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Abstract 

Background: Bisphenol A (BPA) is a synthetic estrogen that predisposes 

to prostate disease. Indole-3-carbinol (I 3 C), found in vegetables, has 

chemo-protective properties in hormone dependent cells. This work 

investigates the harmful effect of prenatal exposure to BPA on rat prostate 

and the protective effect of I3C. Material& methods: 30 pregnant albino 

rats were divided equally into 3 groups: 1- Control group: received no 

medication. 2- Bisphenol group: received 25 μg BPA / kg body weight 

(BW), orally by gavage once daily from 8
th

 day of pregnancy to day 21. 3- 

Bisphenol and indole group: received 25 μg BPA / kg BW, orally by 

gavage once daily plus 2 g I 3 C/kg chow, from 8
th

 day of pregnancy to day 

21. The prostates were collected from male offspring at 1 and 3 months 

after birth and were examined by light and electron microscopes. Results: 

The prostates from bisphenol group showed epithelial hyperplasia, 

increased intraluminal papillary projections and inflammatory cells in the 

interstitial space. The acinar cells presented heterochromatic irregular nuclei, vacuolated 

mitochondria and degenerated microvilli. Multiple layers of fibroblasts accumulate outside the 

basement membrane. The prostates from bisphenol and indole group showed a nearly intact simple 

columnar epithelial lining of the acini with basal rounded nuclei, normal mitochondria and intact 

apical microvilli.Conclusion: Prenatal exposure to BPA has a harmful effect on prostate. Maternal 

I3C feeding during pregnancy has a protective effect against the gestational BPA harmful imprinting 

on the prostate. 
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Introduction: 

BPA is a synthetic estrogen used in production 

of polycarbonate plastics, epoxy resins, dental 

sealants and thermal receipt paper [1]. Epoxy 

resins are used as coating materials for food 

cans and metal lids, whereas polycarbonate is 

used in manufacture of house hold appliances, 

food packaging materials, plastic bottles, baby 

bottles and many other products [2]. 

Incomplete polymerization of BPA leads to its 

leaching and subsequent human oral exposure, 

as evidenced by the detection of BPA in 

human urine, serum, maternal and fetal 

plasma, amniotic fluid, placenta, and adipose 

tissue [3-4]. Recent studies have indicated that 

humans are also exposed to BPA through 

inhalation as well as via absorption through 

the skin and mucosal membranes of mouth 

[5]. 

In rodents, BPA has been shown to traverse 

the placenta [6] and it is also present in fetal 

serum during pregnancy [7]. Previous studies 

suggest that perinatal exposure to BPA has 

profound effects on rodent hormone 

dependent tissues long after exposure elapsed 

[8-9]. In prostate, BPA changes normal 

prostate development and predisposes to 

prostate disease [10]. I3C is the main 

bioactive compound found in high 

concentrations in vegetables of the 

Brassicaceae family, including broccoli, 

cauliflower, cabbage and Brussels sprouts. 

I3C has been investigated for its chemo-

protective properties in prostate gland [11]. In 

hormone dependent cells, 13C suppressed 

responsiveness to estrogen and decreased the 

expression of estrogen receptor alpha (ERa) 

[12]. 

Aim of the work: The aim of this work is to 

investigate the harmful effect of prenatal 

exposure to BPA on rat prostate at ages of 1 

and 3 months and the possible protective 

effect of I3C. 

Materials and methods 

A) Materials:  

1- Animals: Forty adult female albino rats 

were used in this study, their weight ranged 

from 200-250 gm each. They were obtained 

from animal house, Faculty of Veterinary 

Medicine, Benha University and were kept in 

the experimental animal unit, faculty of 

medicine, Benha University. The rats were 

maintained under standard conditions in metal 

cages (2 rats/cage) at temperature 22± 2°C, 

humidity 55±20% and with 12 hours 

dark/light cycle. They were allowed to free 

access to water supplied from glass bottles and 

balanced chow prepared in the experimental 
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animal breeding farm, Helwan, Cairo. All 

aspects of the research were compiled with the 

protocols approved by local ethical committee 

of Faculty of Medicine, Benha University. 

After a 1-week acclimation period, each 2 

Females were caged overnight with one adult 

male of proven fertility. The day that sperms 

were found in the vagina (detected by 

microscopically examined vaginal swap) was 

designated day 1 of pregnancy. 

2- Drugs: Two drugs were used in this study: 

Bisphenol A (BPA): In the form of white 

powder dissolved in canola oil. The chemical 

is from LOBA Chemie, Pvt. Ltd. 107, 

Wodehouse Road, Mumbai 400005 India. For 

preparation of a solution of BPA with 

concentration of 25 μg of BPA/ml: 250 mg of 

BPA was added to 100 ml of canola oil. Each 

one ml of the formed solution contained 2.5 

mg of BPA. Then one ml of this solution was 

added to 9 ml of canola oil. Each one ml of 

the formed solution contained 250 μg of BPA. 

Then one ml of this solution was added to 9 

ml of canola oil. Each one ml of the formed 

solution contained 25 μg of BPA . 

   Indole 3 carbinol (I 3 C): In the form of 

white powder. The chemical is from LOBA 

Chemie, Pvt. Ltd. 107, Wodehouse Road, 

Mumbai 400005 India. The drug was added to 

diet in dose 2 g/kg chow. 

B) Experimental design: 

   Pregnancy was proved and timed in only 30 

female rats. These rats were divided equally 

into three groups: 

1- Control group: 10 rats did not receive any 

medication. 

2- Bisphenol group: 10 rats received 1 ml/kg 

bw from the solution with concentration of 

25μg  of BPA/ml, orally by gavage once daily 

[13] from 8
th

 day of pregnancy up to day 21. 

3- BPA with I 3 C group: 10 rats received 1 

ml/kg bw from the solution with concentration 

of 25μg of BPA/ml, orally by gavage once 

daily plus 2 g of I 3 C/ kg chow [13] from 8th 

day of pregnancy up to day 21. Pups were left 

with lactating mothers for 2 weeks then 

isolated. Then they were divided into 2 

subgroups to be sacrificed at 1 and 3 months 

after birth. 

1- Collection of prostate specimens:  

The rats of each group were anaesthetized by 

light ether inhalation, then each rat was placed 

on its back on polystyrene foam wrapped in 

foil, and the four limbs were spread. The four 

limbs were pinned firmly using 16 to 20 gauge 

needles. A V-shaped abdominal incision with 
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its apex at the symphysis pubis was made 

through all layers. The lower abdominal 

viscera were thus widely exposed. The urinary 

bladder and ventral lobes of the prostate were 

freed carefully by sharp dissection .The 

urinary bladder and seminal vesicles were 

reflected to one side to reveal the ventrolateral 

boundary of the lateral lobe. The bulky and 

easily dissected, ventral and dorsolateral lobes 

were collected. 

2- Preparation for Light microscopic 

examination: [14]. 

The specimens were fixed in 10% buffered 

neutral formalin then, transferred to ethyl 

alcohol for dehydration. The specimens were 

cleared in xylol. Then, impregnated with soft 

paraffin and finally, embedded in hard 

paraffin. Serial sections 5-7 pm thick were 

sliced and stained with Hematoxylin & Eosin 

(H&E) and Masson's Trichrome staining. The 

stained slices were photographed using a 

digital camera (Axioskop MRc5; Carl Zeiss, 

Oberkochen, Germany) attached to the 

microscope (Axioskop 40, Carl Zeiss, 

Germany) in Anatomy and Embryology 

Department, Benha faculty Of Medicine, 

Benha University 

 

3- Preparation for Electron microscopic 

examination: [14]. 

The fresh specimens were fixed in 3% 

phosphate buffered glutaraldehyde. The 

specimens were post fixed in a freshly 

prepared 1% osmium tetroxide in phosphate 

buffer then dehydrated. The dehydration was 

completed by propylene. The specimens were 

then embedded in pre-labeled plastic capsule. 

These capsules were polymerized in a 

temperature controlled oven at 60°C for 48 

hours. The polymerized block was trimmed 

into a pyramid with a small trapezoid surface. 

Semi thin sections were cut at 1 um thickness, 

and then the sections were stained with 1% 

toluidine blue stain and examined by the 

Olympus microscope for general orientation. 

Ultra-thin sections: 50 nm thick were obtained 

from the selected blocks and mounted on 

copper grids. After that the grids were stained 

with uranyl acetate followed by lead citrate 

and were examined by JEOL, JSM-52500 LV 

scanning electron microscope, Japan, at 

Electron Microscope Unit of Faculty of 

Medicine, Tanta University, Tanta, Egypt. 

Finally, the electron micrographs were taken 

from the selected areas.  
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Results:  

A- Prostate gland of rats aged 1 month: 

Light microscopy: 

1- Control group:  

 By H&E stain, the acini were lined with 

simple columnar epithelium with basal dark 

rounded nuclei and supranuclear pale 

acidophilic cytoplasm. The acini were 

surrounded by a delicate layer of 

fibromuscular stroma. The interstitial space 

contained scanty connective tissue (fig. 

1a,1b). By Masson's Trichrome stain, The 

interstitial space contained scanty collagen 

fibers (fig. 2). 

2- Bisphenol group:  

 By H&E stain, some acini were lined with 

simple columnar epithelium but others had 

epithelial hyperplasia. The acini were 

surrounded by slightly thickened 

fibromuscular stroma. Some acini contained 

acidophilic secretions. The interstitial space 

contained increased amount of connective 

tissue, congested blood vessels and 

inflammatory cells (fig. 3a, 3b, 3c). By 

Masson's Trichrome stain, the interstitial 

space contained increased amount of collagen 

fibers (fig. 4). 

 

3- Bisphenol and indole group: 

 By H&E stain, the acini were lined by simple 

columnar epithelium with formation of 

subepithelial capillaries. The acini were 

surrounded by slightly thick fibromuscular 

stroma. The interstitial space contained scanty 

connective tissue and congested blood vessels 

(fig. 5a, 5b ). By Masson's Trichrome stain, 

The interstitial space contained scanty 

collagen fibers (fig. 6). 

Electron microscopy: 

1- Control Group: 

The columnar cells lining the acinus had 

apical microvilli and contained basal nuclei 

with prominent nucleoli, normal 

mitochondria, Golgi complex, and plenty of 

rough endoplasmic reticulum. A basal cell was 

noted resting on the basement membrane (fig. 

7a, 7b). 

2- Bisphenol group: 

The acinar cells had multiple levels of 

irregular, heterochromatic nuclei with 

different sizes and contain dark, irregular 

nucleoli. These signs indicated the 

hyperplasia. The acinar cell lacked the apical 

microvilli and contained vacuolated 

mitochondria, Golgi complex and rough 

endoplasmic reticulum. There were multiple 
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layers of fibroblasts outside the basement 

membrane (fig. 8a, 8b). 

3- Bisphenol and indole group: 

    The columnar cells lining the acinus 

contained rounded basal nuclei with 

prominent nucleoli. The chromatin material 

was condensed around the periphery of nuclei. 

The cytoplasm contained normal 

mitochondria, Golgi complex and rough 

endoplasmic reticulum. The luminal surface of 

the columnar cells had microvilli. A basal cell 

was noted resting on the basement membrane 

(fig. 9). 

 

 

Fig. 1(a): A photomicrograph of a section of a prostate gland of a rat from (control group) aged 1 month old showing: 

Acini (A) are lined with simple columnar epithelium (arrows). The interstitial space contains scanty connective tissue ( 

(H&E x200)  

Fig. 1(b): A higher magnification of the previous section showing: The epithelial cells have basal dark rounded nuclei and 

supranuclear pale acidophilic cytoplasm ( arrows ). The acini are surrounded by a delicate layer of fibromuscular stroma 

(arrow heads)  (H&E x400) 
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Fig. 2: A photomicrograph of a section of a prostate gland of a rat from (control group) aged 1 month old showing: The 

interstitial space in between the acini (A) contains scanty collagen fibers (C).  (Masson's Trichrome x 200) 

 

Fig. 3(a): A photomicrograph of a section of a prostate gland of a rat from (bisphenol group) aged 1 month old showing: 

Some acini are lined with simple columnar epithelium (arrows) but others have epithelial hyperplasia (star). Some acini 

contain acidophilic secretions (S). The interstitial space contains increased amount of connective tissue (CT) and 

inflammatory cells (I). (H&E x200) 

Fig. 3(b):A higher magnification of the previous section showing: Epithelial hyperplasia in some acini (star). There is 

slightly thick fibromuscular stroma around some acini (arrow heads) (H&E x400) 
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Fig. 3(c): A higher magnification of fig. 3(a) showing: The interstitial space contains congested blood vessel (BV) and 

inflammatory cells (arrows). (H&E x400) 

 

Fig. 4: A photomicrograph of a section of a prostate gland of a rat from (bisphenol group) aged 1 month old showing: The 

interstitial space in between the acini (A) contains increased amount of collagen fibers (C).  (Masson's Trichrome x200) 
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Fig. 5(a): A photomicrograph of a section of a prostate gland of a rat from (bisphenol and indole group) aged 1 month old 

showing: Acini (A) are lined by simple columnar epithelium (arrow) and the interstitial space contains scanty connective 

tissue (S) and congested blood vessels (BV). (H&E x200)  

Fig. 5(b): A higher magnification of the previous section showing: Slightly thick fibromuscular stroma around some acini 

(arrow heads) and formation of subepithelial capillaries (arrow). (H&E x400) 

 

Fig. 6: A photomicrograph of a section of a prostate gland of a rat (bisphenol and indole group) aged 1 month old 

showing: The interstitial space in between the acini (A) contains scanty collagen fibers (C). (Masson's Trichrome x200) 
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Fig. 7(a): An electron micrograph of a section of a prostate gland of a rat (control group) aged 1 month old showing: The 

columnar epithelium lining the acinus (arrows). The columnar cells contain basal nuclei (N), with prominent nucleoli (n). 

Notice the basement membrane (star) with a basal cell (BC) resting on it. (E/M x2000)  

Fig. 7(b): A higher magnification of the previous section showing: The columnar cells have apical microvilli (arrow) and 

contain normal mitochondria (M), Golgi complex (G) and plenty of rough endoplasmic reticulum (R).   (E/M ×5000) 

 

Fig. 8(a): An electron micrograph of a section of a prostate gland of a rat from (bisphenol group) aged 1 month old 

showing: The acinar cells have multiple levels of nuclei (N). The nuclei have different sizes and irregular shapes. These 

signs indicate the hyperplasia. Notice the dark layer of basement membrane (star) and multiple layers of fibroblasts (F) 

outside it.(E/M x1000) 
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Fig. 8(b): A higher magnification of the previous section showing: The acinar cell lacks the apical microvilli (arrow) and 

contains irregular, heterochromatic nucleus (N) with dark, irregular nucleolus (n). The mitochondria are vacuolated with 

loss of their cristae (M). Notice Golgi complex (G) and rough endoplasmic reticulum (R) (E/M ×5000) 

 

Fig. 9: An electron micrograph of a section of a prostate gland of a rat from (bisphenol and indole group) aged 1 month 

old showing: The columnar epithelium lining the acinus (arrows). The columnar cells contain rounded basal nuclei (N), 

with prominent nucleolus (n). The chromatin material is condensed around the periphery of nuclei (arrow heads). The 

cytoplasm contains normal mitochondria (m), Golgi complex (G) and rough endoplasmic reticulum (R). The luminal 

surface of the columnar cells has microvilli (arrows). Notice the basement membrane (star) and the basal cell (BC) resting 

on it. (E/M x2000)  

B-Prostate gland of rats aged 3 months:  

Light microscopy: 

1- Control group:  

By H&E stain, the acini were lined with 

simple columnar epithelium with basal dark 

rounded nuclei and supranuclear pale 

acidophilic cytoplasm. The acini were 

surrounded by a delicate layer of 

fibromuscular stroma. The interstitial space 

contained scanty connective tissue (fig. 10a, 

10b). By Masson's Trichrome stain, the 

interstitial space contained scanty collagen 

fibers (fig. 11). 

2- Bisphenol group:  

By H&E stain, some acini had intraluminal 

papillary projections. Epithelial hyperplasia 

was seen in some acini and some epithelial 

cells showed vacuolated cytoplasm. The 
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interstitial space contained congested blood 

vessels and increased amount of connective 

tissue (fig. 21a, 12b). By Masson's Trichrome 

stain, the interstitial space contained increased 

amount of collagen fibers (fig. 13). 

3- Bisphenol and indole group: 

By H&E stain, the acini were lined by simple 

columnar epithelium with basal dark rounded 

nuclei and supranuclear pale acidophilic 

cytoplasm. Some epithelial cells had 

cytoplasmic vacuolation. The fibromuscular 

layer around the acini was delicate. The 

interstitial space contained scanty connective 

tissue and congested blood vessels (fig. 14a, 

14b). By Masson's Trichrome stain, the 

interstitial space contained scanty collagen 

fibers (fig. 15). 

Electron microscopy: 

1- Control Group: 

The columnar cells lining the acinus has apical 

microvilli and contains basal nuclei, normal 

mitochondria, Golgi complex and rough 

endoplasmic reticulum (fig. 16a, 16b). 

2- Bisphenol group: 

The acinar cells had multiple levels of nuclei 

with different sizes and irregular in shape. 

Some cells have mitotic figures. These signs 

indicated the hyperplasia. The acinar cells had 

degenerated apical microvilli. The 

supranuclear cytoplasm contained lysosomes 

and dilated vacuolated mitochondria beside the 

other normal mitochondria, Golgi complex and 

rough endoplasmic reticulum (fig. 17a, 17b). 

3- Bisphenol and indole group: 

    The columnar cells lining the acinus 

contained basal nuclei. The cytoplasm 

contained normal mitochondria, Golgi 

complex and rough endoplasmic reticulum. 

The luminal surface of the columnar cells had 

microvilli (fig. 18) 
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Fig. 10(a): A photomicrograph of a section of a prostate gland of a rat from (control group) aged 3 months old showing: 

Acini (A) are lined with simple columnar epithelium (arrows). The interstitial space contains scanty connective tissue (S). 

(H&E x200) 

Fig. 10(b): A higher magnification of the previous section showing: The epithelial cells have basal dark rounded nuclei 

and supranuclear pale acidophilic cytoplasm (arrows). The acini are surrounded by a delicate layer of fibromuscular 

stroma (arrow heads). (H&E x400) 

 

Fig. 11: A photomicrograph of a section of a prostate gland of a rat from(control group) aged 3 months old 

showing: The interstitial space in between the acini (A) contains scanty collagen fibers (C). (Masson's Trichrome 

x200) 
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Fig. 12(a): A photomicrograph of a section of a prostate gland of a rat from (bisphenol group) aged 3 month old showing: 

Some acini have multiple intraluminal papillary projections (curved arrows). Epithelial hyperplasia is seen in some acini 

(star).  (H&E x200) 

Fig. 12(b): A higher magnification of the previous section showing: Epithelial hyperplasia is seen in some acini( star ). 

Some epithelial cells show vacuolated cytoplasm (arrows). The interstitial space contains congested blood vessels (BV) 

and increased amount of connective tissue (CT). (H&E x400) 

 

Fig. 13: A photomicrograph of a section of a prostate gland of a rat from (bisphenol group) aged 3 months old showing: 

The interstitial space in between the acini (A) contains increased amount of collagen fibers    (Masson's Trichrome x200) 
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Fig. 14(a): A photomicrograph of a section of a prostate gland of a rat from (bisphenol and indole group) aged 3 months 

old showing: The acini (A) are lined by simple columnar epithelium (black arrows). Some epithelial cells have 

cytoplasmic vacuolation (red arrows). The interstitial space contains scanty connective tissue (S) and congested blood 

vessel (BV).  (H&E x200)  

Fig. 14(b): A higher magnification of the previous section showing: The epithelial cells have basal dark rounded nuclei 

and supranuclear pale acidophilic cytoplasm (arrows). The fibromuscular layer around the acini is delicate (arrow heads).  

(H&E x400) 

 

Fig. 15: A photomicrograph of a section of a prostate gland of a rat from (bisphenol and indole group) aged 3 months old 

showing: The interstitial space in between the acini (A) contains scanty collagen fibers (C).  (Masson's Trichrome x200) 
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Fig. 16 (a): An electron micrograph of a section of a prostate gland of a rat from (control group) aged 3 months old 

showing: The columnar epithelium lining the acinus (arrows) .The columnar cells contain basal nuclei (N). Notice the 

basement membrane (star).(E/M x2000) 

Fig. 16 (b): A higher magnification of the previous section showing: The columnar cells have apical microvilli (arrow) 

and contain normal mitochondria (M), Golgi complex (G) and rough endoplasmic reticulum (R).  (E/M x5000) 

 

Fig. 17(a): An electron micrograph of a section of a prostate gland of a rat from (bisphenol group) aged 3 months old 

showing: The acinar cells have multiple levels of nuclei (N). The nuclei have different sizes and irregular in shape. These 

signs indicate the hyperplasia. Notice the dividing epithelial cell (arrow heads) and the basement membrane (star).(E/M 

x1000) 
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Fig. 17(b): A higher magnification of the previous section showing: The luminal surface of the epithelial cells has 

degenerated microvilli (arrow heads). The supranuclear cytoplasm contains dilated and vacuolated mitochondria (arrows) 

and lysosomes (L). Other mitochondria are intact (M). Notice normal Golgi complex (G) and rough endoplasmic 

reticulum (R).   (E/M ×5000) 

 

Fig. 18(a): An electron micrograph of a section of a prostate gland of a rat from (bisphenol and indole group) aged 3 

months old showing: The columnar epithelium lining the acinus (arrows). The columnar cells contain basal nuclei (N). 

Notice the basement membrane (star). (E/M x1000) 

Fig. 18(b): A higher magnification of the previous section showing: The cells contain basal nuclei(N). The luminal 

surface of the columnar cells has microvilli (arrows). The cytoplasm contains normal mitochondria (M), Golgi complex 

(G) and rough endoplasmic reticulum (R).  (E/M x5000) 

Discussion: 

The present study was carried out to show the 

effect of prenatal exposure to 25  mg bisphenol 

A/kg BW on rat prostate gland at ages 1 and 3 

months. This study also investigated the 

protective effect of gestational exposure to I3C 

on the harmful effects of BPA on rat prostate 

gland.In the present study, histological 

examination of prostates of BPA treated group  

 

at both ages revealed epithelial hyperplasia and 

in addition at 3 months showed increased 

intraluminal papillary projections. These 

findings run in accordance with Brandt et al. 

[13] and Hassan et al. [15]. They detected 

epithelial hyperplasia and papillary projections 

in prostates from rat’s pre and postnatally 

exposed to BPA. 
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Also these findings are in agreement with 

Huang et al. [16] who revealed glandular 

prostatic hyperplasia with an increase in the 

degree of papillary in folding in adult rat 

prostates treated by BPA for 30 days.  

This prostatic hyperplasia and intraluminal 

papillary projections were explained by 

Huang et al. [17], who reported that the 

prostate gland is sensitive to estrogen, and that 

exposure to synthetic estrogens alters prostate 

development and differentiation. The 

hyperplasia of prostatic acini results from 

increasing the proliferation of basal epithelial 

cells [18]. 

In the present study, the thick fibromuscular 

stroma around the prostatic acini of BPA 

treated group aged 1 month is in agreement 

with Ramos et al. [19]. They detected an 

increase in stroma of prostate in BPA-treated 

animals and demonstrated presence of thicker 

layer of fibroblasts by using vimentin and 

smooth muscle actin markers. They suggested 

that could be the result of
 
either a modified 

proliferation: apoptosis ratio in early stages
 
of 

development or altered differentiation of 

periacinar mesenchymal
 
cells. 

In our study, the interstitial space of prostates 

of BPA treated groups at both ages of the 

experiment, showed congested blood vessels. 

This finding runs in accordance with other 

study.[20]. They found congestion of the 

interstitial space of prostates from rats aged 

1.5 months treated with 100  mg g BPA / kg 

bw for 15 days. Also, congested blood vessels 

were detected in the interstitial space of 

prostates from adult rats treated with 10 mg 

BPA / kg BW for 14 days. [21] 

The mechanism of the interstitial blood vessels 

dilatation is explained by the fact that the 

increase in the ratio of oxygen need to the 

oxygen supply causes an increased adenosine 

production rate which lead to dilatation of the 

vessels and increased blood flow in order to 

restore the oxygen ratio to the normal level. 

[22]  

The present study detected the presence of 

inflammatory cells in the interstitial space of 

prostates from BPA treated rats, at age of 1 

month. This finding is partially in agreement 

with others who detected multifocal 

inflammatory infiltrate, predominantly 

comprised mononuclear cells which is a 

characteristic of chronic inflammation, in 

Sprague Dawley rat ventral prostate at 6 

months of age after prenatal exposure to 25 

mg/kg bw/day of BPA. But in contrast to our 

study he did not found the same finding in rats 

at age of 21 days. [23], 

The interstitial inflammation detected by the 

present study also runs in accordance with a 
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research which showed that exposure to 

endocrine disruptors during pregnancy can 

increase incidence of inflammatory foci. [24]. 

Also it was revealed that acute prostatitis with 

severe inflammatory cells infiltration, inside 

and around the prostatic acini, in adult rat was 

treated by BPA. [25]   

 This study showed vacuolated cytoplasm in 

epithelial cells of BPA treated groups at ages 

of 3 months. This finding is in agreement with 

the histological findings reported before, as 

rupture and vacuolation in epithelium of the 

secretory units of prostates from rats, aged 1.5 

months, treated by 50 mg/kg bw/day of BPA 

for 15 days. [20] 

In the present study, at both ages, the Masson's 

Trichrome stained sections showed increased 

amount of collagen fibers in the interstitial 

space of BPA treated prostates. These data are 

in agreement with what was reported as 

increased density of collagen fibers that 

appeared as compact bundles around the 

prostatic acini at ages of 21 and 180 days from 

rats prenatally treated by BPA at doses of 25 

mg/kg bw/day [13]. Also it was reported that 

great amount of the collagen fibers around the 

acini and around the dilated congested blood 

vessels in Masson's Trichrome stained 

prostatic sections from adult rats treated by 

BPA at dose of 25 mg/kg bw/day for 30 days. 

[25] 

In the present study, at both ages, the 

ultrastructural examination of prostates from 

BPA treated group, revealed epithelial 

hyperplasia with multiple levels of 

heterochromatic nuclei. The nuclei were of 

different sizes and irregular shapes. These data 

are like those reported before that prenatal 

exposure to low doses of BPA resulted in 

appearance of hyperplastic lesions with nuclei 

of different sizes and shapes. [26].  This was 

also supported by the study carried out in the 

same year [27], in which Sprague-Dawley
 
rats 

were treated with environmentally relevant 

dose of BPA
 
at 1, 3 and 5 days after birth. 

They found that BPA increased the 

susceptibility of
 
prostate gland to hyperplastic 

lesions with nuclei of different sizes and 

shapes.  

These findings are also in concomitant with 

the study performed before where the effect of 

chronic administration of estradiol on prostate 

of guinea pigs. They observed in treated group 

areas of epithelial stratification with nuclei of 

various forms, sizes and heights as well as 

irregular chromatin distribution patterns, was 

examined [28]. 

In our work, the prostatic epithelium of BPA 

treated groups at both ages showed vacuolated 
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mitochondria and loss of microvilli from the 

luminal surface of the cells. These findings are 

in accordance with others who observed the 

vacuolated mitochondria and loss of cellular 

activity in prostates of rats, aged 1.5 months 

and were treated by 100 mg/kg bw/day of BPA 

for 15 days. They also reported dilated rough 

endoplasmic reticulum and loss of microvilli 

in seminal vesicles of the same rats [20]. 

In the present study, the prostates from 

bisphenol and indole treated groups at both 

ages, showed nearly healthy simple columnar 

epithelium with basal regular nuclei and intact 

organelles. The interstitial space showed 

normal amounts of collagen fibers. These data 

run in accordance with a previous study where 

it was observed that stroma that appeared was 

less dense in cells and fibers and decreased 

incidence of multifocal inflammation, 

epithelial hyperplasia and papillary folds in 

rats treated prenatally by BPA and I3C than 

the groups treated only by BPA [13]. 

More studies [11and 29] observed a 

significant reduction in the histological 

progression of prostate tumors in transgenic 

adenocarcinoma of the mouse prostate in mice 

that received I3C.  

In addition, it was demonstrated that I3C could 

increase the antioxidant activity of nuclear 

factor-erythroid 2-related factor in prostate 

tumor cells. As a result, better protection 

against oxidative stress and its induced tissue 

damage, and reduced inflammatory effect due 

to BPA were observed [11]. 

Conclusion:  

Prenatal exposure to BPA has a harmful effect 

on prostate development and growth. Maternal 

I3C feeding during pregnancy has a great 

protective effect and can reduce the harmful 

effects of gestational BPA imprinting on the 

prostate. 
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