded the prominent seizure-
induced cell losses seen in animal model [36, 37]. It is also
reported that the GABAgR showed altered expression in
the hippocampus of epileptic patients [38, 39], kindling rat
[40], electroshock-induced seizure rat [38] and kainate-
induced mouse epilepsy models [41].

Our results also showed that co-treatment of baclofen
along with PTZ significantly reversed the effect of PTZ-
induced seizure decreased in GABAgR expression and
apoptotic neurodegeneration in developing rat brain.
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Previously, it is also reported that baclofen treatment might
result in block of asynchronous GABA-mediated potentials
and activity-dependent changes in hippocampal network
excitability [42]. These baclofen effects may be mediated
by disinhibition through both presynaptic and postsynaptic
GABARgR in inhibitory interneuron. Further, activation of
pre and postsynaptic GABAgR on GABAergic neurons
evokes transient interruption of GABA AR due to decreased
GABA release [18]. Moreover, baclofen treatment results
in activation of GABAgR on principal neurons, which
inhibits principal neurons. GABAgR agonists have anti-
epileptic activity in convulsive seizures [43, 44]. However,
opposite GABAgR functions have also been reported
[12, 45]. Moreover, the opposite effects of the GABAgR
agonist and antagonist were observed in both seizure
models only in 25-day-old rats. Surprisingly, baclofen
exhibited an anticonvulsant action against an absence
model in 18-day-old animals [46]. This developmental
irregularity cannot yet be explained, only some possibilities
might be outlined. Developmental changes of coupling of
GABAGgR with G proteins cannot be excluded but no sys-
tematic study is at disposal.

In the present study, we have observed that PTZ-induced
seizure decreased GABAgR expression and induced
apoptotic neuronal death in developing rat brain. The
present study also demonstrated that co-treatment of bac-
lofen along with PTZ significantly improved neuronal
survival, prevents PTZ-induced seizure and apoptotic
neurodegeneration in the cortical and hippocampal part of
rat brain. Therefore, our results suggested that epileptic
activity in hippocampal part of brain may be related with
alteration in GABAgR expression. Moreover, seizure
induced by PTZ decreased GABAgR expression and cause
neuronal degeneration in the developing rat brain.
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