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ABSTRACT 

Introduction: The epididymis is a male accessory organ essential for male 

fertility. The biochemical and physiological consequences of genotoxicity 

which are of most concern are the effects on the reproductive health. 

Bisphenol A (BPA) is a chemical used in the production of polycarbonate 

plastics and epoxy resins. It is present in food and drink packages. It is 

considered an endocrine disrupting factor due to is estrogenic properties. 

Aim of the Work: The study aimed to demonstrate the possible changes in 

the corpus epididymis structure and chromosomal pattern following 

administration of BPA. 

Materials and Methods: Thirty-six adult male albino rats were used; and 

divided into three groups: Group Ι (control); each rat received 1mL corn oil 

once daily. Group ΙІ (BPA treated); each rat was given BPA in corn oil in a 

dose of 50 mg/kg orally once daily for 8 weeks. Group ΙΙІ (follow-up); the 

rats of this group were given the same dose for the same duration as group 

ΙІ then held for another 4 weeks without BPA administration. At the end of 

experimental period, blood was collected for serum testosterone 

assessment. Histological and immunohistochemical investigations were 

done on epididymis; and the femoral bone was used for cytogenetic 

studies. 

Results: Light microscopic examination of corpus epididymis in treated 

group revealed wide intercellular and intertubular spaces with 

inflammatory infiltration and blood vessels congestion. The tubules were 

empty or filled with cellular debris. The epithelial lining showed 

vaculation, darkly stained nuclei and stratification. The abnormal sperm 

forms and both the structural and numerical chromosomal aberrations were 

significantly increased. These parameters were improved in follow-up 

group but not reached the levels of control one.   

Conclusion: BPA administration could induce histopathological changes 

in corpus epididymis associated with genotoxic effects. These changes 

were partially reversible after stoppage of administration. 
Key words: Bisphenol A; Corpus epididymis; Epididymal sperm; Chromosomal 

aberration 

INTRODUCTION 

he epididymis is a male accessory organ 

that lies in the scrotum related to the 

testis. It is not just a channel for sperm 

transport but it has an active contribution in 

formation of a fertile ejaculates
 [1]

. 

Epididymis can be a target for different 

toxicants. Epididymal toxicity affects sperm 

maturation and hence the fertility of 

individuals
 [2]

. 

Chromosomes determine traits of an 

individual through the transmission of 

specific genetic information from both parents 
[3]

. The biochemical and physiological 

consequences of genotoxicity which are of 

most concern are the effects on the 

reproductive health which include gamete 
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loss, reduced fertility, embryo mortality and 

malformation 
[4]

.  

BPA is a synthetic polymer used in the 

production of epoxy resins and polycarbonate 

plastic. The resins are used to coat metal 

product such as food cans, bottle tops and 

water supply pipes while the polycarbonate 

plastics are involved in food and drink 

packaging. Some polymers that contain BPA 

are used in dental sealant and tooth coating 
[5]

.  

Trace amounts of BPA released from these 

products could lead to human exposure. Thus 

in human, it was detected not only in serum 

and urine but also in saliva, placenta and 

amniotic fluid; and measurable blood levels 

of BPA were detected in human fetuses 
[6]

.  

BPA is considered a major endocrine 

disrupting chemical being a “selective 

estrogen receptor modulator” 
[7]

. It also has a 

weak anti-androgenic activity; it directly 

binds to the androgen receptor at higher doses 

than required for the estrogen receptor, and 

reduces testosterone levels via its effects on 

the testis 
[8]

. 

Conflicting results have been yielded by 

studies of BPA genotoxicity 
[9,10]

. In addition, 

BPA was found to have toxic effects on the 

caput and cauda 
[[11,12]

 epididymis.  No 

previous studies were available regarding the 

effects of BPA on the corpus epididymis 

The aim of the present work was to 

demonstrate the possible changes that take 

place in the corpus epididymis structure and 

chromosomal pattern of adult male albino rats 

after administration of BPA and to assess the 

possibility of recovery after stoppage of drug 

administration. 

MATERIALS AND METHODS 

Thirty-six adult male albino rats were used. 

They were divided into three groups each 

contains 12 rats. Group Ι (control group): 

Animals received 1mL corn oil orally by 

gavage once daily for 8 weeks. Group ΙІ (BPA 

treated group): Rats were given BPA powder 

(B37880, Alpha Chemika, Mumbai, India) 

dissolved in corn oil as a daily oral dose of 50 

mg/kg body weight by a gastric tube for 8 

weeks 
[13]

. Group ΙΙІ (follow up): Animals were 

given the same dose for the same duration as 

group ІΙ then held for another 4 weeks without 

BPA administration. At the end of experimental 

period, half of the rats were anesthetized using 

ether inhalation and the epididymides were 

removed and processed for histological and 

immunohistochemical study. The other half of 

rats was used for cytogenetic study. 

Histological study  

Each right epididymis was immediately 

immersed in 10% formol saline for 48 hours to 

be processed and embedded in paraffin 
[14]

. Five 

um thick sections were prepared and stained 

with haematoxylin and eosin (H & E) and 

Masson’s trichrome stain 
[15]

.  

Immunohistochemical study (BAX 

immunoreactivity)  
It was performed using the avidin biotin 

peroxidase system for localization of BAX. The 

primary antibody used was delivered from 

Sigma Laboratories (Code No. B8429). 

Universal kits used the avidin biotin peroxidase 

system were produced by Novacastra 

Laboratories Ltd. in UK. Mayer’s 

Haematoxylin was used as a counterstain. 

Positive immunoreaction was indicates by the 

brown cytoplasmic staining 
[16]

. 

Image analysis and morphometric study  

The tubular diameters, epithelial cell heights 

and area percent of BAX immunoreaction were 

measured using image analyzer computer 

system in Department of Pathology, Faculty of 

Dentistry, Cairo University.  

Epididymal sperm examination 

Spermatozoa collection from the left 

epididymis was done 
[17]

. The cauda epididymis 

of each rat was cut and squeezed gently to get 

the fresh undiluted semen in a clean Petri dish 

to do the following examinations; Sperm count, 

motility, viability and morphology 
[18-20]

.   

Serological study 

Blood was collected using micro–capillary 

glass tubes under light ether anesthesia. Serum 

testosterone hormone has been measured by 

enzyme-linked immunosorbent assay (ELISA) 
[21]

.  

Cytogenetic study  

Cytogenetic study was performed using bone 

marrow technique 
[22]

. The slides were 

examined using oil immersion lens of an 

ordinary light microscope. One hundred 

metaphases were examined in each rat for 
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numerical and structural chromosomal 

abnormalities. 

Statistical analysis: 
Statistical analyses were done using SPSS 

software (version 19). Data were analyzed by 

analysis of variance (ANOVA) (F test) and 

LSD test. P value <0.05 was considered 

significant. 

RESULTS 

I- Histological examination  

The tubules of the corpus epididymis of the 

control group were lined by pseudostratified 

epithelium with stereocilia. The epithelium 

constituted of columnar principle cells, basal 

cells (flat) and clear cells with pale cytoplasm 

(Fig. 1-A).  
In BPA treated group, the tubules were 

empty; and others contained cellular debris 

with few sperms. Intertubular spaces were 

wide and contained inflammatory cells. The 

epithelial lining of the tubules showed 

vaculations, wide intercellular spaces and 

stratification, (Figs. 1-B, C). The epithelial 

cells had darkly stained nuclei. Halo cells 

were frequent and displaced towards the 

lumen. Clear cells were less frequent and 

mostly absent (Fig. 1-D).  The basement 

membrane was detached in some tubules (Fig. 

1-E).  

In the follow-up group, the sperms were 

present in the tubules. The intertubular spaces 

were less wide than that in the treated group 

(Fig. 1-F). 

Masson trichrome stained sections 

Sections of the corpus epididymis showed 

little collagen fibers in the control group (Fig. 

2-A). Excessive collagen fibers were seen in 

the treated group (Fig. 2-B). In the follow-up 

group, little collagen fibers were observed 

(Fig. 2-C). 

Immunohistochemical study to BAX 

Faint positive immunoreaction for BAX was 

showed in the control group (Fig. 2-D). 

Strong positive reaction to BAX, in nearly all 

epithelial cells, was observed in the treated 

group (Fig. 2-E). In the follow-up group, a 

weak positive reaction was seen (Fig. 2-F). 

II- II- Morphometric and statistical study 

The oral administration of BPA induced a 

very high statistical significant decrease in the 

tubular diameter and epithelial cell height and 

increase in area percent of BAX 

immunoreactions when compared to the 

control group. A very high significant 

increase in tubular diameter and epithelial cell 

height and decrease in area percent of BAX 

immunoreactions were observed in the follow 

up group in comparison with the treated group 

(Table 1). 

III- Epididymal sperm analysis 

BPA-treated group showed a very highly 

significant decrease in sperm count, viability 

and motility with an increase in the abnormal 

forms when compared to the control group. A 

highly significant increase in sperm count, 

viability, motility and decrease in the 

abnormal forms was recorded in the follow up 

group when compared to the treated group 

(Table 2). 

IV- Serological study 

The oral administration of BPA induced a 

very high statistical significant decrease 

serum testosterone level when compared to 

the control group. A high significant increase 

in the mean values of serum testosterone level 

was recorded in the follow up group when 

compared to the treated group (Table 2). 

V- Cytogenetic study 

BPA-treated group showed a very high 

statistically significant increase in the 

chromosomal aberrations compared to the 

control group. A significant decrease in the 

chromosomal aberrations was recorded in the 

follow-up compared to the treated group, but 

not reached the levels of controls (Table 3). 
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Fig. (1):  Photomicrographs of H&E sections (X 400) in the corpus epididymis of an adult male albino rat of the control (A), BPA 

treated (B, C, D, E) and follow up (F) groups showing A: The pseudostratified epithelial lining of the tubules with stereocilia 

(arrow), Principal cells (P), basal cells (B), Clear cells (C), Sperm in lumen (S) and narrow intertubular spaces (ITS); (B) 

Inflammatory infiltration (IF) in the wide intertubular space (ITS) and empty tubules (T*); (C) Tubule with stratification of 

the lining epithelium (arrow), another tubule with few sperms (S) and cellular debris (cd) in lumen, vaculations of the 

epithelial cells (V) and wide intercellular spaces (crossed arrow); (D) Epithelial cells with darkly stained nuclei (N) lining the 

tubules. Halo cells are displaced toward the lumen (arrow head). The tubules contain cellular debris (cd). Clear cells are not 

observed; (E) Tubules with cellular debris (cd) in lumen, detached basement membrane (asterisk) and wide intertubular space 

(ITS); (F) The pseudostratified epithelial lining of the tubules with stereocilia  (arrow), vaculation (V) of the epithelial cells, 

wide intercellular spaces (crossed arrow), sperms (S) in lumen, less wide intertubular space (ITS), principal cells (P), basal 

cells (B) and clear cells (C). 
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Fig. (2): Photomicrographs (A,B,C) of Masson trichrome stained sections (X 400) in corpus epididymis of an adult albino rat of the 

control (A), BPA-treated (B) and follow-up (C) groups showing: (A) Little blue stained collagen fibers (CO) in the 

intertubular space (ITS); (B) Excess blue stained collagen fibers (CO) in the intertubular space (ITS) and congested blood 

vessels (cg); (C) Little blue stained collagen fibers (CO) in the intertubular space (ITS).  

Photomicrograph (D,E,F) of BAX immunoreaction (X 400) in corpus epididymis of an adult albino rat of the control (B) 

BPA-treated (C) and follow-up (D) groups showed: (D) Faint positive immunoreaction for BAX in the cytoplasm of the 

epithelial cells lining the tubules (arrow); (E) Strong positive immunoreaction for BAX in the cytoplasm of nearly all the 

epithelial cells lining the tubules (arrow); (F) Weak positive immunoreaction for BAX in the cytoplasm of the epithelial cells 

lining the tubules (arrow). 
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Fig. (3): Photomicrographs (A,B,C) of Nigrosin and Eosin stained smears (X 400) obtained from a sample of semen of adult male 

albino rat of the control (A), BPA-treated (B) and follow-up (C) groups showing: (A) Normal live sperm (not stained) (arrow) 

and parts of normal sperm; hook shaped head (h), midpiece (mp) and tail (t); (B) Abnormal dead sperm with kinked tail 

(arrow) and a detached head (arrow head); (C) Two abnormal dead sperm, one with amorphous head (arrow) & the other 

with banana head (arrow head) and two live sperm (double arrow). 

Photomicrographs (D,E,F) of a metaphase spread (Giemsa X 1000) prepared from the bone marrow cells of an adult male 

albino rat of the control (D), BPA-treated (E,F) showing: (D) Normal chromosomal pattern; (E) Dicentric chromosome 

(arrow); (F) Terminal chromatid deletion (arrow), a chromosome with break (arrow head) and chromosomal fragments (F).  
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Table 1: Means ±SD of tubular diameter, epithelial cell height and area percent of BAX immunoreactions in different 

groups 

 

Group 

 Control BPA Treated  Follow Up  F P 

Epithelial cell height 

(um) 

36.80±2.27 20.73±1.63 28.11±1.57 117.65 P<0.001 

 

Tubular diameter (um) 247.36±1.48 174.00±4.20 201.60±2.23 989.81 P<0.001 

 

Area percent BAX 

immunoreactions  

25.39±6.50 79.72±12.49 51.12±13.65 57.39 P<0.001 

 

 

Table 2: Means ±SD of serum testosterone level and sperm parameters in different groups 

 

Group Control  BPA-Treated  Follow Up   F P 

Testosterone (ng/ml) 3.42±0.32 1.46±0.68 2.64±0.27 27.02 <0.001  

Sperm count (million/ml) 85.21±4.18 42.20±1.92 68.50±2.50 307.12 <0.001  

Viability (%) 91.00±2.82 40.66±3.50 72.33±1.96 482.90 <0.001  

Motility (%) 84.16±1.47 36.50 ±3.01 65.83±2.31 237.17 <0.001  

Normal forms (%) 94.33±1.21 63.33±3.98 80.33±1.36 225.93 <0.001  

Head abnormalities 2.16±0.98 14.83±0.40 8.50±1.04 323.28 <0.001  

Midpiece abnormalities 1.33±0.51 4.83±0.75 2.16±0.75 42.97 <0.001  

Tail abnormalities 2.33±1.21 13.83±1.9 9.00±1.67 74.71 <0.001  

Table (3): Means ±SD (Range) of chromosomal aberrations in the bone marrow cells of the adult male albino rats in 

different groups. 

Group 

Control  BPA-treated Follow Up   

 

F 

 

P 

Chromosomal Break/gap 0.66±0.51 

(0-1) 

4.50±1.04 

(3-6) 

3.1±0.75 

(2-4) 

35.25 <0.001  

Terminal chromatid deletion 0.83±0.75 

(0-2) 

7.16±1.47 

(5-9) 

4.80±0.75 

(4-6) 

55.96 <0.001   

Chromosomal fragment 1.50±0.83 

(1-3) 

10.50±1.04 

(9-12) 

7.33±1.03 

(6-10) 

130.87 <0.001   

Ring chromosome 0.33±0.51 

(0-1) 

4.66±1.03 

(3-6) 

3.0±0.89 

(2-4) 

40.31 <0.001   

Dicentric chromosome 0.16±0.40 

(0-1) 

6.50±1.04 

(4-8) 

3.16±1.16 

(2-5) 

68.60 <0.001   

Clumping 1.60±0.81 

(1-3) 

10.33±1.63 

(8-12) 

7.80±1.47 

(6-10) 

65.12 <0.001   

Polyploidy 0.16±0.40 

(0-1) 

10.33±1.03 

(9-12) 

8.33±1.21 

(7-10) 

193.39 <0.001   

Hypoploidy 0.50±0.54 

(0-1) 

4.33±0.81 

(3-5) 

2.33±0.51 

(2-3) 

53.64 <0.001   

 

DISCUSSION 

The effect of BPA on the caput and cauda 

epididymis has been studied by El Gazzawy 

et al. and Mazroa, respectively 
[11,12]

. The 

current study is concerned with the effect on 

the corpus epididymis. 

In the present work, wide intercellular spaces 

were noticed in the BPA treated group. 

Oxidative stress is a crucial factor to induce 

cell-cell dissociation 
[22]

. BPA was reported to 

induce of oxidative stress in the cauda 

epididymis and other vital organs 
[12,24]

. The 

wide intercellular spaces reflect a probable 

https://www.google.com.eg/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&ved=0ahUKEwiDh5zq0NvTAhXHYVAKHWAACj4QFggyMAI&url=http%3A%2F%2Fwww.ncbi.nlm.nih.gov%2Fpubmed%2F5011954&usg=AFQjCNFcBUtcgCMKcMHVO_uuDiBsqwQGZw&sig2=BKFT8gg5BxO6J-CLJZYhdg
https://www.google.com.eg/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&ved=0ahUKEwiDh5zq0NvTAhXHYVAKHWAACj4QFggyMAI&url=http%3A%2F%2Fwww.ncbi.nlm.nih.gov%2Fpubmed%2F5011954&usg=AFQjCNFcBUtcgCMKcMHVO_uuDiBsqwQGZw&sig2=BKFT8gg5BxO6J-CLJZYhdg
https://www.google.com.eg/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&ved=0ahUKEwiDh5zq0NvTAhXHYVAKHWAACj4QFggyMAI&url=http%3A%2F%2Fwww.ncbi.nlm.nih.gov%2Fpubmed%2F5011954&usg=AFQjCNFcBUtcgCMKcMHVO_uuDiBsqwQGZw&sig2=BKFT8gg5BxO6J-CLJZYhdg
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affection of the tight junction between the 

epithelial cells. Stable and persistent tight 

junctions can provide the epididymis with 

resistance to cancer 
[25]

. In addition, loss of 

the tight junction between principle cells 

leads to disruption of the blood epididymal 

barrier which is critical for male fertility. It 

provides immune protection to sperm and 

suitable luminal media for maturation by 

controlling exchange between blood and 

lumen 
[26]

. 

In this study, halo cells and interstitial 

inflammatory cellular infiltration were 

frequently observed in the treated group. The 

alteration of the barrier components and loss 

of its function has been associated with a 

decreased fertility 
[27]

. Moreover, it is 

accompanied with immune response in the 

form of an increase in number of 

macrophages in the interstitium and abnormal 

halo cells in the epithelium in 
[28]

.  

The epithelium in the current work showed 

vaculations and darkly stained nuclei; a 

picture suggestive of apoptosis. Hughes and 

Mehmet reported that apoptotic cells shrink 

with loss normal cell junction 
[29]

. High 

apoptosis could result in azospermia
 [30]

. 

The statistical analysis in the present study 

revealed a significant reduction in the 

epithelial height and decrease of the tubular 

diameter in the treated group as compared 

with the control group. These results are in 

accordance with Mazroa 
[12]

. 

The tubular lumen in the treated group was 

found to be either empty or contained cellular 

debris. The cellular debris appeared mostly to 

be of testicular origin as the epithelium of 

those tubules was intact. Kempinas and 

Klinefelter stated that sloughed germ cells 

secondary to spermatogenic disturbances or 

androgen deprivation in the testis are the most 

common source of cells and cellular debris in 

the lumen of the epididymis 
[31]

.  

The biochemical essay results showed a 

reduction in serum testosterone level in the 

treated group.  Testosterone deficiency has 

been found to cause blockade in conversion of 

round to elongated spermatids. As a result 

round spermatids will slough and appear in 

the lumen. In addition, epithelial apoptosis 

and reduction in epididymal tubule diameter 

and epithelial cell height are results of 

androgen deprivation
 [31]

.  

Halo cells were frequent and displaced 

towards the lumen in the treated group. 

Similar observation was reported by El 

Gazzawy et al. in caput epididymis 
[11]

. These 

cells are derived from the immune system and 

considered migrating lymphocytes due to 

increase phagocytic activity 
[32]

. 

Excess connective tissue and collagen fibers 

were observed between epididymal tubules. 

Similar observation was reported in cauda 

epididymis 
[12]

.  

Clear cells were markedly absent in the 

treated group. Clear cells are known to take 

up particulate matter from the luminal 

compartment 
[32]

. Absence of clear cells is a 

feature of epididymal toxicity 
[31]

. 

Detachment of the basement membrane was 

also observed in the present study. The 

basement membrane provides the epithelial 

cells with survival stimulus. It controls cell 

polarization, macromolecular diffusion, 

sequestration of cytokines, growth factors and 

regulates both immune response and 

oncogenic cell invasion 
[33]

.  

The immunohistochemical study showed 

positive reaction to BAX in the treated group. 

BAX is a cytosolic protein that is responsible 

for mitochondrial outer membrane 

permeabilization “MOMP”. It is a master 

effector of apoptosis as death stimuli fail to 

induce MOMP and apoptosis in cells lacking 

BAX protein 
[34]

. Lin et al. stated that BPA 

induced apoptosis through the intrinsic 

mitochondrial pathway 
[35]

. 

Stratification of the epithelium lining the 

tubules was reported in the treated group. 

Haschek et al. stated that squamous 

metaplasia and stratification of accessory sex 

organs are a major morphological 

manifestation of xenobiotics and compounds 

that have estrogenic activity 
[36]

. 

The semen analysis of treated group showed 

increase in the abnormal forms. This is in 

accordance with results obtained by Karnam 

et al 
[37]

. Morphology of the sperms may be 

even more important than count or motility in 

determining potential fertility. Sperm with 
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abnormal shape cannot fertilize an egg 
[38]

. 

Significant decrease of the sperm count was 

reported in the treated group as compared to 

the control group. This is in agreement with 

Herath et al
 [39]

. However, Howdeshell et al. 

reported that BPA had no effect on the sperm 

count 
[40]

. The decrease in sperm count can be 

explained by the anti-androgen character of 

BPA or oxidative stress 
[41,42]

.
 
 

The cytogenetic study revealed a significant 

increase in the numerical and structural 

chromosomal aberrations in the treated group. 

These results are in agreement with Vanage et 

al 
[9]

. Elevated levels of chromosomal 

aberrations are suggested as an indicator of 

the early phase of carcinogenesis and 

considered as a predictive of cancer risk 
[43]

.  

The follow-up group showed sperms in the 

tubular lumen and little collagen fibers, but 

absence of clear cells and weak positive 

reaction to BAX were observed. The sperm 

count and testosterone level showed 

significant increase but neither reached the 

base line. Such incomplete recovery 

following stoppage of BPA was also observed 

in the testis by Mohamed and Arafa 
[13]

. 

It was concluded that, BPA could induce a 

structural hazards in corpus epididymis 

associated with genotoxic effects. These 

changes were partially reversible after 

stoppage of administration. 
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