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ABSTRACT

Aim of the work: bisphenol A (BPA) is a synthetic monomer that is polymerized to manufacture
polycarbonate plastic products and resins, including those used in food packaging and dental sealants.
It is used in the manufacture of a great variety of products including: compact disks, food can linings,
plastic windows, car parts, adhesives, protective coatings and powder paints. This work aimed to
study the effect of prenatal exposure to BPA on the endometrium of female rats.

Materials and methods: thirty adult female albino rats were divided into three groups: rats in group 1
served as a control (G1) and received an equal amount of sesame oil to those of the treated groups;
those in group 2 (G2) were administered by gavage 5.0 pg BPA/kg/day (low-dose group); the third
group (G3) received 50 ug BPA/kg/day (high-dose group). The female offspring of each group were
weaned at day 21 and maintained until 3 months old. The uteri were dissected for the histological and
immuno-histochemical examination.

Results: low-dose group showed degeneration of the epithelial lining of the endometrium with focal
patches of increased epithelial cell layers. The high dose group revealed cytoplasmic hydropic
degeneration and pyknotic nuclei of the epithelial cells. Estrogen receptors showed a significant
decrease of positive cells in low dose treated group and this decrease markedly accentuated in the
high dose one. Positive nuclei for Ki-67 were markedly increased with increasing doses of BPA.
Conclusion: BPA showed obvious endometrial degenerative and proliferative histological changes.
Therefore, the use of this substance in food packaging materials and in the manufacture of substances
liable to come into contact with food and drink should be phased out.

INTRODUCTIION

The use of synthetic chemicals exerts a great BPA induction of alterations in the male and
influence on the daily life of human beings. female reproductive integrity has been shown
Some of these synthetic chemicals can act as in different species. Inhibition of the
endocrine disrupting substances in various development of seminiferous tubules and
organisms. The reproductive cells are the most spermatogenesis were observed after BPA
sensitive to toxic environmental materials. treatment in the male chick #*Toxic effects of
Bisphenol A (BPA) is a synthetic monomer BPA were observed in female reproductive
that is polymerized to manufacture system of the brown trout “and mussels
polycarbonate plastic products and resins, eBpA induced morphological
including those used in food packaging and transformation, aneuploidy and DNA adducts
dental sealants ™. Many countries throughout in Sirian Hamster embryo cells ™. 1t also
the world have large production capacities of suspected of causing birth defects of the
BPA, especially Germany, Netherlands, USA reproductive tract (including un-descended
and Japan. testes) and other hormone related effects, such

as earlier puberty in girls ®.
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The mode of action of BPA at low levels
appears to mimic that of the female hormone,
estrogen. BPA therefore belongs to a group of
chemicals termed “hormone disruptors” or
“endocrine disruptors” that are able to disrupt
the chemical messenger system in the body.
There is growing international concern about
manmade endocrine disrupting chemicals
(EDCs), because they can de-rail the
development of offspring exposed in the
womb P!,

Experimental animal models have shown an
estrogenic effect of BPA, and thus an
endocrine disrupting action that may have
long-term effects on the endocrine system,
influencing tumour development later in life
[ Prenatal exposure to BPA has been
associated with hormonal, morphological,
functional and behavioural anomalies related
to reproduction ™. It was demonstrated that
rodent strains can vary dramatically in their
response to estrogenic compounds.
Furthermore, the issues of dose and binding
affinities to the estrogen receptors (ERs) seem
to be the heart of the controversy regarding
xeno-estrogens 2.

The present work aimed to study the
histological and immunohistochemical effect
of prenatal exposure to BPA on the
endometrium of adult female rats.

MATERIALS AND METHODS
Experimental animals:

The present study was carried out on 60 adult
(20 males and 40 females) albino ratsweighing
180-250 g. Male and female rats were inbred
in polysulfone cages,42 x 26 x 15 cm..They
were  maintained under a  controlled
environment and given rodent pellets and water
ad libitum. The  concentration of
phytoestrogens in the diet was not evaluated
because food intake was equivalent for the
control and experimental rats and both groups
were exposed to the same levels of phytoe-
strogens ™. Two females and one male were
housed in a cage. During routine breeding
checks, 30 female with noticeably sperm-
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positive uterus smears were removed andplaced
in a separate cages.

Experimental design:

Pregnant rats were divided into three groups
(10 per group). Groupl (control group)
received an equal amount of sesame oil to those
of the treated groups. Group 2 (low-dose
group) was administered by gavage 5.0 pg
BPA/kg BW dissolved in sesame oil. Group
3(high-dose group) received 50 pg BPA/kg
BW dissolved in sesame oil ™. The treatment
was performed daily from day 10 to day 20
post-conception. The female off-springs of
each group were weaned at day 21 and
maintained until 3 months old. Those female
rats were followed before scarification to
determine if they were undergoing a normal
estrus cycle by vaginal smear using Shorr’s
stain solution. To define the phase of estrus
cycle, every morning from 9-11 am vaginal
smears were taken and processed*®.During the
diestrus phase, the rats were euthanized by
intraperitoneal injection of 75 mg/kg
pentobarbital. The uteri were dissected for the

histological and immune-histochemical
examination.
Histological and immuno-histochemical
technique:

Small pieces of the uteri were taken; each was
divided into two parts. One part was fixed in
10% formol-saline solution for 24 h,
processed, embedded in paraffin to prepare
Sum sections and stained with hematoxylin
and eosin to compare the thickness of the
epithelial cells by counting the layers of
epithelial mucosa of the three groups and to
detect the different histopathological changes
.The second part was used for the immuno-
histochemical study. Immuno-staining
required antigen retrieval by heating the tissue
sections in citrate buffer pH 6.0 in a
microwave for two minutes followed by
cooling at room temperature. Then they were
incubated with the ready formed primary
antibody for one hour ™ The following
primary antibodies were used: monoclonal
antibody 6H2.1, anti-estrogen receptor, clone:
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SP1, which recognizes ERo(the positive
control is breast ductal carcinoma) and
monoclonal antibody 6H2.1, anti-ki 67, clone:
SP6 (the positive control is the tonsil). Then,
ultravision universal detection system was
used to detect the immune reaction. This was
formed of Dbiotinylated anti-polyvalent
secondary antibody, streptavidin peroxidase
and DABM.The sections were then
counterstained using Mayer’s hematoxylin
(18] For negative control sections, the same
procedure was followed with the omission of
incubation into the primary antibodies. All
these materials were purchased from Thermo
Scientific, Lab Vision-Fisher Scientific, and
USA.

Morphometric and statistical analysis:
Specimens were examined using the Leica
Qwin 500 LTD image analyzer computer
system.

Numbers of strata of the endometrium, ten non
overlapping fields at magnification x400 per
slide from five slides of each animal, selected
at random were subjected to morphometry for
the number of strata in the endometrium. One-
way analysis of variance ANOVA was
performed to assess the differences between
control and the treated groups. Differences in
means among treated groups were tested by
using Duncan’s test where P value < 0.05 was
considered statistically significant.

RESULTS
Histological observations:

Light microscopic examination of the control
group showed normal thickness of uterine
mucosa which was formed of simple columnar
partially ciliated epithelium with underlying
highly cellular connective tissue lamina
propria (Fig.1 A). Uterine mucosa of the rats
received the low dose of BPA revealed few
small focal patches of abnormal mucosal cells,
degeneration of the epithelial lining and few of
the endometrial glands (Fig.1 B).The high
dose of BPA exhibited increased cytoplasmic
hydropic degeneration which appeared as
vacuolation of the cytoplasm with foamy
appearance and numerous pyknotic nuclei.
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BPA induced proliferative changes in adjacent
or remote areas to these degenerative patches
with increased number of strata. Although
numbers of layersincreased, the epithelium
appeared riddled and many cells in different
strata, even the basal ones, showed areas of
hydropic degeneration and vacuolations with
numerous pyknotic nuclei. (Fig.1 C).

Immuno-histochemical results:
Immunohistochemical examination of uterus
of control rat revealed normal expression of
ERa (Fig.2A).In sections of the second group
that received the low dose of BPA and the
third group that received the high dose,
moderate and marked decrease of ERa
appeared respectively (Figs. 2 B & C).
Immuno-histochemisrty of the normal control
sections of the endometrium using Ki-67, a
primary antibody as an indicator for cellular
proliferation showed positive epithelial cells
(Fig.3 A). Uterine epithelium of the rat
received the small dose of BPA demonstrated
moderate increase in the number of positive
epithelial cells (Fig. 3 B), while endometrium
of rats received the high dose exhibited
marked increase in the number of positive Ki-
67 in both epithelial and stromal cells
(Fig.3C).

Area percent of ERa significantly decreased in
both BPA treated groups and was dose
dependent compared to the control (Table 1).
A significant increase of proliferating
epithelial cells was detected in animals given
low dose of BPA compared to the control one
and accentuated in the high dose treated group
(Table 2). Number of strata increased
significantly only in high dose group
compared to the control (Table 3). A
significant negative correlation between the
number of strata in the endometrium and the
area percent of ERa per field was also noticed
(r = -0.734, p = 0.001) (Fig. 4). However, a
significant positive correlation between the
number of strata in the endometrium and Ki-
67 percentage of immunopositive cells was
detected (r = 0.805, p = 0.001) (Fig. 5).
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DISCUSSION
Exposure to endocrine disturbing (ED)
chemicals during critical periods of

development as prenatal or early postnatal
period could result in adverse effects to
wildlife and humans. They may influence
growth, reproduction and development 9.
The obtained results indicated that BPA
caused degenerative effects in endometrium of
rats.

Kathryn et al. ™ and Laztrova & Lazlrova
(211 analyzed the potential role of BPA on many
organs and tissues. They gave marking, but not
conclusive evidences, on its role in inducing
proliferative and precancerous changes up to
even frank carcinoma, like ductal carcinoma of
the mammary glands " testes and prostate
carcinoma 1,

Wang et al. @ showed that exposure to BPA
both in the low and high doses exerted
hydropic degeneration of the endometrium and
pyknosis. With the high dose of BPA there
were areas of reactive thickening. Howdeshell
et al. ! published details of the effects on
female offspring of mice exposed in the womb
on days 11 to 17 of gestation. The BPA dose
was 2.4ug per kg body weight, which is a
similar dose to that which caused effects on
the male offspring, and a level equivalent to
that typically found in the environment. The
study suggested that trans-placental exposure
to low doses of BPA could bring early puberty
in female pups. The workers concluded that
prenatal exposure to a dose of BPA,
comparable to levels found in the
environment, altered postnatal growth rate and
reproductive function in female mice

Markey and Co-workers 2% showed that in-
utero exposure to low, environmentally
relevant doses of BPA induced marked
changes in the vaginal cells and changes in the
reproductive cycle. Ben and Steinmetz !
reported that BPA caused cell changes in rat
uterus and vagina, and the alterations caused
were almost identical with those produced by
estradiol. Steinmetz et al. ® identified that
the vagina appeared to be particularly sensitive
to the estrogenic actions of BPA.
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At the tissue level, the absolute diameter of the
lamina propria of the endometrium was
significantly decreased in the animals exposed
in utero to 250 pg BPA/ kg per day, while the
remaining compartments of the uterus showed
a decrease that was not statistically significant
[27]

At the organ level, Yoshida et al. ® and
Daston et al. ™' reported morphological
changes in reproductive tract tissues after
exposure to significantly higher doses of
estrogenic substances. For example, neonatal
exposure to 2 mg per pup per day (Postnatal
days 1-5) has been shown to induce
hypertrophy of luminal epithelial cells, a
decrease in the number of endometrial glands,
and disorganization of the stroma and muscle
layer, associated with an overall decrease in
the size of the uterus.

Estrogens stimulate uterine epithelium prolife-
ration in vivo and play a critical role in uterine
growth, epithelial morphogenesis, cyto-
differentiation, and secretory activity. The role
of estrogen receptors (ER) is studied as a
probable key of how it induces proliferative
changes in the uterus. ERo localizes both
nuclear and intracytoplasmic F°.

The present findings showed that the immune
expression of ERa markedly reduced after pre-
natal exposure to BPA. This degradation of the
sites of ERamay be due to the mechanism of
producing the histological degeneration in the
uterine epithelium. There was a decrease of
cell receptors in the stroma similar to that of
the epithelium. A previous work claimed that,
even at very low levels, xeno-oestrogens,
being oestrogenic ED which can cause
toxicological effects by binding hormone
receptors, mimicking hormones or blocking
their activities .

The mechanisms underlying the down
regulation of ERa expression may antagonize
the action of endogenous estrogens, because
there are differences in the existence of tissue-
specific ER co activators 2%, BPA being an
ED chemical with weak oestrogenic activity
potentiates playing similar role as potent
estrogenic substances.
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Antigen Ki-67 is a nuclear protein that is

associated with cellular proliferation 4. This
means that these areas were subjected to kinds
of unusual stresses which induced proliferative
changes hampered by degenerative ones.Since
Ki-67 was expressed in all proliferating cells,
including normal and tumor cells, it was used
as an excellent marker of the cell proliferation
[353¢lto trace these proliferative changes,
immune expression of Ki-67 was conducted. It
showed increased proliferation of cells to
compensate for accelerated degeneration that
was induced by BPA. This may be due to
mutations of the genes encoding transcription
and translation processes during mitosis.
Conclusions and recommendations:
Human and wildlife exposure to BPA should
be eliminated. Therefore releases to the
environment should be prevented. This is
because even a relatively low level can cause
effects.  Governments  should  provide
information to mothers on the hazards
associated with BPA and providing the
available alternatives to polycarbonate feeding
bottles for babies. Human exposure to BPA
compounds should be eliminated. Therefore,
the use of these substances in food packaging
materials and in the manufacture of substances
liable to come into contact with food and drink
should be phased out.
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Fig.1. Light photomicrographs of sections of uteri stained with hematoxylin and eosin showing (A)
G1, control endometrium with normal thickness of epithelial mucosal layer formed of simple
columnar partially ciliated epithelium (arrow) with underlying highly cellular connective tissue
lamina propria. (B) Uterine mucosa of rat received the low dose of BPA (G2) showing few small
focal patches of abnormal increased numbers mucosal cells (arrow) with few endometrial glands. (C)
Uterine mucosa of rat received the high dose of BPA (G3) showing many large areas of epithelial
proliferation (arrow), most of their cells are vacuolated and their nuclei showing pyknosis.

(X400)
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Fig. 2. Light photomicrographs of sections of uteri immuno-stained with ERa, showing: (A) G1,
control endometrium with normal immuno-positive cells in the epithelium (arrow) and stroma (star).
(B) G2, endometrium of rat received the low dose of BPA showing moderate decreased expression of
ERa in the epithelium (arrow) and stroma (star). (C) G3, endometrium of rat received the high dose of

BPA showing a marked decrease of ERa immune expression in both epithelium (arrow) and stroma
(star). (X 400)
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Fig. 3. Light photomicrographs of sections of uteri showing expression of Ki-67 as a proliferative factor
indicator showing: (A) G1, normal control endometrium with normal epithelial cells (arrow). (B) G2,
endometrium of rat received the low dose of BPA showing moderate increase of positive epithelial cells
(arrow). (C) G3, endometrium of rat received the high dose of BPA showing marked increase of number of

positive epithelial cells (arrow) and stroma (arrow head). (X 400)
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Fig. 4. Correlation between numbers of strata of the endometrium and area percent estrogen receptors
a (ERa)
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Fig. 5. Correlation between numbers of strata of the endometrium and proliferation marker (Ki-67)
percentage of immuopositive cells

Table 1: area percent of estrogen receptors a (ERa) immunopositive cells per field

Mean + SD P
Group 1 27.09+6.72 -
Group 2 18.48 + 4.83 0.29*
Group 3 8.6 +4.95 0.002*

*P value < 0.05 significant compared to group 1

Table 2: percentage of proliferation marker Ki-67 immunopositive cells per field

Mean = SD P
Group 1 0.66 +0.09 -
Group 2 7.89 +1.36 0.001*
Group 3 12.67 +2.08 0.001*

*P value < 0.05 significant compared to group 1

Table 3: number of strata of the endometrium.

Mean = SD P
Group 1 10.2 +1.92 -
Group 2 12.4£2.20 0.286
Group 3 146 +2.11 0.005*

*P value < 0.05 significant compared to group 1
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