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ABSTRACT

Background: The incidence of male reproductive disorders has been increased and may be linked to the environmental natural
and synthetic chemicals. These chemicals are known as endocrine disrupting chemicals (EDCs); Bisphenol-A (BPA) is the
most common one. Platelet rich plasma (PRP) is an autogenous and economical source of growth factors which nowadays
used in the tissue repair.

Aim of the Work: Evaluate the possible therapeutic effect of PRP against BPA induced prostatic lesions in adult albino rats.

Materials and Methods: Thirty five adult male albino rats were divided into 3 main groups.Group I served as control, Group
II:the rats were received 50 mg/kg BPA once daily for 4 weeks, Group III: the rats were received BPA as group II then 0.5 ml
of PRP subcutaneous injected twice weekly for 4 weeks. After 8 weeks, rats of all groups were subjected to the followings;
biochemical analysis of serum testosterone, immunohistochemical studies for androgen and estrogen receptors (AR &ER),
light and electron microscope examination.

Results:Serum testosterone levels showed a highly significant decrease in group II when compared to others. Histologically,
BPA treated prostate showed abundant collagen fibers with congested blood vessels and inflammatory cellular infiltration
while, their acini showednumerous folds with epithelial stratification. Ultrastructurally, the secretory cells had heterochromatic
nuclei, dilated endoplasmic reticulum,apical few microvilli and polymorphicsecretory granules with lysosomes. Nearly all
acinar cells showed negative nuclear ARs while positive ERs detectionin basal cells. After PRP administration, showed
improvement of many of these changes.

Conclusion: Exposure to BPA at low dose induced deleterious effects on the histological structure of the prostate and disturbed

reproductive hormones. PRP showed significant signs of restoration of these changes.
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INTRODUCTION

The prostate is the largest accessory gland in the
reproductive system of male. It secretes a slightly alkaline
fluid that appears to contain about one third of the seminal
fluid in human.The development and function of the
prostate is dependent on androgens produced mainly in
the testes!!!. The rodent prostate has a complicated system
consisting of ventricular, lateral, dorsal and anterior lobes.
While most studies have focused on the ventral prostate
(VP), this lobe does not align the primates, while the
dorsolateral prostatic lobe (DLP) is histologically same
to the human. Also, DLP was more sensitive to low-dose
bisphenol A (BPA) compared with the VP and it might be
homologous with the peripheral or transitional zones and
human benign prostatic hyperplasia (BPH) originated in
these zones!l.
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Gradually, the incidence of male reproductive disorders
has been increased and these disorders may be correlated
with organic and inorganic chemicals in the environment.
These chemicals are well knownas endocrine disrupting
chemicals (EDCs)PL.

Bisphenol-A (BPA) is an EDC used in the manufacture
of polycarbonate plastics and epoxy resins for the industrial
treatment of water pipes and metal can liners. It is also
present in some plastic food and beverage containers,
all disposable plastics and some dental equipment and
fillings™. Thermal paper, as used in credit card receipt
printers and other types of retail applications, represents
an additional source of BPA. BPA can be transferred from
heat-printed receipts in transient contact. Although the rate
of skin penetration for BPA is unclear, a study indicated that
these exposures were associated with significant increases
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in unconjugated BPA in serum.Other sources of exposure
include medical devices, mouthing of toys by children,
cigarette filters, houschold detergents and personal care
products. Several studies have proven the existence of BPA
in canned food®!.

The health hazards of BPA are majorly due to an
incomplete polymerization reaction which keeps some
unbound BPA molecules in the products. These unbound
molecules may leak into food or beverage over time,
particularly under heat, acidic or basic environmental
conditions!®.

Exposure to BPAis linked to a range of health problems
with a particular focus on male reproductive dysfunction.
BPA acts as an agonist, antagonist, or modulator of several
receptor hormones. It acts as antagonist to the androgens!”.
It has an influential oestrogenic action. However, it has
been verified to be anti-estrogen at higher doses!®?!.

Platelet Rich-Plasma (PRP) is a biological outcome
represented as a portion of the plasma fraction of
autologous blood with a high platelet density above the
base point. It encompasses not only a high level of platelets
but also a full complement of clotting factors, chemokines,
platelet-rich-fibrin (PRF) and other cytokines that alter
the pericellular microenvironment and numerous different
plasma proteins!'.

In the 1970s the concept of PRP started in the
field of human hematology which was used to treat
thrombocytopenia. Thereafter, it has been used in a large
scale in the musculoskeletal field as in sports injuries.
Also, itis used in many medical and surgical fields such as
pediatric, gynecology, dentistry, orthopedics, neurosurgery,
cardiac surgery and cosmetic surgery!'l.Moreover,
the interest in its application in dermatology, tissue
regeneration, wound healing, improvement of burn and
alopecia has increased!'>!'”). The wide spread application of
PRP would provide new hope for tissue repair rather than
ineffectual medical and surgical treatment!'?!,

So,this study aimed to clarify the structural changes that
may occur in the DLP of albino rats after administration of
Bisphenol —A and to evaluate the therapeutic effect of PRP.

MATERIAL&METHOD
Chemicals and preparation
1)Bisphenol A (BPA)

It is beige odorless white crystalline powder (purity
>97%). Its CAS No was 80-05-7. It was manufactured by
Sigma-Aldrich Chemical Company (St Louis, Missouri,

USA) and purchased from Sigma-Egypt. It was dissolved
in corn oil (vehicle).

Blood sampling and PRP preparation

Seven male rats were used for obtaining PRP. Its
preparation was performed at the medical biochemistry
department of Faculty of Medicine, Zagazig University.
It was carried out by adapting the protocol of the double
centrifugation tube method.

The PRP was prepared using the double centrifugation
tube method. Fresh venous blood was collected from the
jugular veins of healthy male rats 20 mL was collected into
tubes contained citrate-dextrose-acid and at 1000g for 10
minutes. It was centrifuged to get PRP at the surface of the
test tube. PRP was further centrifuged to obtain a platelet
concentrate (PC) at 1500g for 10 minutes. The final product
was 4.5 times platelets more than platelet-poor plasma and
the baseline. The PC was kept in sterile tube and added
human thrombin (0.2 ml /ImL PC) and calcium chloride
(0.8mL PRP + 0.2mL 10% CaCl2), immediately before
injection to activate platelets to degranulate and release its
own growth factors. The 20 ml of whole blood yields 2 ml
PRP[M’IS].

Animals and experimental design

Thirty five healthy adult male albino rats with an
average age ofl2-14 weeks and body weight ranging
from 180-200 grams were accustomed in this study. They
were brought from the breeding animal house, Faculty of
Medicine, Zagazig University. They were preserved in the
animal house for seven days allowing them to habituate
to the new environment before the experiment. Throughout
the duration of the experiment, the rats were housed in clean
stainless steel cages and kept under the same environmental
conditions regarding light, feeding and temperature. They
were allowed ad-libitum access to food and water. All rats
received human care in compliance with the guidelines
of the Medical Research Ethics Committee of Zagazig
University,Egypt (The protocol approval number was ZU-
TACUC/3/F/55/2019) and was conformed to the National
Institutes of Health guide for the care and use of laboratory
animals.

These rats were randomly divided into three main
groups:

Group I (Control group): Included twenty one rats
were equally subdivided into three subgroups (seven rats
each).

Subgroup IA (negative control subgroup): The rats
received only regular diet and water for 8 weeks.

Subgroup IB (vehicle corn oil subgroup): The rats
received 0.5ml of corn oil (the vehicle of BPA) by oral
gavage once daily for 8 weeks.

Subgroup IC (vehicle phosphate buffer saline subgroup):
The ratswere received twice weekly subcutaneous
injections of phosphate buffer saline (PBS) (the vehicle of
PRP) at a dose of 0.5 ml for 8 weeks.

Group II (BPA treated): (Included seven rats) the rats
received 50 mg/kg BPA dissolved in 0.5ml corn oil by oral
gavage once daily!'®! for 4 weeks!'”.

Group III (BPA &PRP treated): (Included seven rats)
the rats received BPA as group II then 0.5 ml of PRP
which was dissolved in PBS (1:1) immediately aspirated
with micropipette, placed in a sterile insulin syringe and
injected subcutaneouslytwice weekly for 4 weeks!'®].
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At the end of the experiment, at designated time,(after
8 weeks) rats of all groups were weighed and these body
weights were recorded for statistical analysis, then all rats
were subjected to the followings methods.

Biochemical analysis

The rats were anaesthetized by ether inhalation. Venous
blood samples were obtained by means of capillary glass
tubes from the retro-orbital plexus.This blood samples
were used for biochemical analysis and were collected at a
fixed time of the day to minimize the diurnal variation!*!.
Total serum testosterone hormonein samples were assessed
by an enzyme-linked immunosorbent assay (ELISA). Kit
used was The BioVendor rat/mouse Testosterone ELISA
Kit (IB79174, IBL-America, Minneapolis, Minnesota,
USA), measured by ELISA reader.

Intra-cardiac perfusion was carried out through the
heart apex with 300 ml of 2.5% gluteraldehyde in 0.1 mol/l
cacodylate buffer (pH 7.3) for 5 min for partial fixation
of the prostates. A midline lower abdominal incision was
performed to expose the urogenital complex. The prostate
glands were taken out and weighted. The right dorsolateral
prostatic lobes were dissected and immediately processed
for histological study.

Histological study

Specimens for light microscope examination the right
dorsolateral lobe of the prostate (DLP) were bisected
into two longitudinal halves ; one half was immediately
immersed in 10% formol saline for 48 h and were processed
to prepare 5-pum thick paraffin sections for hematoxyline
and eosin, Mallory Trichrome and immunohistochemical
stains?%l.

The other half was cut into Imm?3 slices and processed
for transmission electron microscopic examination.
Specimens were immediately fixed in the same perfusion
fixative (2.5% glutaraldehyde) for 2h and postfixed in 1%
osmium tetroxide buffered with 0.1M phosphate bufferat pH
7.4 for 1h. Then, they were dehydrated in ascending grades
of alcohol and embedded in resin to prepare semithin and
ultrathin sections using a Leica ultracut (Glienicker, Berlin,
Germany). Semithin sections (1-pum-thick) were stained
with 1% toluidine blue for light microscopic examination.
Ultrathin sections were stained with uranyl acetate and
lead citrate®'?%. The prepared sections were examined and
photographed by JEOL JEM 1010 transmission electron
microscope in Electron Microscope Research Laboratory
Unit, Faculty of Agriculture, Mansoura University.

Immunohistochemical study

Immunohistochemical reaction was carried for
identification of nuclear androgen (AR) and estrogen (ER)
receptors which appear as nuclear brown colorationusing
avidin biotin peroxidase system. The primary antibody
(nuclear AR and ER) used was a mouse monoclonal
antibody of IgG immunoglobulin type (Dako Life Trade
-Egypt, clone 1A4, code No. M0851). It was obtained

from Sigma Biochemical (St. Louis, Missouri, USA). The
antigen was finally tracked down by the addition of DAB
Chromogen. Slides were counterstained with Mayer's
haematoxylin. The negative control sections from prostate
were processed in the same way butwithout primary
antibodies addition. Positive control was testis according
to the kit?2.

Image analysis and morphometric studies

Epithelial height, area percent of collagen and number
of positive nuclear AR & ER immunoexpression were
assessed by an ordinary light microscope using Leica
500 image analyzer computer system (England) at the
Image Analyzing Unit of the Pathology Department,
Faculty of Dentistry, Cairo University, Egypt. The
procedure was performed using H&E, Mallory tichrome,
immunohistochemical stained sections at a total
magnification of x 400 by measuring 10 non-overlapping
fields from each specimen of randomly chosen five rats of
each group.

Statistical analysis

The data obtained from all groups (body and prostate
weights, serum testosterone level as well as epithelial
heights and number of positive nuclear immunoexpression
of both AR &ER) were expressed as mean + standard
deviation (£SD). These data were subjected to statistical
analysis using Statistical Package for the Social Sciences
(SPSS) program version 20. Statistically significant
difference was determined by one way analysis of variance
(ANOVA). ANOVA was statistically significant when
P value <0.05, statistically highly significant when
Pvalue <0.001 and non-significant when P>0.0573,

RESULTS

Results obtained from all subgroups of group 1
regarding body and prostate weights, hormonal analysis,
light with electron microscope studies and morphometrical
analysis were similar. So we use the results of subgroup Ia
to express the control.

Body and prostate weights

The body weights showed no statistically significant
difference in group II when compared to other groups
(P>0.05) and alsono difference between groups I and III
(P>0.05) (Table 1).

Prostatic weights showed a highly statistically
significant decrease in group II when compared to other
groups (P<0.001) while there was no difference between
group I and group IIT (P>0.05) (Table 2)

Biochemical analysis

Serum testosterone levels showed a highly
statistically decrease in group II when compared to others
(P<0.001),while there was no difference between groups I
and IIT (P>0.05) (Table 3).
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Histological results

H&E stained specimens obtained from all control
subgroups (Group I) showed the same normal histological
structure of right DLP. Closely packed secretory acini of
nearly regular sizes and shapes, few mucosal folds and
homogenous acidophilic secretions fill their lumina were
observed. Minimal interacinar spaces with sparse stroma
were noticed. Acini were lined by simple cuboidal to
columnar epithelium with rounded to oval basal nuclei
with prominent nucleoli. Blood vessels were noticed in
the interacinar stroma (Figures 1A,2 A). BPA treated
group (II) revealed some alterations in the histological
structure of the acini and stroma. Disturbance of sizes and
shapes of some secretory acini with wide some interacinar
spaces (Figure 1B). Some acini were lined by columnar
epithelium with a focal area of stratification; numerous
basal cells with darkly stained flat nuclei were noticed with
separation from the above luminal epithelium (Figure 2B).
Numerous mucosal folds and luminal secretions of variable
densities, pale, acidophilic and vacuolated were seen.
(Figures 1B,2B).Other acini showed flattening of the
epithelial lining in some areas and luminal pale acidophilic
secretions with wide interacinar space (Figure 2C).
Intraepithelial inflammatory cells and numerous mast cells
were noticed (Figure 2D). Other acini revealed marked
inflammatory cellular infiltration and congested blood
vessels (Figure 2E). Focal areas of stratification were also
seen (Figures 2D,2E).Concerning group III administration
of PRP to BPA treated rats revealed partially preserved
most of the epithelial and stromal structures. Nearly normal
architecture of prostatic acini but some secretory acini with
few mucosal folds and sparse stroma were observed in
narrow interacinar spaces (Figure 1C). Small focal areas of
stratification were also noticed (Figure 2F). Homogenous
acidophilic secretions fill their lumina were seen
(Figures 1C,2F).

Mallory’s trichrome-stained sections of group I showed
minimal amount of collagen fibers in the interacinar
stroma and around the acini (Figure 3A). While, group
IT revealed abundant collagen fibers in the stroma and
around congested blood vessels (Figure 3B). Group III
had minimal amount of collagen fibers in the stroma and
around blood vessel (Figure 3C).

Regarding Immunoperoxidase technique for AR.
Group I revealed a strong nuclear reaction of ARs nearly
in all luminal acinar epithelial cells (Figure 4A). While,
group II showed few acinar cells with positive ARs nuclear
immunoexpression while, all others with negative reaction
(Figure 4B). Most of acinar cells in group III appeared
with positive ARs nuclear reaction while, some cells witha
negative reaction (Figure 4C).

Concerning Immunoperoxidase technique for ER,
Positive ERs immunoexpression localized in the basal
cells nuclei of acini in group I were observed (Figure 5A).
Group II revealed a strong positive immunoexpression in
the nuclei of numerous basal cells of acini (Figure 5B).

A positive immunoexpression in the nuclei of some basal
cells were seen in group III (Figure 5C).

Results of Toluidine blue stained semithin sections
from right DLP of group I revealed columnar cellswith
apical pale vacuolated cytoplasm and basal rounded to oval
vesicular nuclei. Flat or trigonal basal cells with darkly
stained nuclei , interacinar stroma with smooth muscle
cells and blood capillarieswere seen (Figure 6A). In group
Ilepithelial cells showed separation from the underlining
thickirregular basement membraneandbasal cells with flat
or elongated darkly stained nuclei (Figure 6B). A part of
acini with stratified epithelium revealedsomedetached
cells with irregular nuclei or cytoplasmic bodies
(Figure 6C). Invading blood capillaries were observed
(Figures 6B,6C). Stratified epithelial cells revealed basal
cells with flat darkly stained nuclei. Interacinar stroma
contained blood capillaries and smooth muscle fibers
(Figure 6D). Different nuclear patterns vesicular, dark,
irregular and apical vacuolated cytoplasm were seen
(Figures 6A,6B,6C). Group III revealed acinar parts with
columnar cells with irregular shaped vesicular nuclei and
apical vacuolated cytoplasm. Also,basal cells with flat,
elongated, trigonal darkly stained nuclei and invading
blood capillary wereidentified. Other parts showed
stratified epithelium with rounded vesicular nuclei and also
basal cells.Interacinar spaces contained blood capillaries
and smooth muscle fibers (Figure 6E).

Ultrastructural results from right DLP of group I
showed a part of an acinar lining epithelial cells resting
on a regular thin basal lamina with regular, rounded,
basal euchromatic nuclei and apical crowded abundant
microvilli.  Apical numerous secretory granules with
electron dense cores, prominent rough endoplasmic
reticulum, dispersed mitochondria, and parts of smooth
muscle fibers were noticed (Figure 7A). Group II revealed
parts of an acinar lining epithelial cells resting on a
regular thick basal lamina and columnar secretory cells
with irregular basal heterochromatic nuclei, their apical
parts showed scattered few microvilliintraepithelial
inflammatory cells with pale cytoplasm were seen
(Figure 7B). Other parts of acini revealed prominent
smooth muscle fibers with their dense bodiesand two cell
types; tall columnar luminal and basal cells. The luminal
cells had irregular basal heterochromatic nucleiand basal
cells with indented flat heterochromatic nuclei were seen
(Figure 7C). Parts of mucosal folds with stratified epithelial
cells with irregular shaped heterochromatic nuclei with
irregular arrangement cisternae of endoplasmic reticulum,
apical polymorphic secretory granules; dense cores,
dense granular cores, empty and numerous aggregated
microvilli (Figure 7D). Parts of acinar epithelial cells with
a focal areas of stratification with irregular shaped nuclei;
rounded, oval, apoptotic (Figure 7E). Dilated cisternae
of endoplasmic reticulum and few apical secretory
granules with dense granular appearancewere observed
(Figures 7B,7C,7E). Polymorphic lysosomes were seen
(Figures 7C,7E). Aggregated and dispersed mitochondria
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(Figure 7D,7E) were identified. Group III showedparts of
an acinar epithelial cells with a focal areas of stratification.
Indented nuclei, apical aggregated microvilli with
secretory granules having electron dense cores and others
were emptyand Prominent Golgi apparatus were identified.
Smooth muscle fibers with their dense bodies and flat oval
nuclei were observed (Figure 7F).

Image analysis and morphometric studies

The epithelial heights and area % of collagen fibers
showed a highly significant increase in group II when

compared to others (P<0.001) and there was no difference
between groups [ and III (P> 0.005) (Tables 4,5).Regarding
statistical analysis of the number of positive nuclear ARs
immunoexpression showed a highly significant decrease
in group II when compared toother groups (P<0.001)
and there was no difference between groups I and III
(P> 0.005) (Table 6). Moreover,the number of positive
nuclear ERs immunoexpression showed a highly
significant increase in group II when compared to others
(P<0.001) while there was no difference between groups I
and III (P>0.05) (Table 7).

Fig. 1: H&E stained sections from right DLP of control group (A):showing closely packed secretory acini (a) of nearly regular sizes and shape, few mucosal
folds (arrow head) and homogenousacidophilic secretions (s) fill their lumina are observed. Minimal interacinar spaces with sparse stroma (star) are noticed.
Group II (B):Showing some secretory acini with disturbance of size and shape (a) and numerous mucosal folds (arrow head) are observed. Luminal secretions
of variable densities, pale, acidophilic and vacuolated (s) are seen. Notice, wide some interacinar spaces (star).Group III (C):Nearly normal architecture of
prostatic acini (a) but some secretory acini with few mucosal folds (arrow head) can be observed. Homogenous acidophilic and pale vacuolated secretions (s)
are noticed fill the lumina of some acini. Sparse stroma (star) is observed in narrow interacinar spaces.(H&E %100, scale bar, 50um)
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Fig. 2: H&E stained sections from right DLP of control group (A):showing acini lined by simple cuboidal (thin arrow) to columnar epithelium (thick arrow)
with rounded to oval basal nuclei with prominent nucleoli are seen. Blood vessels (v) can be noticed in the interacinar stroma. While, group II (B,C,D,E). (B):
Some acini are lined by columnar epithelium (thick arrow) and an acinus shows multiple mucosal folds (arrow head) with a focal area of stratification (double
arrow). Numerous basal cells with darkly stained flat nuclei (curved arrow) can be noticed with separation from the above luminal epithelium (asterisk).
Notice, luminal pale foamy or vacuolated acidophilic secretions (s).(C): Other acini are lined by cuboidal epithelium (thick arrow) and also show flattening
of the epithelial lining in some areas (thin arrow). Notice, luminal pale acidophilic secretions (s) and wide interacinar space (star). (D): Acini are lined by
tall columnar epithelium (thick arrow) andothers by cuboidal epithelium (thin arrow) are seen. Focal area of stratification (double arrow), intraepithelial
inflammatory cells (tailed arrow) and numerous mast cells (m) are noticed. (E):Acini with tall columnar epithelium (thick arrow) and others show a focal area
of stratification (double arrow). Luminal vacuolated acidophilic secretions (s) are observed. Marked inflammatory cellular infiltration (if) and congested blood
vessels (v) are seen. Group III (F): Revealssome acini lined by simple cuboidal epithelium with rounded nuclei (thin arrow) and others by columnar epithelium
with basal oval nuclei (thick arrow). Small focal areas of stratification (double arrow) with intraepithelial inflammatory cells (tailed arrow) are noticed.
Homogenous acidophilic secretions fill their lumina (s)(H&E %400, scale bar, 20um)
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Fig. 3: (A):Mallory trichrome stained sections of the control group showing minimal amount of collagen fibers found in the interacinar stroma and around the
acini. Group II (B): Abundant collagen fibers in the stroma and also around congested blood vessels (v) are seen. Group III (C): Reveals minimal amount of
collagen fibers (arrow) in the stroma and also around blood vessel. (Mallory trichrome %200, scale bar,30pum)
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Fig. 4: (A):Immunohistochemical stained sectionsfor nuclear ARsfrom right DLP of control group showing a strong nuclear reaction of ARs nearly in all
luminal acinar epithelial cells.Group II (B): Few acinar cells with positive ARs nuclear immunoexpression while, all others show negative reaction. Group
III(C): Most of acinar cells with positive ARs nuclear reaction while, some cells show a negative reaction.(Immunoperoxidase technique for ARs x400, scale
bar,20pum)
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Fig. 5: (A):Immunohistochemical stained sectionsfor nuclear ERs from right DLP of control group showingpositive ERs immunoexpression localized in the
basal cells nuclei of acini.Group II (B):reveals a strong positive immunoexpression in the nuclei of numerous basal cells of acini.In group III (C): A positive
immunoexpression in the nuclei of some basal cells is seen..(Immunoperoxidase technique for ER, x400, scale bar, 20um)
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Fig. 6: Toluidine bluestained semithin sections in right DLP of the control group (A):showing Columnar cells with apical pale vacuolated cytoplasm (star)
and basal rounded to oval vesicular nuclei (n). Flat or trigonal basal cells with darkly stained nuclei (curved arrow) can be observed. Interacinar stroma
shows smooth muscle cells (arrow) and blood capillary (Bc).Group II (B,C,D). (B): The epithelium is separated (asterisk) from the underlining thick irregular
basement membrane (thick arrow). Columnar lining epithelium shows different nuclear patterns (N); vesicular, dark, irregular and apical vacuolated cytoplasm
(star). Also, basal cells with flat or elongated darkly stained nuclei (curved arrow) are seen. Invading blood capillary (Bc) can be observed. (C):A part of acinus
shows stratified epithelium (St) with irregular shaped nuclei (N) and vacuolated cytoplasm (star). Some detached cells with irregular nuclei or cytoplasmic
bodies (arrow head) are observed. Invading blood capillaries (Bc) can be also seen. (D): Stratified epithelium (St) showirregular shaped nuclei (N) with
extensive vacuolated cytoplasm (star). Also, basal cells with flat darkly stained nuclei (curved arrow) are well seen. Interacinar stroma contains blood capillaries
(Bc) and smooth muscle fibers (arrow).In group III (E): An acinar part has columnar cells with irregular shaped vesicular nuclei (N) and apical vacuolated
cytoplasm (star). Also, basal cells with flat, elongated, trigonal darkly stained nuclei (curved arrow) and invading blood capillary (Bc) are identified. Other part
shows stratified epithelium (St) with rounded vesicular nuclei and also basal cells.Interacinar space contains blood capillaries (Bc) and smooth muscle fibers
(arrow).(Toluidine blue x1000, scale bar,10pm)
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Fig. 7: Electron micrographs from right DLP of the control group(A): showinga part of an acinus lining epithelium resting on a regular thin basal lamina (thin
arrow). It shows regular, rounded, basal euchromatic nuclei (N) and apical crowded abundant microvilli (thick arrow). Apical numerous secretory granules
with electron dense cores (Sg), prominent rough endoplasmic reticulum (Re) anddispersed mitochondria (m) are also seen. A part of smooth muscle fibers
(Sm) is noticed.

Group II (B,C,D,E). (B): A part of an acinus lining epithelium resting on a regular thick basal lamina (thin arrow). The columnar secretory cells have irregular
basal heterochromatic nuclei (N) and mildly dilated cisternae of rough endoplasmic reticulum (Re). Their apical parts show scattered few microvilli (thick
arrow) and secretory granules with dense granular appearance (Sg). Noticed, intraepithelial inflammatory cell with pale cytoplasm (Lm). (C): Other part of an
acinus lining epithelium with prominent smooth muscle fibers with their dense bodies (Sm). It shows two cell types; tall columnar luminal and basal cells. The
luminal cells have irregular basal heterochromatic nuclei (N), extensive dilated cisternae of endoplasmic reticulum (Re), few apical secretory granules with
dense granular appearance (Sg) and polymorphic lysosomes (Ls). A basal one with indented flat heterochromatic nucleus (n) is well seen. (D): A part of mucosal
fold with stratified epithelium. Its cells have irregular shaped heterochromatic nuclei (N) with irregular arrangement cisternae of endoplasmic reticulum (Re).
Apical secretory granules; dense cores, dense granular cores (Sg), empty (E) numerous aggregated microvilli (arrow) and aggregated, dispersed mitochondria
(m)can be observed. (E): A part of an acinus epithelium with a focal area of stratification. Its cells have irregular shaped nuclei; rounded, oval, apoptotic (N),
dilated cisternae of endoplasmic reticulum (Re), aggregated mitochondria (m) and polymorphic lysosomes (Ls) Group III (F): Reveals a part of an acinus
epithelium with a focal area of stratification (square). Indented nuclei (N), apical aggregated microvilli (thick arrow) with secretory granules having electron
dense cores (Sg) and others are empty (E) and Prominent Golgi apparatus (ga) are identified. Smooth muscle fibers with their dense bodies (Sm) and flat oval
nuclei (n) are observed (TEM).
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Table 1: Comparison between the body weights of the different groups

Body weight (g) Group I Group II Group 111 P Value
Min.-Max. 196.73-204.65 193.85-204.55 191.12-200.28 0.100
Mean+ S.D 200.833+3.048 199.054+3.939 196.631+3.279 ’
Table 2: Comparison between the Prostate weights of the different groups
Prostate weight (g) Group I Group II Group III P Value
Min.-Max. 6.58-8.05 6.23-7.05 7.30-7.94 0.001°
<0.
Mean+ S.D 7.577+0.486 6.669+0.286 7.643+0.235
Table 3: Comparison between the Serum testosterone levels of the different groups
Serum testosterone
level (ng/ml) Group [ Group II Group 1T P Value
Min.-Max. 5.57-7.46 2.75-3.79 5.28-7.55 0.001°
<0.
Mean+ S.D 6.041+0.387 3.087+0.341 5.854+0.584
Table 4: Comparison between the epithelial heights of the different groups
epithelial heights Group I Group II Group III P Value
Min.-Max. 48.20-55.09 67.56-74.81 51.42-58.50 0.001"
<0.
Mean+ S.D 51.3+4.762 71.543+2.390 54.594+2.321
Table 5: Comparison between the Area % of collagen fibers of the different groups
Area % of collagen fibers Group I Group II Group III P Value
Min.-Max. 12.9-14.3 30.12-39.44 11.25-13.22 0.001"
<0.
Mean+ S.D 11.4£1.4 34.033+£3.398 12.36+0.788
Table 6: Comparison between the number positive nuclear ARs immunoexpression of the different groups
Number ofpo§1t1ve Group I Group II Group III P Value
nuclear reaction
Min.-Max. 35-50 11-16 37-48
<0.001"
Mean+ S.D 41.14+5.080 13.57£1.718 42.1+3.718
Table 7: Comparison between the number positive nuclear ERs immunoexpression of the different groups
Number ofpo;ltlve Group 1 Group II Group III P Value
nuclear reaction
Min.-Max. 6-7 20-24 8-11
<0.001"
Mean+ S.D 5.443.52 21.3+1.4 7.2+291
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DISCUSSION

Owing to its pervasive existence in daily life, EDCs
have recently attracted interest from the reproductive
science community. Thus, reproductive disorders caused
by EDCs are more common nowadays with regard to
male infertility. These disruptors with adverse effects
in adulthood are also vulnerable to male accessory sex
glands?, but little is known about its effects on prostate.
Also, BPA (as one of these EDCs) effects and mechanisms
on reproductive system still remain unclear.

Hyperplasia involves common prostatic disorders.
Surgical procedures with medical treatments are acceptable,
but not totally effective or free of complications. Therefore,
it is of vital importance to find a new method for treating
prostatic diseases. A new hope can be offered by the
evolving PRP sector!!3],

So, the present experimental study was designed to use
a histological and biochemical approaches for evaluating
the possible therapeutic effect of PRP against BPA induced
prostatic changes in adult albino rats.

In the present work, BPA did not have a substantial
effect on weight of the body. This result was in agreement
with other researchers,” who observed no substantial
difference in rats' body weight, when exposed to BPA. On
the other hand, body weight reduction was noticed by!2®),
who explained it by metabolic activity disruption. While,”
stated that BPA has an estrogenic action that induces
release of growth hormone and activates differentiation of
adipocytes, observed body weight increase.

Regarding the prostatic weight,?**1 explained this
decrease with regard to prostatic weight by the fact that the
prostate size and functions are primarily dependent on the
amount of testosterone that decreased followingaffection of
Leydig cells.They found that the low dose of BPA reduced
the weight of the testis, sperm count and germ cells. They
attributed this to failed spermatogenesis by decreasing
testosterone that stops meiosis of germ cells and activates
the pathway of Fas/FasL that encourages their apoptosis.
On the contrary,?” documented the selective effect of BPA
on the prostate lobes and its biological effects modified
with the dose. The pattern, however, was to increase the
weight of the DLP in a dose-dependent manner. However,
a direct correlation between its low dose and the prostate
has not yet been identified.

In the present study, there was a highly significant
decrease in serum testosterone level in BPA-treated group.
This result was in accordance with®!l, who discovered that
BPA could inhibit testosterone output by Leydig cells by
reducing expression of both steroidogenic enzymes and
steroidogenic acute regulatory (StAR) protein in a dose-
related manner. In addition,’® found that BPA decreases
testosterone production and secretion by modifying the
hypothalamic-pituitary-testicular axis and inhibiting
the activity of gonadotropic releasing hormone (GnRH)
neurons, A large histological variation in DLP was observed

in rats treated with BPA. Similar results were observed
by*233], who assumed that BPA caused organ affection and
toxicity by reducing the activity of antioxidant enzymes
with elevated nitric oxide (NO) and malondialdehyde levels
(MDA).The hypothesis that BPA also causes antioxidant
depletion, oxidative stress and the release of free radicles
is defined in this observation. The inflammatory cellular
infiltration was mediated by those radicals. In addition,
blood vessel dilation and congestion are components of
the inflammatory response, bringing more blood to the
degenerative or fibrosed areas.In addition,?¥ reported that
nuclear factor-kappa-p (NF-ximp) could also be stimulated
by these radicles. This pathway controls the development
of pro-inflammatory cytokines and the recruitment of
inflammatory cells that also contribute to the inflammatory
response.

Mast cells with blood capillaries heavily invading the
basement membrane have been documented in the current
research. These findings were in line with**! who referred
this to other mediators such as stem cell, VEGF and FGF
variables that could cause mast cell chemotactic migration
to vascularization sites. Invasive capillaries are a complex
phenomenon that begins with tryptases, Mast cell proteases
6 and 7 which play an important role in angiogenesis
and can act directly by cellular tryptase degradation of
the basement membrane so allowing endothelial cells to
penetrate, migrate and then proliferate. They also found
that degranulation and activation of mast cells were
associated with neovascularization.

This study demonstrated a statistically significant
increase in the percentage of the collagen in the stroma.
This finding coincided with?®, who reported that mast
cells are a key player in the process of inflammation and
fibrosis control and induction through toll-like signalling
of receptor-4 and increased pro-inflammatory cytokine
production.A sequel to this, TGF-f1 with a range of
cytokines continues to be considered the key to fibrosis.
They can drive fibroblast into myofibroblast proliferation
and differentiation. In addition,*” documented myocardial
fibrosis as a result of increased fibroblast proliferation and
activation of mast cells. More recently,*® discovered that
after BPA exposure, extensive thyroid fibrosis, referred
this to increase in the number of mast cells which may
be attributed to increased lipid peroxidation and reduced
enzymatic activity of antioxidants.

The secretory acini showed flattening of their lining
epithelium in the current work; this finding was in
accordance with?® who discovered that germ cell numbers
and sperm count were substantially reduced?’. have
recorded a similar substantial decrease in the height of
epididymis epithelial cells and adult rat seminiferous
tubules after BPA exposure, respectively. Both of these,
explained this by low testosterone levels.

In addition, in this study, numerous basal, intraepithelial
inflammatory cells, elevated columnar epithelium, focal
areas of stratification or proliferation and also numerous
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prostatic epithelial infolding were observed in other acini
in this sample.These results were in line with™*J, who
reported that 80 percent of prostatic inflammatory cells
consist of T-lymphocytes. Through the modulation of the
various signaling pathways, infiltrating intraepithelial
lymphocytes could encourage proliferation in a low
androgen state.Also,B” revealed that BPA was able to
cause DLP hyperplasia which was shown by increases
in epithelial height and expression of proliferating cell
nuclear antigen (PCNA).

Also,*! studied the crosstalk between mast cells and
BPH. They found that BPH could increase the migration of
mast cells and induce their activation.Conversely, cytokine
IL-6 derived from mast cells promotes BPH through
signalling pathways. Signal transducer&transcription
activator (STAT), as well as extracellular signal-regulated
kinase (ERK), mitogen-activated protein kinase (MAPK)
and cyclin D1 are the most important routes.Such methods
have an effect on cell formation, proliferation and
differentiation. This newly identified signalling, preventing
or interrupting mast cell migration will help us select better
therapeutic strategies for BPH patients.

Nuclear pattern changes have been identified in the
current research were in accordance with™*’l, who referred
these results to oxidative stress and lipid peroxidation as
a result of BPA exposure.Lipid peroxidation subsequently
stimulates endonuclease enzymes and interacts with DNA,
causing DNA damage or break. Furthermore,*¥ stated that
BPA induced comparable apoptosis by increasing cytosolic
Ca,, decreasing the transmembrane mitochondrial potential
and increasing Polymerase-1 cleavage activities.

Noted sloughing of these cells in conjunction with
cytoplasmic vacuolations and cellular detachment!**,
which could be correlated with changed intercellular
adhesion molecule expression, cadherin-10, which is an
important marker for luminal acinar cells.In addition,*!
stated that a cellular defense mechanism against injurious
substances may be possible. These dangerous substances
have been isolated and blocked from interfering with
cellular metabolism in vacuoles.Cellular detachment, on
the other hand, is one of the key cell loss mechanisms
involved in homeostatic cell size regulation. Terminal
differentiation and orderly loss of dying cells compensated
by cell renewal are closely correlated with this process.

Other observations were found by the electron
microscope, although some of the secretory cells had
hyperactivity symptoms, others with hypo-functions.
Similar findings were obtained by!*®), who stated that the
organelles involved in their secretory phase were mainly
influenced by changes after exposure to BPA.

The thickening of basal laminain this studywas in
agreement with®” mwho explained the thickening of
glomerular basement membrane by oxidative stress,
production of inflammatory cytokines and growth factors
lead to increased secretion of constitutional extracellular
matrix components of the GBM, excessive collagen type

IV deposition and decrease of excess extracellular matrix
degradation in diabetic nephropathy. While, in relation to
increased lysosomal observation,! found that lysosomal
number, composition and function are sensitive to various
external and internal stresses including oxidative stress,the
key mechanism of BPA-induced degenerative lesions,
which led to an increase in lysosome numbers as well as
lysosomal activity.

With regard to dilated endoplasmic reticulum,*”
reported that dilated reticulum in combination with
other cellular changes is obviously confirmation of
protein synthesis disruption.In addition, changes in the
development of proteins within dilated cisternae may block
the synthesizing of inhibitors of apoptosis such as Bcl-2
and/or the loss of proteins necessary for cell homeostasis,
leading to its degeneration.

Regarding to the few acinar cells with positive nuclear
ARs immunohistochemical findingwas concomitant
with®%  who postulated that BPA antagonises AR
activity through androgen binding rivalry, decreases
AR movement from cytoplasm into the nucleus and
prevents the formation of functional complexes that are
the prerequisite for transcription, leading to transcription
disruption and androgen-independent cell proliferation.On
the other hand,*” found that, the expression of AR steadily
increased with the rise in BPA dose. There is a debate as
to whether AR terms are up-regulated or down-regulated.
Therefore, the molecular processes of BPA on AR require
more advanced explanation and clarification.

Whereas, strong positive ER immunoexpression
in the nuclei of numerous basal cells of acini was in
accordance withP®", who confirmed that BPA functions as a
xenoestrogen. Thus, the ER number and gene activity may
be altered by BPA and interfere with hormone synthesis
and clearance as well. This induces an imbalance in
internal levels of androgen/estrogen. Also,*” and® stated
that the combination of BPA with ER led to an increase
in the ER expression, which correspondingly promoted
cell proliferation with exposure to lower doses of BPA.
In addition, they documented that BPA could increase
estradiol (E2) and decrease levels of testosterone lead to
significant increase in the serum E2/T ratio, which was
more pronounced at the high dose of BPA. This result was
close to the hormone level shift in the elderly and caused
BPH.

In the current study, PRP administration resulted in
improvement of the histological and biochemical changes
that observed in the BPA treated group. These findings
were consistent with research in other organs previously
recorded!™. found evidence of the regeneration of the
diabetic pancreatic islet and exocrine part. In addition,
PRP could position the pancreas in an environment that
is similar to postnatal growth, where new lobules have
been developed.Furthermore,®? found that in ischemia,
PRP has been shown to exert a protective effect.
Moreover,'™ reported that PRP markedly improved the
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dimethylnitrosurea (DMN)-induced changes in liver
enzymes followed by a major down-regulation of fibrosis
and markers of inflammation.

In addition,®*!”) showed that PRP offered substantial
safety primarily through anti-oxidant, anti-apoptotic, anti-
fibrotic and anti-inflammatory interventions in relation to
PRP enhancement.So, it can significantly enhance the mean
histopathological scores of epithelialization, apoptosis,
inflammation and fibrosis. In the same line,” noted that
by inducing ROS, PRP protects against UV-related photo-
aging that alters the oxidant enzymatic mechanism. PRP
has been shown to maintain the dermal fibroblast of the
mouse by reducing the accumulation of free radicals by
increasing the activity of intracellular antioxidant enzymes,
especially glutathione peroxidase (GPx).

In addition,®? stated that PRP acts as a regulatory
messenger of apoptosis as it reduces the expression of
kinase-1 (ASK-1) signal-regulating apoptosis, a typical
member of the family of mitogen-activated protein 3
kinase (MAP3K). These MAP3K modules containing
three protein kinases that are sequentially activated are
main components of a sequence of pathways critical
signal transduction that regulate cellular processes as
proliferation, differentiation and cell death.

Inaddition, by producing endogenous anti-inflammatory
factors and promoting the synthesis of other interleukins,
integrins, chemokines and cytokines,” suggested that
PRP could play a role as an anti-inflammatory agent!>’
indicated by other mechanisms that PRP inhibited excessive
deposition of collagen, indicating that PRP could decrease
fibrosis progression in damaged endometrium.

The antibacterial and analgesic effects of PRP have
also been highlighted by recent clinical studies?”. stated
that alpha particles, antimicrobial peptides, chemokines,
peroxides and other compounds are released by platelets,
all of which have antibacterial effects.Via chemotaxis and
immune cell activation, these substances can directly inhibit
or destroy pathogens, and also exert indirect antibacterial
effects. In the absence of bacterial infection, their various
actions can be confirmed by platelet GFs.

CONCLUSION AND RECOMMENDATIONS

BPA at low dose exposures induced deleterious effects
on the histological structure of the prostate and disturbed
reproductive hormones. Also, this study showed that PRP
offers protection against BPA induced prostatic damages
in rats. PRP showed significant signs of restoration of
the changes in prostate weight and histological with
biochemical parameters were improved near to normal.
So, this can open a new avenue for the treatment of BPA
toxicity in human. Also, we recommended more clinical
studies to establish a stronger evidence for effect of PRP
on BPA and its analogs induced complications in different
organs.
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