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ABSTRACT

Background: Materna epileptic seizures during pregnancy could be affect offspring
cerebellar function. The polysialylated neural cell adhesion molecule (PSA-NCAM), which is
highly expressed in the developing central nervous system, may play important roles in
myelination, cell migration, neurogenesis and synaptogenesis. This study to determine the
effect of kindling and epileptic seizures during pregnancy on the PSA-NCAM expression in
the neonatal rat cerebellum.

Methods: 40 adults femae Wistar rats were randomly divided into five groups. A)
Kindle'/Seizure™; pregnant kindled rats that received repeated intraperitoneal pentylen
tetrazol, PTZ injections on gestational days (GD) 15, 17 and 19; B) Kindle"/Seizure;
expectant kindled rats that did not receive any PTZ injections; C) Kindle ~/Seizure”; gravid
non-kindled rats that received PTZ injections on GD15, 17and 19 and D) Kindle/Seizure ; as
the sham controls that received saline with equal volume of PTZ on GD15, 17 and 19,
E)Normal pregnant;
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without any interference. Pups randomly selected on post-natal days 1 and 14 (PD1 and
PD14) and PSA-NCAM expression in neonates’ cerebellum was analyzed by western blots
and immunohistochemistry.

Results: Our data showed a significant down regulation of PSA-NCAM expression in the
offspring cerebellum of Kindle'/Seizure” (p=0.001) and Kindle' /Seizure” (p=0.001) at PD1
and Kindle'/Seizure” (p=0.01) and Kindle/Seizure” (p=0.01) at PD14 groups compared
against the sham control and normal groups.

Conclusion: Our results demonstrated that during pregnancy, maternal seizures effects on the
PSA-NCAM expression in the cerebellum newborns. Probably there is relationship between
seizure's pregnancy, PSA-NCAM expression and offspring cerebellar structure or function
from epileptic mothers.

Keywords. Maternal Seizure, Polysialylated Neural Cell Adhesion Molecule, Kindling, Rat,
Cerebellum

1. BACKGROUND

Epileptic seizure is a temporary disturbance in brain activity caused by abnormal discharges
at the same time is the cerebral cortex (1, 2). Epilepsy is second the most common disorder of
the brain after stroke is introduced (3). Epileptic mother's newborns are at greater risk of
defects and diseases. Structural changes in neurons through expression of cytoskeletal
proteins and neural cell adhesion molecules (NCAM) are done (4, 5). One of the molecules
that in recent year's specia attention in this regard are that PSA-NCAM is. Previous studies
have noted that PSA-NCAM molecules in different brain regions, including cortical,
hippocampal formation, the sub ventricular (SVZ) and the cerebellum during development in
large quantities and after birth, and even the smaller value is expressed in adolescence, It also
indicates that the level of its expression is increased in several cases such as chronic stress,
ischemic lesions, brain trauma and epilepsy increases (12, 13). PSA-NCAM molecules as
well prevent the destruction of neurons (neuro degeneration) affecting the central nervous
system (14). The cerebellum is the part of the CNS plays an important role in motor control.
Cerebellum is not starter, but is highly effective in coordinating fine movements a lot.
Different neural pathways through the cerebellum and motor cortex and other areas within the
brain are starting movements. The cerebellum in puts from sensory systems and other parts,

such as spinal cord receives. Therefore, although the damage to the cerebellum is not
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paralyzed, but disturbance in fine motor, balance and motor learning even (Motor Learning) is
created. In the past, it was thought that epileptic seizures are a phenomenon cerebrocortical,
yet there are reports stating that the cortical seizures cause cerebellar damage. Previous
studies have shown that for patients with epileptic seizures, serious damage to the white
matter of the cerebellum into the relationship between the cerebellum and other areas of the
cerebral cortex is faced with disorder (16). Cerebellar atrophy is also a neuropathologic
disorder that in some patients with epilepsy is there. Actually, cerebellar atrophy is related
with multiple complications such as. severe reduction in Purkinje and granular cells and also
gliosis. Although some researchers believe that this injuries not related to epilepsy, but most
believe that a direct relationship between epileptic seizures and cerebellar damages is there
(17). Previous studies have suggested the cerebellum is very sensitive to hypoxia. Among
these structures, including the Purkinje neurons cell body and dendritic trees from other areas
in the cerebellar granular and also seem more vulnerable (10). Since PSA-NCAM as a marker
of neurons in the CNS is known evolution and migration, and considering the important role
of the cerebellum in establishing communications with other parts to the brain such as the
cortex. In this study the expression of PSA-NCAM in newborns of mothers with epilepsy to
be surveyed. It is hoped that these results will lead in the future to expand the knowledge of
embryology and a neuroanatomy relationship between mothers with epilepsy and
development in neonates born from these mothers.

2.METHODS

This experimental study was done according to the ethics committee guidelines during 2015
in Mashhad University of Medical Sciences, including the National Institutes of Health (NIH)
and protocols of all experiments on animals were approved by the Committee on Animal Care
Institute.

3. ANIMALS

For this study, 40 adult female Wistar rats (8 week-old, weighing 165-180 g) were obtained
from animal house school of medicine at Mashhad University, Iran. Before the experiment
began, to adapt to the environment, all animals with free access to food and water for a week
were maintained in normal controlled conditions (12 hr. light-and-dark cycles, at 21 °C with
50% relative humidity). Before mating, the female rats were randomly divided among three
groups: Kindled, Non-Kindled (N = 16 in each) and normal group (N = 8).
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4. KINDLING PROCEDURE

For kindling, after the adjustment period, the number of females (n = 16), received PTZ with
intraperitoneal injection (Sigma, America) at a dose of 40 mg/kg dissolved in one ml of
normal saline, every 48 hr. Each rat received total of 12-15 doses of PTZ. After PTZ-injection
the convulsive behavior was evaluated for 20 min. Behavior in this model of epilepsy, based
upon previous research and Racine'scriteria (26) were divided into six phases: stage 0: any
response, stage 1. facia and ear's muscles contraction, stage 2. wave of contraction
throughout the body, stage 3: jump myoclonic, especially in the upper limbs, stage 4: jJumping
with myoclonic stand on two legs and fall to the side, stage 5: tonic and clonic falling into the
public attacks. To check the maintenance of kindling state, the animals were challenged with
a sub-convulsive PTZ dose (40 mg/kg) 10 days after the last kindling injection (13). Kindled
(Kindle") rats who are showed generalized tonic-clonic seizures behavior. Non-kindled
(Kindle) rats that are no received PTZ-injection before pregnancy, and sham controls (Kindle
/Seizure) rats that are received normal saline injected with an equal volumes of PTZ, and

normal group without any interference.

5. PREGNANT PROTOCOL AND STUDY GROUPS

14 days after kindling confirmation, every 2-3 kindle or non-kindle rats with male rats were
placed in the late afternoon (6-7 PM) in separate cages for mating. In the next morning,
vagina smear were prepared and evaluated whit an optical microscope by 100X
magnification, if spermatozoa were observed as the 0 day of pregnancy is considered to be.
After confirming pregnancy, pregnant rats were divided randomly into 5 groups as follows
(N= 8 for each group): Group A: pregnant kindled rats that received intraperitoneal PTZ
injections (40 mg/kg) during pregnancy on Gestationa Days (GD) 15, 17and 19
(Kindle"/Seizure™); Group B: pregnant kindled rats that no received PTZ-injection during
pregnancy (Kind*/Seizure); Group C: pregnant non kindled rats that received intraperitoneal
PTZ injections (40 mg/kg) on GD 15, 17 and 19, exhibiting generalized tonic—clonic seizures
(Kindle/Seizure’); Group D: pregnant non kindled rats that received saline with an equal
volume of PTZ, during pregnancy on GD 15, 17 and 19 (the Sham control= Kindle /Seizure)

and Group E: pregnant rats without any interference.
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6. WESTERN BLOTTING

Rat offspring on PDs 1 and 14 were anesthesia and their cerebellum (N = 4 for each group)
were removed following craniotomy. The cerebellums were separated carefully and kept at -
70°C. In the next stage; the cerebellar tissues collected were homogenized with lysis buffer
(0.3027gr Tris-Hcl 50mM, 0.4383gr NaCl 137mM, 0.5ml Triton 100x, 0.0186gr EDTA
1mM, pH 7.4) containing protease inhibitor cocktail tablet (Roche, Germany), 50 mg of the
experimental rats cerebellar tissue with one ml of lysis buffer centrifuged for 20 minutes at
12,300 rpm at 4°C to separate out the cellular debris from the proteins. Cerebellar protein
lysates were exposed to SDS-PAGE (10% SDS-polyacrylamide gel) to resolve the proteins
approximately 60 minutes at 140V in running buffer (3 gr Tris 20mM, 14.4 gr Glycine
192mM, 1gr SDS solved in 1 Lit DW, pH 7.4). Then by using a Bio-Rad trans-blot apparatus
transferred the protein mixture to a PVDF membrane (Millipore, Bedford, MA) for 15
minutes at 300 mA. Membranes were blocked with 5% non-fat milk in TBST (1.22 gr Tris
20mM, 4 gr NaCl 137mM in 500 ml DW containing 1% Tween 20, pH 7.4) for 12 hr at 4°C.
Membranes were then washed with TBS-T, incubated with primary monoclona antibodies
(anti-PSA-NCAM (prepared from mouse IgM), diluted 1:5000 in TBST with 5% non-fat dry
milk) at 4°C overnight. After 3 washes with TBS-T for remove of excess primary antibody,
the secondary antibody a goat anti-mouse IgM diluted 1:10,000 were incubated with
membranes in TBST with 5% non-fat dry milk for 2 hr at room temperature. Excess
secondary antibody was removed by 3 times (for 5 min each) washing the membranes whit
TBST. Membranes were exposed to ECL substrate for 3 minutes at room temperature. At
least, the bands were visible and recorded with the KODAK 1D 3.5.2 image anayzer
software (Syngene, UK), and then the band density quantification was demonstrated by using

of normalization to the respective [3-actin band density (14).

7.IMMUNOHISTOCHEMISTRY

Viainhalation of ether rat pups (N = 4 for each group) were anesthetized on PD1 and 14. The
cerebellums were removed immediately, washed in normal saine followed by 4%
paraformaldehyde in 0.1 M PBS (phosphate buffered saline), then cerebellums were fixed in
normalized fixative consisting 1% paraformaldehyde solution (pH= 7.4) for 48 hr. After tissue
processing, embedded in paraffin. The paraffin blocks were cut into 5 pm thickness coronal

serial sections. Next, ten Poly-L-lysine slides from paraffin blocks including cerebellum
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tissue from each experimental animal were prepared randomly. For de-waxed sections placed
in xylene, hydrated through a descending graded ethanol series, and washed in 0.1 M PBS for
10 min. Antigen retrieval was done by the EDTA (pH= 8.4) in PBS at 37 °C for 15 min.
Endogenous peroxide activity was quenched by 1% H202 in methanol solution in the dark for
30 min. After washing whit 0.05 M PBS plus 0.025% Trition X-100 for 3 times (each for 5
min), PBS plus 10% normal Goat serum with 1% BSA was used to block the tissue for 2
hours at room temperature. Then for decrease the staining background, al the sections were
exposed with PBS plus 10% normal goat serum for 30 min. The sections were incubated with
primary monoclonal antibody (anti- PSA-NCAM mouse IgM diluted 1:300 in PBS with 1%
BSA) in humidified chamber at 4°C overnight. Excess primary antibody was removed by 3
times washed (each for 5 min) with PBS containing 0.025% Trition X-100. Then, the
secondary antibody (HRP-conjugated Goat anti-mouse IgM, Vector Laboratories, CA) was
added that diluted to 1:500 in PBS with 1% BSA for 2 hr at room temperature. Next, after
rinsed with PBS treated with DAB solution (30 mg DAB and 200 pyl H202 in 100 ml PBS)
for 20 min a room temperature in dark. All the sections were counterstained with Harris
Hematoxylin for 2 min. Finally, the sections were dehydrated in increasing graded ethanol,
deared in xylene and mounted by cover dip. At last, imaging was performed using by light
microscope (Olympus DP12, Japan). For counting the number of PSA-NCAM positive cell

5
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Image J application used and datawere placed inthe N, =

Statistical analysis:

The data of western blot are reported as the relative densities expression of PSA-NCAM,
Mean =SEM. Also the immunohistochemistry data are reported as the number of
PSA-NCAM positive cell, Mean £SEM. To compare differences between groups, one-way
analysis of the variance (ANOVA), Tukey post hoc statistical tests and SPSS 22 statistical
software were used. A significant difference was defined as p<0.05.

8. RESULTS

In this research, both pregnant rat groups (Kindle'/Seizure” and Kindle/Seizure") received 3
PTZ-injections during GD15, 17 and 19. The cerebellum development in rats initiates from
embryonic day 13 (E13), and E14-E20 is a climacteric period for neural migration and
neurogenesis in the cerebellum (12). Therefore, we choose GD15-19 for PTZ injections.

Cerebellum normally development until 14 days after birth in rat pups, so we study the effect
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of kindling and epileptic seizures during pregnancy on cerebellar expression of PSA-NCAM
inrat pupson PDs 1 and 14.

PTZ injection

During at kindling by intraperitoneally injection of PTZ, in the first injection, rats mild
symptoms, including short shake of the head and face (the first-stage seizure by Racine Score)
showed yourself. However with repeated injection of between 12 to 15 infusions (average of
13 injections) rats with tonic-clonic seizures with loss of balance and even consciousness (the
fifth stage of seizure based on Racine Score) (Tablel). Kindling for approval, ten days after
the last injection, the rats were injected again PTZ with the initial dose escalation and the
seizure of the opinion that in the last injection, the anima was demonstrated, there was no
difference.

Table 1. injection of PTZ required to achieve each step of the Racine score (Mean + SD)

Seizure Score Stagel Stage? Stage3 Staged Stage5
No. PTZ 280+0.78 520+063 830+0.67 11.00+0.82 1310+
injection 1.20

Western blotting

In this study, the cerebellar PSA-NCAM expressions mean relative density was studied using
Western blotting techniques. After normalization against p—actin, the PSA-NCAM mean
relative density bands were estimated for al groups. As Figures 2 shows, on PD1, the
cerebellar PSANCAM expressions in offspring were for Kindle'/Seizure™: 66.59+1.35,
Kindle/Seizure™: 68.66+1.15, Kindle'/Seizure: 136.24+1.89, Kindle/Seizure: 137.15+1.24
as sham control and Normal groups. 139.15+2.85. Respectively, these values on PD14 were
33.60+1.14, 35.05+1.21, 66.97+1.08, 67.25+1.05 and 68.50+0.95. This shows that the
cerebellar PSA-NCAM expression significantly decreased in neonates born from both groups
mother (Kindle/Seizure” and Kindle'/Seizure”) that received PTZ-injection during
pregnancy, compared with the sham control group (p=0.001 at PD1 and p=0.01 at PD14).
However, the PSA-NCAM expression in the cerebellum of neonata rats born from kindle and
non- kindle mothers that never experienced seizures during pregnancy no showed any
significant differences (p=0.48 at PD1and p=0.25 at PD14).
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Fig.1. Therat pups cerebellar PSA-NCAM expression western blot analysis on PD1 (left) and
PD14 (right). a Normal group; b: Kindle/Seizure the sham control group; c: Kindle'/Seizure
group; d: Kindle/Seizure” group; and e: Kindle'/Seizure” group. The PSA-NCAM expression
decreased significantly in Kindle'/Seizure” and Kindle/Seizure” groups compared with the sham
control and normal groups on both PD1 and PD14
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Immunohistochemistry

Also evaluated effect of kindling and seizures during pregnancy on the cerebellar PSA-
NCAM positive cells number per unit areain rat pup'son PD 1 and 14, in different groups. As
Figures 3 shows the PSANCAM positive cells from the offspring cerebellum for
Kindle'/Seizure”, Kindle/Seizure’, Kindle'/Seizure, Kindle /Seizure as sham control and
Normal groups on PD1 were 56.31+2.96, 59.18+2.35, 116.06+1.39, 118.06+1.44 and
119.18+2.42, respectively. After counting, these numbers on PD14 were 36.06%1.10,
37.31+1.26, 67.20+£1.05, 67.68+1.60 and 68.56+1.30, respectively. This shows that cerebellar
PSA-NCAM positive cell significantly decreased in neonates born from both groups mother
(Kindle/Seizure” and Kindle'/Seizure™) that received PTZ-injection during pregnancy,
compared with the sham control group (p=0.001 at PD1 and p=0.01 at PD14). However,
cerebellar  PSANCAM positive cells in neonates born from both groups mother
Kindle'/Seizure” and sham control no showed any significant differences both on PD1 and
PD14,(p=0.55 at PD1 and p=0.35 at PD14).
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Fig.3. The cerebellar PSA-NCAM positive cells number per unit areain rat pupson PD 1 and
14 (Mean+SD). *P=0.01 ** P=0.001



Fig.4. Coronal sections of the rat pups cerebellum: a) Photomicrographs of normal cerebellum

with 10x, b) 40x, c) PSA-NCAM positive cell 100x, Scale bars) a500 pum, b:100 pm and ¢:50
pum
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Fig.5. Photomicrographs of cerebellar PSA-NCAM Positive Cell of the rat pups on PD1 with

e+

e" and e)Kindl

d) Kindle /Seizur

/Seizure”. Scale bars: 100 pm

e"/Seizure

40x. a)Normal, b) Kindle /Seizure ", ¢) Kindl



Fig.6. Photomicrographs of cerebellar PSA-NCAM Positive Cell (Arrows) of the rat pups on
PD14 with 40 x. &) Normal, b) Kindle /Seizure, ¢) Kindle" /Seizure’, d) Kindle /Seizure” and
e) Kindle" /Seizure”. Scale bars: 100 um
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9. DISCUSSION

It has been proved that the highest cortical neurogenesis development during early prenatal
takes place. This stage a 16 weeks of gestation in humans and in rats is 15 days after
fertilization. Hippocampus and cerebellum, the structures of the nervous system that later
evolve and complete formation in humans after 34 weeks of pregnancy and in rats during the
first 2 weeks after birth. So if epileptic seizures occur during pregnancy, highly affect a
neurogenesis process that impresses hippocampus and cerebellum development (13).
Although damage in the cerebellum is not paralyzed, but disturbance in fine motor, balance
and motor learning is created. Previously thought was that an epileptic seizure is a
cerebrocortical phenomenon. However, yet the reports stating that the origin of seizures can
cause cerebellum damage, including damage to the cerebellum ganglia. Previous studies have
shown that for patients with epileptic seizures, serious damage to the white matter of the
cerebellum into the relationship between the cerebellum and other areas of the cerebral cortex
is faced with disorder (14). Since PSA-NCAM as a marker of neurons in the CNS is known
evolution and migration, and considering the important role of the cerebellum in establishing
communications with other parts to the brain such as the cortex, in this study the expression
of this protein in the cerebellum infants born mothers with epilepsy were studied. The results
showed that the seizures during a pregnancy lead to a significant increase in the infant
mortality compared with sham control and normal groups. According to extensive studies of
the impact of differences in terms of seizure on CNS nerve damage there. These differences
may be due to differences in a model of epilepsy; frequency and severity of seizures, seizure
induction time and the type of animal breed are studied (38). In this research, the effect of
kindling and epileptic seizures during pregnancy on cerebellar PSA-NCAM expression in
newborn's rat on PD 1 and 14 were evaluated. Western blot results show that PTZ-induced
seizures significantly decrease cerebellar PSA-NCAM expression during gestational period in
the neonatal rats born to both kindle and non-kindle mothers compared with the sham control
and normal groups. As well as, the effect of seizures during pregnancy on the cerebellar
PSA-NCAM positive cells number per unit area in the babies born to mothers with epilepsy
were studied. The results from our study show that PTZ-induced during pregnancy reduces
PSA-NCAM positive cell on PD1 of kindle'/seizure” and kindle/seizure” cerebellum
compared with kindle/seizure as sham control and normal groups. We observe similar
results in PD14. According to Western blotting and immunohistochemistry results, the PSA-
NCAM expression and cerebellar PSA-NCAM positive cell number in the babies born to
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kindled mothers without experienced seizures during pregnancy compared with sham control
and normal groups was not significant difference (p>0.05); It can be concluded that kindling
not affect to PSA-NCAM expression and effective factor to PSA-NCAM expression was
PTZ-induced seizure during pregnancy.

10. CONCLUSION

The results from this study demonstrate that a maternal epileptic seizure during pregnancy at
non kindle and kindled mothers strongly reduces PSA-NCAM expression in the neonatal rat’s
cerebellum. The decreased PSA-NCAM expression caused by seizures during pregnancy
persists for 14 days after birth as an important period in rodent's brain and especialy the
cerebellum development. As regards, the PSA-NCAM expression is essentia for motor
learning; it is probably that a relationship between maternal seizures, reduction PSA-NCAM
expression, and cerebellar structure and function in the offspring is there. However, more
studies to determine epileptic seizure during pregnancy to describe the possible relationship
between epilepsy and congenital malformations and mental retardation are necessary.

11. ACKNOWLEDGMENT

This provided datain this paper are from Msc student thesis results, was supported financially
by the vice chancellor for research (N0.922764), Mashhad University of Medical Sciences,
Mashhad, Iran. In addition we would like thanks Ms. Fatemeh Motejadded and Ms. Maliheh

Moghaddam for their excellent technical assistance.

12. REFERENCES

[1] Victorm M, Ropper A. Epilepsy and other seizure disorders. In: Victorm M, Ropper A.
Principals of Neurology, 7" Ed. New Y ork: Mc Grow-Hill 2001, 331: 353-394.

[2] BlumeWT, Luders HO, Mizrahi E, Tassinari C, Van Emde Boas W, Engel J Jr. Glossary
of descriptive terminology for ictal semiology: report of the ILAE Task Force on
Classification and Terminology. Epilepsia. 2001, 42(9):1212-1218.

[3] Tafakhori A, Aghamollaii V, Faghihi-Kashani S, Sarraf P, Habibi L. Epileptic
syndromes: From clinic to genetic. Iranian journal of neurology 2015, 5; 14(1):1-7.

[4] Karnad DR, Guntupalli KK. Neurologic disorders in pregnancy. Crit Care Med. 2005; 33
(10): S362-71.

[5] Caputo S, Salvi M. Epilepsy and Pregnancy. La Clinica Terapeutica 2001, 152(1):27-31.



M. Samandar et al. J Fundam Appl <ci. 2016, 8(39), 677-694 691

[6] Uyanikgil Y, Baka M, Yurtseven M, Turgut M: The effect of experimental epilepsy
induced by penicillin administration during pregnancy on nestin expression in the
immature rat cerebellum. A light, electron microscopic, and immunohistochemical study.
Childs Nervous System 2004, 20:176-182.

[7] Varea E, Castillo-Gomez E, Gomez-Climent MA, Blasco-lbanez JM, Crespo C,
Martinez-Guijarro FJ, Nacher J. PSA-NCAM expression in the human prefrontal cortex.
Journal of Chemical Neuroanatomy. 2007, 33:202-2009.

[8] Gascon E, Vutskits L, Kiss JZ. The role of PSA-NCAM in adult neurogenesis. Advances
in Experimental Medicine and Biology 2010, 663:127-136.

[9] Petridis AK, El-Maarouf A, Rutishauser U. Polysialic acid regulates cell contact-
dependent neuronal differentiation of progenitor cells fromthe subventricular zone.
Developmental Dynamics 2004, 230(4):675-684.

[10] Sato K, Iwai M, Nagano |, Shoji M, Abe K. Expression of highly polysiaylated neural
cell adhesion molecule in rat subventricular zone with exposure to repeated kindled
seizures. Neuroscience Letters 2002, 323:244-246.

[11] Bonfanti L. PSA-NCAM in mammalian structural plasticity and neurogenesis. Progress
Neurobiology 2006, 80(3):129-64.

[12] Duveau V, Fritschy JIM. PSA-NCAM-dependent GDNF signaling limits
neurodegeneration and epileptogenesis in tempora |obe epilepsy. European Journa of
Neuroscience 2010, 32(1):89-98.

[13] Quartu M, Serra MP, Boi M, Ibba V, Melis T, Del Fiacco M. Polysiaylated-neural cell
adhesion molecule (PSA-NCAM) in the human trigeminal ganglion and brainstem at
prenatal and adult ages. BM C Neuroscience 2008, 6(9):108-121.

[14]Li Y, DuH, Xie B, Wu N, Wang J, Wu G, Feng H, Jiang T. Cerebellum Abnormalitiesin
Idiopathic Generalized Epilepsy with Generalized Tonic-Clonic Seizures Revealed by
Diffusion Tensor Imaging. PLoS ONE 2010, 5(12):€15219.

[15]Hermann BP, Bayless K, Hansen R, Parrish J, Seidenberg M. Cerebellar atrophy in
temporal lobe epilepsy. Epilepsy & Behavior 2005, 7:279-287.

[16] Golan H, Kashtuzki I, Hallak M, Sorokin Y, Huleihel M. Materna Hypoxia during
Pregnancy Induces Feta Neurodevelopmental Brain Damage: Partial Protection by
Magnesium Sulfate. Journal of Neuroscience Research 2004, 78:430-441.

[17] Porter BE. Neurogenesis and epilepsy in the developing brain. Epilepsia 2008, 49(5):50-
54.



M. Samandar et al. J Fundam Appl <ci. 2016, 8(39), 677-694 692

[18] Sato K, Iwai M, Zhang WR, Kamada H, Ohta K, Omori N, Nagano I, Shoji M, Abe K.
Highly polysialylated neural cell adhesion molecule (PSA-NCAM) positive cells are
increased and change localization in rat hippocampus by exposure to repeated kindled
seizures. Acta Neurochirurgica Supplement. 2003, 86:575-579.

[19] Uyanikgil Y, Turgut M, Ates U, Baka M, Yurtseven ME. Beneficial effects of melatonin
on morphological changes in postnatal cerebellar tissue owing to epileptiform activity
during pregnancy in rats: Light and immunohistochemica study. Developmental Brain
Research 2005, 159(2):79-86.

[20] Budinich CS, Chen H, Lowe D, Rosenberger JG, Bernstock JD, McCabe JT. Mouse
Brain PSA-NCAM Levels Are Altered by Graded-Controlled Cortical Impact Injury.
Neura Plasticity 2012, 2012:378307.

[21] Paviova T, Stepanichev M, Gulyaeva N. Pentylenetetrazole kindling induces neuronal
cyclin B1 expression in rat hippocampus. Neuroscience Letters 2006, 392 (1-2):154-158.

[22] Rgjabzadeh AA, Ebrahimzadeh Bideskan AR, Haghir H, Fazel AR. Morphometrical
Study of Polysialylated Neural Cell Adhesion Molecule Positive Cells in Rat Pups
Hippocampus Following Induction of Seizure during Pregnancy. Iranian Biomedical
Journal 2011, 15 (4):157-163

[23] Rgjabzadeh AA, Ebrahimzadeh Bideskan AR, Fazel AR, Sankian M, Rafatpanah H,
Haghir H. The Effect of PTZ-induced Epileptic Seizures on Hippocampa Expression of
PSA-NCAM in Offspring Born to Kindled Rats. Journal of Biomedical Science 2012,
19(1):56.

[24] Sato K, Iwa M, Nagano I, Shoji M, Abe K. Changes of localization of highly
polysialylated neural cell adhesion molecule (PSA-NCAM) in rat hippocampus with
exposure to repeated kindled seizures. Brain Research 2002, 946:323-327.

[25] Mathern GW, Leiphart JL, De Vera A, Adelson PD, Seki T, Neder L, Leite JP: Seizures
decrease postnatal neurogenesis and granule cell development in the human fascia
dentata. Epilepsia 2002, 43(5):68-73.

[26] Pirttil& TJ, Manninen A, Jutila L, Nissinen J, Kévidinen R, Vapaahti M, Immonen A,
Pajarvi L, Karkola K, Alafuzoff I, Mervaala E, Pitkdnen A. Cystatin C expression is
associated with granule cell dispersion in epilepsy. Annals of Neurology 2005,
58(2):211-223.



M. Samandar et al. J Fundam Appl <ci. 2016, 8(39), 677-694 693

[27] Parent JM, Elliott RC, Pleasure SJ, Barbaro NM, Lowenstein DH. Aberrant seizure-
induced neurogenesis in experimental temporal lobe epilepsy. Annals of Neurology 2006,
59(1):81-91.

[28] Seegusa T, Mine S, Iwasa H, Murai H, Seki T, Yamaura A, Yuasa S. Involvement of
highly polysialylated neural cell adhesion molecule (PSA-NCAM)-positive granule cells
in the amygdal oid-kindling-induced sprouting of a hippocampal mossy fiber trajectory.
Neuroscience Research 2004, 48(2):185-194.

[29] Parent JM, Vaentin VV, Lowenstein DH. Prolonged seizures increase proliferating
neuroblasts in the adult rat subventricularzone-olfactory bulb pathway. Journal of
Neuroscience 2002, 22(8):3174-3188.

[30] Parent JM, Tada E, Fike JR, Lowenstein DH. Inhibition of dentate granule cell
neurogenesis with brain irradiation does not prevent seizureinduced mossy fiber synaptic
reorganization in therat. Journal of Neuroscience 1999, 19(11):4508-4519.

[31] McCabe BK, Silveira DC, Cilio MR, Cha BH, Liu X, Sogawa Y, Holmes GL. Reduced
neurogenesis after neonatal seizures. Journal of Neuroscience 2001, 21(6):2094-2103.
[32] Gascon E, Vutskits L, Jenny B, Durbec P, Kiss JZ. PSA-NCAM in postnatally generated
immature neurons of the olfactory bulb: a crucia role in regulating p75 expression and

cell survival. Development 2007, 134(6):1181-1190.

[33] van der Borght K, Brundin P: Reduced expression of PSA-NCAM in the hippocampus
and piriform cortex of the R6/1 and R6/2 mouse models of Huntington's disease.
Experimental Neurology 2007, 204(1):473-478.

[34] Romanko MJ, Rothstein RP, Levison SW. Neural stem cellsin the subventricularzone are
resilient to hypoxia/ischemia whereas progenitors are vulnerable. Journal of Cerebra
Blood Flow and Metabolism 2004, 24(7).814-825.

[35] Holopainen IE. Seizures in the developing brain: Cellular and molecular mechanisms of
neuronal damage, neurogenesis and cellular reorganization. Neurochemistry International
2008, 52(6):935-947.

[36]Naseer MI, Shupeng L, Kim MO. Materna epileptic seizure induced by
pentylenetetrazol: apoptotic neurodegeneration and decreased GABAB1 receptor
expression in prenatal rat brain. Molecular Brain 2009, 2:20.

[37] Rodriguez JJ, Montaron MF, Petry KG, Aurousseau C, Marinelli M, Premier S, Rougon
G, LeMoa M, Abrous DN. Complex regulation of the expression of the polysiaylated



M. Samandar et al. J Fundam Appl <ci. 2016, 8(39), 677-694 694

form of the neuronal cell adhesion molecule by glucocorticoids in the rat hippocampus.
The European Journal of Neuroscience 1998, 10(9):2994-3006.

[38] Raffo E, de Vasconcelos AP, Boehrer A, Desor D, Nehlig A. Neurobehavioral maturation
of offspring from epileptic dams. study in the rat lithium-pilocarpine model.
Experimental Neurology 2009, 219(2):414-423.

How to citethisarticle:

Samandar M, Rajabzadeh A and Ebrahimzadeh-Bideskan A. Effects of kindling and epileptic
seizures during pregnancy on cerebellar expression of the PSA-NCAM in rat pups. J.
Fundam. Appl. Sci., 2016, 8(3S), 677-694.




