Effect of Acrylamide on Development of Cerebellum in Albino Rat
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ABSTRACT

Introduction: Acrylamide (ACR) is a neurotoxic material to animals and humans.

Aim: To elucidate the possible structural changes that may occur in cerebellum of male albino rat offspring after oral
administration of acrylamide to their pregnant and lactating mothers.

Material and Methods: After mating, 54 pregnant female rats were divided equally into three groups. Group A: did not
receive any treatment and group B: received 10mg\kg\day of acrylamide orally from day 7 (D7) of gestation until birth.
While, group C received the same dose and route of acrylamide from D7 of gestation until postnatal day (PD) 21. The
male pups of each group were divided into subgroups according to the PD of sacrifice; PD7, PD14, and PD21 respectively.
Cerebellum specimens were processed for light microscopy, immunohistochemistry, morphometeric and statistical studies.
Results: With acrylamide treatment, the general observation revealed signals of neurological abnormalities. There were
histopathological degenerative changes in the architecture of the cerebellum of all treated groups. These changes were
greatly increased from group B to group C. Postnatally, pia mater detachment, cavitations, hemorrhage within folds and
degenerated changes of all granular layers and Purkinje cells (PC) were observed. Statistically, a highly significant decrease
in the thickness of external granular layer and number of normal PC was revealed in groups B and C when compared with
group A. While area % of the bcl-2 immunoexpression showed a high significant increase.

Conclusion: Acrylamide adversely affected the structure of the developing cerebellum of albino rat offspring exposed during
gestation and lactation periods. The severity of these changes was increased with longer period of exposure. Further measures
should be needed to minimize acrylamide formation in food.
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INTRODUCTION foods. Surprisingly, high levels of ACR were detected
in widely consumed food items, notably; potato chips and
even bread™.

In the last years, the major change in the life style and
the feeding pattern as well as usage of some industrial

chemicals lead to production of some substances that were In addition, the carbohydrate-rich food, cooked at
not previously present such as; acrylamide (ACR)!M. ACR high temperature contained high levels of ACR. Some
is a type-2 alkene monomer and is a potent neurotoxin, evidence suggested that exposure to large doses of ACR
causing disassembly or rearrangement of intermediate injured the male reproductive glands. Direct exposure to
neurofilaments. Exposure of humans and animals to ACR pure acrylamide by inhalation, skin absorption, irritates the
produced a neurotoxic syndrome characterized by ataxia, exposed mucous membranes (e.g., the sinuses)™!.

skeletal muscle weakness and weight loss. So, it constitutes

a severe human health problem® On the other hand, a high level (0.03—0.43 nmol/g)

of the acrylamide-adduct, was found in smokers due to

The major concerns associated with ACR were the presence of ACR in tobacco smoke. Smoking women
sources of exposure; occupational exposure and drinking with excess dietary exposure to ACR had significantly
water. It is used in wastewater treatment processes, pulp higher acrylamide-adduct levels in comparison to smoking
and paper processing, mining and mineral processing and women with low dietary exposure!®.

in the laboratory as a solid support for the separation of

proteins by electrophoresis’! Exposure to less than 1.0 mg/kg/day, ACR leads

to developmental retardation and decreased body

In fast food restaurants, all over the world, potato weight gainl®. Other studies have documented body
chips become a common component of children’s menu. weight reductions induced by acrylamide administered
These familiar foods contained high levels of toxic and intrauterine. Acrylamide can cross the human placenta and
carcinogenic products which are not found in the uncooked has also been detected in breast milk!™.
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LoPachin® mentioned that ACR is a neurotoxin with
a great affinity for the peripheral ends of the spinal nerves
in the extremities. ACR exposure in human has been
associated with polyneuropathy with motor and sensory
impairment marked by numbness, paresthesias, and
ataxia, tremor, dysarthria and midbrain lesions. Ingestion
of contaminated drinking water has caused drowsiness,
disturbances of balance, confusion, memory loss and
hallucinations.

Regardless the dose-rate, LoPachin et al.’! added that
ACR intoxication was associated with early progressive
degeneration of distal axons in the PNS and CNS and with
cerebellar Purkinje cell injury.

The neurotoxicity of ACR on the spinal cord, cerebrum
and brain stem was proved!®!l. Although, the nervous
components are considered the main target in ACR
toxicity, few studies were done on the effect of ACR on the
embryonic and postnatal development of cerebellum!'2.

Therefore, the current study aimed to eclucidate the
possible structural changes that may occur in cerebellum
of male albino rat offspring after oral administration of
acrylamide to their pregnant and lactating mothers by using
light microscopy, immunohistochemistry, morphometric
and statistical studies.

MATERIALS AND METHODS

Chemicals

Acrylamide, a water-soluble chemical (purity > 99%
— purchased from El-Gomhoria Chemical Company) was
dissolved in distilled water and orally administered (10mg\
kg\day) by gastric intubation!'®!. The present chronic dose
was applied because the overdoses will reduce reproductive
activity of mothers and cause paralysis!*.

Animals

81 albino rats; 54 adult females and 27 adult males,
weighing 200-250g, were utilized for mating. These rats
were obtained from the Laboratory Animal Unit, Faculty
of Medicine, Zagazig University. The animals were kept
under good hygienic conditions. They were housed in fan
ventilated wide polypropylene cages with stainless steel
tops and wood shavings for bedding. Temperature was
maintained at 23+2°c. The animals were given a standard
diet and water.

The experiment was performed according to the
"Guide for the Care and Use of Laboratory Animals"
(Institutes of laboratory Animal Research)!'\. It has been
reviewed and approved by Institutional Animal Care and
Use Committee Zagazig University. Approval number:
ZU-TACUC/3/F/106/2018.

Experimental procedures: adult females were housed
with adult males at ratio of 2:1 respectively in each cage.
Then, vaginal smears were taken in next day to detect
occurrence of pregnancy. The presence of sperm in the
vaginal smears determined day one of gestation. The

pregnant female rats were equally divided into three groups
as follow:

Group A (control group): contained 18 pregnant rats
which did not received any treatment.

Group B (prenatal treated group): contained 18
pregnant rats which were given 10mg\kg\day of acrylamide
by gastric intubation from the D7 of gestation until birth.

Group C: (perinatal treated group): contained 18
pregnant rats which were given 10mg\kg\day of acrylamide
by gastric intubation from D7 of gestation until D21 after
birth.

At birth, each mother was housed with its pups in a large
cage in a ventilated room at a constant temperature (25°c.)
with al12:12 h light/ dark cycle. Each group contained first
generation of male pups with their mothers. Then, the pups
were divided into three subgroups (10 male pups for each)
according to the postnatal day of sacrifice as follow:

Subgroups Al, BI and CI: sacrificed after 7 days
postnatally (PD7).

Subgroups All, BII and CII: sacrificed after 14 days
postnatally (PD14).

Subgroups AIIL, BIII and CIII: sacrificed after 21 days
postnatally (PD21).

After animal sacrifice by decapitation, the heads
were dissected for obtaining the cerebellar biopsies.
The specimens were immediately processed for light
microscopic examination.

1- Preparation for Light Microscopy

The cerebellar specimens were fixed in 10%
paraformaldehyde in phosphate buffer (PH=7.4) for 48
hours. In ascending grades of alcohol (50%, 70%, 90%
and 95%), the samples were dehydrated each for one hour.
Then, in absolute alcohol (100%), two changes one hour
for each. After clearing in xylene, samples were embedded
in soft paraffin wax at 55 °C for 2 hours and in hard
paraffin at 60 °C for another 2 hours. Sections of 5 um
thick were prepared to be stained with Hematoxylin and
Eosin (H and E)!'%). The cerebellar sections were examined
and photographed in Histology Department, Faculty of
Medicine, Zagazig University.

2- Immunohistochemical procedure””'%

This was performed using the avidin biotin peroxidase
system for localization apoptotic cells. The mouse
monoclonal anti-Bcl-2 antibody (an anti-apoptotic marker,
bel-2; SC-7382) was delivered from Sigma Laboratories
(Code No. 00114386). In brief, paraffin sections of 4pum
thickness were deparafinized in xylene for 60 minutes and
progressively dehydrated in graded ethanol (100%, 95%,
80%, 70%; each for 5 minutes). To block endogenous
peroxidase activity, the sections were immersed in 3%
H,0, in distilled water for 10 minutes. The sections were
covered with primary antibody (approximately 100 ul per
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a section) and were incubated in a humid chamber at room
temperature overnight. Then, each section was covered
with biotinylated secondary anti-mouse antibody, diluted
1:500. Phosphate buffered saline PBS (pH=7.4) was used
for all subsequent washes. Visualization of the bound
primary antibodies was performed with diaminobenzidine
(DAB) solution as a chromogen and counterstained with
Mayer’s Hematoxylin. Bcl-2 immunoreactions were
expressed as fine brown reaction product in cytoplasm of
the cells, whereas the background stained blue.

3- Image analysis and morphometric study

Stained sections with H and E and with anti-Bcl-2
antibody (magnificationx400) were morphometrically
analyzed using software Leica Qwin 500 (Leica imaging
system, Ltd, Cambridge, England) in the image analysis
unit in Histology and Cell Biology Department, Faculty
of Medicine, Cairo University. The image analyzer was
first calibrated automatically to convert the measurement
units (pixels) produced by the image analyzer program
into actual micrometer units. Various fields were chosen
and 5 readings were obtained from each slide. This image
analyzer computer system was used to measure the
following parameters:

1. The thickness of external granular layer of
cerebellum (H and E stained sections x400) by
using the interactive measure menu (Figure A).

2. Number of normal Purkinje cells (H and E stained
sectionsx400) by using the interactive measure
menu (Figure B).

3. Theareapercentage(%)of Bcl-2immunoexpression
in Purkinje cells (immunohistochemical stained
sections x400). The measuring field menu for
standard measuring frame of an area equal to
118476.6 um2. The immunoexpression for Bcl-
2 area was masked by a green binary color to be
measured (Figure C).

Fig. A: A photomicrograph of a section of rat cerebellum showing the
method of measuring the thickness of the external granular layer in the

field. (H&E x 400).

Fig. B: A photomicrograph of a section of rat cerebellum showing the
method of counting of the number of normal Purkinje cells in the field.

(H&E *400).

Fig. C: A photomicrograph of a section of rat cerebellum showing the
method of measuring the area % of positive bcl2 immunoreactions

masked by green binary. (Bcl-2IHCx400).

Statistical analysis

The obtained data (the thickness of EGL, normal
Purkinje cell number, and area % of Bcl-2 positive
immunoexpression) were analyzed statistically using
SPSS version 11. The one-way analysis of variance
(ANOVA) was done for comparison between the different
groups (more than two groups) with p value < 0.05 (the
level of significance). Post hoc test was used to find the
statistical difference between the groups when ANOVA
was statistically significant (P value <0.05)!".

RESULTS

General observations

Some pregnant rats treated with ACR had suffered from
abortions close to day of delivery. An abnormal behavior
of some mothers towards their pups were noted. Many
of them eat their all pups immediately after their delivery.
This behavior thought to be attributed to neurotoxicity of
ACR.
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Also, the pups of groups B and C showed signals
of different neurological abnormalities: progressive
muscle weakness, abnormal posture of the foot or leg,
development of gait abnormalities and unsteady pattern
of walking which started at the hind limbs and progressed
to the forelimbs leading to dragging of the limbs during
walking especially in group C.

A-Light microscopic examination

1-Cerebellar sections of PD7 albino rats (subgroups
Al BI and CI)

In control albino rat, the normal architecture of the
cerebellum was divided into several well defined short
broad folds separated by less deep narrow sulci. Each fold
was consisted of a cerebellar cortex and less defined and
less differentiated white matter core which was continuous
with the central white matter (Figure 1a). The cerebellar
cortex was formed of four layers which were arranged
from superficial to deep as follow; outer thick external
granular layer (EGL) (covering the fold surfaces and
lining the sulci), molecular layer (ML), Purkinje cell layer
(PCL) and internal granular layer (IGL) (Figure 1b). The
outermost EGL layer was thick and packed with 5-6 rows
of rounded darkly stained granule cells. Relatively thin
ML was resident between EGL and PCL and composed
of few small neuronal cell bodies, nerve fibers and
dendrites of Purkinje cell. The PCL arranged in single row
and showed large pear shaped cells with large vesicular
nuclei containing prominent nucleoli. The Purkinje cells
sent different processes called dendrites extending into
ML while, the axons extending into the IGL. The IGL
was formed of moderately populated granule cells which
appeared as small rounded scattered deeply stained cells
(Figure Ic).

Prenatal exposure to ACR produced degenerative
changes at PD7 albino rats. The cerebellar folds appeared
long and separated by narrow less deep or wide deep sulci.
The cerebellar folds also showed two degenerative damages
i.e.; detachment of pia matter covering their surface and
presence of some cavitations within their matrix. Less
thick EGL covering surfaces of the folds or lining the
sulci was seen when compared with control of same age
group (Figure 2a). External granular layer appeared packed
with pyknotic deeply stained granule cells with ill-defined
feature. The molecular layer showed vacuolated matrix
and vacuolated cells giving it a spongiform appearance.
The Purkinje cells appeared hazy and showed different
degree of distortion in the form of disrupted irregular cell
membrane, disintegrated cell membrane with karyolysis or
loss of cell membrane with ill-defined nucleus. However,
some areas revealed complete absence of Purkinje cells.
The internal granular layer contained large vacuolation
and ill-defined degenerated granule cells aggregated into
groups (Figure 2b).

The perinatal exposure to ACR at PD7, albino rats
showed more complicated picture in the cerebellar

structure. Constricted cerebellar folds separated by short
wide sulci were seen. The external granular layer appeared
less thick and was exfoliated at certain places. Some
extravasated hemorrhagic blood accumulated between
the cerebellar folds was demonstrated (Figure 3a). The
higher magnification illustrated more clearly severe effect
of the acrylamide. The external granular layer appeared
packed with deeply stained pyknotic granule cells with ill-
defined feature. The molecular layer appeared destructed
and slightly vacuolated with loss of dendritic arborizations
of PC. The Purkinje cells showed distorted arrangement
and different degrees of degeneration (shrinkage and
complete degeneration, deep staining with disruption of
cell membrane and ill-defined nucleus). Internal granular
layer appeared highly vacuolated and consisted of sparsely
populated deeply stained degenerated granule cells
(Figure 3b).

2- Cerebellar sections of PDI14 albino rats
(subgroups AIl, BII and CII)

At PD14, the cerebellum of control albino rat showed
many long folds separated by deep compressed sulci. Less
thick EGL lining the sulci or covering surfaces of the
cerebellar folds was demonstrated. The cerebellar folds
contained narrow well defined core of white matter and
easily distinguished from IGL (Figure 4a). Less thick EGL
was consisted of 3 or 4 rows of granule cells. The molecular
layer started to increase in width. The Purkinje cell layer
was still arranged in single row between ML and IGL. The
internal granular layer was more differentiated from white
matter core and exhibited highly populated granule cells
(Figure 4b). With a higher magnification, the Purkinje cells
appeared as a large spherical neuron with large less stained
nuclei and prominent nucleoli. Network of dendrites of
Purkinje cells (forming arborizations) accumulated in the
molecular layer making it wide. However, the IGL was
packed with more condensed granule cells characterized
by their dark blue density appearance (Figure 4c).

Prenatal treated cerebellum of PDI14 albino rat
showed long and short broad cerebellar folds separated by
compressed deep and less deep sulci. Very thin EGL was
demonstrated covering the folds and lining the sulci. Wide
core of white matter was seen deeply penetrated the fold.
In certain areas, IGL increased in width and thickness and
showed obvious herniation (Figure 5a). Most of Purkinje
cell appeared degenerated and deeply stained with
karyorrhexis or karyolysis. They were surrounded by wide
peri-cellular spaces with loss of their axons. The internal
granular layer showed vacuolation of different sizes
between their cells. The granule cells appeared greatly
damaged, clumped in groups and enclosed by edematous
spaces (Figure 5b).

The perinatal treated cerebellum of PDI14 albino
rat showed marked degenerative changes. Convoluted
cerebellar folds with certain detachment through their
layers were observed. Very thin layer of EGL covering the
surface or lining the sulci was demonstrated. In some areas,
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IGL increased in width and thickness and showed obvious
herniation (Figure 6a). At a higher magnification, obvious
sloughing and complete separation between IGL and PCL
was demonstrated. Most of Purkinje cells appeared deeply
stained with pyknotic ill-defined nucleus and lost their
axons. The internal granular layer appeared packed with
deeply stained, degenerated granule cells with ill-defined
feature and aggregated in groups and were surrounded by
edematous spaces (Figure 6b).

3- Cerebellar sections of PD21 albino rats
(subgroups AIll, BIII and CIII)

At PD21 of control albino rat, long and well defined
folds separated by more deep and wide sulci were observed.
The external granular layer that covering surfaces of the
cerebellar folds or lining the sulci was absent. The molecular
layer appeared more increased in width and in density than
previous age. The internal granular layer appeared thick
and sharply differentiated from the narrow white matter
core (Figure 7a). The molecular layer contained fewer
number of vertically oriented spindle shaped migratory
cells and intensive well-formed dendritic arborizations of
Purkinje cells. The Purkinje cells were still arranged in
single row to form PCL. They appeared as spherical and
pear shaped cells with large intensely stained nuclei and
prominent nucleoli. However, IGL appeared packed with
granule cells which were characterized by their dark blue
density and rounded appearance (Figure 7b).

At PD21 of prenatal treated albino rat, showed short
and long cerebellar folds separated by deep, more wide and
crude sulci. The external granular layer appeared absent
except at certain places, it was still present as single row
of cells covering some cerebellar folds. The molecular
layer appeared wide in certain sites and narrow in others.
Internal granular layer appeared thick with some degree of
herniation at certain places. Wide core of white matter was
deeply penetrated the fold and sharply demarcated from
IGL (Figure 8a). The Molecular layer appeared hazy and
edematous with loss of dendritic arborizations of PC and
contained some vacuolated cells. Different sever degrees
of distortion of Purkinje cells were seen (in the form of
disrupted cell membrane, with ill-defined nucleus or with
karyolysis, loss of their axons, and enclosing by wide peri-
cellular spaces). The internal granular layer exhibited large
vacuoles, degenerated granule cells clumped in clusters

with edematous spaces in between (Figure 8b).

At PD21 of perinatal treated albino rat, showed marked
degenerative changes. Distorted cerebellar folds with
several cracks disfiguring its normal architecture and
detaching their layers were seen. The external granular layer
was still present as single row of cells lining the wide deep
sinus. The molecular layer appeared of variable thickness
in different areas (Figure 9a). Also there was a sever
detachment and separation between PCL and IGL. Narrow
core of white matter appeared destructed and discontinuous.
In addition, IGL displayed deeply penetrating cracks with
some areas of hemorrhage  (Figure 9b).

At higher magnification, obvious sloughing and
complete separation between PCL and IGL was
demonstrated and most of Purkinje cells were distorted
losing their dendrites and axons. Few Purkinje cells
appeared deeply stained degenerated, losing their axons
and still attached to IGL. The molecular layer appeared
hazy and edematous with loss of dendritic arborizations of
PC. The internal granular layer was packed with deeply
stained degenerated granule cells aggregated in groups and
surrounded by edematous spaces (Figure 9c¢).

2- Immunohistochemistry

The expression of bcl-2 was negative to mild in control
group, was moderate in prenatal treated group while was
intense in perinatal treated group [Figure 10 (a-1)].

3- Statistical results

1. The thickness of EGL showed highly significant
decreased from group A to group C (P<0.001)
at PD7 but was significantly decreased at PD14
(P<0.006) (Table 1 and Figure 11).

2. The number of normal Purkinje cells showed
a highly significant decrease in the number
of normal cells from group A to C (P<0.001)
through  different studied postnatal days
(Table 2 and Figure 12).

3. The area % of bcl-2 immunoexpression in Purkinje
cells showed a highly significant increased in both
group B and C compared to the control group A
(P<0.001) through different studied postnatal days
(Table 3 and Figure 13).
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Fig. (1.a-c): Photomicrographs of control cerebellar sections of PD7 male albino rat. [a]: showing short broad folds (F) separated by less deep narrow sulci (S).
Each fold is covered by a cerebellar cortex (C) with less defined core of white matter (WC) continuous with the central white matter (WM). (H&E x100). [b]:
showing the four layers cerebellar cortex; external granular layer (EGL), molecular layer (ML), Purkinje cell layer (PCL) and internal granular layer (IGL).
Notice thick EGL lining the sulci (S) and covering the cerebellar folds (F). (H&E x200). [c]: showing EGL packed by rounded darkly stained granule cells.
The Purkinje cells (P) are large pear shaped with vesicular nuclei (N) and prominent nucleoli (n). Dendritic cell processes (D) are seen extending into ML. The
internal granular layer (IGL) contained scattered deeply basophilic stained granule cells (G). (H&E x400).

-a

Fig. (2.a-b): Photomicrographs of cerebellar sections of prenatal treated group of PD7 male albino rat. [a]: showing long cerebellar folds (F) separated by
narrow less deep (S1) or wide deep sulci (S2). Small cavity (C) is apparent within their matrix. Less thick external granular layer (EGL) is seen covering
surfaces of folds (F) or lining the sulci. Notice the pial detachment covering some folds (arrow). (H&E x100). [b]: showing EGL packed with pyknotic deeply
stained granule cells. The molecular layer shows vacuolated matrix (V) and vacuolated cells (arrow). Purkinje cells (P1) shows disintegrated cell membrane
with karyolysis, (P2) with disrupted cell membrane and (P3) with loss of cell membrane and ill-defined nucleus. The internal granular layer (IGL) shows large
vacuolation (V) and degenerated granule cells aggregated into groups (G). (H&E x400).
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Fig. (3.a-b): Photomicrographs of cerebellar sections of perinatal treated group of PD7 male albino rat. [a]: showing some constricted cerebellar folds (F)
separated by short wide sulci (S). The external granular layer appears less thick and exfoliated in certain places (arrow). Notice some extravasated hemorrhagic
blood (eh) accumulated between the folds. (H&E x 100). [b]: showing EGL packed with deeply stained granule cell. The molecular layer appears destructed
and slightly vacuolated (V). Purkinje cells show distorted arrangement; (P1) with shrinked and completely degenerated, (P2) with disrupted cell membrane and
ill-defined nucleus and (P3) appeared deeply stained with irregular cell membrane. The internal granular layer (IGL) shows large vacuolations (V) and sparsely
populated deeply stained granule cells (G). (H&E x400).

BT ?

Fig. (4.a-c): Photomicrographs of control cerebellar sections of PD14 male albino rat. [a]: showing long cerebellar folds (F) separated by deep compressed
sulci (S). White matter core (Wc) appear narrow and well defined from IGL. Notice less thick EGL covering the folds (F) and lining sulci (S) is seen. (H&E
x100). [b]: showing EGL formed of 3 or 4 rows of granule cells. The molecular layer is increased in width. PCL is arranged in a single row between ML and
IGL. The nternal granular layer is more differentiated from white matter core (Wc) and exhibits highly populated granule cells (G). (H&E x 200). [c]: showing
network of dendrites (D) of Purkinje cells accumulated in ML. The Purkinje cells (P) appear as large spherical with large less stained nuclei (N) and prominent
nucleoli (n). The internal granular layer (IGL) appears packed with more condensed dark blue stained granule cells (G). (H&E*400).
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Fig. (5.a-b): Photomicrographs of cerebellar sections of perinatal treated group of PD14 male albino rat. [a]: showing long and short broad cerebellar folds (F)
separated by compressed deep and less deep Sulci (S). Very thin EGL covering the folds (F) and lining the sulci (S) is seen. Wide core of white matter (Wc) is
deeply penetrated the fold. Notice obvious herniation (H) of IGL is demonstrated in certain sites. (H&Ex100). [b]: showing hazy and deeply stained Purkinje
cells (P) surrounded by wide peri-cellular spaces (PS) with loss of their axons. The internal granular layer shows vacuolations (V) and edematous spaces (ES)
between the granule cells which appear clumped in groups (G). (H&Ex400).

5

Fig. (6.a-b): Photomicrographs of cerebellar sections of perinatal treated group of PD14 male albino rat. [a]: showing some convoluted cerebellar folds (F)
with detachment (arrow) of their layers. Very thin EGL covering the folds and lining the sulci (S) is seen. Thick IGL with obvious herniation (H) is well seen
in certain areas. Notice narrow core of white matter (Wc) deeply penetrated the fold. (H&E x100). [b]: showing obvious sloughing and complete separation
(*) between IGL and PCL. The Purkinje cells (P) appear deeply stained with pyknotic nucleus. The internal granular layer shows deeply stained degenerated
granule cells aggregated in groups (G) surrounded by edematous spaces (ES). (H&E x400).
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Fig. (7.a-b): Photomicrographs of control cerebellar sections of PD21 male albino rat. [a]: showing more long folds (F) and more deep wide sulci (S). Narrow
white matter core (Wc) is sharply demarcated from IGL. Notice absence of EGL. The molecular layer is more increased in width and in density. (H&E x100).
[b]: showing ML containing fewer number of spindle shaped migratory cells (MC) and dendritic arborizations (A) of Purkinje cells. The Purkinje cells (P)
appear spherical or pear shaped cells with large intensely stained nuclei (N) and prominent nucleoli (n). The internal granular layer (IGL) appears packed with
dark blue dense granule cells (G). (H&E x400).

Fig. (8.a-b): Photomicrographs of cerebellar sections of prenatal treated group of PD21 male albino rat. [a]: showing short and long cerebellar folds (F)
separated by deep wide and crude sulci (S). Notice EGL is still present covering surface as single row of cells (arrow). The molecular layer appears wide in
certain sites and narrow in others. The internal granular layer is thick with obvious herniation (H) at certain sites and sharply demarcated from wide core of
white matter (Wc). (H&E x100). [b]: showing hazy and edematous ML containing vacuolated cells (V) with loss of dendritic arborizations of PC. Purkinje
cells (P1) shows disrupted cell membrane and ill-defined nucleus, (P2) with disrupted cell membrane and (p3) with karyolysis with loss of their axons. Notice
wide peri-cellular spaces (ps) surrounding PC. The internal granular layer (IGL) exhibits large vacuoles (V), aggregations of degenerated granule cells (G) and
edematous spaces (ES) in between. (H&E x400).
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Fig. (9.a-c): Photomicrographs of cerebellar sections of perinatal treated group of PD21 male albino rat. [a]: showing several
cracks (C) detaching the layers of the distorted folds. Single raw of EGL is still present lining the sinus (arrow). Notice
thickness of ML. (H&E x100) [b]: showings sever detachment and separation (Arrow) of PCL from IGL. Discontinuous core
of white matter (Wc) is seen. Cracks (C) appear deeply penetrating IGL with some areas of extravasated hemorrhage (eh).
(H&E % 200). [c]: Purkinje cells (P1) show deeply stained with ill-defined feature with losing of their axons, but (P2) appear
completely degenerated and still attached to IGL. The molecular layer appears hazy and edematous. The internal granular layer
(IGL) shows aggregation of degenerated granule cells (G) surrounded by edematous spaces (ES). Notice obvious separation (*)
between IGL and PCL is seen. (H&E %x400).

Fig. (10.a-i): Photomicrographs of cerebellar sections of male albino rats showing immunoreactive staining for bcl-2 in Purkinje cells (arrows). [a, d, g]:
The control cerebellar sections showing negative [a] to mild [d, g] expression of bel-2. [b, e, h]: The prenatal treated cerebellar sections showing moderate
expression of bcl-2 however, [c, f, i]: The perinatal treated cerebellar sections showing intense expression of bel-2 in the degenerated Purkinje cells. (Anti-Bcl-2
THC x1000).
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Fig. 13: Bar Chart showing statistical analysis of area % of positive immunoreactive Purkinje cells at PD7, PD14 and PD21.

Table 1: Statistical analysis of thickness of EGL in the different studied groups using one way ANOVA test.

Postnatal day Thickness of EGL: Group A Group B Group C F P
PD7 Mean + SD 51.61+9.66 33.53+2.63 25.61+3.11 2425 <0.001"
Range 38.23 - 62.15 30.15-37.22 20.43 - 28.35
PD 14 Mean + SD 13.7+1.12 10.64 + 1.56 10.78 + 1.39 794 <0.006°
Range 12.23 -15.22 8.99 -12.83 9.43 —12.65

Number of sacrificed rats for each group was 5 rats.
SD: Standard Deviation. *: Significant if P<0.05 **: highly significant (P<0.001).

Table 2: Statistical analysis of number of normal Purkinje cells in the different studied groups using One way ANOVA test.

Postnatal day Number of Purkinje cells Group A Group B Group C F P
PD 7 M?::nzeSD 6.6:,(;89 2.§ J:r ‘1‘.1 1.81i703~34 35.63 <0.001""
PD 14 Me;:n; eSD 171.461 : }.914 4 ;jél 0-601201-15 328.72 <0.001°"

Number of sacrificed rats for each subgroup was 5 rats.
SD: Standard Deviation. *: Significant if P <0.05 **: highly significant (P<0.001).
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Table 3: Statistical analysis of area % of bcl-2 immunoexpression in Purkinje cells in the different studied groups using one way ANOVA

test.
Postnatal day Area % of bcl-2 immunoexpression Group A Group B Group C F P

PD7 Mean + SD 2.51+0.33 3.96+0.82 12.84 +£3.76 3147 <0.001"
Range 2.09-2.92 3.07-5.12 6.72-16

PD 14 Mean + SD 259+1.2 4.94+1.16 14.89 £2.85 58.61 <0.001°*
Range 0.56 —3.55 3.91-6.51 11.45-19.13

PD 21 Mean + SD 2.57+0.95 6.56£2.22 27.87+3.16 e
Range 1.01 -3.55 4.52-9.77 24.55-31.29 175.75 <0.001

Number of sacrificed rats for each group was 5 rats.
SD: Standard Deviation.

DISCUSSION

The ACR causes different kinds of neuropathy
depending on the duration and concentration of exposure.
Workers exposed to ACR develop central and/or peripheral
nerve syndromes such as cerebellar ataxia and peripheral
neuropathy!®,

In the present study, severe neurological abnormalities
in acrylamide treated pups (10 mg/kg) were detected
especially, in group C. These neurological signs were
explained by Lopachin et al.?% to be caused by distal
axonopathy in the peripheral nervous system. Standring
et al.?l added that the Purkinje cell is the sole efferent
source of the cerebellum and so, it plays an important role
in the neurological defects such as muscle weakness and
gait abnormalities.

Sorgel et al.” found that ACR and their metabolites
pass easily through the placenta due to their solubility
in water and are distributed in many fetal tissues during
gestation.

In the present study, by exposure of acrylamide, in all
age subgroups of prenatal and perinatal groups B and C,
there were variant changes occurred in depth and width of
both folds and sulci when compared with control groups. In
agreement, Allam et al.!'? reported that the folds appeared
deep at D7. Then, it became deeper at D14 &D21 and the
sulci were narrow in contrast to wide and crude sulci that
appeared in acrylamide treated groups.

In this study, altered architecture of the cerebellar
folds with the exposure of acrylamide was noted. In
group B at PD7, the cerebellar folds showed cavitations
within their matrix and detachment of their covering pial
surface epithelium. While, in group C, there were more
complicated picture such as; presence of detachment
and cracks through the fold layers, destruction of white
matter core and accumulation of hemorrhage between the
cerebellar folds. These findings were in agreement with a
previous literature!'?. They detected the occurrence of the
hemorrhage in acrylamide treated group and described it
as a type of brain damage and attributed that to chronic
acrylamide exposure. Also similar results observed by
Shaheed ef al.? and Rawil et al.* who demonstrated that
ACR administration caused focal gliosis in the cerebral
cortex and cerebrum, focal hemorrhage in the meninges

*:Significant if P<0.05 **: highly significant (P<0.001).

and vacuolization in cerebral cortex, cerebrum, cerebellum
and medulla oblongata.

At PD14, EGL was less thick than that of PD7 of the
same normal group because of migration of their cells
to the IGL. However, with exposure of acrylamide, the
thickness of EGL covering surfaces of the cerebellar folds
or lining the sulci was significantly decreased in group B. A
highly significant decreased thickness of EGL was noted in
group C when compared to the same control group. These
findings were in agreement with the previous literatures
reported by Allam et al.!"?) who found that the normal EGL
was thick at D7 normal rats then started to decrease by D14
and became thin. Marcelo and Fahad® added that EGL is
the external germinal layer that generates the granular cells
and then the cells start to migrate through the Purkinje cell
layer at postnatal days 4 to form the IGL. Allam et a/l.l!?
also found that due to chronic pre- and postnatal acrylamide
administration, EGL was thin at D7 and attributed this to
the delay in the proliferations and differentiation of these
cells of this layer. This confirmed by Fonnum and lock™
who documented that the Purkinje and granule cells are the
most important targets in cerebellum for toxic substances.

In the current study, in the normal control group A,
EGL was completely disappeared at D21. However, with
exposure of acrylamide in group C of the same age, a single
raw of EGL was still present covering some cerebellar
folds. Allam et al.!"?! mentioned that this remained layer
represented at D21 as one row of cells or was completely
absent in some regions and disappeared completely at D28
in the normal rat and at D21 in the guinea pig.

Sarana and Hawkes®” considered acrylamide as one
of numbers of toxins that causing Purkinje cells death
as phenytoin, lithium, phencyclidine, bismuth, nicotine,
somatostatin and methotrexate.

In support with previous literatures, the present
work also observed damage of Purkinje cells of the rat
cerebellum when exposed to acrylamide in the prenatal and
perinatal treated groups with different degree of distortion
increasing with the increase of duration of exposure.
Moreover, the number of normal Purkinje cells was highly
significant decreased from group A to group C (P <0.001).

The different degree of distortion in Purkinje cells
ranging from deep staining of its cytoplasm to loss of
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their dendrites and axons as demonstrated by microscopic
examination of this study established the pathological
consequences of acrylamide neurotoxicity® ). They
suggested that the shrinkage of the cells and deep staining
of the cytoplasm are signs of neuronal cell death. Also
the shrinkage and irregularity in shape of the Purkinje
cells referred by Hirai et al.*” to disorganization of the
cytoskeletal elements in the cell body and processes of
the cell. Induction of free radicals and oxidative stress, by
acrylamide causes membrane necrosis and mitochondrial
dysfunction of Purkinje cells?>2831],

In the present study, with exposure of acrylamide, the
Purkinje cell layer was surrounded by wide pericellular
spaces at D14 and 21 in prenatal treated group B. However,
in perinatal treated group C, these peri-cellular spaces
coalesced and became very wide one space leading to
complete separation between the PCL from IGL. These
findings were in agreement with El-Bakary and Mousal*®
and Zhang et al.®3. They found marked spongiosis and
pericellular vacuolation surrounding the Purkinje cells
of acrylamide-treated groups and attributed this to the
shrinkage of Purkinje cells themselves leaving apparent
pericellular spaces.

By Immunohistochemistry, the current study showed
mild positive immunoreaction for bcl-2 in Purkinje cells in
control group, moderate immunoreaction in prenatal group
and intense immunoreactions in perinatal group. This
finding was in agreement with Li et a/.1'® who postulated
that expression of bcl-2 in the nervous system significantly
changed after ACR administration. In the CNS, the
expression of bcl-2 followed the same change; it decreased
in the low dose group and increased in the high dose group.

In addition, the morphometric and statistical
results of this work showed that the area % of bcl-2
immunoexpression showed a high significant increase
from group B to C when compared to control group A
(P<0.001). This finding was in agreement with Li et a/.l'
who found that the bcl-2 immunoreaction was highly
significantly increased in the sciatic neurons in the low and
the high dose of ACR toxicity than control group.

Moreover, Cui et al.'** found that concomitant decrease
in the immunoexpression of bcl-2 with increase in bax
immunoexpression is not the role in neuronal degeneration.
They found that subchronic exposure to the neurotoxic
anthexanedione resulted in significantly increased
expression of both anti-apoptotic protein (Bcl-2), pro-
apoptotic protein (Bax) and apoptotic marker (Caspase-3)
in cerebral cortex and cerebellum. They added that these
changes might be involved in early molecular regulatory
mechanism of apoptosis.

Chen et al.B®¥ found that the lower concentrations of
toxins, particularly if delivered over a more protracted
time course, induce apoptosis while higher levels induce
necrosis. Moreover, intermediate concentrations of
neurotoxicant often induce a mixture of necrosis and
apoptosis.

From the current study, a higher expression of bcl-2 in
acrylamide treated group was a part of normal protective
defense mechanism against neuronal injury and damage
by acrylamide. Chong et al.B% and Doughty et alB®
mentioned that regardless of the type of neuronal death
induced, over-expression of anti-apoptotic Bcl-2 gene
or bax gene (pro-apoptotic marker), disruption provides
significant neuroprotection in several in vivo and in vitro
disease degenerative models.

In the present work, the width, density and number
of neurons in the normal molecular layer at D21, were
higher than other ages of control groups. However, with
exposure of acrylamide in prenatal and perinatal groups
B,C, the molecular layer showed variant width, appeared
hazy, edematous with loss of dendritic arborizations of
PC and contained vacuolated matrix and some vacuolated
cells giving it a spongiform appearance. These findings
were in agreement with Rawil er al'*®! who mentioned
that ACR administration caused varying histopathological
changes and vacuolization in cerebral cortex, cerebellum
and medulla oblongata.

The varying width of the ML of this work due to loss
of dendritic arborizations was in accordance with previous
literatures®”. They reported that ML width is depending
on the number of its neurons and size of Purkinje cell
arborizations. In addition, Shaheed et al.** recorded that
acrylamide mediates cell loss, especially Purkinje cells and
malnutrition induces aberration in Purkinje cells dendrites.

In the present work, in the normal group, IGL became
thicker started to be differentiated at D14 and completely
differentiated from the white matter core at D21. They
packed with high population of scattered deeply stained
granule cells. This also clarified by Galas et al.®®. They
mentioned that by the third postnatal week the EGL
disappears and IGL becomes the granular layer (GL) after
completion of cerebellar development. Also Yacubova and
Komuro®' explained that many factors such as activity of
Calcium channels, N-methyl-D-aspartate (NMDA) type of
glutamate receptors and intracellular Calcium fluctuations
controlling granule cell migration from EGL to IGL. Also,
Bahgat et al.*" described that the granule cells were high
in number, rounded in shape and occupied the deep region
of IGL and were most often formed after birth.

However, with exposure of acrylamide in prenatal and
perinatal groups B,C, IGL showed large vacuolations and
degenerated granule cells were clumped in groups and
enclosing edematous congested spaces. In some areas, the
IGL increased in width and thickness (if compared with
control group) and showed obvious herniation. This was in
agreement with Tanaka and Okeda® who noted that oral
administration of ACR produced selective granule cells
destruction in the granular layer of the cerebellar cortex
together with neurological signs such as ataxia, convulsion
and delayed righting reflex. The authors also added that it
caused multifocal destruction of granule cell with nuclear
pyknosis and spongiosis of the neurophile in the granular
layer.
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The role of ACR in occurrence of apoptosis in several
brain regions including cerebellum was explained by
Bordini et al.™, Barber and LoPachin®? and LoPachin
and Barber™! who found that ACR selectively reacts with
glutathione (GSH) adducts. The formation of this adduct in
nervous tissue might impair the glucose metabolism. This
impairment activates cytochrome ¢ and apoptosis in early
stages of ACR administration. These data were confirmed
by Vaughn and Deshmukh™ who stated that neurons
use glucose extensively and they show an increased
regulation of the apoptotic pathway which allows for their
long term survival. Neurons strictly inhibit cytochrome ¢
mediated apoptosis by a mechanism dependent on glucose
metabolism. This occurs through generation of intracellular
glutathione (GSH) by the pentose phosphate pathway.

On the other hand, there are three hypotheses on the
mechanism of ACR neurotoxicity: (1) inhibition of kinesin-
based fastaxonal transport, (2) alteration of neurotransmitter
levels, and (3) direct inhibition of neurotransmission(*¢l,
Other study detected that ACR subacute exposure reduced
the concentration of the excitatory neurotransmitter
glutamate in the CNS and may be one of the mechanisms
that lead to ACR neurotoxicity™”.

Recently, Zhang et al.®? showed that subacute exposure
to ACR included structural damage of the cerebral cortex
and cerebellum through the reduction in the protein
expression of synapsin I and P- synapsin I. This reduction
might lead to changes in synaptic vesicles distribution
through the pre-synaptic areas. Therefore, this leads to a
reduction in the excitatory neurotransmitter glutamate
release in the rat CNS, and in turn induces abnormal neuro-
behavior. The functional damage of synaptic vesicles may
thus be a mechanism explains ACR neurotoxicity.

CONCLUSION

Acrylamide adversely affected the structure of the
developing cerebellum of male albino rat offspring after
exposure to it during the gestation and lactation periods.
The severity of these changes was increased with longer
period of exposure. Further measures should be needed to
minimize acrylamide formation in food.
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