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ABSTRACT 

Introduction: Growing evidence from research on laboratory animals, wildlife, and humans 

supported the view that bisphenol A (BPA) & octylphenol (OP) produce an endocrine disrupting 

effect and adversely affects male reproductive function. 

Aim of the work: To investigate the effects of  supplementation of either BPA or OP 

and their cessation on the testis of adult albino rats. 

Materials and Methods: Fifty adult mal albino rats were divided into 3 groups. Group I 

was considered as control. Rats of Group II (BPA-group) and III (OP-group) were 

gavaged 25mg/kg BW/day of BPA and OP respectively 3 times / week (day after day) 

for 4 weeks. At the time of sacrifice, all rats were anesthetized with ether, blood samples 

for testosterone were aspirated and testes samples were processed for light and electron 

microscopic examination. Also, the area of seminiferous tubules, epithelial height, area 

percentage of collagen fibers and estrogen beta receptors immunoreactivity were 

morphometrically analyzed. 

  

Results: The testes of BPA treated group showed many disorganized semineferous 

tubules with vacuolated germinal epithelium having  degenerated nuclei and resting on 

thick and irregular basement membrane. Blood testis barrier was disrupted. Many 

spermatids had distorted with abnormally distributed mitochondria. Most of cross 

sections of sperms were markedly disorganized. A significant increase in the collagen 

fibers (25.2±7.7) were found with significant decrease (1.54±0.11) in the estrogen 

receptors immunoreactions and in serum testosterone (100.91±2.60pg/ml). The cessation 

of BPA mildly improved these effects (20.7±2.4, 7.11±0.24 and 118.70±2.87pg/ml 

respectively). On the other hand, exposure to OP induced non-significant increase in 

collagen fibers (16.7±4.5) with non-significant decrease in the estrogen receptors 

immunoreactions and in serum testosterone (5.29±0.48,and 122.90±1.53 pg/ml 

respectively). On recovery, the testes resumed their normal structure and the serum 

testosterone returned to the normal value. 

Conclusion: The BPA induced marked destruction in the adult rat testis and its recovery 

was mild. While, the OP has mild destructive effects and rapid complete recovery to the 

normal parameters. 
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INTRODUCTION 

The extensive use of synthetic estrogen (Xenoestrogens)  products results in a high 

human exposure worldwide. Xenoestrogens are endocrine disrupting chemicals (EDC) as 

they mimic the action of the natural hormone 17β-estradiol in estrogen-dependent 
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tissues. Xenoestrogens include many compounds such as plasticizers which provide 

durability and flexibility to plastics as phthalates, bisphenol, octylphenol, etc,… [1, 2]. 

Bisphenol A (BPA) is one of the most extensively used industrial chemicals worldwide 

due to its presence in a wide variety of products including polycarbonate plastics 

containers;in the epoxy resin that lines the inside of metal food cans, in medical devices, 

children toys and in polymers that are used in dental devices, dental fillings and 

sealants[3&4]. 

Octylphenol (OP) belongs to the group of alkylphenol- polyethoxylates which are 

organic compounds obtained by alkylation of phenols. OP is used in manufacture of 

plasticizers, resins, hard surface cleaners, some personal care products, herbicides, 

spermicides and paints[5&6]. 

It is thought that human exposure mainly occurs through diet as polymers containing 

BPA or OP can be hydrolyzed under high temperature and acidic or basic conditions 

during autoclaving and sterilization with harsh detergents[7&8]. However, recent 

evidence also indicates that exposure may occur through dermal contact with thermal 

papers used widely in cash register receipts [9]  

Both BPA and OP are of concern to environmental public health because of the high 

potential for exposure of humans to these phenols. Besides, their endocrine disrupting 

properties[10]. 

Therefore, the aim of this work is to compare between the histological, and 

immunohistochemical changes of adult male albino rat's testis upon exposure to BPA 

and OP. Also, to detect the possibility of improvement after cessation of their 

administration. 

MATERIALS AND METHODS: 

Chemicals  

 Bisphenol A (BPA) 97% pure: (CAS No. 80-05-7).  Octylphenol (OP) 99% pure: (CAS  

No.  1806-26-4). All chemicals were obtained from Sigma Chemical Com. 

Animals:   

Fifty healthy adult male albino rats (9 weeks old) with average weight 200-250 gm were 

used. They were housed in stainless steel cages at Animal House, Faculty of Medicine, 

Zagazig University. They were housed at room temperature, fed standard balanced diet 

and allowed water ad-libitum. All experiments were carried out in accordance with the 

research protocols established by the Animal Care Committee of the National Research 

Center (Cairo, Egypt), which followed the recommendations of the National Institutes of 

Health Guide for Care and Use of Laboratory Animals (Publication No. 85-23, revised 

1985). The rats were allowed to adjust to their new surrounding environment for 5 days. 

After acclimatization 

Experimental Design[11]:  The rats were divided into 3 groups as follow: 

Group I (control group): Includes10 rats, which subdivided into 2 equal subgroups: 

Negative control subgroup (Ia): rats received only regular diet and water and  
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Positive control subgroup (Ib): rats received 5ml/kg body weight in corn oil 

(solvent) by oral gavage 3 times daily, 3 times / week for 4 weeks. 

Group II: Included 20 rats, each rat was given 25mg of BPA/kg BW/day  in 5ml/kg BW 

corn oil by oral gavage 3 times /week for 4 weeks.  

Group III: Included 20 rats, each was given 25mgof OP /kg BW/day  in 5ml/kg BW corn 

oil by oral gavage 3 times / week for 4 weeks. 

According to the time of sacrifice, the rats of both groups were further divided into 2 

equal subgroups; treated  subgroups (IIa) and (IIIa) that  were sacrificed after 4 weeks 

and  recovery subgroups (IIb) and (IIIb) that  were sacrificed after 8 weeks with 

corresponding rats of the control groups. 

Biochemical study [12] 

At the end of the experiment period, (24 hours from the last dose) rats from each 

subgroups were anesthetized with ether. The blood samples were taken from retro orbital 

venous plexus The serum was obtained by centrifugation (2400 rpm, for 20 minutes) for 

measuring the serum testosterone hormones level. The samples were collected and 

examined in the Department of Clinical Pathology, Faculty of medicine- Zagazig 

University using the commercial Randox kits. 

Histological  study 

The testes were dissected out and divided into two parts for light and electron 

microscope. The samples for light microscope were fixed in 10% neutral buffered 

formaldehyde and processed to prepare a 5-μm-thick paraffin sections[13]. The sections 

were stained with: 

a. Hematoxylin and eosin stains (H&E): For studying the general histological 

structure of the testis. 

b. Mallory trichrome stain: for collagen fibers in testicular stroma. 

c. Immunohistochemical staining for estrogen beta receptors. 

Immunohistochemical study: 

Immunohistochemistry was carried out to specimens from testes of all groups with 

labeled streptavidin-biotin (LSAB) technique (a modification of the dako protocol). The 

deparaffinized sections were incubated in H2O2 to block the endogenous peroxidase; 

then with the primary antibodies for estrogen beta receptors (ERβ). The primary 

antibody is anti-rat monoclonal antibody ( Cusabio Tech. company, China;  Code No. 

CSB-EL007831RA). Then the sections were incubated with the secondary anti-rabbit 

antibodies and peroxidase labeled streptavidin. Finally the sections were incubated with 

substrate chromogen which gave brown-colored precipitate at the antigen sites. Negative 

controls were processed according to the same protocol, except no primary antibody. The 

positive results for estrogen beta immunoreactions were indicated by brown nuclear and 

perinuclear staining. Mayer's Hematoxylin was used as a counter stain. 

Transmission electron microscope study[14]: 
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The 1 mm testis samples for electron microscope were immediately immersed in the 

2.5% cocodylate buffered glutaraldehyde for 24 h at 4°C. later on they were post fixed in 

1.0% osmium tetroxide in 0.1 mol/l cacodylate buffer (pH 7.3) for 2 h at room 

temperature. Then samples were dehydrated in ascending graded ethanol. After 

immersion in propylene oxide (3 times for 10 min each), the samples were impregnated 

overnight in a mixture of propylene oxide and Epon-812 resin,  then ,finally, embedded 

in Epon-812 resin. Semithin sections (0.5 µm thick) were cut with an ultramicrotome 

(Leica Ultracut, Berlin, Germany) and stained with toluidine blue to select sites for the 

preparation of ultrathin sections of 80 nm thickness. Ultrathin sections were  

counterstained with 2% uranyl acetate and lead citrate. The stained sections were 

examined and photographed by JEOL JEM 2100 electron microscope in Electron 

Microscope Research Laboratory (EMRL) of Faculty of Agricultural El Mansoura 

University. 

MORPHOMETRICAL ANALYSIS 

The mean values of 10 non- overlapping fields (magnification power x 200) from 5 

different rats were taken using the image analyzer computer system Leica Qwin 500 in 

image analysis unit to evaluate the following parameters:  

1) The area of seminiferous tubule. 

2) The epithelial height of seminiferous tubule. 

3) The area percentage (area %) of collagen fibers in interstitial spaces of the testis.  

4) The area percentage (area %) of estrogen beta receptors immunoreactivity was 

measured. 

STATISTICAL ANALYSIS 

The obtained data from biochemical analysis (serum testosterone) and morphometrical 

analysis  were expressed as mean ± SD (standard deviation) and subjected to one-way 

analysis of variance (ANOVA) and post hoc test using Statistical Package for the Social 

Sciences (SPSS) version 16. ANOVA was used for comparison between different groups 

(more than two groups) with p value <0.05 for significant results, <0.01 for high 

significant result and <0.001 for very high significant result. Least significant difference 

(LSD) was used to find the statistical difference between the groups when ANOVA was 

statistically significant (P value <0.05) [15]   

RESULTS: 

Haematoxylin and Eosin:  

The seminiferous tubules of control group showed normal and regular structure with 

normal interstitial Leydig cells (Fig. 1a). On the hand the seminiferous tubules of BPA- 

treated subgroup showed disorganized epithelium (decrease number of its layers) 

resting on irregular basement membrane. The epithelium showed wide separation and 

vacuolation of spermatogenic cells that appeared with dark stained nuclei. Few sperms 
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were seen in the lumen. The interstitial spaces contained Leydig cells with oval dark 

stained nuclei (Fig. 1b). Some tubules of BPA- recovery subgroup: showed 

disorganized epithelium. Intercellular spaces were seen within the germinal epithelium 

of most of the tubules (Fig. 1c).The OP- treated subgroup showed norml germinal 

epithelium resting on a regular basement membrane. Interepithelial separations within 

the germinal epithelium were detected. The interstitial spaces contained Leydig cells 

with oval dark stained nuclei (Fig. 1d). OP- recovery subgroup: showed that the 

tubules resumed their normal architecture. They were lined by well organized germinal 

epithelium resting on a regular basement membrane (Bm) (Fig. 1e). Giant epithelial cells 

were noticed within epithelial lining of some tubules. Acidophilic exudates were seen 

within the interstitium (Fig. 1f). 

Morphometrical results  

The mean tubular area: 

A highly significant (P<0.001) reduction in the mean tubular area was 

observed in BPA- treated subgroup and BPA- recovery subgroup in 

comparison with the control group I. There was a significant (P<0.05) and 

non-significant (P <0.05( of the mean tubular area in OP-treated and OP- 

recovery subgroup respectively in comparison with the control.(Table 1 

and Fig. 9 ). 

The epithelial height of the seminiferous tubules:  

A highly significant(P<0.001) reduction in the epithelial height of 

seminiferous tubules was observed in BPA-subgroup and BPA- recovery 

subgroup compared with the control group I. There was a significant 

(P<0.05) and non-significant (P <0.05   ( reduction of the epithelial height of 
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seminiferous tubules in OP-treated and OP- recovery subgroup respectively 

in comparison with the control. (Table 2 and Fig. 9). 

Mallory trichrome:  

Few collagen fibers were shown in control group in the interstitial spaces of the testis 

and around blood vessels (Fig. 2a). Meanwhile it was abundant in BPA- treated 

subgroup in interstitial spaces of the  testis and around the congested blood vessels (Fig. 

2b). On the other hand, the BPA- recovery and OP- treated subgroups showed some 

collagen fibers in the interstitial spaces (Figs. 2c, 2d respectively). However OP- 

recovery subgroup few collagen fibers in the interstitial spaces. 

Morphometrical results  

The area percentage of collagen fibers: 

A highly significant (P<0.001) increase in the area percentage of collagen 

fibers was observed in BPA-subgroup and BPA- recovery subgroup compared 

with the control group I. There was a significant (P<0.05) and non-significant 

(P <0.05 (reduction of th earea percentage of collagen fibers in OP-treated and 

OP- recovery subgroup respectively in comparison with the control. (Table 3 

and Fig. 10). 

Immunohistochemical study 

The Control group showed a marked positive immunoreaction that appeared as brown 

nuclear and perinuclear coloration of spermatogenic cells, Sertoli and Leydig cells 

(Fig.3a). BPA-treated subgroup: showed a very weak immunoreaction for ERβ 

receptors (Fig. 3b). On the other hand, the BPA-recovery subgroup showed a moderate 

positive immunoreaction for ERβ receptors mostly in perinuclear regions of germinal 

epithelium and sertoli cells. In addition, some nuclei showed a positive immunoreactions 
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for ERβ receptors  (Fig. 3c) .The OP-treated subgroup showed a weak immunoreaction 

for ERβ mostly in perinuclear regions and few in nuclei of germinal epithelium and 

sertoli cells. However, the reaction was stronger than that  was detected in BPA-treated 

group (Fig. 3d). The OP-recovery subgroup showed a strong immunoreaction for ERβ 

receptors (Fig. 3e). 

Morphometrical results  

The area percentage of ERβ positive immune-reactivity: 

A highly significant (P<0.001) and significant (P<0.05) reduction of the area 

percentage of ERβ positive immune-reactivity was observed in BPA-subgroup 

and BPA- recovery subgroup respectively in comparison with  the control 

group I. There was a significant (P<0.05) and non-significant (P <0.05 ) 

reduction of the mean tubular area in OP-treated and OP- recovery subgroup 

respectively.(Table 4 and Fig. 10). 

Ultrastructural study: 

The primary spermatocytes of control group showed large round nuclei with 

synaptonemal complex which appeared as densely packed particulate nucleoplasm with 

some electron dense clumps of irregular shapes. Its cytoplasm contained mitochondria 

and free ribosomes. Regarding Sertoli cells, they showed large euchromatic nuclei and 

prominent nucleoli. Their cytoplasm contained mitochondria and lipid droplets. They 

rested on a regular basement membrane (Figs. 4a). BPA- treated subgroup: revealed 

some cytoplasmic vacuoles and deposition of electron dense materials in cytoplasm of 

spermatogenic and sertoli cells which were resting on a thick basement membrane. 

Some nuclei of spermatogenic cells were degenerated while Sertoli cells appeared with 

irregular euchromatic nuclei (Figs. 4b&4c). The BPA- recovery subgroup revealed 
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that Sertoli cells were resting on a nearly regular basement membrane. They appeared 

with large euchromatic nuclei with prominent nucleoli. Their cytoplasm showed many 

mitochondria, some vacuoles and few electron dense materials (Fig. 4d). OP- treated 

subgroup: showed that spermatogenic and sertoli cells were resting on an irregular 

basement membrane with some cytoplasmic vacuoles and deposition of electron dense 

materials. While the spermatogonia appeared with rounded nucleus with peripheral 

heterochromatin, the Sertoli cells had large euchromatic nuclei with prominent nucleoli 

(Fig. 4e).  The primary spermatocyte and Sertoli cell of OP- recovery subgroup rest 

on a thin regular basement membrane and appeared as control (large rounded nuclei, 

synaptonemal complex, many mitochondria and lipid droplets)  (Fig. 4f). 

Regarding the blood testis barriers, Control group, OP- treated and OP- recovery 

subgroups showed  continuous blood testis barrier between processes of adjacent 

Sertoli cells (Figs. 5a, 5e and 5f respectively). On the other hand, BPA- treated and 

BPA- recovery subgroups revealed disrupted blood testis barrier (Fig. 5b and 5c 

respectively).  

The spermatids of control group showed rounded euchromatic nuclei and acrosomal 

cap at one side of the nucleus with peripherally arranged mitochondria. Some 

spermatids showed acrosomal granule (early stage of spermatid development) (Fig. 6a). 

The BPA- treated subgroup revealed many distortion and abnormally distributed 

mitochondria in the spermatids. Some of them had shrunken and pyknotic nuclei and 

vacuolated cytoplasm with deposition of electron dense materials. Also, intercellular 

separations were noticed (Fig. 6b). However, some abnormally distributed 

mitochondria, vacuoles and intercellular separations were also noticed (Fig. 6c) in the 

spermatids of BPA- recovery subgroup. Some spermatids in the semineferous tubules 

of OP- treated subgroup appeared with distorted and abnormally distributed 
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mitochondria and some vacuoles within their cytoplasm (Fig. 6d). on the other hand the 

spermatids of OP- recovery subgroup showed large euchromatic peripherally arranged 

mitochondria without intercellular separations (Fig. 6e). 

The cross sections in the mid, principal and end pieces of the sperms of control group 

showed a central axoneme formed of nine doublets of microtubules with two central 

singlets. In the mid pieces, the axoneme was surrounded by nine outer dense fibers, 

mitochondrial sheath. In the principal pieces, it was surrounded by seven outer dense 

fibers and was enclosed by fibrous sheaths. Terminal end pieces were formed of 

axoneme surrounded by cell membrane (Fig. 7a).  On the other hand, cross sections in 

the mid, principal and end pieces of the sperms of BPA- treated subgroup revealed 

that most of the sperms were markedly degenerated with disorganization of axoneme 

and fibrous sheath (Fig. 7b). In BPA- recovery subgroup, some transverse sections of 

sperms showed a normal structure with well organized axoneme and fibrous sheath. 

However, some sections showed disorganization and degeneration (Fig. 7c).  The 

deformed and degenerated sperms were less noticed in OP- treated subgroup (Fig. 7d) 

and disappeared in the sperms of OP- recovery subgroup (Fig. 7e). 

The Leydig cells of control group showed ovoid nuclei with peripheral clumps of 

heterochromatin. The cytoplasm contained lipid droplets, numerous mitochondria and 

cisternae of smooth endoplasmic reticulum (Fig. 8a). The coarse clumps of peripheral 

heterochromatin appeared in the indented nuclei of BPA- treated subgroup Leydig 

cells. The cytoplasm contained multiple electron-dense bodies with different degrees of 

electron densities, some vacuoles and cisternae of SER (Fig. 8b). On cessation of BPA 

(BPA- recovery subgroup), Leydig cells showed oval euchromatic nuclei with 

irregular nuclear envelope and peripheral heterochromatin and their cytoplasm 

contained mitochondria and multiple electron dense bodies (Fig. 8c). Moreover,  
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Leydig cells of OP- treated subgroup showed Few electron-dense bodies and many  

vacuolated mitochondria. (Fig. 8d). OP- recovery subgroup: Leydig cells showed oval 

nuclei with peripheral heterochromatin. Its cytoplasm contained few electron-dense 

bodies and some mitochondria (Fig. 8e). 
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Fig.1. Photomicrographs of H&E stained sections of testis of control group (1a) showing 

spermatogenic cells; spermatogonia (sg), primary spermatocytes (ps), spermatids (sp) and 

sperms (p). Sertoli cells (S) are resting on regular basement membrane (Bm). Flat myoid cells 

(M) are also seen. The interstitial spaces (i) show Leydig cells (L) with oval nucleus and 

acidophilic cytoplasm. BPA- treated group (1b) showing a distorted seminiferous tubule (T) 

with multiple vacuoles (v) between the disorganized germinal epithelium. Most of germinal 

epithelium have dark stained nuclei (N). The basement membrane (Bm) appears irregular. Few 

sperms (p) are seen in the lumen. The interstitial space (i) contains acidophilic exudates (ex) and 

Leydig cells (L) with dark nuclei. BPA- recovery group (1c) showing that most seminiferous 

tubules (T) are lined by disorganized germinal epithelium (G). Intercellular spaces (arrow head) 

are noticed within the epithelium of most of the tubules. OP- treated group (1d) showing 

intercellular spaces (arrow head) within the germinal epithelium. The tubules are surrounded by 

regular basement membrane (Bm). The interstitial spaces contain Leydig cells (L). OP- recovery 

group (1e) showing a seminiferous tubule lined by well organized germinal  epithelium (G) 

resting on a regular basement membrane (Bm).OP- recovery group (1f) showing giant epithelial 

cells (GE) within epithelial lining of some seminiferous tubules and acidophilic exudates (ex) 

are noticed within the interstitium.                                               [H&E    X400] 
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Fig. 2. Photomicrographs of Mallory trichrome stained sections in the testis. Control group (2a) 

showing few collagen fibers (arrow) in the interstitial spaces of the testis around blood vessels 

(bv). BPA- treated group (2b) showing abundant collagen fibers (arrow) in the interstitial spaces 

of the testis and around congested blood vessel (BV). BPA- recovery group (2c) showing some 

collagen fibers (arrow) in the interstitial spaces of the testis.OP- treated group (2d) showing 

some collagen fibers (arrow) in the relatively wide  interstitial spaces of the testis. OP-recovery 

group (2e) showing few collagen fibers (arrow) in the interstitial spaces between seminiferous 

tubules and around blood vessel(Bv). 
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Fig. 3. Photomicrographs of immunohistochemical stained sections for ERβ in the testis. Control 

group (3a) showing a strong positive immunoreaction in the nuclear (thick arrow) and 

perinuclear regions (thin arrow) of germinal epithelium, sertoli cells and leydig cells. BPA- 

treated group (3b) showing a very weak immunoreaction in the nuclear (thick arrow) and 

perinuclear regions (thin arrow) of germinal epithelium and sertoli cells. BPA- recovery group 

(3c) showing a moderate positive immunoreaction for ERβ mostly in perinuclear  regions (thin 

arrow). Some nuclei show a positive reaction (thick arrow). OP- treated group (3d) showing a 

weak immunoreaction for ERβ mostly in perinuclear regions (thin arrow) and few in nuclei of 

germinal epithelium and sertoli cells (thick arrow). OP- recovery group (3e) showing a strong 

positive immunoreaction for estrogen beta receptors in the nuclear (thick arrow) and perinuclear 

regions of germinal epithelium and sertoli cells (thick arrow). [ERβ immunoperoxidase  X400] 
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Fig. 4. Electron micrographs of ultrathin sections in albino rat’s testis in different studied 

groups.(4a): Control group showing Sertoli cell (S) with large euchromatic nucleus (N) and 

prominent nucleolus (n). Its cytoplasm contains mitochondria (m) and lipid droplets (d). Primary 

spermatocyte (ps) appears with large nucleus (Nu) showing synaptonemal complex. Its 

cytoplasm contains many free ribosomes (r) and mitochondria (m). (4b&4c): BPA- treated group 

showing spermatogenic cells resting on a thick basement membrane (Bm). Some nuclei (N) are 

degenerated. Their cytoplasm shows some vacuoles (v) and deposition of electron dense 

materials (thick arrow). Intercellular separation is noticed (arrow head). Sertoli cells with 

irregular euchromatic nuclei (N). Their cytoplasm shows some vacuoles (v) and deposition of 

electron dense materials (thick arrow). Some degenerated nuclei (Nu) are also noticed. 

(4d):BPA- recovery group showing Sertoli cell (S) resting on a nearly regular basement 
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membrane (Bm). It shows large euchromatic nucleus (N) with prominent nucleolus (n). The 

cytoplasm of Sertoli cell shows many mitochondria (m), some vacuoles (v) and deposition of 

few electron dense materials (thick arrow). (4e):OP- treated group showing a spermatogonium 

(sg) and Sertoli cell (S) resting on an irregular basement membrane (Bm). Their cytoplasm 

shows some vacuoles (v). Spermatogonium appears with rounded nucleus (Nu) with peripheral 

heterochromatin. Sertoli cell appears with large euchromatic nucleus (N). (4f): OP- recovery 

group showing that primary spermatocyte and Sertoli cell exhibit their normal fine structure. 

Primary spermatocyte (ps) has large rounded nucleus (Nu) with synaptonemal complex. Sertoli 

cell (S) shows large euchromatic indented nucleus (N) with prominent nucleolus (n). Cytoplasm 

of Sertoli cell contains mitochondria (m) and lipid droplets (d). They rest on a thin regular 

basement (Bm). 
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Fig.5. Electron micrographs of ultrathin sections in albino rat’s testis showing blood testis 

barrier in different studied groups.(5a): Control group showing continuous blood testis barrier 

(curved arrow). (5b): BPA- treated group showing disrupted blood testis barrier (curved 

arrow). (5c): BPA- recovery group showing disrupted blood testis barrier (curved arrow). (5d):  

OP- treated group showing continuous blood testis barrier (curved arrow). (5e): OP- recovery 

group showing continuous blood testis barrier.  
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Fig.6. Electron micrographs of ultrathin sections in albino rat’s testis ofspermatids in different 

studied groups. (6a): Control group showing spermatids (sp) with rounded euchromatic nuclei 

(N) and acrosomal cap (ac) on one side of the nucleus. The cytoplasm shows peripherally 

arranged mitochondria (m). Early stage of spermatid show acrosomal granule (ag).(6b): BPA- 

treated group showing many spermatids with distorted and abnormally distributed mitochondria 

(ma). Some of them have shrunken pyknotic nuclei (N) and vacuolated cytoplasm (v) with 

deposition of electron dense materials (thick arrow). Wide intercellular space is also noticed 
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(arrow head). (6c): BPA- recovery group showing many spermatids with large euchromatic 

nuclei (N). Their cytoplasm contain peripherally arranged mitochondria (m). Some abnormally 

distributed mitochondria (ma), vacuoles (v) and intercellular separations (arrow head) are 

noticed. (6d): OP-treated groupshowing subgroup showing spermatids with euchromatic nuclei 

(N) and peripherally arranged mitochondria (m). Many abnormally distributed mitochondria 

(ma) and some vacuoles (v) are noticed. (6e): OP- recovery group showing that many spermatids 

have large euchromatic nuclei (N).Their cytoplasm contains peripherally arranged mitochondria 

(m). There are no intercellular separations. 

 

Fig. 7.   Electron micrographs of ultrathin sections in albino rat’s testis showing cross sections of 

sperms in different studied groups.(7a): Control group showing cross section in the middle piece 

of the sperms (MP) which consists of nine doublets of microtubules with two central singlets 

(axoneme) (a) surrounded by nine outer dense fibers (arrow), mitochondrial sheath (m) and cell 

membrane.Cross section in the principal piece (PP) is formed of axoneme surrounded by seven 
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outer dense fibers (arrow) and enclosed by fibrous sheath (f). Terminal end piece (EP) is formed 

of axoneme surrounded by a cell membrane.(7b):BPA- treated groupshowing that almost all 

cross sections of sperms are markedly degenerated and disorganized (Z).  (7c): BPA- recovery 

group showing that some cross sections of sperms have a normal structure (P) with 

wellorganized axoneme and fibrous sheath. However, some sections show disorganization and 

degeneration (Z). (7d): OP- treated group showing that many transverse sections of sperms (P) 

exhibit normal appearance with well organized axoneme and fibrous sheath. However, some of 

them appear deformed and degenerated (Z). (7e): OP- recovery group showing that most 

transverse sections of the sperms have a normal structure with well organized axoneme and 

fibrous sheath. Middle piece (MP) and end piece (EP) are noticed. 

 

Fig.8. Electron micrographs of ultrathin sections in albino rat’s testis showing Leydig cells  in 

different studied groups. (8a):Control group showing Leydig cell (L) having an ovoid nucleus 

(N) with peripheral clumps of heterochromatin. Its cytoplasm contains lipid droplets (d), 

mitochondria (m) and cisternae of SER (SR).(8b): BPA- treated groupshowing Leydig cell 

having an oval indented nucleus (N) with coarse clumps of peripheral heterochromatin. Its 

cytoplasm contains multiple electron-dense bodies (thick arrow) with different electron densities, 

some vacuoles (v) and cisternae of smooth endoplasmic reticulum (SR).  (8c): BPA- recovery 

group showing a Leydig cell with an oval euchromatic nucleus (N) with irregular nuclear 
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envelope (thin arrow) and peripheral heterochromatin. Its cytoplasm contains multiple electron 

dense bodies (thick arrow). (8d): OP- treated group showing Leydig cell with an oval 

euchromatic nucleus (N) with clumps of peripheral heterochromatin. Its cytoplasm contains 

many mitochondria (m). Few electron-dense bodies (thick arrow) and many vacuolated 

mitochondria (v) are detected.(8e): OP- recovery group showing that Leydig cell contains an 

oval nucleus (N) with peripherally arranged heterochromatin. Its cytoplasm contains few 

electron-dense bodies (thick arrow), some mitochondria (m) and cisternae of SER (SR). 

 

III- Biochemical results: 

 There was a highly significant decrease (P<0.001) and a significant decrease (P<0.05) in mean 

serum testosterone in the BPA- treated subgroup and BPA- recovery  subgroup respectively  in 

comparison with the control. 

A significant decrease (P<0.05) in  mean serum testosterone  in the OP- treated subgroup in 

comparison with the control group. However, there was a non significant decrease in mean 

serum testosterone in OP- recovery subgroup in comparison with the control (Table 5). 

 

Groups  

Parameters 

Tubular area (µm²) 

Mean x10
3 

SDx10
3 

Range x10
3 

Group I (control) 64.29 9.21 55.56 – 73.04 

Subgroup IIa 

(BPA- treated) 
13.52 0.32 13.3 – 32.06 

Subgroup IIb 

(BPA- recovery) 
18.84 8.74 11.93 – 32.06 

Subgroup IIIa (OP- 

treated)                      
47.78 5.42 25.91 – 47.68 

Subgroup IIIb (OP- 

recovery)                  
60.93 3.06 48.89 – 69.97 

F (ANOVA )(test of 

significance) 

115 

P value  <0.001**  

Table (1): Comparison of the mean values and SD of Tubular area in the different studied 

groups: 

 

 

 

 

Groups  

Parameters 

epithelium height (um) 

Mean SD Range 

Group I (control) 32.89 2.95 28.77 – 39.82 
Subgroup IIa (BPA- treated) 13.91 1.58 11.51 – 16.03 
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Subgroup IIb (BPA- recovery) 20.31 3.05 15.12 – 24.62 

Subgroup IIIa (OP- treated)                      24.06 5.82 11.82 – 27.25 

Subgroup IIIb (OP- recovery)                  27.27 6.05 23.57 – 35.64 

F (ANOVA )(test of significance) 20.38 

 

P value <0.001** 

Table (2): Comparison of mean values and SD of epithelium height (um) in the different 

studied groups.                                                       
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Fig. (9) : Histogram showing comparison of mean and SD of Tubular area and Epithelial 

height in the different studied groups. 

 

 

 
 
 
 

 

Groups  

 

Parameters 

Area percent of collagen fibers  

Mean 
 

SD
 

Range 
 

Group I (control) 11.47 3.1 6.7 – 16.2 

Subgroup IIa (BPA- 

treated) 
25.2 7.7 13.4 – 37.9 

Subgroup IIb (BPA- 

recovery) 
20.7 2.4 15.9 – 25.05 

Subgroup IIIa (OP- 

treated)                      
16.7 4.5 10.1 –  23.1 

Subgroup IIIb (OP- 11.5 1.7 9.6 – 14.4 
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recovery)                  
F (ANOVA )(test of 

significance) 

18.1 

P value <0.001** 

Table (3): Comparison of mean values and SD of area percentage of collagen fibers in the 

different studied groups. 

 

Groups  

Parameters 

Area percent of ERβ receptors 

immunoreaction  

Mean SD Range 

Group I (control) 14.62 1.31 13.37 – 15.86 

Subgroup IIa (BPA- 

treated) 
1.54 0.11 1.43 – 1.64 

Subgroup IIb (BPA- 

recovery) 
7.11 0.24 3.65 – 8.15 

Subgroup IIIa (OP- 

treated)                      
5.29 0.48 4.82 – 5.75 

Subgroup IIIb (OP- 

recovery)                  
11.92 3.86 11.66 – 13.98 

F (ANOVA )(test of 

significance) 

36.58 

P value <0.001** 

Table (4): Comparison of mean values and SD of Area percent of ERβ receptors 

immunoreaction in the different studied groups 
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Fig. (10) : Histogram showing comparison of mean and SD of area percent of collagen 

fibers and area percent of  of ERβ receptors immunoreaction in the different studied 

groups                                    
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Groups  

Parameters 
Testosterone (pg/ml) 

Mean SD Range 

Group I (control) 133.37 3.2 129.54 – 136.81 

Subgroup IIa (BPA- 

treated) 
100.91 2.60 97.53 – 104.56 

Subgroup IIb (BPA- 

recovery) 
118.70 2.87 115.23 – 122.53 

Subgroup IIIa (OP- 

treated)                      
122.90 1.53 120.64 – 124.75 

Subgroup IIIb (OP- 

recovery)                  
130.23 2.13 127.65 – 132.65 

F (ANOVA )(test of 

significance) 

96.27 

P value <0.05* 

 

Table (5): Comparison of mean values and SD of serum testosterone level in the different 

studied groups 
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DISCUSSION 

The BPA and OP which are xenoestrogen plasticizers having estrogen-mimicking action. They 

can alter the estrogen receptors number and activity in target tissue [16&17]. Most of the 

available previous studies were focused on physiological and biochemical aspects of exposure to 

them on endocrine and reproductive organs [18]. This study aimed to compare between the 

histological and the ER beta immunoreactivity of these plasticizers in the testicular tissue. 

 

In the present work, the serum testosterone in BPA- treated group showed a highly significant 

decrease in mean serum testosterone levels in comparison to the control group. Della Seta et 

al., 2006[19]attribute the decrease in testicular and blood testosterone levels following prenatal 

and postnatal low-dose BPA exposure to be a result of decreased expression of the 

steroidogenic enzyme 17α-hydroxylase/17–20 lyase in Leydig cells. Mendiolaet al., 2010[20] 

reported that exposure to environmental dose of BPA resulted in decreased biosynthesis and 

secretion of testosterone from adult rats Leydig cells in association with an increase in the 

plasma concentration of LH. 

 

BPA- treated group showed that many seminiferous tubules were distorted with irregular 

outlines and contained exfoliated cells. They were shrunken and lined by the disorganized 

germinal epithelium. Highly significant decrease in the germinal epithelium height was 

detected. Most of germinal epithelial cells appeared with dark stained nuclei and resting on 

irregular thick basement membrane. The sperms number was markedly reduced. These results 

were in accordance with Mazroa, 2011[21] who reported similar results with different BPA 

doses and routes in rats. Yousaf et al., 2016[22] attributed these degenerative changes of BPA 

to significant decrease in serum testosterone level which plays a vital role in the regulation of 

spwrmatogenesis. 

 

S`hokri et al., 2012 [23]  explained the thickness of the seminiferous tubules’ basement 

membrane in the BPA-treated rats to myoid cells stimulation. This results in  production of more 

collagen and extracellular matrix. Other investigators, found that basement membrane thickening 
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resulted in diffusion problems in the seminiferous tubules impairing their nourishment by 

diffusion from the interstitial vessels through the tunica propria. The increased thickness of the 

basement membrane in the testis is followed restricting access of various hormones and 

paracrine factors that play a role in the regulation of spermatogenesis and impair 

spermatogenesis due to  alteration in its binding properties [24]. 

 

Degenerative changes in Sertoli cells that were detected in the present study,  could be 

explained by  increase the rate of phagocytosis of the exfoliated and apoptotic germ cells, 

by the Sertoli cells which give rise to marked vacuolation and  accumulation of electron 

dense bodies in their cytoplasm [25]. BPA- induced Sertoli cells degeneration could be due 

to to increase the oxidative damage of testicular cellular membranes as a consequences of 

imbalance between the significantly high concentrations of reactive oxygen species and 

decline of the testicular antioxidant enzymes. [26]. 

 

Our results showed that many spermatids had disorganized and abnormally distributed  
mitochondria, vacuolated cytoplasm and  shrunken nuclei. These results were consistent 

with Takahashi and Oishi (2003)[27] who detected similar results in male rats exposed 

to BPA orally at high levels and subcutaneously at a medium level. The intercellular spaces 

which appeared within the epithelium of  semineferous tubules represent progressive 

degenerative changes affecting cell membrane integrity secondary to oxidative stress 

induced by BPA [28]. 

 

In the present study, Leydig cells appeared with indented nuclei with coarse clumps of 

peripheral heterochromatin. Its cytoplasm contained multiple electron-dense bodies and 

some vacuoles.These results were consistent with Akingbemi et al., 2004 [29]who found 

that BPA exerted inhibitory effects on Leydig cells. 

 

In this study, the ultrastructural examination of the testis of the BPA-treated group showed 

discontinuous blood testis barrier in some seminiferous tubules. Li et al., 2009 [30] 

clarified that the reversible disruption of Sertoli cell tight junction barrier by BPA was 

associated with a decline in the levels of selected proteins at the tight junction, gap junction 

and basal ectoplasmic specialization at the blood-testis barrier. 

 

A highly significant increase of collagen fibers were detected mainly around congested blood 

vessels. These results were in agreement with Ibrahim et al., 2016 [31] who found that 
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collagen fibers significantly increased in the stroma of mammary glands of the adult rat 

exposed to the BPA 

. 

The results of the present study revealed a highly significant decrease of ERβ receptors 

immunoreaction in BPA- treated group. These results were in accordance with Blair et al., 2000 

[32] who recorded that BPA is a strong competitive inhibitor to endogenous estrogen and it 

exerts from a moderate to high affinity to estrogen receptors. 
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In the current work, BPA- recovery subgroup showed that there was mild improvement of 

seminiferous tubules as regarding size of the tubules, germinal epithelial height, structure 

and organization of the germinal epithelium. Allard and Colaiácovo, 2010 [33] reported 

that BPA exposure inhibits cell cycle check points impairing DNA repair resulting in meiotic 

disruption and chromosome abnormalities. They added that exposure to a low dose of BPA 

may lead to persistence of meiotic disruption inhibiting spermatogenesis. A high doses of 

BPA have been reported to be genotoxic. 

 
The results of the present work revealed mild adverse effects of OP on histological 

structure of the testis, serum testosterone level and estrogen receptors immunoreaction in 

comparison to the control group. However, these effects were far less than those produced 

by the same dose of BPA and this was proven statistically. This was in accordance with 

Gregory et al., 2009[34] who reported that both testicular and epididymal weights and 

histology were not significantly altered by treatment with OP at any of the administered 

doses. 

The octylphenol induced adverse effects on testis can be explained by several mechanisms. 

El-Dakdoky and Helal, 2007 [35] mentioned that exposure to high doses of OP resulted in 

increased production of  reactive oxygen species (ROS) resulting in oxidative damage. 

Sharma and Kalita (2013)[10] reported that OP is an estrogenic compound. However, it 

exerts its estrogenic activity when it is in high concentration. They added that OP is about 

100,000 fold less active than estrdiol. However, BPA is only 100-500 fold less potent than 

estradiol. So, affinity of BPA to estrogen receptors is much higher than that of OP. 

Batarfi et al., 2012[36] reported that exposure to high dose of OP is directly toxic to 

spermatogonia and Sertoli cells through a calcium-independent apoptotic pathway. Also, 

OP might interfere with the production of testosterone, and thereby indirectly reduce the 

proliferation rate of spermatogenic cells.   

In the present work, examination of OP- recovery subgroup revealed that seminiferous 

tubules and Leydig cells of the testis resumed their normal structure except for giant cell in 

some seminiferous tubules. Tubular area, epithelial height, amount of collagen fibers in 

interstitium, estrogen receptors immunoreactivity and serum testosterone nearly returned 

to normal levels and these results were statistically proved. This was in accordance with 

Genoveseet al., 2012 [37] who found that a complete recovery is achieved in OP exposed, 

male fish, after 28 days of cessation of its administration. 

Makhlouf et al. 2008 [38] reported that the mechanism of formation of giant cells was uncertain 

but cell fusion of damaged spermatids was suspected to be the likely reason. They hypothesized 

that these multinucleated cells were formed due to karyokinesis which was not followed by 

cytokinesis. O’Donnell, 2014[39] mentioned that multinucleated spermatids are a common 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Allard%20P%5BAuthor%5D&cauthor=true&cauthor_uid=21059909
http://www.ncbi.nlm.nih.gov/pubmed/?term=Colai%C3%A1covo%20MP%5BAuthor%5D&cauthor=true&cauthor_uid=21059909
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feature of abnormal spermiogenesis and the appearance of spermatid nuclei within the multi-

nucleated cyst due to spermatid death.  

Hamelin et al., 2009 [40] reported that rapid uptake, clearance, and no bioaccumulation 

of OP in tissues of rats administered OP is consistent with the lack of morphological effects 

on the testis and epididymis and little or no effect on sperm motility parameters. Also, 

glucuronidation of OP in the liver eliminates its estrogen-like activity leading to rapid 

recovery from its adverse effects on the testis. 

 

CONCOLUSION 
The present work revealed that, the plasticizer BPA- induced significant histological and 

immunohistochemical changes on the testis of adult albino rats and its recovery was mild. On the 

other hand, the OP has a mild effects with rapid recovery near to the normal. Further studies are 

recommended to clarify the safety of the OP on long-term exposure. 
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