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Abstract  

Background: Bisphenol A is the most commercially used  
of bisphenol groups in plastic industry. It induces oxidative  

damage in the brain of rats.  

Aim of Study:  The present work investigates the adverse  
effects of bisphenol A (5mg/kg/day) on the cerebellar cortex  
of albino rat's offspring of treated mothers throughout preg-
nancy and lactation and the possible protective effect of omega  

3.  

Material and Methods: Fifty pregnant albino rats were  
used in this work. They were divided into 4 groups: I- Control  
group (Group C); half of them did not receive any substance  
with their pallets (Group CN). The other half were given  
0.54ml of corn oil/rat (Group CR). II- Omega 3 treated group  
(Group O); each rat was given 0.54ml of corn oil (contained  
54mg of omega 3). III- Bisphenol A treated group (Group B);  

each rat was given 0.54ml of corn oil (contained 6.3mg of  

bisphenol A). IV- Bisphenol A and omega 3 treated group  
(Group BO); each rat was given the same dose of bisphenol  
A in Group B plus the dose of omega 3 in Group O. The  
treatments were given as a single daily dose orally by gastric  
tube throughout pregnancy and for 2 weeks after delivery.  
The cerebelli of the offspring of all groups were extracted at  
the ends of the 2nd  and 8 th  weeks and prepared for light and  
electron microscopic examination and morphometric study.  

Results:  Light and electron microscopic examinations  
and morphometric study showed that bisphenol A induced  
various signs of delayed development in the cerebellar cortex.  
It also induced degeneration and necrosis of the cerebellar  
cells and nerve fibers in the form of cytoplasmic vacuoles,  
dilated rough endoplasmic reticulum, swollen and degenerated  
mitochondria with destructed cristae. Nuclear changes were  
observed also in form of karyolysis, pyknosis, karyorrhexis  

and finally nuclear disappearance. Beside that there was  
decrease in the number of Purkinje cells. The deleterious  
effects of bisphenol A on the cerebellar cortex were irreversible  
on stoppage of its administration. However, combined admin-
istration of omega 3 with bisphenol A alleviated the majority  
of its adverse effects.  
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Conclusion:  It could be concluded that bisphenol A  
induced various deleterious changes in the histological structure  
of the cerebellar cortex of albino rat's offspring of treated  
mothers throughout pregnancy and lactation. These changes  

were irreversible on withdrawal of bisphenol A. On the other  
hand combined administration of omega 3 with bisphenol A  

alleviated most of these changes.  
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Introduction  

BISPHENOLS  are group of chemical compounds  
with two hydroxyphenyl functional groups. The  
most commercially used is bisphenol A. It is utilized  

to produce polycarbonates and epoxy resins which  
are typically clear and hard plastics. These hard  
plastics are labeled in the market or commercial  
use with the recycle symbol 7 or may contain the  
letters PC near the recycle symbol [1,2] . Bisphenol  
A is frequently used in the internal coating of food  

and beverage containers. It provides an effective  
barrier preventing chemical reactions between the  
food and the metal wall of the bottle, thereby ensure  
food safety. Also it is a building block in industrial  
production of polycarbonate plastics as baby bottles,  
tableware, food containers, water bottles and dental  
sealants [3,4] . In addition, it is used in the processing  
of polyvinyl chloride plastic and in the recycling  

of thermal paper, the type of paper used in some  
purchase receipts, self-adhesive labels and fax  
paper. It can also be found as a residue in paper  
and cardboard food packaging materials [5] . The  
primary source of exposure to bisphenol A for most  
people is through the diet [6] . Bisphenol A in food  
and beverages accounts for the majority of daily  
human exposure contributes to 10-40% of the daily  
intake [7] . Bisphenol A can migrate from the con-
tainers into the liquid. The degree of its migration  
depends more on the temperature of the liquid than  
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the date of manufacture. Where, more migration  
occurs with higher temperatures [8] . Also bisphenol  
A has wide spread exposure, it causes air pollution  
and water stream contamination [9] . Bisphenol A  
generates significantly high concentrations of  
malondialdehyde in the brain of male rats by in-
duction of oxidative damage [10] . Two families of  
essential fatty acids; omega-3 and omega-6 are  

required for normal body growth and maturation  

of many organs, most importantly the brain and  

eye [11] . Fish and fish oil are rich sources of omega-
3 fatty acids, specifically eicosapentaenoic acid  

and docosahexaenoic acid [12] . Alpha-linolenic  
acid is an omega-3 fatty acid present in seeds,  

green leafy vegetables, nuts as walnuts and beans  

as soybeans [13] . Omega-3 fatty acids are found in  

high concentrations in neuronal membranes and  

have antioxidant properties [14] .  

This work aims to investigate the adverse effects  

of bisphenol A on the cerebellar cortex of albino  
rat's offspring of treated mothers throughout preg-
nancy and lactation and the possible protective  

effect of omega 3.  

Material and Methods  

This work was conducted from 9/2016 to 9/2017  

at Animal House of Faculty of Medicine for Girls,  

Al-Azhar University.  

Drugs:  
1- Bisphenol A is available in the form of white  

solid crystals. It was obtained from LOBA  
Chemie Company, Cairo, Egypt. According to  
[15] , 5mg/kg/ day of bisphenol A was used in  
this work. It is the suggested dose for adult  

human which resulted in No-Observed-Adverse-
Effect Level (NOAEL). The equivalent dose for  

an adult rat was calculated by using the formula  
of Paget and Barnes [16]  to be 6.3mg/ rat. The  
bisphenol A solution was prepared freshly every  
day. 256mg of its solid crystals were dissolved  
in 22ml of corn oil. Each pregnant rat was  

administrated 0.54ml of corn oil (contained  
6.3mg bisphenol A) orally via a gastric tube  

once daily.  

2- Omega 3 is available in the form of soft gelatin  

capsules from SEDICO; Pharmaceutical Com-
pany, Cairo, Egypt. Each capsule contains  

1000mg of omega 3. According to [17] , 3000mg/  
day omega 3 was used in this work. It is the  
average human therapeutic dose. The equivalent  
dose for an adult rat was calculated by using  

the formula of Paget and Barnes [16]  to be  
54mg/rat. The omega 3 was freshly prepared  

every day. 6 capsules of omega 3 were dissolved  
in 54ml of corn oil. Each capsule nearly contain  

1 ml so 6000mg of omega 3 which dissolved in  
54ml of corn oil considered as present in 60ml  

of corn oil. Each pregnant rat was given 0.54ml  
of corn oil (contained 54mg of omega 3) orally  

via a gastric tube once daily.  

Animals:  
One hundred and twenty adult albino rats were  

used in this work (80 females and 40 males). Each  

rat weighted about 200mg±20mg. They were  
bought from the Medical Research Center of the  
Faculty of Medicine, Ain Shams University. All  

animals were fed on balanced rat chow and water.  
The pellets were consisted of 5% fibers, 3.5% fats,  

6.5% ash and 20% proteins. They were housed  
under a 12/12h light/dark cycle, with free access  

to feed and water. Room temperature and humidity  

were maintained at 23 ± 1ºC and 55±5%, respective-
ly. The rats were kept in stainless steel cages. The  

adult females were isolated from the adult males  

for two weeks before the beginning of the experi-
ment for acclimatization, and then each male was  

kept with two females in a separate cage to allow  
matting. The fifty females that showed vaginal  

plug considered to be in the first day of pregnancy  
[18] . The fifty pregnant rats were divided into four  
groups:  
I-  Control group (Group C): This group consisted  

of 20 pregnant rats, they divided equally into:  

- Control group N (Group CN): The pregnant  
rats did not receive any substance with their pallets.  

Twenty of their offspring were taken at the age of  

2-weeks (CN2). The other twenty offspring were  

taken at the age of 8-weeks (CN8).  

- Control group R (Group CR):  Each pregnant  
rat was administered 0.54ml of corn oil orally as  

a single daily dose throughout pregnancy and for  

2 weeks after delivery. Twenty of their offspring  
were taken at the age of 2-weeks (CR2). The other  

twenty offspring were taken at the age of 8-weeks  

(CR8).  

II- Omega 3 treated group (Group O): This group  
consisted of 10 pregnant rats. Each pregnant  
rat was administered 0.54ml of corn oil (con-
tained 54mg of omega 3) orally as a single daily  

dose throughout pregnancy and for 2 weeks  

after delivery. Twenty of their offspring were  

taken at the age of 2-weeks (O 2). The other  
twenty offspring were taken at the age of 8- 
weeks (O8).  

III- Bisphenol A treated group (Group B): This  
group consisted of 10 pregnant rats. Each preg- 
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nant rat was administered 0.54ml of corn oil  
(contained 6.3mg of bisphenol A orally as a  
single daily dose throughout pregnancy and  
for 2 weeks after delivery. Twenty of their  

offspring were taken at the age of 2-weeks  
(B2). The other twenty offspring were taken  

at the age of 8-weeks (B8).  

IV- Bisphenol A and omega 3 treated group (Group  
BO): This group consisted of 10 pregnant rats.  
Each pregnant rat was administered the same  
doses of omega 3 and bisphenol A of the pre-
vious groups. Twenty of their offspring were  

taken at the age of 2-weeks (BO2). The other  

twenty offspring were taken at the age of 8- 
weeks (BO8).  

Collection of the specimens and preparation  
for examination:  

The offspring of all groups were taken at two  
time intervals; at 2 and 8 weeks. All of them were  

carefully examined for any congenital abnormali-
ties. Then they were anaesthetized lightly by diethyl  
ether inhalation. Special care was done for the rats  

which used for electron microscopic study to take  
the specimens while the rat still alive. Each rat of  

all groups was decapitated with straight, thin and  

sharp scissors. The cap and side walls of the cra-
nium were carefully removed. The dura mater was  

carefully incised all around then raised up. The  

falx cerebri was removed and tentorium cerebelli  
was cut out. Then the cerebelli were gently re-
moved. Half of them were used for light micro-
scopic examination and morphometric study. The  
other half was used for Transmission Electron  
(TEM) microscopic examination.  

Light microscopic examination:  

The cerebelli which were used for light micro-
scopic examination were fixed by immersion in  

Bouin's solution for 3 days. The specimens were  

dehydrated in ascending grades of ethyl alcohol  
and cleared in benzene. They were impregnated  
for three changes in paraffin and were finally  
embedded in paraffin wax. The paraffin blocks  

were cut into serial sagittal sections at 5 µm thick  
with a rotary microtome. Successive sagittal par-
affin sections were attached to an albumenized  

glass slides. The Hematoxylin and Eosin stain [19]  
was used to study the cerebellar architectures.  

Holmes' method silver staining [20]  was used to  
illustrate the nerve fibers. Also, the cerebellar semi-
thin sections which were stained with toluidine  
blue were examined by the light microscope. The  
images were taken by a microscope (Leica) DM750  

connected to a digital camera in Anatomy Depart- 

ment, Faculty of Medicine for Girls, Al-Azhar  

University, Cairo, Egypt.  

Transmission electron microscopic examination:  

The cerebelli which used for electron micro-
scopic examination were cut into small pieces.  

The specimens were immediately fixed in cold 5%  
glutaraldehyde and washed in 0.1ml phosphate  
buffer (PH 7.2). Then, post fixed with 1% osmium  

tetraoxide (OsO 4), dehydrated and embedded in  
epoxy resin. The semi thin sections (1 µm thick)  
were cut on an LKB ultratome and stained with  

toluidine blue and examined by light microscope.  

Ultrathin sections (60nm thick) were cut, mounted  

on copper grids, and stained with uranyl acetate  
and lead citrate [19] . The ultrathin Sections were  
examined using a transmission electron microscope  
(JEOL1010 EX II, Japan) at the Regional Mycology  
and Biotechnology Center, Al-Azhar University,  
Cairo, Egypt.  

Morphometric study:  

The image analyzer computer system Leica  

Qwin 500 (England) at the Regional Mycology  

and Biotechnology Center, Al-Azhar University,  
Cairo, Egypt was used to evaluate the thickness  

of the molecular layer and the number of the Purkin-
je cells of the studied groups using H. & E.-stained  
sections. The ten slides of ten offspring albino rats  
were taken at the mid sagittal sections of all groups.  

Then the five central folia were selected in each  

slide to measure the thickness of the molecular  
layer and to count the number of Purkinje cells.  

Measuring the thickness was done by taking 6  
different thicknesses for each folium at magnifica-
tion X 100 using Image J software version 1.48.  

Counting the number of Purkinje cells of the folia  

was done in fixed parts of the studied folia in  

special fixed squares. The means of the thickness  

of the molecular layer and the means of the numbers  

of the Purkinje cells of each folium were calculated.  
The cumulative mean thickness and mean number  
of Purkinje cells for each group were calculated  
statistically. The data was subjected to statistical  

analysis.  

Statistical analysis:  

Statistical analysis of the data obtained were  
expressed as mean values and standard deviations,  

and statistical significance was determined by one-
way analysis of variance (ANOVA) followed by  

Tukey's post hoc test for multiple comparison [21] .  
Differences were considered statistically highly  

significant at (p<0.01).  
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Results  

Macroscopic result: Macroscopic examination  
of the offspring at birth revealed no congenital  

anomalies and no mortality rats.  

Microscopic result:  

Cerebellar cortex of 2 weeks old albino rat  

offspring of mothers group:  

-  Cerebellar cortex of 2-weeks old offspring of the  

control (CN2 and CR2) and omega 3 (O2) treated  
mothers groups:  

Light and electron microscopic examinations  

of the cerebellar cortex of 2-weeks old albino rat  

offspring of the control (CN2 and CR2) and omega  
3 (O2) treated mothers groups showed insignificant  

histological differences so their data were pooled  
together.  

Light microscopic examination of the haema-
toxylin and eosin and toluidine blue stained mid-
sagittal sections of the cerebellar cortex of 2-weeks  

old offspring of the control (CN2 and CR2) and  
omega 3 treated (O 2) mothers group showed that  
the cerebellar cortex consisted of four layers; the  

external granular layer, the molecular layer, the  

Purkinje cell layer and the internal granular layer.  

The external granular layer lied beneath the pia  

mater and consisted of 2-3 rows of external granular  

cells. The external granular cells were variable in  

size, rounded or oval in shape and had deeply  
stained nuclei with prominent nucleoli Fig. (1A).  
The molecular layer consisted of 2 types of cells;  

stellate and basket cells. The migrating granular  

cells could also be seen. The stellate cells were  
present in the outer part of the molecular layer.  

The basket cells were present in the deep part of  

the molecular layer and in between the Purkinje  
cells. Both of them were also present in the middle  

part. They were variable in size, oval or rounded  

in shape and had lightly stained nuclei with prom-
inent nucleoli. The Purkinje cells arranged in a  

single row. Most of them appeared oval in shape  
and some of them accepted their characteristic  
flask shape. They had large rounded vesicular  

nuclei with prominent nucleoli. The internal gran-
ular layer was formed of internal granular cells  

which were arranged in clusters that were separated  

by small acidophilic areas that represent the cere-
bellar glomeruli. The internal granular cells were  

variable in size, rounded or oval in shape and had  

deeply stained nuclei with prominent nucleoli Figs.  

(1A,B).  

Electron microscopic examination of the cere-
bellar cortex of 2-weeks old offspring of the control  

(CN2 and CR2) and omega 3 treated (O 2) mothers  
groups showed that the external granular cells lied  

beneath the pia mater. They had large heterochro-
matic nuclei with prominent nucleoli. Their cyto-
plasm contained free ribosomes, few rough endo-
plasmic reticulum, and rounded or oval  

mitochondria Fig. (1C). The molecular layer com-
posed of a complex network of neuronal cells;  

stellate and basket cells and nerve fibers; axons  

and dendrites. The stellate and basket cells had  
indented euchromatic nuclei with small clumps of  
heterochromatin with eccentric nucleoli and appar-
ent nuclear pores. Their cytoplasm contained free  

and clusters of ribosomes, rough endoplasmic  

reticulum and rounded or elongated mitochondria.  

The dendrites contained mitochondria and parallel  

microtubules and neurofilaments. The axons con-
tained vesicles of varying size Fig. (1D). The  

Purkinje cells had rounded euchromatic nuclei with  

eccentric nucleoli and deep invaginations. Their  

cytoplasm contained free and clusters of ribosomes,  

rough endoplasmic reticulum, rounded or elongated  
mitochondria and lysosomes Fig. (1E). The internal  
granular cells lied close together and had hetero-
chromatic nuclei with eccentric nucleoli. Their  

cytoplasm contained, free ribosomes, rough endo-
plasmic reticulum, and small rounded or oval  
mitochondria Fig. (1F).  

Morphometric study of the cerebellar cortex of  
2-weeks old offspring of the control (CN2 and  
CR2) and omega 3 treated (O 2) mothers groups  
showed insignificant difference (p>0.05) in the  
means of the thickness of the molecular layers and  

the means of the number of the Purkinje cells  

between CN2, CR2 and O 2  offspring (Table 1) and  
Graph (1).  

-  Cerebellar cortex of 2-weeks old offspring of  

bisphenol A (B2) treated mothers group:  
Light microscopic examination of the haema-

toxylin and eosin and toluidine blue stained mid-
sagittal sections of the cerebellar cortex of 2-weeks  

old albino rat offspring of bisphenol A (B2) treated  
mothers group showed that the cerebellar cortex  

consisted of four layers; the external granular layer,  

the molecular layer, the Purkinje cell layer and the  

internal granular layer Fig. (2A). The external  

granular layer lied beneath the pia mater and con-
sisted of 7-13 rows of external granular cells. The  

majority of the external granular cells had irregular  
appearance, vacuolated cytoplasm and few of them  
had nuclear changes in the form of shrunken deeply  
stained nuclei and nuclear fragmentation. The  

majority of the stellate cells appeared irregular in  
shape. The irregular migrating granular cells could  
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also be detected in the molecular layer. Few basket  

cells appeared irregular in shape and other cells  

had vacuolated cytoplasm. Some Purkinje cells  

appeared irregular in shape and had ill-defined  

outlines and nuclei. The majority of internal gran-
ular cells appeared more or less similar to the  

control one. They arranged in clusters separated  

by the cerebellar glomeruli but few of them ap-
peared with irregularity in shape and others had  

vacuolated cytoplasm Figs. (2A,B) and Figs.  
(1A,B).  

Electron microscopic examination of the cere-
bellar cortex of 2-weeks old albino rat offspring  

of bisphenol A (B2) treated mothers group showed  

that the external granular cells had fragmented  
nuclei and mitochondria with destructed cristae  
Fig. (2C). Few stellate cells had partially ill-defined  

outlines, their nuclei were heterochromatic and  

their cytoplasm contained swollen mitochondria  

with destructed cristae and few dilated rough en-
doplasmic reticulum. The majority of basket cells  
had ill-defined outlines. Their nuclei were euchro-
matic with disappearance of heterochromatin con-
tents as compared with the control one. Other cells  

had shrunken nuclei with condensed clumps of  
heterochromatin. Their cytoplasm contained mito-
chondria with destructed cristae, numerous dilated  

rough endoplasmic reticulum and numerous vacu-
oles. Some dendrites with numerous dilated rough  
endoplasmic reticulum could be detected. Figs.  
(2D,E) and Fig. (1D). The majority of Purkinje  

cells had ill-defined nuclei. Their cytoplasm con-
tained numerous swollen mitochondria with de-
structed cristae. The rough endoplasmic reticulum  
appeared more or less similar to the control one  

Figs. (2E,1E). Few internal granular cells had ill-
defined outlines and shrunken nuclei with con-
densed clumps of heterochromatin. The cytoplasm  

of other cells contained swollen mitochondria with  

destructed cristae Fig. (2F).  

Morphometric study of the cerebellar cortex of  
2-weeks old offspring of bisphenol A (B2) treated  
mothers group showed highly significant decrease  
(p<0.01) in the means of the thickness of the  
molecular layers and the means of the number of  

the Purkinje cells of B2 than CN2, CR2, O 2  and  
BO2 offspring (Table 1) and Graph (1).  

-  Cerebellar cortex of 2 weeks old offspring of  

combined bisphenol A and omega 3 (BO2) treated  
mothers group:  

Light microscopic examination of the haema-
toxylin and eosin and toluidine blue stained mid-
sagittal sections of the cerebellar cortex of 2-weeks  

old albino rat offspring of combined bisphenol A  

and omega 3 (BO2) treated mothers group showed  
that the cerebellar cortex was consisted of four  

layers; the external granular layer which lied be-
neath the pia mater, the molecular layer, the Purkin-
je cell layer and the internal granular layer. The  
rows of the external granular cells were 2-5. The  

external granular, the molecular, the Purkinje and  

the internal granular cells appeared more or less  

similar to those of the control and omega 3 treated  

mothers groups Figs. (3A,B) and Figs. (1A,B).  

Electron microscopic examination of the cer-
ebellar cortex of 2-weeks old albino rat offspring  

of combined bisphenol A and omega 3 (BO2)  
treated mothers group showed that the cerebellar  
cells and nerve fibers appeared more or less similar  

to the control and omega 3 treated mothers groups.  

However, few basket cells still had small cytoplas-
mic vacuoles and few dilated rough endoplasmic  

reticulum. Also few internal granular cells still had  

few mitochondria with destructed cristae Figs.  
(3C-F) and Figs. (1C-F).  

Morphometric study of the cerebellar cortex of  
2-weeks old albino rat offspring of combined  
bisphenol A and omega 3 (BO2) treated mothers  

group showed insignificant (p>0.05) difference in  
the means of the thickness of the molecular layer  

and the means of the numbers of the Purkinje cells  
between BO2, CN2, CR2, and O 2  (Table 1) and  
Graph (1).  

Cerebellar cortex of 8-weeks old albino rat  
offspring of mothers groups:  
-  Cerebellar cortex of 8-weeks old offspring of the  

control (CN8 and CR8) and omega 3 (O8) treated  
mothers groups:  

Light and electron microscopic examinations  

of the cerebellar cortex of 8-weeks old albino rat  
offspring of the control (CN8 and CR8) and omega  
3 (O8) treated mothers groups showed insignificant  

histological differences so their data were pooled  
together.  

Light microscopic examination of the haema-
toxylin and eosin and toluidine blue stained mid-
sagittal sections of the cerebellar cortex of 8-weeks  

old albino rat offspring of the control (CN8, CR8)  
and omega 3 (O8) treated mothers groups showed  

that the cerebellar cortex consisted of three layers;  

the molecular layer, the Purkinj e cell layer and the  

internal granular layer. The molecular layer lied  

beneath the pia mater. Its thickness was markedly  
increased than the previous age. It consisted of 2  

types of cells; stellate and basket cells. The stellate  
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cells present in the outer part of the molecular  

layer, they appeared oval or fusiform in shape. The  
basket cells present in the deep part of the molecular  

layer and in between the Purkinje cells, they ap-
peared oval or rounded in shape. The stellate and  

basket cells had lightly stained nuclei with prom-
inent nucleoli. The middle part of the molecular  
layer contained both types of cells Figs. (4A,B).  
The Purkinje cells were arranged in a single row.  
They achieved the typical flask shape and had large  
central vesicular nuclei with prominent nucleoli  
Fig. (4A). The internal granular layer consisted of  
internal granular cells which arranged in clusters  

that were separated by small acidophilic areas  

called the cerebellar glomeruli. The internal gran-
ular cells appeared nearly rounded in shape and  

more or less equal in size. They had deeply stained  

nuclei with prominent nucleoli Fig. (4A). The  
sections of the cerebellar cortex which stained with  

Holmes' method silver staining showed that the  
nerve fibers of the molecular layer appeared as  
thin, elongated brown filaments that were distrib-
uted in different directions. The dendrites of the  

Purkinje cells were directed towards the molecular  
layer. The axons were directed towards the internal  

granular layer. The nerve fibers of the internal  

granular layer appeared long and extended in dif-
ferent directions Fig. (4C).  

Electron microscopic examination of the cere-
bellar cortex of 8-weeks old offspring of the control  

(CN8, CR8) and omega 3 (O8) treated mothers  

groups showed that the stellate cells had charac-
teristically euchromatic nuclei with small clumps  
of heterochromatin. The nuclei had deep invagina-
tions, apparent nuclear pores, and eccentric nucleoli.  
Their cytoplasm contained free and clusters of  

ribosomes, rough endoplasmic reticulum, rounded  
and elongated mitochondria and Golgi apparatus.  

The basket cells had large indented euchromatic  
nuclei with small clumps of heterochromatin. Their  

cytoplasm contained free ribosomes and few round-
ed or elongated mitochondria Fig. (4D).The  

neuropil of the molecular layer consisted of den-
drites and axons. The dendrites contained mito-
chondria, rough endoplasmic reticulum, parallel  

microtubules and neurofilaments. The axons were  

varying in size and contained vesicles of varying  
size Fig. (4D). The Purkinje cells had euchromatic  
nuclei with shallow and deep invaginations with  
apparent nuclear pores. Their cytoplasm contained  

free and clusters of ribosomes, rough endoplasmic  

reticulum, rounded or elongated mitochondria and  
lysosomes Fig. (4E). The internal granular cells  

were close with each other and had heterochromatic  

nuclei with eccentric nucleoli. Their cytoplasm  

contained free ribosomes, few rough endoplasmic  

reticulum and small rounded or oval mitochondria  
Fig. (4F).  

Morphometric study of the cerebellar cortex of  
8-weeks old offspring of the control (CN8, CR8)  

and omega 3 (O8) treated mothers groups showed  

insignificant difference (p>0.05) in the means of  
the thickness of the molecular layers and the means  

of the numbers of the Purkinje cells between CN8,  
CR8 and O8 offspring (Table 2) and Graph (2).  

-  Cerebellar cortex of 8-weeks old offspring of  

bisphenol A (B8) treated mothers group:  
Light microscopic examination of the haema-

toxylin and eosin and toluidine blue stained mid-
sagittal sections of the cerebellar cortex of 8-weeks  

offspring of bisphinol A (B8) treated mothers group  

showed that the cerebellar cortex consisted of 3  
layers; the molecular layer, the Purkinje cell layer  

and the internal granular layer. The molecular layer  

lied just beneath the pia mater. Some stellate cells  

were irregular in shape and had shrunken deeply  

stained nuclei. Other cells had vacuolated cyto-
plasm. The majority of basket cells had vacuolated  
cytoplasm. The majority of Purkinje cells appeared  
irregular in shape and had ill-defined nuclei and  

surrounded by areas of vacuolations. The nuclei  

of few Purkinje cells disappeared leaving cellular  

debris. The internal granular cells appeared more  

or less similar to the control one. However, few  

cells had shrunken deeply stained nuclei Figs.  
(5A,B) and Figs. (4A,B). The sections of the cer-
ebellar cortex which were stained with Holmes'  

method silver staining showed that the nerve fibers  

of the molecular layer appeared few, short and  
fragmented. The dendrites and axons of the Purkinje  

cells appear thin and short. The nerve fibers of the  

internal granular layer appeared few and fragmented  

as compared with the control one Figs. (4C,5C).  

Electron microscopic examination of the cere-
bellar cortex of 8-weeks old albino rat offspring  
of bisphenol A (B8) treated mothers group showed  

that few stellate cells had ill-defined outlines and  

heterochromatic nuclei with eccentric nucleoli and  
deep invagination. Their cytoplasm contained  
swollen mitochondria with destructed cristae and  
numerous vacuoles. The majority of basket cells  

had euchromatic nuclei with absence of their het-
erochromatin clumps. Their cytoplasm contained  

numerous vacuoles and mitochondria with destruct-
ed cristae. The neuropil of the molecular layer  

contained many swollen dendrites with dilated  
rough endoplasmic reticulum, swollen and degen-
erated mitochondria and areas of ill-defined struc- 
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tures as compared with the control one Figs. (5D,E)  
and Fig. (4D). The majority of Purkinje cells had  
ill-defined nuclei, swollen mitochondria with de-
structed cristae and dilated rough endoplasmic  
reticulum as compared with the control one Figs.  

(4E,5E). The majority of internal granular cells  
had heterochromatic nuclei with eccentric nuclei  

and their cytoplasm contained swollen mitochondria  
with destructed cristae. However, few of them had  
ill-defined outlines and irregular and shrunken  
nuclei with condensed clumps of heterochromatin  
as compared with the control one Figs. (4F,5F).  

Morphometric study of the cerebellar cortex of  

8-weeks old offspring of bisphenol A (B8) treated  
mothers group showed highly significant (p<0.01)  
decrease in the means of the thickness of the mo-
lecular layers and the means of the numbers of the  
Purkinje cells than CN8, CR8, O8 and BO8 off-
spring (Table 2) and Graph (2).  

-  Cerebellar cortex of 8-weeks old offspring of  
combined bisphenol A and omega 3 (BO8) treated  
mothers group:  

Light microscopic examination of the haema-
toxylin and eosin and toluidine blue stained mid-
sagittal sections of the cerebellar cortex of 8-weeks  
old albino rat offspring of bisphenol A and omega  

3 (BO8) treated mothers group showed that the  
cerebellar cortex consisted of three layers; the  
molecular layer, the Purkinje cell layer and the  
internal granular layer. It also showed that the  
molecular, the Purkinje and the internal granular  
cells appeared more or less similar to those of the  

2 weeks  

CN CR O B BO  

Graph (1): Bar chart representing the means of the number  
of the Purkinje cells and the thickness of the  
molecular layer of the cerebellar cortex of the 2- 
weeks old offspring of the studied groups.  

control and omega 3 treated groups Figs. (6A,B)  
and Fig. (4A). The sections of the cerebellar cortex  

which were stained with Holmes' method silver  
staining showed that the fibers of the molecular  
layer appeared elongated and distributed in different  
directions. The dendrites of the Purkinje cells were  
directed towards the molecular layer. The axons  
were directed towards the internal granular layer.  
The nerve fibers of the internal granular layer  
appeared long and extended in different directions  
as compared with the control and omega 3 treated  
mothrs groups Figs. (4A,6C).  

Electron microscopic examination of the cere-
bellar cortex of 8-weeks old albino rat offspring  
of bisphenol A and omega 3 (BO8) treated mothers  
group showed that the cerebellar cells and nerve  
fibres appeared more or less similar to the control  
and omega 3 treated mothers groups. However,  
few stellate cells had scanty mitochondria with  
destructed cristae, few basket cells still had small  
cytoplasmic vacuoles. In addition, few Purkinje  
cells had scanty dilated rough endoplasmic reticu-
lum. Moreover, few internal granular cells still had  
few mitochondria with destructed cristae Figs.  
(6D-F) and Figs. (4D-F).  

Morphometric study of the cerebellar cortex of  

8-weeks old offspring of combined bisphebol A  
and omega 3 (BO8) treated mothers groups showed  

insignificant (p>0.05) difference in the means of  
the thickness of the molecular layer and the means  

of the numbers of the Purkinje cells between BO8,  
CN8, CR8, and O8 (Table 2) and Graph (2).  

8 weeks  

CN CR O B BO  

Purkinje cell count  Molecular layer thickness  

Graph (2): Bar chart representing the means of the number  
of the Purkinje cells and the thickness of the  
molecular layer of the cerebellar cortex of the 8- 
weeks old offspring of the studied groups.  
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Fig. (1A): Photomicrographs of a median sagittal section of the cerebellar cortex of 2-weeks old offspring of the control  

(CN2 and CR2) and omega 3 (O 2) treated mothers groups show that the cerebellar cortex consists of external granular layer  

(EGL) lies beneath the pia mater (PM), molecular layer (ML), Purkinje cell layer (PCL) and internal granular layer (IGL). The  

external granular cells (EGC) arrange in 2-3 rows and have deeply stained nuclei with prominent nucleoli. The stellate (SC)  

and the basket (BC) cells have lightly stained nuclei with prominent nucleoli. Migrating granular cells (MGC) can be seen. The  

Purkinje cells (PC) have large rounded vesicular nuclei with prominent nucleoli. The internal granular cells (IGC) arrange in  

clusters that are separated by the cerebellar glomeruli (G). They have deeply stained nuclei with prominent nucleoli. (H. & E.  

X400 & X1000).  

Fig. (1B): A photomicrograph of a median sagittal section of the lower part of the cerebellar cortex of 2-weeks old offspring  

of the control (CN2 and CR2) and omega 3 (O 2) treated mothers groups shows parts of the molecular layer (ML), Purkinje cell  

layer (PCL) and the internal granular layer (IGL). The basket cells (BC) have lightly stained nuclei with prominent nucleoli.  

The Purkinje cells (PC) have large rounded vesicular nuclei with prominent nucleoli. The internal granular cells (IGC) arrange  

in clusters and have deeply stained nuclei with prominent nucleoli. (Toluidine blue X1000).  

Fig. (1C): Electron micrograph of the external granular cells of 2-weeks old offspring of the control (CN2 and CR2) and  

omega 3 (O2) treated mothers groups shows that the external granular cells (EGC) lie beneath the pia mater (PM). They have  

heterochromatic nuclei (N) with prominent nucleoli (Nu). Their cytoplasm contains free ribosomes (R), few rough endoplasmic  

reticulum (RER), and rounded or oval mitochondria (Mi). (TEM X15000).  

Fig. (1D): Electron micrographs of the molecular layer of 2-weeks old offspring of the control (CN2 and CR2) and omega  

3 (O2) treated mothers groups show that the stellate (SC) and basket (BC) cells have indented euchromatic nuclei with small  

clumps of heterochromatin (N), eccentric nucleoli (Nu), and apparent nuclear pores (NP). Their cytoplasm contains free ribosomes  

(R), mitochondria (Mi) and rough endoplasmic reticulum (RER). Notice the presence of axons (Ax) and dendrites (D) with  

mitochondria (Mi) and microtubules and neurofilaments (NF). (TEM X15000).  

Fig. (1E): Electron micrograph of a Purkinje cell of 2-weeks old offspring of the control (CN2 and CR2) and omega 3 (O 2)  
treated mothers groups shows that the Purkinje cell (PC) has euchromatic nucleus (N) with deep invagination (2 arrows). Its  

cytoplasm contains free and clusters of ribosomes (R), rough endoplasmic reticulums (RER), rounded or elongated mitochondria  

(Mi) and lysosomes (L). (TEM X15000).  

Fig. (1F): Electron micrograph of the internal granular cells of 2-weeks old offspring of the control (CN2 and CR2) and  

omega 3 (O2) treated mothers groups shows that the internal granular cells (IGC) have heterochromatic nuclei (N) with eccentric  

nucleoli (Nu). Their cytoplasm contains, free ribosomes (R), rough endoplasmic reticulum (RER), and small rounded or oval  

mitochondria (Mi). (TEM X15000).  
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Fig. (2A): Photomicrographs of a median sagittal sections of the cerebellar cortex of 2-weeks old albino rat offspring of  

bisphenol A (B2) treated mothers group show that the cerebellar cortex consists of external granular layer (EGL) lies beneath  

the pia mater (PM), molecular layer (ML), Purkinje cell layer (PCL) and internal granular layer (IGL). The external granular  

cells (EGC) arrange in 7-13 rows, the majority of them have vacuolated (V) cytoplasm. Notice the presence of fragmented  

nuclei (F). The Stellate cells appear irregular in shape (SC). Few basket cells appear irregular in shape (BC) and others have  

vacuolated cytoplasm (V). The Purkinje cells appear irregular in shape and have ill-defined outlines and nuclei (PC). Few  

internal granular cells appear irregular in shape (IGC) and others have vacuolated cytoplasm (V). (H. & E. X400 & X1000).  

Fig. (2B): A photomicrograph of a median sagittal section of the cerebellar cortex of 2-weeks old albino rat offspring of  

bisphenol A (B2) treated mothers group shows that the external granular cells (EGC) lay beneath the pia mater (PM). The  

majority of them have irregular appearance and few of them have shrunken deeply stained nuclei ( —>) and others have fragmented  
nuclei (F). The stellate (SC) and basket (BC) cells appear with irregularity in shape. Notice the presence of the irregular migrating  

granular cells (MGC). The Purkinje cells have ill-defined nuclei (PC). The internal granular cells also appear with irregularity  

in shape (IGC). (Toluidine blue X1000).  

Fig. (2C): Eelectron micrograph of the external granular cells of 2-weeks old albino rat offspring of bisphenol A (B2) treated  

mothers group shows that the external granular cells (EGC) lie beneath the pia mater (PM) and have fragmented nuclei (F) and  

mitochondria with destructed cristae (Mi). (TEM X15000).  

Fig. (2D): Electron micrographs of the molecular layer of 2-weeks old albino rat offspring of bisphenol A (B2) treated  

mothers group show that a stellate cell (SC) has partially ill-defined outlines, heterochromatic nucleus (N), swollen mitochondria  

with destructed cristae (Mi) and few dilated rough endoplasmic reticulum (RER). The basket cell (BC) has euchromatic nucleus  

(N), mitochondria with destructed cristae (Mi), dilated rough endoplasmic reticulum (RER) and cytoplasmic vacuoles (V).  

Notice the presence of axons (AX) and a part of Purkinje cell (PC). (TEM X15000).  

Fig. (2E): Electron micrograph of the cerebellar cortex of 2-weeks old albino rat offspring of bisphenol A (B2) treated  

mothers group shows a part of Purkinje cell (PC) that has ill-defined nucleus, swollen mitochondria with destructed cristae (Mi)  

and rough endoplasmic reticulum with normal appearance (RER). It also shows a basket cell (BC) that has shrunken nucleus  

with condensed clumps of heterochromatin ( —>) and cytoplasmic vacuoles (V). Notice the presence of a dendrite (D) contains  

numerous dilated rough endoplasmic reticulum (RER). (TEM X15000).  

Fig. (2F): Electron micrographs of the internal granular cells of 2-weeks old albino rat offspring of bisphenol A (B2) treated  

mothers group show that an internal granular cell (IGC) has ill-defined outlines and shrunken nuclei with condensed clumps  

of heterochromatin ( —>). Other cells have heterochromatic nuclei (N) with prominent nucleoli (Nu), swollen mitochondria with  

destructed cristae (Mi) and rough endoplasmic reticulum with normal appearance (RER). (TEM X15000).  
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Fig. (3A): Photomicrographs of a median sagittal section of the cerebellar cortex of 2-weeks old albino rat offspring of  

combined bisphenol A and omega 3 (BO2) treated mothers group show that the cerebellar cortex consists of external granular  

layer (EGL) lies beneath the pia mater (PM), molecular layer (ML), Purkinje cell layer (PCL) and internal granular layer (IGL).  

The external granular cells (EGC) arrange in 2-5 rows. The stellate (SC), the basket (BC) and the Purkinje (PC) cells have  

normal appearance. Notice the presence of migrating granular cells (MGC). The internal granular cells (IGC) aggregate in  

clusters that are separated by the cerebellar glomeruli (G). (H. & E. X400 & X1000).  

Fig. (3B): A photomicrograph of a median sagittal section of the lower part of the cerebellar cortex of 2-weeks old albino  

rat offspring of combined bisphenol A and omega 3 (BO2) treated mothers group shows that the basket (BC), the Purkinje (PC)  

and the internal granular (IGC) cells have nearly normal appearance. (Toluidine blue X1000).  

Fig. (3C): Electron micrograph of the external granular cells of 2-weeks old albino rat offspring of combined bisphenol A  

and omega 3 (BO2) treated mothers group shows that the external granular cells (EGC) lie beneath the pia mater (PM). They  

have heterochromatic nuclei (N) and mitochondria (Mi) with normal appearance. (TEM X15000).  

Fig. (3D): Electron micrograph of the molecular layer of 2-weeks old albino rat offspring of combined bisphenol A and  

omega 3 (BO2) treated mothers group shows that the stellate (SC) and basket (BC) cells have euchromatic nuclei with small  

clumps of heterochromatin (N), mitochondria (Mi) and many rough endoplasmic reticulum with normal appearance. Notice the  

presence of small cytoplasmic vacuoles (V) and few dilated rough endoplasmic reticulum (RER) within the basket cell (BC).  

Notice also the presence of axons (Ax) and part of a Purkinje cell (PC). (TEM X15000).  

Fig. (3E): Electron micrograph of a Purkinje cell of 2-weeks old albino rat offspring of combined bisphenol A and omega  

3 (BO2) treated mothers group shows that the Purkinje cell (PC) has euchromatic nucleus (N) with deep invagination (2 arrows),  

mitochondria (Mi) and rough endoplasmic reticulum (RER) with normal appearance. (TEM X15000).  

Fig. (3F): Electron micrograph of the internal granular cells of 2-weeks old albino rat offspring of combined bisphenol A  

and omega 3 (BO2) treated mothers group shows that the internal granular cells (IGC) have heterochromatic nuclei (N) with  

eccentric nucleoli (Nu) and few mitochondria with destructed cristae (Mi). (TEM X15000).  
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Fig. (4A): Photomicrographs of a median sagittal section of the cerebellar cortex of 8-weeks old offspring of the control  

(CN8 & CR8) and omega 3 (O8) treated mothers groups show that the cerebellar cortex consists of molecular layer (ML) lies  

beneath the pia mater (PM), Purkinje cell layer (PCL) and internal granular layer (IGL). The basket cells (BC) have lightly  

stained nuclei with prominent nucleoli. The Purkinje cells (PC) have large central vesicular nuclei with prominent nucleoli.  

The internal granular cells (IGC) arrange in clusters that are separated by the cerebellar glomeruli (G). They have deeply stained  

nuclei with prominent nucleoli. (H. & E. X400 & X1000).  

Fig. (4B): A photomicrograph of a median sagittal section of the upper part of the cerebellar cortex of 8-weeks old offspring  

of the control (CN8 & CR8) and omega 3 (O8) treated mothers groups shows that the molecular layer (ML) lies beneath the  

pia mater (PM). The stellate cells (SC) have lightly stained nuclei with prominent nucleoli. (Toluidine blue X1000).  

Fig. (4C): A photomicrograph of a median sagittal section of the lower part of the cerebellar cortex of 8-weeks old offspring  

of the control (CN8 & CR8) and omega 3 (O8) treated mothers groups shows that the nerve fibers (NF) of the molecular layer  

(ML) appear as elongated brown filaments. The dendrites (D) of Purkinje cells are directed towards the molecular layer. The  

axons (Ax) are directed towards the internal granular layer. The nerve fibers (NF) of the internal granular layer (IGL) appear  

long and extend in different directions. (Holmes' method silver staining X1000).  

Fig. (4D): Electron micrographs of the molecular layer of 8-weeks old offspring of the control (CN8 & CR8) and omega  

3 (O8) treated mothers groups show that the stellate (SC) and basket (BC) cells have indented euchromatic nuclei with small  

clumps of heterochromatin (N) and apparent nuclear pores (NP). In addition the stellate cell nucleus has deep invagination (2  

arrows). Their cytoplasm contains free and clusters of ribosomes (R), rounded or elongated mitochondria (Mi), in addition the  

cytoplasm of the stellate cell contains rough endoplasmic reticulum (RER) and Golgi apparatus (GA). Notice the presence of  

axons (Ax) and dendrites (D) which contain mitochondria (Mi), rough endoplasmic reticulum (RER) and microtubules and  

neurofilaments (NF). (TEM X15000).  

Fig. (4E): Electron micrograph of a Purkinje cell of 8-weeks old offspring of the control (CN8 & CR8) and omega 3 (O3)  

treated mothers groups show that the Purkinje cell (PC) has euchromatic nucleus (N) with deep invagination (2 arrows) and  

apparent nuclear pores (NP), free and clusters of ribosomes (R), rough endoplasmic reticulum (RER), rounded and elongated  

mitochondria (Mi) and lysosomes (L). (TEM X15000).  

Fig. (4F): Electron micrograph of the internal granular cells of 8-weeks old offspring of the control (CN8 & CR8) and  

omega 3 (O3) treated mothers groups shows that the internal granular cells are closed with each other (IGC). They have  

heterochromatic nuclei (N) with eccentric nucleoli (Nu), free ribosomes (R), few rough endoplasmic reticulum (RER) and small,  

rounded or elongated mitochondria (Mi). (TEM X15000).  
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Fig. (5A): Photomicrographs of a median sagittal section of the cerebellar cortex of 8-weeks old albino rat offspring of  

bisphenol A (B8) treated mothers group show that the cerebellar cortex consists of molecular layer (ML) lies beneath the pia  

mater (PM), Purkinje cell layer (PCL) and internal granular layer (IGL). The stellate (SC) and basket cells (BC) have vacuolated  

cytoplasm (V). The Purkinje cells (PC) appear irregular in shape and have ill-defined nuclei and are surrounded by areas of  

vacuolations. Notice the presence of a Purkinje cell with nuclear disappearance leaving cellular debris (head arrow). The internal  

granular cells (IGC) aggregate in clusters that are separated by the cerebellar glomeruli (G). Notice the presence of cells with  

shrunken deeply stained nuclei ( —>). (H. & E. X400 & X1000).  

Fig. (5B): A photomicrograph of a median sagittal section of the upper part of the cerebellar cortex of 8-weeks old albino  

rat offspring of bisphenol A (B8) treated mothers group shows that the molecular layer (ML) lies beneath the pia mater (PM).  

Few stellate cells (SC) appear irregular in shape, others have vacuolated cytoplasm (V) and shrunken deeply stained nuclei ( —>).  
(Toluidine blue X1000).  

Fig. (5C): A photomicrograph of a median sagittal section of the lower part of the cerebellar cortex of 8-weeks old albino  

rat offspring of bisphenol A (B8) treated mothers group shows that the nerve fibers (NF) of the molecular layer (ML) are few,  

short and fragmented. The dendrites (D) and axons (Ax) of the Purkinje cells (PC) appear thin and short. The nerve fibers (NF)  

of the internal granular layer (IGL) are few and fragmented. (Holmes' method silver staining X1000).  

Fig. (5D): Electron micrographs of the molecular layer of 8-weeks old albino rat offspring of bisphenol A (B8) treated  

mothers group show that a stellate cell appear with ill-defined outlines (SC) and has heterochromatic nucleus (N) with eccentric  

nucleolus (Nu) and deep invagination (2 arrows), swollen mitochondria with destructed cristae (Mi) and numerous cytoplasmic  

vacuoles (V). The basket cell (BC) has euchromatic nucleus (N), mitochondria with destructed cristae (Mi) and numerous  

cytoplasmic vacuoles (V). Notice the presence of part of a Purkinje cell (PC) with dilated rough endoplasmic reticulum (RER).  

Notice also the presence of axons (Ax), myelinated axons (MAx) and swollen dendrites (D) that contain dilated rough endoplasmic  

reticulum (RER), swollen and degenerated mitochondria (Mi) and areas of ill-defined structures (star). (TEM X15000).  

Fig. (5E): Electron micrograph of a Purkinje cell of 8-weeks old albino rat offspring of bisphenol A (B8) treated mothers  

group show that the Purkinje cell (PC) has ill-defined nucleus, swollen mitochondria with destructed cristae (Mi) and dilated  

rough endoplasmic reticulum (RER). Notice the presence of a basket cell (BC) that has euchromatic nucleus with small clumps  

of heterochromatin (N) and vacuolated cytoplasm (V). (TEM X15000).  

Fig. (5F): Electron micrograph of internal granular cells of 8-weeks old albino rat offspring of bisphenol A (B8) treated  

mothers group shows that some internal granular cells (IGC) have heterochromatic nuclei (N) with eccentric nucleoli (Nu) and  

swollen mitochondria with destructed cristae (Mi). Notice the presence of an internal granular cell with ill-defined outlines and  

a shrunken and irregular nucleus with condensed clumps of heterochromatin ( —>). (TEM X15000).  
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Fig. (6A): Photomicrographs of a median sagittal section of the cerebellar cortex of 8-weeks old albino rat offspring of  

combined bisphenol A and omega 3 (BO8) treated mothers group show that the cerebellar cortex consists of molecular layer  

(ML) lies beneath the pia mater (PM), Purkinje cell layer (PCL) and internal granular layer (IGL). The basket (BC), the Purkinje  

(PC) and the internal granular (IGC) cells have normal appearance. Notice the presence of the cerebellar glomeruli (G). (H. &  

E. X400 & X1000).  

Fig. (6B): A photomicrograph of a median sagittal section of the upper part of the cerebellar cortex of 8-weeks old albino  

rat offspring of combined bisphenol A and omega 3 (BO8) treated mothers group shows that the molecular layer (ML) lies  

beneath the pia mater (PM). The stellate cells (SC) have lightly stained nuclei with prominent nucleoli. (Toluidine blue X1000).  

Fig. (6C): A photomicrograph of a median sagittal section of the lower part of the cerebellar cortex of 8-weeks old albino  

rat offspring of combined bisphenol A and omega 3 (BO8) treated mothers group shows that the nerve fibers (NF) of the  

molecular layer (ML) are elongated brown filaments which are distributed in different directions. The dendrites (D) of Purkinje  

cells (PC) are directed towards the molecular layer. The axons (Ax) are directed towards the internal granular layer. The nerve  

fibers (NF) of the internal granular layer (IGL) appear long and extend in different directions. (Holmes' method silver staining  

X 1000).  

Fig. (6D): Electron micrographs of the molecular layer of 8-weeks old albino rat offspring of combined bisphenol A and  

omega 3 (BO8) treated mothers group show that the stellate cell (SC) has euchromatic nucleus with small clumps of heterochromatin  

(N) and few mitochondria with destructed cristae (Mi). The basket cell (BC) has euchromatic nucleus with small clumps of  

heterochromatin (N) with eccentric nucleoli (Nu), small intracytoplasmic vacuoles (V) and mitochondria with destructed cristae  

(Mi). Notice the presence axons (Ax), myelinated axons (MAx) and dendrites which contain mitochondria (Mi), rough endoplasmic  

reticulum (RER) and Golgi apparatus (GA) with normal appearance. (TEM X15000).  

Fig. (6E): Electron micrograph of a Purkinje cell of 8-weeks old albino rat offspring of combined bisphenol A and omega  

3 (BO8) treated mothers group shows that the Purkinje cell (PC) have euchromatic nucleus (N) with apparent nuclear pores  

(NP). Its cytoplasm contains mitochondria (Mi), free ribosome (R) and lysosomes (L) with normal appearance and few dilated  

rough endoplasmic reticulum (RER). (TEM X15000).  

Fig. (6F): Electron micrograph of the internal granular layer of 8-weeks old albino rat offspring of combined bisphenol A  

and omega 3 (BO8) treated mothers group shows that the internal granular cells (IGC) have heterochromatic nuclei (N) with  

eccentric nucleoli (Nu) and few mitochondria with destructed cristae (Mi). Notice the presence of a myelinated axon (MAx).  

(TEM X15.000).  



2 weeks  Purkinje cell  
(PC) count  

CN: Mean ±  SD  25.13 ±3.52  
CR: Mean ±  SD  26.13 ±3.56  
O: Mean ±  SD  27.25 ±3.11  
B: Mean ±  SD  12.75 ±3.85  
BO: Mean ±  SD  24.50 ±2.51  

Variable  CN vs.  
CR  

Range  Range  F p-value  F p-value  Molecular layer  
(ML) thickness  

21-30  
22-32  
23-32  
5-17  
21-27  

137.1-219.4  
149.2-230.5  
159.9-201.5  
49.3-144.1  
149.2-208.7  

192.21 ±30.28  
182.81 ±29.83  
176.88± 13.23  
93.52±38.75  
174.76± 18.21  

16.774 <0.001  24.998 <0.001  

O vs.  
B  

CN vs.  
B  

CR vs.  
B  

CR vs.  
O  

CN vs.  
O  

CN vs.  
BO  

CR vs.  
BO  

O vs.  
BO  

B vs.  
BO  

Post Hoc analysis by LDS  

Range  Range  F p-value  F p-value  Molecular layer  
(ML) thickness  

20-32  
19-32  
21-32  
16-23  
20-32  

4.257 <0.007  

CN vs.  
O  

CN vs.  
B  

CN vs.  
BO  

CR vs.  
O  

CR vs.  
B  

CR vs.  
BO  

O vs.  
B  

O vs.  
BO  

B vs.  
BO  

8 weeks  Purkinje cell  
(PC) count  

CN: Mean ±  SD  25.63 ±4.03  
CR: Mean ±  SD  25.75 ±4.20  
O: Mean ±  SD  25.00 ±3.85  
B: Mean ±  SD  19.38 ±2.67  
BO: Mean ±  SD  25.63 ±3.93  

Variable  CN vs.  
CR  

160.98±25.62  
190.61 ±53.01  
196.68± 19.67  
103.86±30.78  
185.63 ±36.02  

131.8-209.9  
134.8-274.1  
170.9-226.6  
66.30-167.20  
150.3-243.5  

9.521 <0.001  

Post Hoc analysis by LDS  
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Table (1): Means and standard deviations of the number of the Purkinje cells and the thickness of the molecular layer of the  
cerebellar cortex of the 2-weeks old offspring. It also shows one way ANOVA statistical analysis between groups  

CN, CR, O, B and BO. Post Hok analysis using LSD test was applied to investigate the significance between the  

individual groups.  

p-value of PC count 0.553 0.212 0.000 0.711 0.505 0.000 0.337 0.000 0.109 0.000  
p-value of ML thickness 0.501 0.274 0.000 0.215 0.670 0.000 0.564 0.000 0.879 0.000  

p-value >0.05 non significant. p-value <0.05 significant. p-value <0.01 highly significant.  

Table (2): Means and standard deviations of the number of the Purkinje cells and the thickness of the molecular layer of the  
cerebellar cortex of the 8-weeks old offspring. It also shows one way ANOVA statistical analysis between groups  

CN, CR, O, B and BO. Post Hok analysis using LSD test was applied to investigate the significance between the  

studied groups.  

p-value of PC count 0.948 0.743 0.002 1.000 0.694 0.002 0.948 0.005 0.743 0.002  
p-value of ML thickness 0.114 0.059 0.002 0.186 0.742 0.000 0.787 0.000 0.549 0.000  

p-value >0.05 non significant. p-value <0.05 significant. p-value <0.01 highly significant.  

Discussion  

In the present work, it was found that bisphenol  
A induced various signs of delayed development  
in the cerebellar cortex of 2 and 8 weeks old  
offspring of treated mothers. These signs were in  
the form of increase the rows of external granular  
cells, irregularity in the shape of cerebellar cells,  
highly significant decrease of the thickness of the  
molecular layers in addition to thinning and frag-
mentation of nerve fibers. This finding was in line  
with [22]  who stated that bisphenol A interferes  
with differentiation of ectodermal tissues, including  
neural tissues, in cynomolgus Monkeys. Also, [23]  
reported that bisphenol A significantly inhibited  
the dendritic development of Purkinje cells. In  
addition, [24,25]  reported that bisphenol A exposure  
during gestation could disrupt fetal brain develop-
ment/function or neuronal differentiation. Also it  
could affect neurogenesis during gestation or in  

young adult mice. Moreover, [26]  reported that  
bisphenol A induced an increase in the thickness  
of the external granular layer in 11 days old mice  
offspring. Also, [27]  said that exposure of pregnant  
mice to bisphenol A at an oral dose of 0.010mg/kg  
bw/day had been shown to alter urinary tract,  
prostate and mammary glands development in the  
offspring. Also, [28]  reported that Bisphenol A  
induced a delay in male rat mammary gland devel-
opment, evidenced by reduced ductal growth,  
decreased number of terminal structures and lower  
expression of androgen receptor. In addition, [29]  
reported that bisphenol A severely retards fetal  

lung maturation in mouse. Moreover, [30]  reported  
that bisphenol A prenatally exposed fetal mouse  
delayed pancreatic development.  

The possible causes of delayed development  
of the offspring cerebrallar cortex could be due to  
passage of bisphenol A through the placenta or  
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milk during lactation. The bisphenol A might pass  
through the blood brain barrier and after that af-
fected several gens important for normal develop-
ment. This suggestion coincided with [31,32]  who  
reported that 5 or 10µg/ml bisphenol A in the  
drinking water of a pregnant mouse resulted in 10- 
9 to 10-7M concentrations in the neonatal tissues.  

Also, [33]  reported that Bisphenol A could be de-
tected in the blood of pregnant women, amniotic  

fluid, placental tissue, umbilical cord blood and  

foetal serum indicating some degree of fetal expo-
sure. Also, [34,35]  said that bisphenol A was a  
lipophilic compound. Hence, it was proved that  
bisphenol A was capable of penetrating the blood-
brain barrier. In addition,  [36-38]  stated that Bisphe-
nol A had been reported to affect the central nervous  
system during the embryonic development by  
suppression of Pax6 which had been shown to be  
a key regulatory gene for the proper differentiation  

of the granule cells and is necessary for polarization  

and migration of the granule neurons from the  

external granular layer to the internal granular  
layer. Also, [39,40]  reported that Bisphenol A expo-
sure was associated with the change in the meth-
ylation degree of several genes, the methylation  
status of which is developmentally stage dependent.  
In addition, [41,42]  reported that modification of  
histone remodeling had been associated with neu-
rodevelopment defects and it had been shown that  

bisphenol A modifies histon mark. Also, [43]  re-
ported that bisphenol A induced changes in both  
dendritic and synaptic development in foetal rat  
hypothalamic cells via alteration of microtubule-
associated protein 2 and synapsin I expression,  
which served as protein markers of neuronal growth  

and synaptogenesis, respectively. Also, [44]  reported  
that disruption of neurogenesis and neuronal mi-
gration in some brain areas of embryo mouse after  

maternal exposure to bisphenol A were possibly  

due to the up regulation of several early genes  

involved in cell migration and differentiation.  

Furthermore, [45-47]  stated that due to estrogenic  
and antiandrogenic activities of bisphenol A, it  
could interfere with the dimorphic development  
of the neuronal networks controlling many endo-
crine systems and brain functions.  

In the present work, it was found that combined  

administration of omega 3 with bisphenol A alle-
viated the signs of delayed development of the  
cerebellar cortex of the 2 and 8 weeks old offspring  
of bisphenol A treated mothers. This finding coin-
cided with [11]  who reported that the polyunsatu-
rated fatty acids were required for normal growth  

and maturaion of many organs, most importantly  

the brain and eye. Also, [48-50]  stated that the  
majority of data suggested that omega-3 fatty acid  

intake during pregnancy was important for fetal  
brain development and the child's subsequent neu-
rodevelopment, and that omega-3 fatty acid depri-
vation during pregnancy was associated with im-
paired developmental and behavioral scores. Also,  

[51]  said that the mothers who ate more than 340  

g per week of seafood had children with no worse  

outcomes than children born to women who ate  

less than that amount of seafood. Children born to  
mothers who reported no seafood intake had the  

greatest risk of adverse outcomes.  

The possible protective effect of omega 3 on  

delayed development effects of bisphenol A could  
be due to improving membrane fluidity and pro-
moting nerve growth factors in the brain. This  
suggestion was supported by [52,53]  who reported  
that docosahexaenoic acid promoted nerve growth  

factor expression in the brain and promoted neu-
ronal differentiation and arborization. Moreover,  
it accumulated in the neuronal growth cones during  

gestation where it played an important role in  

growth cone membrane signaling dynamics and  
synaptogenesis. Also, [54]  stated that the docosa-
hexaenoic acid could act to improve membrane  
fluidity, enhance synaptic transmission and increase  

receptor trafficking. It could also activated energy  

generating metabolic pathways that increase levels  

of growth factors including brain-derived neuro-
trophic factor and insulin growth factor-1. These  

growth factors could activate signaling cascades  

and enhance synaptic plasticity and transcription  
of genes involved in neuronal growth and devel-
opment.  

In the present work, it was found that bisphenol  
A induced various sgins of degeneration and necro-
sis in the cells and nerve fibers of the crebellar  

cortex of 2 and 8 weeks old offspring of bisphenol  

A treated mothers. These signs were in the form  

of highly significant decrease in the numbers of  
Purkinje cells, cytoplasmic vacuoles, swollen mi-
tochondria with destructed cristae, degenerated  

mitochondria, dilated rough endoplasmic reticulum  
and nuclear changes in the form of karyolysis,  

pyknosis, karyorhexis and nuclear disappearance.  
These findings were in agreement with [55]  who  
stated that bisphenol A induced apoptosis in the  
central neurons of tadpoles. Also, [56]  reported  
significantly decreased sperm motility and an  

increased percentage of abnormal sperm following  

subcutaneous injection of high dose of bisphenol  

A, ~25mg/kg bw/day, to neonatal mice. Also, [57]  
stated that bisphenol A exposure caused testicular  

changes including loss of typical lobular structure,  

reduction of spermatogenic cells and lobule diam-
eter. Also, [58]  said that bisphenol A lead to apop- 
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tosis of Leydig and germ cells and disruption of  

spermatogenesis in mice. Meanwhile, [59]  reported  
that postnatal exposure of mouse to bisphenol A  
resulted in slowed meiotic progression of germ  
cells with decreased quality and quantity of sper-
matozoa. Also, [60]  reported that bisphenol A ex-
posure induced significant induction of apoptosis  
in the testicular tissue of mice. In addition, [61]  
reported that bisphenol A induced mitochondria  
mediated apoptosis in hepatic cells. Also, [62]  
reported that bisphenol A induced various signs of  
nuclear degenerative changes as karyorhexis and  

karyolysis in the liver, kidney and spleen of adult  
male albino rats. Also, [63]  reported that Bisphenol  
A induced liver fibrosis, and apoptosis in male rat.  
Moreover, [64]  reported that bisphenol A induced  
degenerative changes in the liver and ovary of  

female rat.  

The possible cause of degenerative effect of  

bisphenol A might be due to increased oxidative  
stress with decreased antioxidant enzyme activities  
that induced nuclear DNA damage of cerebellar  
cells and nerve fibers. This suggestion was in  
agreement with [65]  and Kabuto et al., [31]  who  
suggested that bisphenol A induced tissue injury  

in the liver, kidney, brain, and other organs by the  

formation of reactive oxygen species, decreasing  

the activities of antioxidant enzymes and increasing  
lipid peroxidation, thereby causing oxidative stress.  
Also, [10]  declared that bisphenol A generated  
significantly high concentrations of malondialde-
hyde in the brain and sperm of male rats by induc-
tion of oxidative damage in the brain and testes of  

rats. In addition, [66]  reported that early life expo-
sure to bisphenol A significantly increased oxidative  
stress, decreased antioxidant enzyme activites and  

induced DNA damage in the liver of the female  

rat offspring.  

In the present work, it was found that combined  

administration of omega 3 with bisphenol A lead  

to marked improvement of signs of degeneration  
and necrosis of the cells and nerve fibers of cere-
bellar cortex induced by bisphenol A. This finding  

coincided with [67]  who reported that maternal  
omega-3 supplementation in an experimental study  
was suggested to limit periventricular white matter  

damage caused by infections during pregnancy.  
Also, [68]  stated that Omega-3 prevents myelin and  

nerve degeneration in rat fetuses in low-dose radi-
ation exposure. Also, [69]  reported that omega-3  
supplemented aged mice reduced neurodegenera-
tion, thus supporting a role of omega-3 supplemen-
tation in preventing cognitive decline during aging.  

In addition, [70]  reported that melatonin and omega- 

3 were determined to exhibit neuroprotective effects  

following electromagnetic fields exposure.  

The anti-degenerative effect of the omega 3  

could be due to its antioxidant effects. This sug-
gestion was in line with [14]  who reported that  
Omega-3 fatty acids were found in high concen-
trations in neuronal membranes and had antioxidant  

properties. Also, [71-73]  reported that omega-3 had  
an anti-apoptotic effect on developing brain and  

were used in treatment of cancer and cardiovascular  

diseases. In addition, [74]  stated that exposure of  
formaldehyde increased free radicals in cerebellum  
of rats and this increase was prevented by admin-
istration of omega-3 fatty acids. Moreover, [75]  
reported that postnatal omega-3 supplementation  

was able to increase glutathione levels and reduced  
lipid peroxidation in pre natal ethanol exposure  
animals.  

In this work, it was found that on bisphenol A  
withdrawal, the deleterious effects on the cerebellar  
cortex were irreversible. This finding coincided  

with [76]  who said that delayed onset of puberty  
had been reported in female offspring of rats orally  

treated with bisphenol A at 50mg/kg bw/day during  
gestation. Also, [77,78]  reported that prenatal bi-
sphenol A exposure had been shown to cause per-
sistent aberrations in learning, memory and spon-
taneous behavior in rodents. Also, [79,80]  reported  
that the interference with the early phases of CNS  

embryonic/fetal/neonatal development made per-
manent changes that prime and altered brain phys-
iology not only in the exposed animals, but even  

in their offspring. On the other hand this finding  
was contrary to [81,82]  who reported that no effect  
on onset of puberty in female rats exposed during  

gestation and lactation at maternal bisphenol A  

oral doses ranging from 3.2 to ~1000mg/kg bw/day.  
One high dose study reported an accelerated onset  
of puberty in female rats following subcutaneous  

injection of bisphenol A during early postnatal life  
at 105 and 427mg/kg bw/day.  

Conclusion and Recommendations:  

Bisphenol A induced various deleterious chang-
es in the histological structure of the cerebellar  

cortex of albino rat's offspring of treated mothers  

throughout pregnancy and lactation. These changes  

were irreversible on withdrawal of bisphenol A.  

On the other hand combined administration of  
omega 3 with bisphenol A alleviated most of these  
changes. So the exposure to bisphenol A must be  

avoided as much as possible during pregnancy and  
lactation and we advise in these cases to receive  

omega 3 capsules as a protectant against the side  
effects of bisphenol A.  
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