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ABSTRACT

OBJECTIVE: Nonconvulsive absence epilepsy and convulsive epilepsy seizures are rarely seen in the same
patient. It has been demonstrated that there is a resistance to development of convulsive seizures in genetic
absence epilepsy models. The present study investigated glutamic acid decarboxylase (GAD) immunoreactivity
in the brain region related to the interaction of these two seizure types, namely substantia nigra pars reticulata
(SNR) subregions, SNR_ ... and SNR_

METHODS: Nonepileptic adult male Wistar rats and Genetic Absence Epilepsy Rats from Strasbourg (GAERS)
were used. Experimental groups of Wistar and GAERS were electrically stimulated for kindling model to induce
convulsive epileptic seizures. An electrical stimulation cannula was stereotaxically implanted to the basolateral
amygdala and recording electrodes were placed on the cortex. Sagittal sections of SNR were used to evaluate im-
munohistochemical reaction. Sections were incubated with anti-GAD67 antibody. Densitometric analysis of GAD67
immunoreactive neurons was performed using photographs of stained sections. One-way analysis of variance and
post hoc Bonferroni test were used for statistical analysis of the data.

osterior*

RESULTS: There was no difference in GAD67 immunoreactivity of SNR subregions of control Wistar and control
GAERS. An increase in GAD67 immunoreactivity was detected in SNR_ .- subregion of stimulated Wistar rats,
whereas there was a decrease in GAD67 immunoreactivity in SNR_ . - of stimulated GAERS. The difference in

GAD67 immunoreactivity between these two groups was statistically significant.

CONCLUSION: Level of synthetized gamma-aminobutyric acid in SNR__ .. subregion plays an important role in
the interaction of nonconvulsive absence epilepsy seizures and convulsive epilepsy seizures.

Keywords: Epilepsy; GAERS; gamma-aminobutyric acid; immunohistochemistry.

Received: October 17, 2016 Accepted: November 06, 2016 Online: January 25, 2017

Correspondence: Dr. Filiz ONAT. Marmara Universitesi Tip Fakultesi, Tibbi Farmakoloji Anabilim Dali,
Basibuyuk Yerleskesi, Maltepe, Istanbul 34668, Turkey.
Tel: +90 216 - 421 22 22 e-mail: fonat@marmara.edu.tr




162

NoRTH CLIn ISTANB

bsence epilepsy and convulsive epilepsy sei-

zures are rarely seen in the same patient. [1,
2] The mechanisms underlying convulsive seizures
are thought to differ from those associated with ab-
sence epilepsy seizures. In typical absence epilepsy,
inhibitory activities are considered to be dominant
factors; however, in focal and generalized seizures,
excitatory activities are conceivably predominant
factors. Clinical studies and experimental stud-
ies have demonstrated concurrent involvement of
thalamus and neocortex in formation of spikes and
discharges characterized for absence seizures (3, 4].
However in temporal lobe epilepsy, epileptic focus
is mostly localized in limbic structures, such as hip-
pocampus, amygdala, or limbic cortex [5]. The ge-
netic models Genetic Absence Epilepsy Rats from
Strasbourg (GAERS) and Wistar albino Glaxo-
Rijswijk (WAG-Rjj) strain rats meet criteria for ab-
sence-type nonconvulsive seizures (6, 7]. Kindling,
generated by regulatly repeated stimulations with
electrical or chemical stimuli, is frequently used
for secondary generalized temporal lobe epilepsy
model with convulsive seizures (8, 9]. Behavioral
responses that develop as a result of kindling are
evaluated using Racine’s scale [10]. There are stud-
ies investigating the interaction between convulsive
and nonconvulsive seizures which have been done
in the amygdala-kindling of GAERS and WAG/
Rijj rats. Presence of resistance to generalization of
focal limbic seizures and development of convulsive
seizures during kindling process in GAERS and
WAG/Rjj rats was demonstrated [11-18].

Substantia nigra pars reticulata (SNR) is a ce-
rebral region that plays a role in the modulation of
both convulsive and nonconvulsive epileptic sei-
zures, and there is an endogenous system associ-
ated with SNR which is involved in the control of
epileptic seizures [19]. In many studies it has been
reported that gamma-aminobutyric acid (GABA)-
sensitive neurons in SNR mediate convulsive sei-
zures induced in various ways in rats [19-23].
Some studies have shown that through activation
or inhibition of SNR by GABAergic agents, direct
GABAergic striatonigral pathway can modulate
absence epilepsy seizures [6, 19]. In addition, oth-
er studies have demonstrated that SNR contains

and SNR s

osterior

2 distinct subregions, SNR_
anterior

which may have diverse effects on spread and con-
trol of epileptic seizures in adult rats. It has been
also reported that just before onset of seizures,
there is an increase in deoxyglucose uptake in SN-
ostrior subregion, which may suggest this region as

a gateway for spread of seizures [24]. After onset of
clonic seizures, an increase in deoxyglucose uptake

in the SNR

anterior

subregion was detected. Based on
various interpretations, it appears that this mecha-
nism may play a role in termination or shortening
of seizures [24]. In a recent study of our team, SN-

_was demonstrated to be an important sub-

pOSterlOr

region for kindling resistance in GAERS rats [25].
As a result of suppression of SNR

posterior

subregion
with lidocaine injections before electrical stimula-
tion, GAERS rats reached stage 5 seizures with re-
peated kindling stimuli; however, GAERS rats that
received lidocaine injection to SNR___ subregion
did not experience seizures beyond stage 2, despite
recurrent kindling stimuli. Kindling stimuli induced
a statistically significant increase in the parvalbumin
immunoreactivity of GABAergic interneurons of

SNR

of th;;;sct)eg;;le hydroxylase in dopaminergic neurons
localized in SNRposterior subregion increased both in
GAERS and Wistar rats, we concluded that thy-
rosine hydroxylase immunoreactivity is not associ-
ated with kindling resistance in GAERS [25]. In our
study, it was detected that SNRPosterior and GABAer-

gic activity of this subregion play a critical role in
the resistance to development of convulsive seizures

in Wistar rats. Since immunoreactivity

in nonconvulsive genetic epilepsy model. The aim
of this study was to analyze the immunoreactiv-
ity of glutamic acid decarboxylase (GAD) enzyme,
which plays a role in the synthesis of GABA in GA-
BAergic neurons localized in SNR__ . and SNR-
postrior subregions in control groups and electrically
stimulated GAERS and Wistar rats. GAD67 en-
zyme has a key function in the synthesis of GABA
in GABAergic neurons, and levels of GAD enzyme
vary in neuropsychiatric diseases. Thus, important
information concerning reciprocal interaction be-
tween convulsive and nonconvulsive epileptic sei-
zures will be obtained and this will contribute to
the clarification of mechanisms undetlying epileptic



Gulcebi et al., Evaluation of GAD67 immunoreactivity

163

seizures and identification of new treatment targets
in patients with epilepsy.

MATERIALS AND METHODS

In the present study, nonepileptic male Wistar
rats and GAERS (3 to 6 months old and weigh-
ing between 250 and 350 g were used. All animals
were housed under standard laboratory conditions
on a 12/12 h light/dark cycle and were allowed
free acess to food and waterApproval of the study
was obtained from ethics committee of The Ex-
perimental Animal Implementation and Research
Centre of Marmara University (March 2, 2011.).
Wistar strain rats were procured from experimen-
tal research animals unit of Marmara University
Faculty of Medicine (DEHAMER), and GAERS
were obtained from Marmara University Faculty of
Medicine, Department of Medical Pharmacology.
Experimental groups were as follows: Electrically
stimulated GAERS (stimulated GAERS; n=7)
and Wistar rats (stimulated Wistar; n=7), and as
control groups, sham-operated GAERS (n=7) and
sham-operated Wistar rats (n=7).

Kindling

All animals were anesthetized with ketamine (100
mg/kg, i.p.), and xylazine hydrochloride (10 mg/
kg, ip.). Recording electrodes were implanted to
cortex and a stimulation electrode into basolateral
amygdala (BLA) (anteroposterior: -2.6 mm, lateral:
4.8 mm, ventral: -8.5 mm) stereotaxically. Animals
that received kindling stimulation were stimulated
at afterdischarge threshold twice daily for a total of
6 times and reached stage 2 seizure according to Ra-
cine’s standard 5-stage seizure scale [10, 26]. Thus,
all animals in the stimulation groups were in the
transition phase to stage 3 seizures, where convul-
sive seizures are induced.

Immunohistochemical staining

of SNR with GAD67

Immunohistochemical staining was performed
for electrically stimulated GAERS (stimulated
GAERS) and Wistar rats (stimulated Wistar), sh-

am-operated GAERS, and sham-operated Wistar
groups. Stimulated rats were perfused with physi-
ological saline and 4% neutral buffer formalin solu-
tion 1 hour after the sixth stimulation. To achieve
standardization, rats in control group that would
undergo immunohistochemical staining were pet-
fused on the same day as electrically stimulated rats,
and then brains were dissected out. For immuno-
histochemical staining, 40 um-thick, freely floating
sagittal sections of SNR were used. For GAD67
staining, sections were first treated with 1% hydro-
gen peroxide for 30 minutes. Following washing
procedure with phosphate buffer solution (PBS
0.1 M), sections were blocked in 10% normal horse
serum (in PBS containing 0.1% TritonX-100, 1%
bovine serum albumin) for 1 hour. Sections were
kept at +4°C for 24 hours in PBS solution con-
taining anti-GAD67 antibody at a concentration
of 1:1000 in combination with 0.3% TritonX-100
and 1% bovine serum albumin for primary anti-
body incubation. Following washing procedure
with 0.1 M PBS, sections were incubated for 90
minutes with anti-mouse secondary antibody, then
washed again with 0.1 M PBS. Sections were la-
beled with avidin-biotin complex, and rinsed once
more with 0.1 M PBS. NovaRED (Vector Labo-
ratories, Inc., Burlingame, CA, USA) substrate
kit was used to visualize staining. Sections were
washed with 0.1 M PBS, placed on gelatin-coated
slides, and rapid drying was achieved on slide dry-
ing hotplate at 37°C in period of between 15 and
30 minutes. VectaMount solution (Vector Labora-
tories, Inc., Burlingame, CA, USA) was added to
slides, and they were left to dry at room tempera-

ture for at least 1 night. SNR__ . and SNRPosterior
subregions of stained sections obtained from both
groups were photographed and digitally recorded
with a digital camera connected to a light micro-
scope. A sample of GAD67 reaction obtained in
whole SN, in SNRanterior or SNRposterior
(borders of regions are indicated with arrows) has
been shown Figure 1. Image] program (US Na-
tional Institutes of Health, Bethesda, MD, USA)

was used for the densitometric analysis of GAD67

subregions

immunoreactivity. During analysis of each set, sig-
nal intensity of control sham-operated Wistar rat
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was taken as a reference, and results of analyses of
other animals in the set were expressed as percent
of control Wistar rat.

Histological confirmation

Histological confirmation was performed by stain-
ing 1 set of slices of the brain with thionine. Only
rats with properly placed electrodes were included
in the study. All data obtained were expressed as
means + standard error of the mean. For statistical
analysis of data, one-way analysis of variance and
post hoc Bonferroni test were used. P<0.05 was ac-
cepted as the level of significance.

RESULTS

As a result of comparison between rats with genetic
absence epilepsy, namely control GAERS, which
demonstrated kindling resistance, and nonepileptic
control Wistar rats, a statistically significant differ-
ence was not detected for GAD67 immunoreactiv-

or SNR

L.
POS(CYIOI’

GADG67 immunoreactivity in SNR did not

anterior

differ between GAERS or Wistar rats following
stimulation of BLA (Figure 2). Electrical stimu-

ity in subregions of SNR

anterior

lation had a statistically significant effect on the
GADG67 immunoreactivity in SNRPosterior subregion
of stimulated Wistar rats and stimulated GAERS
(p<0.05) (Figure 3). GAD67 immunoreactivity
increased in SNRPosterior in stimulated Wistar rats

whereas a decrease in GAD67 immunoreactivity

was detected in SNRPosterior of stimulated GAERS

group and the difference between these two groups
was statistically significant (p<0.05).

DISCUSSION

GABA-sensitive neurons found in SNR have an
important regulatory role on epilepsy seizures.
In addition to its role in the control of convulsive
seizures, SNR also assumes role in modulation of
nonconvulsive seizures. Many studies have reported
on the regulatory role of these neurons in suscep-
tibility of rats against clonic seizures induced with
various triggering factors [19-22].

PO T
TS -SN-ZOOX §
SELL T by ® .

FIGURE 1. Visualization of GAD67 reaction in SN, SN-
Ranterior, and SNR posterior with immunohistochemi-
cal staining.

With efferent projections to intrinsic and ex-
trinsic regions, and afferent projections with basal
ganglia, SNR plays important roles in both control
of epileptic seizures and in the coordination of cog-
nition and motor functions [22, 27, 28]. SNR con-
tains relatively higher amounts of GABA [29]. As
a GABAA receptor agonist, muscimol suppresses
absence seizures both in genetic and pharmacologi-
cal absence epilepsy models. However, blockade of
GABAA receptors with picrotoxin applied to SNR
promoted a development of absence seizures. Fur-
thermore, prevention of absence seizures with ap-
plication of N-methyl-D-aspartate antagonists to
SNR revealed a role of glutamatergic neurotrans-
mission [30]. In adult rats, available evidence has
demonstrated the presence of 2 distinct subregions,

SNR and SNR _  in the SNR, which may

have ir:irievngrse effects P(())Srtlmgi)read and control of sei-
zures. A decrease in activity of GABAergic neu-
rons localized in SNR__
the severity of seizures. Freichel et al,, investigated
GABA levels in SNR during kindling, and demon-
strated lack of difference in the density of neuronal
GABA in SNR measured 6 weeks after stimulation
compared with pre-kindling levels. The decrease in

GAD and GABA levels detected in previous studies

leads to a remission in
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FIGURE 2. GAD67 immunoreactivity in the SNR. ... FIGURE 3. GAD67 immunoreactivity in the SNR_erior

o Subregion. (A) Demonstration of GAD67 immu-
noreactivity in SNR__ . in the control and stimu-
lated groups. (200x). (B) Comparison of GAD67
immunoreactivity in SNR__ . of Wistar rats and
GAERS. Mean GAD67 immunoreactivity in SNR_
wior Wistar control rats: 100.268+0.881; stimu-
lated Wistar rats: 99.408+1.551; GAERS control:
100.899+1.90; stimulated GAERS: 98.487+1.230.
Results were expressed as mean+standard error.

SNRA: SNR

anterior*

of the same research group were associated with the
impact of kindling on GABAergic projections ex-
tending from striatum or globus pallidus into SNR,
rather than GABAergic neurons in SNR [31].

Based on our results, there was no statistically
significant difference in the GAD67 immunoreac-
tivity in SNR_ . between GAERS and Wistar
rats related with the effect of electrical stimulation
applied to BLA. Also there was no difference in the
GADG67 immunoreactivity in SNR

anterior

between

(A) Demonstration of GAD67 immunoreactivity in SN-
R osierior IN CONtrol and stimulated groups. (200x). (B)
Comparison of GAD67 immunoreactivity in SNR_ ... of
Wistar and GAERS. Mean GAD67 immunoreactivity in
SNR  ierior: Wistar control rats: 100.162+1.154; stimu-
lated Wistar rats: 102.689+1.321; GAERS control:
98.319+0.715; stimulated GAERS: 96.979+1.505. Re-
sults were expressed as meanzstandard error. One-
way analysis of variance and Bonferroni post hoc test

were used for all groups *; p<0.05. SNRP: SNR

posterior

control GAERS and Wistar control rats. However,
it has not yet been investigated whether analyzed
GAD67 immunoreactivity originated from GA-
BAergic neurons of SNR or their projections. In
contrast to SNR .~ GAD67 immunoreactivity
in SNRposterior differed between stimulated GAERS
and stimulated Wistar rats and the difference be-
tween these two groups was statistically significant.
Although electrical stimulation increased GAD67

immunoreactivity in SNR among stimulated

posterior
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Wistar ratsa decrease in GAD67 immunoreactivity
in the same subregion was determined in stimulated
GAERS group. The kindling resistance in GAERS
may stem from the difference in GABAergic trans-
mission found in the potentially proconvulsive SN-

osterior of the stimulated GAERS. The increase in
GADG67 immunoreactivity in SNRPOWrior of Wistar
rats following electrical stimulation of BLA might
cause an increase in GABAergic transmission and
inhibitory effects of SNR on target regions mayre-
sult with easy onset of convulsive seizures. However
in stimulated GAERS the decreased GAD67 im-
munoreactivity in SNR___ .
fest due to a decrease in GABAergic transmission
and a protective effect of SNR on convulsive epilep-
tic seizures. In GAERS, suppressive effect of SNR
on epileptic seizures might be more dominant as a

result of difference in GAD67 activity in SNRposterior
of stimulated GAERS when compared with Wistar
rats. In addition, a decrease in GAD67 immunore-

activity in SNRPOSterior of stimulated GAERS as well
as in GABAergic transmission may lead to aboli-
tion of inhibitory effect of SNR in target regions.
Consequently, this disinhibition may play role in
the prevention of convulsive epileptic seizures in
GAERS model due to activation of thalamic nuclei

or superior colliculus.

might become mani-

Increased deoxyglucose uptake in SNR

posterior
subregion just before onset of seizure has been re-
ported,and SNR

posterior o )
way for the spread of seizure activity [24]. We did
not detect any difference between basal values of
GABA at nerve terminals in GAERS and Wistar
control groups. However, a statistically significant

difference in GAD67 immunoreactivity was detect-
ed in SNR

. ‘posteru?r
resistance in stimulated GAERS may cause from
the difference in GABAergic activity detected in the

proconvulsive SNR

posterior’
The results of this study indicated that SNR_

has an important role in the interaction of ab-

was considered to be a gate-

between stimulated rats. Kindling

sence epilepsy and temporal lobe epilepsy. In line
with the results obtained from our study, analysis
of electrophysiological characteristics of SNR .
and SNR subregions in GAERS and other

models ofp absence epilepsy during kindling seizure

osterior

activity, will contribute to highlighting of the clari-
fication of novel underlying mechanisms of epilepsy
and identifiying new targets for the effective treat-
ment of seizures.
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