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ABSTRACT

Abstract: Valproic acid (VPA) is used as an anticonvulsant for the treatment of epilepsy. It is also used
as one of the mood stabilizing agents in patients with anxiety disorder and as a prophylactic treatment
of migraine. The need for anticonvulsant prophylaxis in women of childbearing period is essential
since convulsive seizures are considered harmful to the developing embryo. Exposure to VPA during
the first trimester of pregnancy was found to be associated with increased risks of several congenital
malformations and also in utero exposure to VPA in rats caused cerebellar anomalies.

Folic acid (vitamin B9) is essential for the DNA synthesis and certain biological reactions. Adequate
folate intake helped in protection against congenital malformations including neural tube defects.

Aim of the work: To investigate the effect of prenatal exposure to valproic acid on the cerebellum of
albino rat’s offspring and to clarify the possible protective role of folic acid.

Material and Methods: Twenty four pregnant albino rats were divided into four groups, six rats each.
Group (A); a control group. Group (B); rats received sodium valproate (400 mg/Kg. B.W) starting on
gestational day 13 daily till the end of pregnancy by oral gavage. Group (C); rats received folic acid (4
mg/Kg. B.W) starting from first day of pregnancy daily till the end of pregnancy by oral gavage. Group
(D); rats received folic acid as in group (C) concomitantly with sodium valproate as in group (B) by oral
gavage. At the end of the experiment, six male pups from each group were sacrificed on the postnatal
day 14. The cerebella were extracted and processed for light microscopic examination using H&E for
paraffin sections and toluidine blue for semi-thin sections. Also immuno-histochemistry technique for
glial fibrillar acidic protein (GFAP) was applied to demonstrate astrocytes. Morphometric study was
conducted to measure the thickness of cerebellar cortex, count the number of apparently normal Purkinje
cells and number of Bergmann cells and calculate GFAP percentage area.

Results: The cerebellar cortex of the control group (A) consisted of three layers; the molecular layer,
the Purkinje cell layer and the granular layer. The molecular layer appeared pale with few stellate cells
and basket cells. The Purkinje cell layer consisted of Purkinje cells arranged in single row with their
oval or flask shaped cell bodies, pale central nuclei and apical cytoplasmic cones. The granular layer
consisted of deeply stained rounded small granule cells. This general architecture of the cerebellar
cortex was greatly affected in group (B) and an external granular layer was detected on the cerebellar
surface in some sections. The Purkinje cells appeared degenerated with pyknotic nuclei and the number
of apparently normal cells was statistically decreased compared to control. The number of Bergmann
cells was statistically significantly increased. Some granule cells were degenerated with pyknotic nuclei.
Also astrocytes showed a strong positive reaction to GFAP with statistically significantly high percentage
area compared to the control group. Examination of group (D) showed apparently normal arrangement
of layers, Purkinje cells restored their normal flask shaped appearance and arranged in single row with
Bergmann glia inbetween. Also astrocytes gave a mild positive reaction to GFAP similar to control group.
Conclusion: Valproic acid (VPA) had degenerative structural effect on the cerebellar cortex if
administered during pregnancy. VPA should be administered at the least effective dose and that folic acid
co-administration is highly recommended to reduce its toxic effect.

Personal non-commercial use only. EJA copyright © 2018. All rights reserved DOI: 10.21608/EJANA.2019.32647

91



EFFECT OF VAPROIC ACID ON RAT'S OFFSPRING CEREBELLUM.....

Received: 15 May 2017, Accepted: 29 May 2017

Key Words: Cerebellum, Folic Acid, Protection, Valproic Acid,

Corresponding Author: Walaa Atef Hassan Elfakharany, Anatomy Department, Faculty of Medicine,
Ain Shams University, Tel.: +20 1283309999, E-mail: walaafakharany83@gmail.com
The Egyptian Journal of Anatomy, ISSN: 0013-2446, Vol. 41, No. 1

INTRODUCTION:

The word cerebellum is the Latin diminutive
form of cerebrum which means little brain. It
is part of the brain that plays an important role
in motor control and cognitive functions as
language and attention and regulating fear and
pleasure responses (Wolf et al. 2009). In mice,
the cerebellum was an ideal system for studying
the effect of different substances on neuronal
development as it is immature at birth and
continues to develop in the first weeks of postnatal
life (Watson et al. 2006).

Epilepsy affects 1-2% of humans worldwide
and has a peak incidence in the first year of life
(Rogawski and Loscher, 2004). Valproic acid is a
first-choice agent for most forms of epilepsy; also
intravenous valproate is of value in the treatment
of status epilepticus (Perucca, 2002). It is also
used in treatment of bipolar mania and in migraine
prophylaxis (Kinze et al. 2001).

The need for anticonvulsant prophylaxis in
women of childbearing potential couldn’t be
prevented since convulsive seizures are also
considered harmful to the developing embryo
(Adab et al. 2001), so physician’s approach
involved choosing the anti - epileptic drug that is
most likely to control the patient’s seizure type(s)
at relatively low dosages (Perucca, 2002).

Exposure to VPA during the first trimester
of pregnancy was found to be associated with
increased risks of congenital malformations, such
as spina bifida, atrial septal defect, cleft palate
and polydactyly (Jentink et al. 2010). Meador
et al. (2006) declared that children of mothers
taking valproate during pregnancy are at risk for
significantly lower IQs. Also in utero exposure of
rats to valproic acid causes cerebellar anomalies
(Ingram et al. 2000).

Folic acid or folate (vitamin B9) is essential
for numerous body functions. Humans cannot
synthesize folate therefore folic acid has to be
supplied through the diet to meet their daily
requirements. The human body needs folate to
synthesize DNA and to act as a cofactor in certain

92

biological reactions, cell division and growth
(Pietrzik et al. 2010).

Adequate folate intake with pregnancy
helps protect against a number of congenital
malformations, including neural tube defects as
spina bifida and anencephaly (Morrell, 2002)

Therefore, the present study was carried out
to investigate the effect of prenatal exposure
to valproic acid on cerebellum of albino rat’s
offspring and the possible protective role of folic
acid.

MATERIAL AND METHODS

Drugs:

A. Sodium Valproate (oral solution) was
purchased from Sanofi Company (Paris, France)

B. Folic Acid (tablets) was purchased from
General Nutrition Corporation (Pittsburg, U.S.A)

Experimental design:

After obtaining the approval of the Committee
of Animal Research Ethics (CARE), thirty adult
female rats (weighing 180 - 200 gm) were locally
bred at the animal house of Medical Research
Center (MRC), Faculty of Medicine, Ain Shams
University. Each three rats were housed in a
separate plastic cage in light controlled air-
conditioned room (21-23 C°) under routine
conditions with free access to food and water.
Each two females at pro-estrous phase were caged
with one male for a day and next day a vaginal
smear was examined for sperms which indicated
positive conception (day zero). Then twenty four
pregnant rats were classified into four groups:

Group A: A control group of six pregnant rats
which received basal standard diet and free water
access.

Group B: Six pregnant rats received sodium
valproate at a dose of 400 mg/Kg. B.W starting on
gestational day 13 daily till the end of pregnancy
by oral gavage (Amel et al. 2012).

Group C: Six pregnant rats received folic
acid dissolved in distilled water at a dose of 4 mg/
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kg. B.W. daily (Dawson et al. 2006) starting from
first day of pregnancy till the end of pregnancy by
oral gavage (Aktas et al. 2010).

Group D: Six pregnant rats received folic
acid as in group (C) concomitantly with sodium
valproate as in group (B) by oral gavage.

At the end of the experiment the offspring of
all groups were left housed with their mothers then
six male pups from each group were sacrificed
on the postnatal day fourteen (PD 14) by a lethal
dose of anesthesia according to the protocol of the
CARE of Ain Shams University. The heads were
separated first then the cerebella were dissected
out.

Each cerebellum was bisected into two halves;
one half was immersed in Bouin’s solution for
1-2 days and small pieces were processed to
paraffin blocks. Sections 5-7 um were stained
by haematoxylin and ecosin (Bancroft and
Gamble, 2013). Other paraffin sections were
subjected to Glial fibrillary acidic protein
(GFAP) immuno- histochemistry to examine the
distribution of astrocytes and their response to
neural degeneration or injury. Primary anti GFAP
antibody Goat polyclonal IgG, anti-rat produced
by Dako Cytomation was used. Working dilution
was 1: 1000. Immuno-histochemical reaction was
carried out using the avidin biotin peroxidase
system followed by incubation with 1/100 normal
rabbit serum for 20 minutes in order to omit
non- specific background. GFAP containing cells
(astrocytes) appeared brown (Chen and Weber,
2002).

The other half of cerebellum was fixed in 3%
phosphate buffered glutaraldehyde and small
pieces (Imm?®) were processed to epon blocks.
Semi-thin sections were cut and stained with 1%
toluidine blue (Bancroft and Gamble, 2013). All
sections were examined by light microscope.

Computer image analysis:

The TS View image analysis software in the
Anatomy Department, Faculty of Medicine, Ain
Shams University, was employed. The thickness
of cerebellar cortex was measured in the H&E
sections using digital photomicrographs taken at
magnification of 100. The number of apparently
normal Purkinje cells and the number of Bergmann
glial cells were counted in H&E sections using
digital photomicrographs taken at magnification of
1000. The GFAP percentage areas were measured
in the GFAP immuno-histochemisrty stained
sections using digital photomicrographs taken at
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magnification of 400. All sections were examined
using an Olympus CX31 microscope equipped
with digital camera. Six randomly chosen fields
in six sections obtained from six different animals
from the same group were used for measuring.

Statistical analysis: Statistical measures
were done using the statistical package for social
studies (SPSS — Version 13.0). One way analysis
of variance (ANOVA) was employed to compare
means between groups. Bonferroni Post hoc test
was used to detect significance between every two
individual groups.

The significance of the data was determined by
the probability (P-value). P>0.05 was considered
insignificant, P<0.05 was considered significant
and P<0.0] was considered highly significant.
Data were represented in tables and column
charts.

RESULTS

Histological results
Group A:

Examination of haematoxylin and eosin and
toluidine blue stained sections of this group
showed developed cerebellar cortex with large
folia and deep fissures and consisted of three
layers; the molecular layer, the Purkinje cell layer
and the granular layer (Fig. 1).

The molecular layer appeared pale with few
stellate cells and basket cells (Fig. 2). The Purkinje
cell layer consisted of Purkinje cells arranged in
single row with their oval or flask shaped cell
bodies, pale central nuclei (Figs. 2, 3&4) and
apical cytoplasmic cones (Fig. 3). Bergmann cells
with their pale nuclei appeared between Purkinje
cells (Figs. 2, 3&4).

The granular layer was formed of deeply
stained rounded small granule cells and cerebellar
islands formed of numerous nerve synapses
inbetween (Figs. 2, 3&4).

Examination of the GFAP immuno-
histochemistry stained sections of this group
showed mild positive reaction for astrocytes in all
cortical layers (Fig. 5)

Group (B):

Examination of haematoxylin and eosin and
toluidine blue stained sections showed cerebellar
cortex with large folia and deep fissures inbetween
(Figs. 6&7). Some sections showed cerebellar
cortex consisted of the molecular layer, Purkinje
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cell layer and granular layer like the control group
(Fig. 6). In some sections the cerebellar cortex
showed an external granular layer, which was
absent in the control group, the molecular layer
with Purkinje cell layer and an internal granular
layer (Fig. 7).

The molecular layer showed areas of
degeneration and most of the Purkinje cells
were shrunken and degenerated with pyknotic
nuclei and areas of cell loss were detected (Figs.
8, 9&10). The granular layer showed some
degenerated granule cells (Fig. 9). In addition to
degenerated Purkinje cells with pyknotic nuclei,
other necrotic distorted shaped cells with pale
nuclei were seen with abundant Bergmann glial
cells (Figs. 11&12).

In GFAP immunohistochemistry stained
sections, a strong positive reaction was detected
in all cortical layers (Fig. 13).

Group (C):

Examination of haematoxylin and eosin and
toluidine blue stained sections of this group
showed similar findings as those of group (A).
The cortex was made up of folia with fissures
inbetween, the three layers of cortex were
distinguishable; the molecular, the Purkinje
cell layer and the granular layer (Fig.14). The
characteristic flask shaped Purkinje cells with
their central nuclei and cytoplasmic cones were
arranged in a single row having Bergmann glial
cells scattered inbetween (Figs. 15, 16&17).
Small rounded granule cells were detected in the
granular layer (Fig. 15). A mild positive reaction
was detected in GFAP immuno-histochemistry
stained sections (Fig. 18).

Group (D):

Examination of haematoxylin and eosin and
toluidine blue stained sections of this group
showed The cortex was made up of folia with
fissures inbetween, distinguishable layers of
cerebellar cortex; the molecular layer, Purkinje
cell layer and granular layer (Fig. 19). Most of the
Purkinje cell layer consisted of apparently normal
flask shaped Purkinje cells arranged in one row
with pale nuclei and apical cytoplasmic cones
while few cells appeared distorted in shape with
deeply stained nuclei (Figs. 20&21). Bergmann
cells were detected between the Purkinje cells.
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Granular cells appeared with deeply stained nuclei
with cerebellar islands in between (Fig. 22).

The GFAP Immuno-histochemistry stained
sections showed mild positive reaction in
all cortical layers if compared to group (B).
Astrocytes appeared as star shaped cells within the
granular layer and with their processes extending
in all cortical layers (Fig. 23).

Morphometric results
Thickness of cerebellar cortex:

There was a statistical significant decrease in
the thickness of cortex in group B in comparison
with group A (control) with p-value 0.0493 and a
non-significant decrease in the thickness of cortex
of group C in comparison with group A with
p-value 0.8801, and a non-significant decrease
between groups D and A with p-value 0.5414 as
seen in table (1) and chart (1).

Number of apparently normal Purkinje cells/
HPF:

There was a highly statistical significant
decrease in number of apparently normal Purkinje
cells between group B and group A (control) with
p-value 0.0092 and a non-significant decrease
between group C and A with p value 0.6821.
There was a non-significant decrease between
groups D and A with p value 0.2665 as shown in
table (2) and chart (2).

Number of Bergmann glial cells/ HPF:

There was a highly statistical significant
increase in number of Bergmann glial cells in
group B in comparison to A (control) with p-value
0.0007 and a non-significant increase between
group C and A with p-value 0.834. A highly
statistical significant decrease in number of cells
was detected in group D when compared to group
B with p-value 0.0001 as shown in table (3) and
chart (3).

The GFAP percentage area:

There was a highly statistical significant
increase in GFAP percentage area in group B when
compared to A (control) with p-value 0.00001,
and a non-significant increase between groups
C and A with p-value 0.891. A highly significant
decrease was detected in group D when compared
to group B with p-value 0.00001 as shown in table
(4) and chart (4).
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Fig. 1: A photomicrograph of a section in the cerebellum of a
rat of group (A), showing prominent cerebellar folia (F) with
deeper fissures (arrow) and well developed cortex buildup of
three layers; molecular layer (M), Purkinje cell layer (P) and
granular layer (G).

(H&E x 100)
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Fig. 2: A photomicrograph of a section in the cerebellum of
a rat of group (A), showing cerebellar cortex buildup of pale
molecular layer (M) containing stellate cells (*) and basket
cells (b). The Purkinje cell layer (P) containing oval shaped
Purkinje cells with their central nuclei (N) that are surrounded
by Bergmann cells (arrow). Note the granular layer (G) with
small rounded deeply stained granule cells. (H&E x 400)

Fig. 3: A photomicrograph of a section in the cerebellum of a
rat of group (A), showing the flask shaped Purkinje cells (P)
with apical cytoplasmic cones (black arrows) and pale central
nuclei (N). Bergmann glial cells (red arrow) appear between
the Purkinje cells. Note the closely packed small granule cells
(g) and the clear areas of cerebellar islands (C) inbetween.

(H&E x1000)
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Fig. 4: A photomicrograph of a semi-thin section in the
cerebellum of a rat of group (A), showing flask shaped
Purkinje cells (P) with large pale nuclei arranged in a single
row and Bergmann cells with pale nuclei (arrow). Small
rounded deeply stained granule cells (g) with clear cerebellar
islands (C) inbetween are observed. (Toluidine
blue x 1000)

Fig. 5: A photomicrograph of a section in the cerebellum of
a rat of group (A), showing a mild positive reaction of GFAP
immuno-histochemistry for astrocytes in all cortical layers;
molecular layer (M) with Purkinje cell layer (P) , granular
(GFAP x 400)

layer (G) and white matter (W).

Fig. 6: A photomicrograph of a section in the cerebellum of
a rat of group (B), showing cerebellar folia (F) with deep

fissures(*). The cortex consists of molecular layer (M),
Purkinje cell layer (P) and granular layer (G).  (H&E x 100)
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Fig. 7: A photomicrograph of a section in the cerebellum of a
rat of group (B), showing folia (F) and fissures (arrow). The
cortex consists of external granular layer (E), molecular layer
(M) with Purkinje cell layer (P) and internal granular layer (I).

(H&E x 100)

Fig. 8: A photomicrograph of a section in the cerebellum of a
rat of group (B), showing the molecular layer (M) with areas of
degeneration (arrow). The Purkinje cell layer shows shrunken
and degenerated Purkinje cells (P) with pyknotic nuclei and
areas of Purkinje cell loss are obvious (*). (H&E x 400)

of a rat of group (B), showing external granular layer (E),
molecular layer (M) with Purkinje cell layer (P). Some
Purkinje cells appear shrunken and degenerated with pyknotic

nuclei (arrow). (H&E x 400)
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Fig. 10: Higher magnification of previous photomicrograph
showing some degenerated Purkinje cells with pyknotic nuclei
(arrow), others appear normal (P). The granular layer (G)
shows some degenerated granule cells (*). (H&E x 1000)

Fig. 11: A photomicrograph of a section in the cerebellum of
a rat of group (B), showing dark degenerated Purkinje cells
(P) and other pale distorted shaped necrotic cells (blue arrow).
Many Bergmann glial cells (black arrow) are present between
the Purkinje cells. (H&E x 1000)

Fig. 12: A photomicrograph of a semi-thin section of a rat
of group (B) showing many degenerated Purkinje cells (P)
surrounded by many Bergmann glial cells (arrow).

(Toluidine Blue x 1000)
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Fig. 13: A photomicrograph of a section in the cerebellum
of a rat of group (B), showing a strong positive reaction of
GFAP immuno-histochemistry for astrocytes cell bodies and
dendrites in all layers; the external granular (E), molecular (M)
and the internal granular layer (I). (GFAP x 400)

Fig. 14: A photomicrograph of a section in the cerebellum of a
rat of group (C), showing the cerebellar folia (F) with fissures
(arrow) inbetween. The cortical layers consist of molecular
layer (M), Purkinje cell layer (P) and granular layer (G).

(H&E x 100)
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Fig. 15: A photomicrograph of a section in the cerebellum of
a rat of group (C), showing the cortical layers consisting of
pale molecular layer (M), Purkinje cell layer (P) containing the
flask shaped Purkinje cells with their pale nuclei (N) arranged
in single row with their cytoplasmic cones (arrow) and granular
layer (G) with packed small rounded cells.  (H&E x 400)
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Fig. 16: A photomicrograph of a section in the cerebellum of
a rat of group (C), showing the Purkinje cells (P) with their
pale nuclei arranged in one row and apical cytoplasmic cone
(arrow) with Bergmann glial cells inbetween (B).

(H&E x 1000)

Fig. 17: A photomicrograph of a semi-thin section in the
cerebellum of a rat of group (C), showing the Purkinje cells (P)
with their pale nuclei arranged in single row with Bergmann
cells (B) inbetween. (Toluidine Blue x 1000)

Fig. 18: a photomicrograph of a section of a rat of group
(C) showing mild positive reaction of GFAP immuno-
histochemistry for astrocytes in the molecular layer (M),
Purkinje cell layer (P), granular layer (G) and white matter
W).

(GFAP x 400).
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Fig. 19: A photomicrograph of a section in the cerebellum of a
rat of group (D), showing the cerebellar folia (F) with fissures
(arrow) inbetween. The cortical layers consisting of molecular
layer (M), Purkinje cell layer (P) and granular layer (G).

(H&E x 100)

Je

Fig. 20: A photomicrograph of a section in the cerebellum
of a rat of group (D), showing molecular layer (M), Purkinje
cell layer (P) with some apparently normal Purkinje cells with
pale nuclei and apical cytoplasmic cone (black arrows), others
appear degenerated with pyknotic nuclei (white arrows) and
granular layer (G) with deeply stained granule cells.

(H&E x 400)
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Fig. 21: A photomicrograph of a section in the cerebellum of
a rat of group (D), showing Purkinje cell layer with apparently
normal Purkinje cells (P) with pale nuclei (N) and apical
cytoplasmic cones (arrows), granular layer (G) with deeply
stained small granule cells and cerebellar islands inbetween (C).

(H&E x 1000)
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Fig. 22: A photomicrograph of a semi-thin section of a rat of
group (D) showing flask shaped Purkinje cells (P) arranged in
one row with pale nuclei. Bergmann glial cells (B) are seen
between the Purkinje cells. Granular layer with small dark
granule cells (g) and cerebellar islands (C) are obvious.

(Toluidine blue x1000).

Fig. 23: A photomicrograph of a section in the cerebellum of
rat of group (D), showing a mild positive reaction of GFAP
immuno-histochemistry for astrocytes cell bodies (A) and

dendrites (arrow) in all layers. (GFAPx 400)

Table (1): Means + SD of the thickness of the cerebellar
cortex in um/ LPF in all groups at the age of postnatal
day 14.

Group A B C D
(day

fourteen) (control)  (VPA) (F.A) (VPA
+F.A)
398.779  243.524 384.331  345.199

Thickness of + + + +
cortex (um)  169.879 7974 153401 119.292

um um um um

p-value 0.0493 ¢« 0.8801 0.5414

a) Significant decrease than control.
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Chart (1): Means of thickness of cerebellar cortex in um /LPF
in all groups at the age of postnatal day 14.

Table (2): Means + SD of number of apparently normal
Purkinje cells / HPF in all groups at the age of postnatal
day 14.

Group A B C b
(day

(VPA
fourteen)  (control) (VPA) (F.A) LFA)
4.833 2.333 4.333 3.833

Number + + + +
1.471 1.21 2.503 1.471
p-value 0.0092 « .6821 0.2665

a) Highly significant decrease than the control

Number of purkinje cells/HPF-day 14

5.00 7

400

3.00 1

200 -

1.00 4

0.00 T T T 7

Chart (2): Means of number of apparently normal Purkinje
cells/HPF in all groups at the age of postnatal day 14.

Table (3): Means + SD of number of Bergmann glial
cells/HPF in all groups at the age of postnatal day 14.

Group A B C b
(day
(VPA
fourteen)  (control) (VPA) (F.A) L F.A)
8.333
Number - 16 8D 8
3.265 2.804 3.429 1.861
p-value 0.0007 @ 0.834 0.0001 ®

a) Highly significant increase than control

b) Highly significant decrease than group B
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Number of Bergmann cells/HPF-day 14

18.00
16.00
14.00
12.00
10.00
8.00
6.00
4.00
2.00
0.00

A B C D

Chart (3): Means of number of Bergmann glial cells/HPF in
all groups at the age of postnatal day 14.

Table (4): Means + SD of GFAP area percentage/HPF
in all groups at the age of postnatal day 14

Group A B C b
(day
(VPA
fourteen)  (control)  (VPA) (F.A) TFA)
GFAP 2.258 25.231 2.291 3.389
Area + + + +
percentage 2.768 6.401 2.562 2.292
p-value 0.00001¢  0.891 0.00001 ®

a) Highly significant increase than control

b) Highly significant decrease than group B

Percentage of GFAP area- Day 14
30.00 7
25.00
20.00
15.00
10.00
5.00 7
0.00 T T T T
A B C D

Chart (4): Means of GFAP area percentage/HPF in all groups
at the age of postnatal day 14.

DISCUSSION

Valproic acid (VPA) is wused as an
anticonvulsant and mood-stabilizing agent for
the treatment of epilepsy and bipolar disorder
(Bowden and Singh, 2005) and as a prophylactic
treatment of migraine (Mathew at al., 2000).

Valproic acid is generally regarded as a first-
choice agent for most forms of idiopathic and
symptomatic generalized epilepsies including
tonic-clonic, myoclonic and absence seizures,
also administration of intravenous valproate could
be of value in the treatment of status epilepticus
(Perucca, 2002).
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According to the FDA valproic acid is a
pregnancy category D drug when used in the
management of epilepsy, and manic episodes
associated with bipolar disorder and should
be only used when the physicians decide that
the benefits outweighed the potential risks or
other drugs failed to control the seizures since
convulsive seizures are also considered harmful
to the developing embryo (Perucca, 2002).

Exposure to VPA during the first trimester
of pregnancy was found to be associated with
increased risks of congenital malformations, such
as spina bifida, atrial septal defect, cleft palate and
polydactyly (Jentink et al. 2010). Another study
showed children of mothers taking valproate
during pregnancy are at risk for significantly
lower 1Qs (Meador at al., 2006). Also in utero
exposure of rats to valproic acid causes cerebellar
anomalies (Ingram et al. 2000).

Volpe (2009) stated that in humans, a rapid
growth in cerebellum development takes place
in the third trimester. This is in contrast to the
development of the cerebellum in the commonly
used animal model system, the rodent, in which
the cerebellum is relatively immature at birth, and
the proliferation of the external granular layer,
the formation of the internal granular layer occur
postnatal (Correlas et al. 2006). Therefore, the rat
was the animal of choice in the current study as
the neurodevelopment in the early postnatal days
in rat is correspondent to the human development
in the mid to late gestational periods.

In rats, postnatal day 14, corresponds to the
third trimester of human development when
cerebellar and hippocampal granule cells migrate
and differentiate, therefore it is considered a
critical period in neural development (Rice and
Barone Jr, 2000).

Many studies have evaluated the time period
when exposure to VPA would cause the greatest
effect, Kim et al. (2011) examined the critical
period necessary to induce autism-like behavior
in rats using prenatal VPA exposure. Pregnant
rats received injections of 400 mg/kg of VPA at
gestational days (GDs) 7, 9.5, 12 and 15. The
results of the sociability experiment showed that
rats exposed to VPA at GD 12 were less sociable
than both the control group and animals exposed at
GDs 7, 9.5, and 15. Also the cerebellar affection in
many experiments was recorded on administration
of valproic acid on gestational day 12.5 (Schneider
et al. 2006 and Dendrinos et al. 2011) as well as
on gestational day 13 (Gandal et al. 2010).
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In the current study the examination of
cerebellar cortex of offspring born to mothers
treated with valproic acid (group B) showed
the presence of external granular layer on the
cerebellar cortical surface if compared to control
group which may be an indicator of delayed
maturation process that was in agreement
with Fukuda et al. (2005) who suggested that
depression of the synthesis of neurotrophins such
as BDNF (brain derived neurotrophic factor) and
NT-3 (Neurtrohin 3) which prevent the neurons
from initiating programmed cell death and induce
differentiation of progintor cells to form neurons
and reach maturation might be the cause of
delayed maturation of cerebellar cortical layers.

The appearance of areas of degeneration in the
molecular layer and between the Purkinje cells was
mostly due to shrinkage of Purkinje cells and the
withdrawal of their protoplasmic processes secondary
to degeneration of their cytoskeletal elements as
mentioned by (Sobaniec-Lotowska, 2001)

In the present study, the Purkinje -cells
also appeared shrunken, distorted and deeply
stained. In agreement to these findings,
Troudi et al. (2012) and shalaby and Sarhan (2008)
stated that long term valproic acid administration
caused considerable damage to structural and
functional biosynthesis of cell proteins manifested
markedly by increased electron density.

Other authors believed that pyknotic nuclei
appearance was due to ischemia as a result of
affection of capillary wall of cerebellar cortex with
subsequential disorders in the transportation of
valproic acid or its toxic metabolites through the
structural elements of blood brain barrier to neurons
(Sobaniec-Lotowska and Lotowska, 2005).

Other studies suggested that these pyknotic
nuclei might be a certain phase of apoptosis as these
cells displayed markedly condensed cytoplasm and
nucleoplasm (Sobaniec-Lotowska, 2001).

Yamada and Watanabe (2002) concluded the
correlation of the Bergmann neuroglial cells in
the process of the migration, dendritogenesis,
synaptogenesis and maturation of Purkinje
cells. Similarly, Wang et al. (2012) reported that
Bergmann glia play a precious role in controlling
the membrane potential and thereby the activity of
the adult Purkinje cells.

In the current work the morphometric study
revealed that the number of Bergmann glial cells
was significantly increased in sodium valproate
treated group with a significant decrease in the
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thickness of cerebellar cortex of group B. Naruse
et al. (2013) described the Bregmann glia as a
precursor for the astrocytes. These findings could
explain why the GFAP immuno-histochemistry in
the present study showed strong positive reaction
if compared to control and it was confirmed
by morphometric study showing a statistically
significant increase of its area percentage in group
B. GFAP is an intermediate filament protein that
is expressed by numerous cell types of the CNS
including astrocytes and ependymal cells. GFAP
is considered to be important in modulating
astrocyte motility and shape by providing
structural stability to astrocytic processes and also
as a specific marker of mature astrocytes of the
central nervous system (Eng et al. 2000).

In the CNS, following injury, either as a result
of trauma, disease, genetic disorders, or chemical
insult, astrocytes become reactive and respond in
a typical manner, termed astrogliosis. Astrogliosis
is characterized by the rapid synthesis of GFAP
and is shown by an increase in protein content or
by immunostaining with the GFAP antibody. So
the gliosis could be a result of toxic effect of VPA
on neurons that was in agreement with results of
ElSawy et al. (2013).

The granular cells also appeared degenerated
with pyknotic deeply stained nuclei which could
be explained by neuroapoptosis which is caused
by the VPA (Sobaniec-Lotowska, 2001).

The results of group D showed a remarkable
improvement in the cerebellar cortical structure
with folic acid administration, with distinguishable
cortical layers, Purkinje cells were appearantly
normal with their oval or flask shaped apparance
and pale nuclei and arranged in single row with
few distorted Purkinje cells. Also the number of
Bergmann cells was statistically of no significant
difference compared to control.

Folate acts as a cofactor for enzymes involved
in DNA and RNA biosynthesis. Folate is also
involved in the supply of methyl groups to the so-
called methylation cycle, which uses methionine
from homocysteine, an amino acid that is related
to many neurodegenerative diseases. A high
level of this amino acid can lead to brain damage
and cognitive disturbances. The synthesis of
methionine thus prevents the accumulation of
this harmful amino acid in the brain (Viatcheslav
Wiassoff 2014). Methionine synthase plays
another role as it converts circulating N5-
methyltetrahydrofolate into tetrahydrofolate. The
latter but not the former can act as a substrate
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for polyglutamate synthase, thereby becoming
retained in the cell as polyglutamate. Interruption
of DNA biosynthesis or methylation reactions
could prevent the proper closure of the neural
tube. Such inhibition could be caused by simple
deficiency of either folic acid or vitamin B12
(Scott et. al. 1994)

The GFAP percentage area was highly
significantly decreased between groups D and B
which indicated the decrease in astrogliosis and
immunohistochemical reaction which was due to
less toxic effect on the cerebellar cortex. These
findings were in agreement with Dawson et al.
(2006) and Aktas et al. (2010) who stated that
folic acid helped in the protection against the toxic
effect of VPA. Also Dawson at al. (2006) stated
that folic acid protection might be mediated by
prevention of VPA-induced alterations in proteins
involved in neurulation or prevent VPA-induced
oxidative stress.

Finally from the present work it is concluded
that VPA had a toxic effect on the cerebellar
cortex and the neuronal development and that
if VPA should be administered with pregnancy
it is recommended to be in the least effective
doses and that folic acid administration is highly
recommended to reduce the effects on the
cerebellum of the offspring.
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