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ABSTRACT

Background:The polysialylated neural cell adhesion molecule (PSA-NCAM) is expressed in developing brain. 
Fetal brain damage is caused by different conditions such as seizure and hypoxia. The present study was designed 
to investigate the effect of maternal seizures on the number of PSA-NCAM positive cells in pup's hippocampus. 
Methods: Female Wistar rats were divided into four groups: (a) kindled rats which received PTZ (40 mg/kg, i.p.) 
during pregnancy from embryonic day 14-19 (E14-E19) every 48 h, (b) kindled rats which did not receive PTZ 
during pregnancy, (c) non-kindle, pregnant rats which received PTZ injection (40 mg/kg, i.p.) during pregnancy 
from E14 to E19 every 48 h, and (d) non-kindle, pregnant rats which received injection with an equal volume of 
normal saline as sham controls. At postnatal day 14 (PD14), rat pups were perfused, and their brain were fixed, 
embedded and coronal sections stained by immunohistochemistry method. The number of PSA-NCAM positive 
cells per unit area in the pup's hippocampus was counted. Results: The number of PSA-NCAM positive cells in the 
CA1, CA3, and DG fields of pup's hippocampus, which was obtained from mothers who experienced PTZ injection 
during pregnancy, was decreased approximately 2.6 (P = 0.001), 2 (P = 0.001), and 2.1 (P = 0.001) times compared 
with non-PTZ treated maternal groups, respectively. Conclusions: Our study showed that maternal seizures 
reduced the number of neurons and also PSA-NCAM positive cells per unit area in the offspring hippocampus that 
it may cause impairment in hippocampal functions.   Iran. Biomed. J.  15 (4): 157-163, 2011
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INTRODUCTION

fter stroke, epilepsy is the most common 
neurological disorder (0.5-2% of the general 
population) and it is estimated that 0.5%

pregnant women have epilepsy [1, 2]. Previous studies 
have been revealed that the children of mothers with 
epilepsy both treated with anti-epileptic drugs and non-
treated, have a higher incidence of intrauterine growth 
retardation than general population. Thus, it is possible 
that maternal seizures could have a direct effect on the 
fetus [3].

Generalized seizures may cause hypoxia, which it 
can lead to irreversible damages to the central nervous 
system. A previous study has been reported that 
maternal seizures in pregnant rats lead to neuronal 
damage in pup's hippocampus [4]. However, it is 
unclear that whether seizures alone in the absence of 

hypoxia can induce damage in nervous system [5].
Cerebral cortex development is a temporo-spatial 

process and it is carried out by several mechanisms, 
including proliferation, migration, differentiation, 
maturation and programmed cell death (apoptosis). 
Thus, failure in one of these mechanisms can 
potentially cause an impairment of cortical 
development [2, 6].

It is recognized that structural alterations in neurons 
are mediated by expression of molecular changes such 
as cytoskeletal proteins and cell adhesion molecules. 
The polysialylated neural cell adhesion molecule 
(PSA-NCAM) strongly associated with brain plasticity, 
axonal outgrowth, cell migration and synaptogenesis 
[7, 8]. The highest expression of PSA-NCAM occurs in 
the developing nervous system. However, it has been 
believed that the expression of PSA-NCAM is 
increased in several cases, including learning and 
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memory [9], stress [10], ischemia and epilepsy [11,
12].

Previously, it has been demonstrated that PSA-
NCAM positive cells can be found in neuronal cells of 
the hilus, CA3 and CA1 regions of hippocampus [13,
14]. Increased neurogenesis in the dentate granule cell 
layer and increased numbers of PSA-NCAM-positive 
granule cells have been demonstrated in amygdaloid-
kindling [15, 16]. The aim of this study was to 
determine the effects of maternal seizures on changes 
in numbers of PSA-NCAM positive cells in rat's 
hippocampus offspring using immunohistochemical 
techniques.

MATERIAL AND METHODS

This experimental research was reviewed and 
approved by the Ethics Committee of Mashhad 
University of Medical Sciences, Mashhad, Iran.

Animals. Eight-week-old Wistar rats (Laboratory 
Animal Center of Mashhad University of Medical 
Sciences, Mashhad, Iran), weighing 180-200 g, at the 
outset were used in this study. The animals were 
maintained at the animal house under controlled 
conditions (12 h light and dark cycle, 21°C and 50%
relative humidity) with laboratory chow and water 
provided ad libitum.

Kindling procedure. Female rats were received a 
dose of 40 mg/kg pentylentetrazol (PTZ, Sigma, USA) 
dissolved in 1ml normal saline i.p., every 48 h. In total, 
13 doses of PTZ were applied. The convulsive 
behavior was observed after each PTZ-injection for 20
min. The seizures were classified according to Racine 
[17] as follows: stage 0, no response; stage 1, ear and 
facial twitching; stage 2, myoclonic jerks without 
upright position; stage 3, myoclonic jerks, upright 
position with bilateral forelimb clonus; stage 4, clonic-
tonic seizures; stage 5, generalized clonic-tonic 
seizures, loss of postural control. To check the 
maintenance of kindling state, the animals were 
challenged with a sub-convulsive PTZ dose 10 days 
after the last kindling injection. Only the rats showing 
generalized clonic-tonic seizures were used in this 
study as kindled. The rats injected with a equal volume 
of normal saline were used as sham controls.

Breeding protocol and study groups. Female rats 
were placed with “stud” males in the late afternoon (4-
5 PM) and removed the next morning (9-10 AM). The 
day on which spermatozoa were found in a vaginal 
smear was designated as embryonic day 0 (E0). After 
confirmation of kindling and pregnancy, the kindled 
pregnant rats were divided into two experimental 

groups randomly (6 rats in each group): (a) kindled rats 
which received PTZ injection (40 mg/kg) i.p. from E14
to E19 every 48 h; (b) kindled rats which did not 
receive PTZ during pregnancy. The rats who were not 
received PTZ before pregnancy (non-kindled) were 
divided into two control groups randomly (6 rats in 
each group): (c) non-kindled, pregnant rats which 
received PTZ injection (40 mg/kg) i.p. from E14 to 
E19 every 48 h, and (d) pregnant non-kindled rats 
injected with equal volume of normal saline as sham 
controls.

Tissue processing. Rat pups at postnatal day 14
(PD14) were anesthetized via inhalation of ether and 
perfused transcardially with 0.9% saline, followed by 
4% paraformaldehyde in 0.1 M phosphate buffered 
solution, pH 7.4. Brains were removed and fixed in the 
paraformaldehyde 1% solution (pH 7.4) for 2 days. The 
brain tissues were processed by routine histological 
methods and embedded in paraffin blocks. Paraffin 
blocks were placed in rotary microtome (Leitz 1512, 
Germany) and serial coronal sections of 5 μm thickness 
were obtained. The boundary of hippocampus was 
defined in accordance with the atlas of Paxinos and 
Watson [18]. Next, ten uniform random sampled 
sections including hippocampus from each animal were 
chosen and mounted on poly-L-lysine coated slides for 
immunohistochemistry.

Immunohistochemistry. For immunohistochemical 
detection of PSA-NCAM, sections were deparaffinized 
with the xylene, rehydrated through descending 
concentrations of ethanol and rinsed in 0.1 M PBS for 
10 min. The deparaffinized and rehydrated sections 
were treated with EDTA (pH 8.4) in PBS at 37°C for 
15 min to retrieve antigen. Then, they were immersed 
in a methanol/H2O2 solution (1:100) in dark to block 
endogenous peroxidase for 30 min and rinsed in 0.05
M PBS plus 0.025% Trition X-100 (3 times for 5 min) 
at room temperature. Thereafter, the sections were 
incubated in 10% normal serum with 1% BSA in PBS 
at room temperature for 2 h. For best result to decrease 
background staining, all the sections were treated with
10% normal goat serum in PBS (goat as the host of the 
secondary antibody) for 30 min. The sections were 
then covered with the anti-PSA-NCAM mouse IgM 
monoclonal antibody (diluted 1:500 in PBS with 1%
BSA) as primary antibody in humidified chamber at 
4oC overnight. After incubation, the slides were 
washed extensively with PBS containing 0.025%
Trition X-100 (3 times for 5 min). After washing, the 
sections were applied with HRP-conjugated secondary
antibody (goat anti-mouse IgM, Vector Laboratories, 
CA, USA) and diluted to the 1:200  concentration in
PBS with 1% BSA at room temperature for 2 hours. 
All the sections were washed extensively with PBS for
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Fig. 1. Number of PTZ injections required to reach each stage 
of Racine's scale (mean ± S.D.).

3 min and treated with diaminobenzidine solution (0.03
g diaminobenzidine in 100 ml PBS and 200 µl 
H2O2/100 ml PBS) in dark at room temperature for 30
min. After washing in running water, all the sections 
were counterstained with a solution of Harris 
Hematoxylin for 1 min. Finally the sections were 
dehydrated in increasing graded ethanol, cleared in 
xylene and mounted in glass slide [19]. The 
immunostaining sections were evaluated and 
photographed by a light microscope (Olympus DP12, 
Japan) and PSA-NCAM positive cells in the 
hippocampal sections were counted. 

Quantification analysis. PSA-NCAM positive cells 
and the number of neurons per unit area (NA) of the 
CA1, CA3, DG and hilus subdivisions of the 
hippocampus were counted. The sections including 
hippocampus for an unbiased estimation of the number
of neurons were obtained by uniform random 
sampling. The preparations were examined under a 
light microscope using a ×100 objective lens (UPlanFI, 
Japan) and images were transferred to computer using 
a high-resolution camera (BX51, Japan). All sections 
were digitally photographed and the number of neurons 
and PSA-NCAM positive cells were counted using a 
1000 μm2 counting frame. The mean number of 
neurons NA in different regions of hippocampus were 
calculated using the following formula [20]:

Where " " is the sum of counted particles appeared 
in sections, "a/f" is the area associated with each frame, 
"∑P" is sum of frame associated points hitting space. 

Statistical analysis. Differences between means were 
determined by one-way analysis of variance (ANOVA) 
followed by tukey post hoc test using SPSS11.5
software.

RESULTS

PTZ injections. The first few injections of PTZ 
induced behavioral signs, such as short-term freezing 
and face automatism (stage 1 of the Racine scale). 
Repeated injections of PTZ resulted in the clonic-tonic 
convulsions in rats (stages 4 or 5 of the Racine scale, 
Fig. 1). Kindling was confirmed 10 days after the last 
injection of PTZ. Indeed, seizure severity did not differ 
from that observed after the last injection in the same 
animals (P = 0.1). 

Effect of maternal seizures on the number of PSA-
NCAM-positive cells per unit area in hippocampus of 
rat pups. PSA-NCAM positive cells were found in the 
various subdivisions of hippocampus in the 
experimental and sham control groups, but they were 
less abundant in the groups that received PTZ injection 
during pregnancy period (Fig. 2). The number of PSA-
NCAM positive cells among the experimental and 
sham control groups presented in Figure 3A. The 
number of PSA-NCAM positive cells NA,P in the CA1, 
CA3, and DG subdivisions of hippocampus, obtained 
from the offspring of kindled mothers who experienced 
PTZ-induced seizures in pregnancy period, decreased 
significantly 2.6 (P = 0.001), 2.07 (P = 0.001) and 2.1
(P = 0.001) times compared with sham control groups.
Also, in offsprings of non-kindled mothers that they 
received PTZ during pregnancy this significant 
reductions were  approximately 2.6 (P = 0.01), 1.84 (P
= 0.001) and 1.9 (P = 0.01) times compared with sham 
control groups respectively. Data concerning the 
number of neurons (including PSA-NCAM positive 
and non-positive neurons) NA,N in each subdivision of 
the hippocampus has been presented in Figure 3B. 
These data demonstrated a moderately significant 
decrease in the number of neurons NA,N in the various 
subdivisions of the hippocampus in comparison with 
sham controls (P = 0.001), in exception of hilus region 
(P = 0.08).

Although the number of neurons NA,N in hilus region
among all groups was not different significantly, the 
number of PSA-NCAM positive cells in this region had 
shown a significant decrease in the groups which  
received PTZ-induced injection in comparison with the 
groups did not receive it (P = 0.01).
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Fig. 2. Photomicrograph of the PSA-NCAM positive cells (Arrows) in hilus area of rat offspring  hippocampus in postnatal day 14. 
Sham control (A); hippocampus obtained from the offspring of kindled mothers who did not experience epileptic seizures during 
pregnancy (B); hippocampus obtained from the offspring of non-kindled (C) and kindled (D) mothers who experienced epileptic 
seizures during pregnancy.

As shown in Figure 3, there was no statistically 
significant difference in the number of neurons NA,N

and PSA-NCAM positive cells NA,P in hippocampus 
obtained from the offspring of kindled mothers who 
did not experienced PTZ-induced seizures during 
pregnancy when compared with sham control group (P
= 0.08).

DISCUSSION

This study evaluated the effect of maternal epileptic 
seizures during pregnancy on a number of neurons 
(NA,N) and PSA-NCAM positive cells (NA,P) in the rat
pup's hippocampus in PD14. Our results showed that 
maternal seizures affected the number of neurons NA,N

and PSA-NCAM positive cells NA,P in the rat pup's 
hippocampus.

PSA-NCAM plays an important role in 
synaptogenesis and migration of neural precursors 
[21]. It is well established that developing and 
migrating neurons in hippocampus are PSA-NCAM 
positive cells [22]. Previous studies have suggested that 
PSA-NCAM-induced plasticity is essential for learning 
[23, 24]. Therefore, any changes in the number of PSA-
NCAM-positive cells may cause an impairment of 

hippocampal development.
The results of this study showed that the effect of 

maternal seizures on the number of PSA-NCAM 
positive cells NA,P was not similar in various 
subdivisions of hippocampus. Indeed, CA1 region 
showed a 2.6 fold decrease in the number of PSA-
NCAM positive cells in the experimental pup's 
hippocampus in comparison with sham controls, 
whereas CA3 and DG regions showed approximately 
two fold decrease (Fig. 3A).

Iwai et al. [11] have shown a reduction of PSA-
NCAM immunoreactivity in the granular cell layer of 
dentate gyrus following induction of ischemia and 
suggested that production of polysialylic acid is 
reduced under the influence of ischemia [11]. In 
addition, Uyanikgil et al. [25] have investigated the 
effect of maternal seizures during pregnancy on nestin 
expression in the immature rat cerebellum. They have 
demonstrated that nestin positive cells was increased in 
the experimental epilepsy group and also the epileptic 
seizures during pregnancy may cause an impaired 
neurogenesis. Some researchers have reported a 
reduction numbers of PSA-NCAM positive cells after 
seizures in pediatric and adult patients with temporal 
lobe epilepsy [26, 27].
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Fig. 3. Mean number of (A) PSA-NCAM positive cells (NA,P) 
and (B) neurons (NA,N) per unit area in the subdivisions of 
hippocampus (mean ± S.D). *P = 0.001, †P = 0.01.

In contrast, some researchers have reported an 
increase in the number of PSA-NCAM positive cells in 
the subventricular zone and hippocampus after general 
seizure in kindled rats [12, 28]. However, the 
mentioned studies have investigated the effect of 
epileptic seizures, but not maternal seizures. 

It is established that the majority of cortical 
neurogenesis in rodent occurs at second week of 
prenatal period. In the rat, formation of hippocampus is 
completed during the first 2 weeks of postnatal life [29,
30]. Therefore, maternal seizures might affect 
neurogenesis that is required for the hippocampal 
development. In this study, we observed that the 
number of neurons NA,N decreased in the hippocampus 
obtained from the offspring that their mothers 
experienced epileptic seizures during pregnancy in 
comparison with sham controls. 

Hallak et al. [5] have reported several fetal neuronal 
damage, such as shrinkage of cells, nuclear pyknosis, 
and karyorrhexis in the hippocampus, obtained from 

the offspring that their mothers experienced epileptic 
seizures during pregnancy. In addition, McCabe et al.
[31] has found a reduction in new granular cells in DG 
after recurrent seizures in the neonatal rats. 

The results of our study showed that the number of 
neurons NA,N was significantly decreased in the CA1, 
CA3 and DG subdivisions of hippocampus in offspring 
of mothers who experienced epileptic seizures during 
pregnancy in comparison with sham controls. Although 
there are evidences showing that DG is more 
vulnerable than other subdivisions of hippocampus to 
seizures and ischemia during postnatal life [32, 33], the 
results of our study show that CA1 region appears to be 
particularly vulnerable to maternal seizures.

In this study, despite reduction of the number of 
PSA-NCAM positive cells NA,P in hilus region, there 
was no significant difference in the number of neurons 
NA,N among all groups in this region (Fig. 3B). In 
addition, in our study, there were no significant 
changes in both the number of neurons NA,N and PSA-
NCAM positive cells NA,P in the hippocampi, obtained 
from the offspring of kindled and non-kindled mothers 
who did not experience PTZ-induced seizures in 
pregnancy period. On the other hand, this experiment 
showed that kindling did not affect the number of 
neurons NA,N and PSA-NCAM positive cells NA,P in 
various subdivisions of hippocampus. Therefore, the
only factor involved in reduction of PSA-NCAM-
positive cells was PTZ-induced seizures during 
pregnancy period.   

In agreement with the present study, Siddiqui and 
Joseph [34] evaluated neuronal cell loss in various 
subdivisions of hippocampus at 16 weeks post-status 
epilepticus rats. They have reported that the granule 
cells in dentate gyrus were very resilient to kainate-
induced status epilepticus. In hilus region, they have 
showed that at 16 weeks post-status epilepticus, there 
was no significant difference in neuronal loss between 
kainate and control groups; while the number of 
neurons in the CA3 and CA1 regions at 16 weeks post-
status epilepticus showed significant decrease in 
kainate-induced epileptics in comparison with controls. 
Finally they have reported that the CA1 region was the 
greatest affected area in hippocampus. 

Naseer et al. [35] evaluated effects of maternal 
epileptic seizures induced by PTZ on the neuronal cell 
apoptosis in the rat pup's hippocampus. They have 
demonstrated that PTZ-induced seizures during 
pregnancy period increased neuronal apoptosis by 
elevating intracellular cytochrome C and Caspase-3
expressions. In addition, they have reported that 
pyramidal neurons of the CA1 region were scattered 
and shrunken, and the nuclei were condensed after 
inducing of seizure in pregnancy period. It seems that 
there is an imbalance between cell proliferation and 
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cell apoptosis in the developing hippocampus after 
induction of seizure in pregnancy period.

This experiment showed that maternal seizure 
activity was associated with neuronal loss in the rat 
offspring hippocampus. Indeed, maternal epileptic 
seizures adversely impair normal postnatal 
hippocampal development, leading to alterations in 
hippocampal cell number. Reduction of PSA-NCAM 
positive cells in the experimental group might be 
suggested an impairment of postnatal neurogenesis and 
retardation of maturation. However, further studies are 
needed to investigate the effect of maternal seizures on 
the plastic changes of cells and their biological 
functions in the hippocampus.
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