Turk Neurosurg 31(4):623-633, 2021

o, Z 5 Received: 17.08.2020
Original Investigation Accepted: 22.12.2020

DOI: 10.5137/1019-5149.JTN.31996-20.2 Published Online: 06.05.2021

Neurogenesis is Enhanced in Young Rats with Genetic
Absence Epilepsy: An Immuno-electron Microscopic Study

Ozlem Tugce CILINGIR-KAYA', Cynthia MOORE?, Charles Kenneth MESHUL?2, Duygu GURSOQOY?*, Filiz ONATS,
Serap SIRVANCI'

"Marmara University School of Medicine, Department of Histology and Embryology, Istanbul, Turkey
2VA Medical Center/Portland, Research Services, Oregon, USA

30regon Heath & Science University, Portland, Department of Behavioral Neuroscience, Oregon, USA
“Medipol University School of Medicine, Department of Histology and Embryology, Istanbul, Turkey
SMarmara University School of Medicine, Department of Medical Pharmacology, Istanbul, Turkey

Corresponding author: Ozlem Tugce CILINGIR-KAYA = tugce.cilingir@marmara.edu.tr

ABSTRACT

AIM: To investigate neurogenesis in both adult and 3-week-old genetic absence epilepsy rats from Strasbourg (GAERS) to determine
if newly formed neurons within the dentate gyrus (DG) form synaptic contacts with GABAergic (gamma aminobutyric acid) and
glutamatergic nerve terminals and compared to the control (non-GAERS) Wistar rats.

MATERIAL and METHODS: Brain tissue was processed for electron microscopic assessment. Thin sections from the hippocampal
DG were double-labelled for anti-GABA or anti-VGLUT1 (vesicular glutamate transporter 1) and anti-doublecortin (DCX) antibodies
using immunogold methodology and examined with the transmission electron microscope for morphological changes and to
quantify the density of gold labeling.

RESULTS: DCX immunoreactivity was demonstrated within axon terminals, dendrites and somata in all groups. DCX and GABA
or VGLUT1 were found to be co-localized in the axon terminals in all groups. We observed that DCX-immunoreactive (-ir) profiles
formed synaptic contacts with GABAergic and glutamatergic terminals. The percentage of DCX labeling in dendrites, compared
to axons, and the percentage of DCX-ir terminal profiles forming asymmetrical synapses, compared to those forming symmetrical
synapses, were increased in all groups compared to the control group. DCX immunoreactivity in the 21-day-old GAERS group was
found to be increased compared to the Wistar group.

CONCLUSION: We conclude that newly born neurons are incorporated into the local hippocampal network in both the GAERS
and the control Wistar rats. The results suggest that the neurogenesis taking place in the hippocampus may also be involved in the
mechanism underlying absence seizures in GAERS.
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B INTRODUCTION

ypical generalized absence epilepsy seizures are
I characterized by a sudden interruption of consciousness
associated with bilaterally synchronous spike and
wave discharges (SWDs) in the electroencephalography
(EEG) (26,44). The role of excessive GABAergic conduction
in the cortico-thalamo-cortical circuitry on triggering
absence epilepsy has been previously reported (32,49). The
hippocampal network was also reported to be altered in this
type of epilepsy (24,33,43,44). Genetic absence epilepsy rats
from Strasbourg (GAERS) have the features of human absence
epilepsy, both neurophysiologically and behaviorally, and also
have the EEG characteristics as shown by SWDs; therefore,
these animals have been used as an experimental model of
absence epilepsy (49).

Interactions between GABA and glutamate, which are the
major neurotransmitters in mammalian brain, have played a
role in not only normal function and plasticity of the brain,
but are impaired in the development of absence epilepsy
(85). Glutamate is stored in the presynaptic vesicles through
the uptake of this neurotransmitter through the vesicular
glutamate transporter (VGLUT) (25). In the hippocampus of
adult GAERS, glutamate levels were found to be increased,
whereas there was no marked difference in GABA levels was
we have previously reported (43,44). However, age-associated
alterations in neurotransmission and subsequent effects on
the function of the hippocampal glutamate/GABA circuitry
have not been thoroughly studied (45).

Neurogenesis occurs during a life-time period in two distinct
areas of the adult brain: the subventricular zone of the lateral
ventricles and the subgranular zone (SGZ) of the hippocampus
(1). Progenitor cells located in the SGZ in the dentate gyrus
(DG) migrate to the granular layer (46). These newly migrated
cells project their axonal processes into the cornu ammonis
(CA)-3 region of the hippocampus (23). It was demonstrated in
recent studies that migrated cells join the local neural circuitry
and are then transformed into mature and functional neurons
(28,50).

In the past few decades, it has been determined that abnormal
hippocampal neurogenesis is an important pathophysiological
mechanism in the development of temporal lobe epilepsy
(TLE) (2,18,28,31,36-38). It has been established that acute
seizures or limbic epileptogenesis induce neurogenesis
(4,46). Seizures not only affect neurogenesis but also induce
migration of neurogenic cells into ectopic regions (46). It has
been reported that ectopically migrated cells play a role in
the formation of an epileptogenic hippocampal circuitry (2).
While recent studies have shown that neurological disorders
or injuries cause an increase in neurogenesis, a significant
decrease also occurs during ageing (12,51).

DCX, a microtubule associated protein, is transiently
expressed in newborns and in migrating neurons, and is also
used as a marker for immature neurons. It is synthesized by
proliferating progenitor cells and newborn neuroblasts. DCX
plays an important role in the regulation and stabilization of
microtubules, neural cell migration, and dendritic branching
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(6,9,21). In the rodent nervous system, expression of DCX
is induced by dividing progenitor cells and continues for 30
days, ending after neural maturation (7).

In the present study, we aimed to determine the possible
effects of absence epilepsy on neurogenesis in GAERS in
comparison to Wistar control rats. Since neurogenesis also
depends on the age of the animals, we tested both 21-day-
and 3-month-old rats. For this purpose, we investigated for the
first time the co-localization of DCX/GABA and DCX/vesicular
glutamate transporter-1 (VGLUT1), using post-embedding
double immunogold labeling at the electron microscopic level.
We investigated whether newborn neural cells, as labeled with
DCX, were able to integrate into the local hippocampal circuitry
and interact with GABAergic or glutamatergic neurons.

B MATERIAL and METHODS
Subjects

21-day-old (Wistar, n=4; GAERS, n=3), 100-150 g and
3-month-old (Wistar, n=5; GAERS, n=5), 250-300 g male
Wistar rats and GAERS were used in the study. The animals
were housed in a temperature-controlled room (20 + 3°C) with
a 12-h light/dark cycle and fed a standard diet. Full approval
of the experimental procedures was obtained from the Animal
Care and Use Committee of Marmara University (35.2014.
mar).

Electron Microscopy

Animals were deeply anesthetized with ketamine (100 mg/kg)
and xylazine hydrochloride (10 mg/kg) and then euthanized
by intracardiac perfusion with a fixative solution containing
2.5% glutaraldehyde, 0.5% paraformaldehyde, and 0.1%
picric acid in 0.1 M HEPES buffer, pH 7.4. The entire brain
was removed and left overnight in the same fixative at 4°C.
300 pm-thick coronal vibratome sections were cut using a a
Leica VT 1000S vibratome and DG region of the hippocampus
was then dissected. Sections were incubated in 1% osmium
tetroxide/1.5% potassium ferricyanide (1:1) for 30 min at room
temperature. The samples were then washed several times
in deionized water and stained en block with aqueous 0.5%
uranyl acetate for 30 min at room temperature. The tissue
was then dehydrated in a graded series of ethanol, cleared in
propylene oxide, and embedded in Epon 812 for 24 h at 60°C.
Semi-thin sections (1 um) were cut on a ultramicrotome (Leica
Ultracut EM UC7, Germany), stained with toluidine blue and
viewed with the light microscope (Olympus BX51, Japan) to
ensure proper orientation. The tissue was then thin sectioned
(80 nm), collected on 100 mesh formvar-coated nickel
grids, and air dried for 3-4 h. Double immunogold labeling
was carried out with two different sized gold particles for
determining the localization of DCX/GABA and DCX/VGLUT1.

Double Immunogold Labeling

Grids containing the tissue sections were washed in TBST pH
7.6 (0.1% Triton X-100, 0.9% NaCl, 0.05 M Tris buffer, pH 7.6),
then incubated overnight at room temperature in anti-GABA
(Sigma A2052, 1:10,000 in TBST pH 7.6) or anti-VGLUT1
antibody (Synaptic System, Cat #: 135 303, 1:1,000,000 in



TBST pH 7.6). After washing with TBST pH 7.6 and TBST
pH 8.2, respectively, sections were incubated in 6 nm gold
conjugated secondary goat anti-rabbit IgG antibody (Jackson
ImmunoResearch, Cat #: 111-195-144, 1:50 in TBST pH 8.2)
for 90 min at room temperature. Sections were then washed in
TBST pH 7.6 and exposed to paraformaldehyde vapor at 80°C
in order to inactivate any unbound secondary antibody for the
second labeling. After washing in TBST pH 7.6, sections were
incubated overnight at room temperature in anti-DCX antibody
(Abcam, Cat #: ab18723, 1:200 in TBST pH 7.6). Sections
were then incubated in 18 nm gold conjugated secondary
goat-anti rabbit IgG antibody (Jackson ImmunoResearch,
Cat #: 111-215-144, 1:50 in TBST pH 8.2) for 90 min at
room temperature. To account for any possible background
labeling due to the secondary antibody, the primary antibody
was omitted in all experimental groups, in which we found no
labelin.

For the electron microscopic observations, all sections
were examined and photographed using a JEOL JEM-1400
transmission electron microscope, which was attached to
a CCD camera (#vV600 AMT, Woburn, MA, USA). All of the
experimental procedures are illustrated in Figure 1.

Quantitative Analysis

Ten micrographs were taken from the DG of each animal. The
areas of DCX positive axons and dendrites, both presynaptic
and postsynaptic, excluding the somata, were measured
and the number of 18 nm gold particles were counted. The
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density of DCX immunoreactivity was calculated by dividing
the number of gold particles by the area of the profile
(particles/um?). The same method was applied for GABA and
VGLUT-1 immunoreactive (-ir) profiles, which included 6 nm
gold particles. The number of gold particles and the area
of the profiles was calculated by using Image-ProPlus 6.0
software. We also calculated the percentage of axons and
dendrites which were either single-labeled for DCX or dual-
labeled for DCX/GABA and DCX/VGLUT1. DCX-ir axons and
dendrites were counted in 10 photographs in each animal
and a percentage was obtained by dividing the number of
axons by the total number of profiles, and a similar calculation
was also carried out for the dendrites. The type of synaptic
contact associated with the DCX-ir profiles was classified
as either asymmetrical or symmetrical, and the percentage
of such contacts was then calculated. In all of the analyses,
the number of gold particles within the mitochondria and the
area of the mitochondria were not included in the final nerve
terminal density analysis.

Statistical Analysis

GraphPad Prism 7.02 was used for the statistical analysis.
The data were analyzed using Students’ unpaired t-test
when two groups were compared, and a one-way ANOVA,
followed by Tukey’s test for multiple comparisons test when
more than two groups were compared. The data are shown
as the mean+S.E.M. All statistical analyses was considered
significant when p<0.05.
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Figure 1: Scheme of the experimental procedures.
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B RESULTS
Morphological Findings

In all groups, DCX-ir cells were seen mostly in the SGZ, but
were also apparent in the granular cell layer and the hilus.
The majority of DCX-ir cells were observed as having a round
nucleus. DCX immunolabeling was localized to axon terminals,
dendrites and somata. DCX labeling was especially detected
in the cytoplasm and the cell processes. While some of DCX-ir
cells did not have fully developed processes, some of these
cells contained dendritic processes (Figure 2A). Some of the
DCX (+) somata contained an indented nucleus, and some
nerve terminals were immunolabeled for GABA (Figure 2B).
There were also dual-labeled axon terminals and dendrites
for DCX and GABA, which were observed making synaptic
contacts (Figure 2C, D).

In the 21-day-old Wistar group, we determined the extent of
DCX immunoreactivity located within on the heterochromatin,
near and/or directly associated with on the ribosomes, and in

the pre- and post-synaptic regions (Figure 3A, C). Postsynaptic
DCX (+) dendrites were seen to making an asymmetrical type
of synaptic contact, with the presynaptic terminal being an
axon terminal (Figure 3E).

In the 21-day-old GAERS group, DCX-ir cell bodies were
observed-making synaptic contacts with GABAergic
axon terminals (Figure 3B) and DCX-ir dendrites with
immunonegative axons (Figure 3D). DCX immunoreactivity
was also observed in mossy fiber terminals, and some of these
terminals contained a high density of GABA immunogold
labeling (Figure 3F).

In the 3-month-old Wistar group, DCX immunoreactivity was
found associated with heterochromatin and the ribosomes in
the somata. GABA (+) nerve terminals were observed making
synaptic contact with these DCX positive somata (Figure
4A). Dual labeling for GABA and DCX was apparent within
dendrites and axon terminals. These double-labeled axon
terminals were found making synaptic-like connections with
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Figure 2: A) A newly born cell with two processes (arrow) which are not fully developed from the 3-month-old GAERS group. B) A cell
with an indented (white arrow) nucleus (N), which is double-labeled both for DCX (arrow) and GABA (arrowhead) from the 3-month-old
Wistar control group. C) Synaptic contacts (white arrow) on a double-labeled DCX- (arrow) and GABA-ir (arrowhead) dendrite (D) from
the 21-day-old Wistar control group. D) An asymmetrical synaptic-like contact between a double-labeled DCX (arrow) and GABA-ir
(arrowhead) nerve terminal and another GABA (+) (arrowhead) profile with a post-synaptic density (white arrow) from the 21-day-old
Wistar control group.
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W-21d _(%roup

Figure 3: Micrographs of DCX and GABA double-labeling from the 21-day-old groups. Blue area: cell body; pink area: axon; green area:
dendrite; MT: mossy terminal. A) 21-day-old Wistar group. Arrow: 18 nm gold particles indicating DCX immunoreactivity; arrowhead: 6
nm gold particles indicating GABA immunoreactivity; white arrow: synapse-like contact. B) From the 21-day-old Wistar group. Arrow:
DCX immunoreactivity; arrowhead: GABA immunoreactivity; white arrow: synaptic contact. C) From the 21-day-old Wistar group. Arrow:
DCX immunoreactivity; arrowhead: GABA immunoreactivity. D) From the 21-day-old GAERS group. Arrow: DCX immunoreactivity;
arrowhead: GABA immunoreactivity in the mossy terminal; white arrowhead: dense core vesicle; white arrow: synaptic contact, MT:
mossy terminal. E) From the 21-day-old group. Arrow: DCX immunoreactivity; white arrow: synaptic contact. F) From the 21-day-old
GAERS group. Arrow: DCX immunoreactivity; arrowhead: GABA immunoreactivity; white arrowhead: dense core vesicle.
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Figure 4: Electron photomicrographs of DCX and GABA double-immuno-gold labeling in the 3-month-old groups. Blue area: cell body;
pink area: axon; green area: dendrite; MT: mossy terminal. A) From the 3-month-old Wistar group. Arrow: 18 nm gold particles indicating
DCX immunoreactivity; arrowhead: 6 nm gold particles indicating GABA immunoreactivity; white arrow: synaptic contact. B) From the
3-month-old Wistar group. Arrow: DCX immunoreactivity; arrowhead: GABA immunoreactivity; white arrow: synaptic contact. C) From
the 3-month-old Wistar group. Arrow: DCX immunoreactivity; white arrow: synaptic contact; MT: mossy terminal. D) From the 3-month-
old GAERS group. Arrow: DCX immunoreactivity; arrowhead: GABA immunoreactivity; white arrow: synapse-like contact. E) From the
3-month-old GAERS group. Arrow: DCX immunoreactivity; white arrow: synaptic contact; white arrowhead: dense core vesicle. F) From
the 3-month-old GAERS group. Arrow: DCX immunoreactivity; arrowhead: GABA immunoreactivity; white arrow: synaptic contact.
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immune-negative profiles (Figure 4C). DCX positive mossy
fiber terminals were observed making synaptic contact with
DCX positive dendrites  (Figure 4E).

In the 3-month-old GAERS group, DCX immunoreactivity was
observed in the somata near and/or on the ribosomes and
heterochromatin (Figure 4B). DCX-ir dendrites were observed
to have a low density of GABA immunoreactivity (Figure 4D),
whereas DCX (+) axon terminals were found to have a higher
density of GABA immuno-gold labeling (Figure 4F).

VGLUT1 immunoreactivity was also seen in the DCX positive
or negative nerve terminals that contained spherical vesicles.
In addition, DCX/VGLUT1 double-labeled profiles were
observed making synaptic contact with both immunonegative
or immunopositive structures that were positive for VGLUT1
and/or DCX (Figure 5A-D).

Statistical Data

DCX immunoreactivity was found to be higher in the 21-day-
old GAERS group compared to the 21-day-old Wistar group
and this difference was statistically significant (p=0.03) (Figure
6A). However, there was no significant difference in the
density of DCX immunoreactivity in the 3-month-old GAERS
rats compared to 3-month-old Wistar controls. Besides, the
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percentage of DCX (+) dendrites compared to DCX (+) axons
in all groups was found to be significantly increased (p<0.001)
(Figure 6B). The percentage of dual labeled GABA and DCX
axon terminals was significantly increased in the 21-day-old
GAERS group compared to that of the dual labeled dendrites
(p=0.01) (Figure 6D). There was no difference in the percentage
of GABA and DCX-ir dual labeled profiles and in the density
of GABA immuno-gold labeling between the groups (Figure
6C, E). We then classified the synaptic contacts as to whether
they were either a DCX (+) single or dual labeled and if the
contact was as symmetrical or asymmetrical. We observed
that the synaptic contact associated with the DCX-ir profiles
were primarily asymmetrical compared to that of being a
symmetrical, and this difference was statistically significant
(p<0.001) (Figure 6F). There was no difference in VGLUT1
immunoreactivity in DCX-ir positive or immunonegative
profiles between the groups (Figure 6G, H).

H DISCUSSION

Inthe present study, we are the first to report postembed double
immunogold labeling was used to localize DCX/GABA and
DCX/VGLUT1 immunoreactivity at the electron microscopic
level in Wistar rats and GAERS. Our results indicate that both

W-21d Group
-~

Figure 5: Electron photomicrographs

of DCX and VGLUT1 double immuno-

gold labeling in all groups. Arrow: DCX
immunoreactivity; arrowhead: VGLUT1
immunoreactivity; white arrow: postsynaptic
density.
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Figure 6: A) Density of 18 nm gold particles indicating DCX immunoreactivity. (Unpaired t-test, *p=0,0340). B) Percentage of DCX-ir
axons or dendrites in all DCX (+) profiles. (One way ANOVA, *** p<0.001, DFn=7, DFd=28 and the F value=18.13). C) Percentage of dual-
labeled profiles for DCX and GABA in all DCX (+) profiles. D) Percentage of dual-labeled axons or dendrites for DCX and GABA in all
DCX (+) profiles. (One-way ANOVA, *p=0.0147, **p=0.0008; DFn=7, DFd=12 and the F-value=4.189). E) Density of 6 nm gold particles
as an indicator of GABA labeling. F) Comparison of DCX-ir profiles associated the specific type of synpatic contact. (One-way ANOVA,
*p<0.05; **p<0.01; ***p < 0.0001; DFn=7, DFd=32 and the F-value= 48.31). W 21d: Wistar 21-day-old group, W 3m: Wistar 3-month-
old group, G 21d: GAERS 21-day-old group, G 3m: GAERS 3-month-old group. A: Axon, D: dendrite, S: Symmetrical synaptic contact,
As: asymmetrical synaptic contact. G) Density of 6 nm gold particles as an indicator of VGLUT1 labeling. H) Percentage of dual-labeled
profiles for DCX and VGLUT1 in all DCX (+) profiles.
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local and newly formed GABAergic and glutamatergic neurons
cells within the DG make synaptic contact with DCX-ir newly
born cells in both immature and adult control and in GAER
epileptic rats. This suggests that immature neurons contribute
to the neuronal circuitry in both control and absence epileptic
pups and in adult rats.

We observed DCX-ir cells localized in the SGZ, which is
consistent with previous work reported by Shapiro et al. (40).
The authors also stated that newly born cells might show
dendritic processes, similar to those shown in our study. In
parallel with the report by Herrick et al., we observed DCX
immunoreactivity associated with the heterochromatin within
the nucleus and on the ribosomes within the cytoplasm (19).
In the present study, most of the DCX-ir neurons had the
morphology of granule cells with regular and round nuclei, and
this finding was also consistent with previous studies (19,41).
However, some DCX-ir cells showed the features of GABAergic
inhibitory cells, i.e., with the soma having an indented nucleus
and the axon terminals being double-labeled with both DCX
and GABA. This result is consistent with previous reports
that 14% of the newly born cells in the DG of adult rats are
composed of GABAergic basket cells (22). The percentage
of DCX-ir dendritic profiles was greater more than that of
DCX-ir axons in all groups. We hypothesize that these results
may be due to the fact that DCX is a microtubule-associated
protein (13) and the dendrites have more dynamic microtubule
structures in contrast to that of the axons (3). In the neurons
of vertebrates, the ratio of microtubules to neurofilaments is
significantly higher in dendrites than axons (27). Newly born
neurons of the adult DG strongly express DCX (18), and this
may be related to the formation and maturation of the dendritic
tree in neurons that are undergoing differentiation (8).

It is known that DG granule cells express GABAergic markers
at early stages of development and this GABAergic phenotype
might be related to the trophic effects of GABA (16). GABA
released from mossy fiber terminals is excitatory during the first
7 days of postnatal development and then inhibitory until 22-
23 days; thereafter no GABA is normally released from mossy
fiber terminals (17,34). However, under abnormal conditions
such as seizures, mossy fiber terminals of adult animals may
then release GABA. At this point in time, mossy fiber terminals
regulate the maturation of pyramidal cells until dendrite and
spine formation is completed (17). Besides, axons which
originate from dentate granule cells are recognized as having
a dual GABAergic and glutamatergic phenotype (15). We
previously observed deregulation of the metabolism of GLU
and its membrane transporters in the cortex and/or thalamus
of young GAERS prior to the development of seizures (10,11),
suggesting an early impairment of GLU neuro-circuitry, which
may be involved in the genesis of this pathology (48). GABA
and glutamic acid decarboxylase (GAD) in the hippocampus
of both adult Wistar control rats and GAERS strain has been
reported at the electron microscopic level (42-44), with no
differences found in either GABA and GAD density. Similarly,
in the current study, there was no difference in GABA density
in the hippocampal inhibitory nerve terminals between the
GAERS and Wistar control rats. Our observations showed
that mossy fiber terminals in the 21-day-old animals made

Cilingir-Kaya OT. et al: Neurogenesis and Genetic Absence Epilepsy

synapse-like connections and contained GABA. Mossy
fiber terminals in the 3-month-old group were also GABA-
ir positive. This finding, consistent with previous reports,
suggests that GABA found within in mossy fiber terminals of
21-day-old control and epileptic animals may be functional
and have inhibitory effects on other neurons within the hilus.
Furthermore, this GABA immunolabeling found in 21-day-
old rats may also be acting as a trophic factor, as previously
reported (17,34).

In the current study, there was no difference in the density
of VGLUT1 labeling between the adult and young GAERS
and Wistar rats. VGLUT1 immunoreactivity and protein levels
remained constant across all age groups, starting at postnatal
month 1 (PM1; adolescent), PM6, PM12 (adult group),
PM18 and PM24 (the aged groups). These results suggest
that VGLUT1 may be less susceptible to the aging process
(20). In line with the previous study of Bergersen et al., we
observed the colocalization of GABA and glutamate in the
same terminals (5).

We show in the current study that DCX-ir cells formed synaptic
connections, with our finding consistent with previous reports
(19,47). We observed that DCX-ir profiles made asymmetrical
compared to symmetrical synaptic contacts more often
and this difference was statistically significant. This finding
is consistent with a previous study demonstrating that most
of the newly born neurons are making excitatory synaptic
contacts, while a small number of the contacts have inhibitory/
symmetrical features (29). In addition, the ratio of GABA (+)/
DCX dual-labeled profiles was significantly smaller compared
to non-GABAergic profiles in all groups.

It was shown in previous studies that limbic epileptogenesis
with extended seizures stimulated hippocampal neurogenesis
(4,30). In kainate and pilocarpine models of TLE, DG cell
proliferation was shown to increase significantly after a few
days following a long latent period (14,30). Scott et al. (39)
used the gamma-hydroxybutyrate (GHB) model for typical and
AY-9944 model for atypical absence seizures to investigate
neurogenesis in adult rats and then compared the results with
that of a kindling mode. Rats with absence epilepsy did not
show any significant difference from the controls in terms
of newly born cells. However, neurogenesis was shown to
increase in the kindling model. The present study showed that
the density of DCX immunolabeled cells significantly increased
inthe 21-day-old GAERS group compared to 21-day-old Wistar
control group, which may indicate enhanced neurogenesis in
this model of genetic absence epilepsy. However, there was
no difference in the density of DCX positive neurons between
the 3-month-old GAERS and 3-month-old Wistar groups, a
finding which is in line with the study of Scott et al. (39).

Our results showed that DCX and GABA or VGLUT-1 could be
co-expressed within the same neuron and that these newly
born nerve cells are capable of making synaptic contact
with other neural elements in both the GAERS and control
Wistar animals. This is the first report of neurogenesis in the
GAERS strain. Our study contributes to the epilespy literature
by revealing the relationship between this GAERS model of
epilepsy and neurogenesis.
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In summary, double immunogold (postembed) labeling to
localize both method for DCX and GABA/NGLUT-1 at the
electron microscopic level was applied for the first time in
the hippocampus of both GAERS and Wistar control rats.
Increased DCX immunoreactivity in 21-day-old GAERS
suggests that there is enhanced neurogenesis in the
hippocampus of these animals. This 21 day old time period
corresponds to the moment before the appearance of spike-
and-wave discharges in this strain. Therefore, we suggest that
the hippocampus may also be involved in the mechanism(s)
underlying absence epilepsy in this GAERS strain of rats.

B CONCLUSION

These results reveal that the most important factors affecting
hippocampal neurogenesis in epilepsy are the type and
mechanism of seizure and epileptic discharges.
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