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ABSTRACT 

Objectives: To study bisphenol A (BPA) effect on testicular functions in adult male rats using 

histopathology, and biochemical assays and to investigate vitamin E and melatonin role on BPA-

induced testicular toxicity in male rats. Methods: Adult male Sprague Dawley rats were divided into 

six groups (n=7) including negative control group, vehicle control group (0.2 mL of corn oil), BPA 

group (50 mg/kg), BPA (50 mg/kg) +vitamin E (100 mg/kg) group, BPA(50 mg/kg) + melatonin (10 

mg/kg) group, BPA(50 mg/kg) +vitamin E (100 mg/kg) + melatonin (10 mg/kg) group. All 

medications were given 3 days a week for 3 weeks by intraperitoneal injection except vitamin E were 

given orally by a gavage needle. Laboratory investigations (testosterone level and sperm parameters), 

glutathione peroxidase (GPX) activity, and histopathological examination of testis were done.                   

Results: The BPA-treated rats showed a significant reduction in the reproductive function parameters. 

Furthermore, BPA induced testicular oxidative stress by decreasing GPX activity and induced 

significant histopathological testicular changes. Co-treatment with vitamin E and melatonin protected 

against these alterations. Conclusion: Findings from the present study confirmed that BPA caused 

testicular dysfunction which may be due to BPA-induced oxidative stress and showed that vitamin E 

and melatonin antioxidants may have a protective role on the reproductive toxicity induced by BPA in 

male rats. 
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INTRODUCTION 

n 1891, the Russian chemist Aleksandr                            

Dianin was first convinced of Bisphenol A 

(BPA). It was synthesized in 1905 by Zincke 

through the condensation of acetone with two 

phenol equivalents. It is one of the most 

commonly used synthetic compounds in the 

world with an average annual growth of 13 

percent and a rise of 19 percent in demand for 

polycarbonates in India, the greatest growth is 

seen in Asia and an annual production of around 

5 million tons in the United States (Jalal et al., 

2018). 

Bisphenol-A is a monomer used for 

polycarbonate synthesis and as an intermediate 

reaction in the manufacture of epoxy resins, 

phenoxy resins, thermal receipts, dental 

sealants, medical devices, reusable food, water 

bottles, and drink containers, water supply 

pipes, flame retardants, and in the manufacture 

of rubber (Liu et al., 2021). Almeida et al. 

(2018) stated that BPA use in the fabrication of 

plastic food containers is currently allowed 

(Regulation [EU] No. 10/2011) but is forbidden 

based on the precautionary principle in infant 

feeding bottles (EU Regulation No. 321/2011). 

Bisphenol-A penetrates the body 

through the skin, inhalation, and the digestive 

system (Kang et al., 2006) while inhalation 

exposure appears to be insignificant compared 

to the dietary path (Wilson et al., 2003). 

BPA exposure has been linked to 

various toxic effects on human health, such as 

impaired reproduction and development, 

cancer, altered metabolism, and neurological 

and behavioral disorders (Benjamin et al., 

2017). BPA acts as an endocrine disrupting-

chemical. Its estrogenic, anti-androgenic, and 

anti-thyroid activity interferes with hormonal 

function (Rahman and Pang, 2019).  

Bisphenol A binds endocrine receptors 

(ERs) in the genomic pathway (nuclear) and 

causes their dimerization. Subsequently, either 

directly or indirectly, ER dimers stick to DNA 
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by binding to other transcription factors, 

including protein 1 specificity and activator 

protein 1. BPA can also affect cell functions by 

binding membrane-bound receptors via the 

non-genomic pathway, leading to kinase 

signaling pathway activation (Shanle and Xu, 

2011). The membrane-bound receptor works 

with G-protein-coupled receptors (GPCRs) 

during these signaling cascades and can trigger 

rapid estrogenic signaling through 

phosphatidylinositol 3-kinase (PI3KK) and 

mitogen-activated protein kinase (MAPK) 

activation (Fuentes and Silveyra, 2019).  

Bisphenol A's reproductive toxicity has 

been caused by the widespread use of plastic 

products. Therefore, humans are frequently 

subjected to BPA in their everyday lives. 

Measurable BPA levels have been identified by 

the U.S. Center for Disease Control and 

Prevention (CDC) in urine samples of 90% of 

the U.S. population (Lehmler et al., 2018). 

BPA, which influences male fertility, is a well-

known endocrine disruptor. However, it is still 

important to establish the mechanism by which 

BPA affects spermatogenesis (Liu et al., 2021).  

Studies on human subjects and animals 

have consistently shown a correlation between 

exposure to BPA and the reproductive system, 

such as decreased fertility, impaired sperm 

function, low sperm count, and increased 

morphological sperm abnormalities (Pan et al., 

2020). Leydig cell growth and function and 

related reproductive disorders such as testicular 

dysgenesis, delayed puberty, and 

subfertility/infertility is associated with BPA 

exposure (Li et al., 2020). 

Anti-apoptotic pathways Inhibition such 

as Bcl-2 and activation of pro-apoptotic 

signaling (MAPK, Fas/FasL, Caspase 3 and 9, 

Bax, etc.), increased reactive oxygen species, 

decreased proliferation, and increased apoptosis 

of male gametes is associated with BPA 

exposure (Pallotti et al., 2020). 

The toxic effects of BPA on different 

tissues are mainly mediated by increased 

oxidative stress associated with increased toxic 

free radical production (Rahman et al., 2016). 

Cellular oxidative homeostasis is disrupted by 

BPA, which then predisposes to apoptosis 

leading to cell death (Tavakkoli et al., 2020). 

Oxidative stress can be defined as an 

imbalance between the production of reactive 

oxygen species (ROS) and antioxidant 

defenses, resulting in oxidative damage (Ratliff 

et al., 2016). The mitochondria have been 

recognized as an important intracellular source 

of ROS and nitrogen species generation and so 

defective mitochondria have been associated 

with various pathological conditions (Olea-

Herrero et al., 2014). 

Antioxidants are exogenous or 

endogenous molecules that alleviate any sort of 

oxidative/nitrosative stress. From directly 

scavenging free radicals to increasing 

antioxidant defenses (Kurutas, 2016). 

Antioxidants protect cells from cellular 

oxidation reactions caused by free radicals 

induced by BPA exposure and so prevent the 

destruction of DNA, RNA, and proteins (Nur 

et al., 2019). Antioxidants are mainly classified 

into two major groups, enzymatic (e.g., 

superoxide dismutase, catalase,…) and non-

enzymatic (e.g., vitamin E, vitamin A, vitamin 

C, flavonoids, carotenoids, glutathione, 

melatonin).  

Vitamin E is the generic name for 

tocopherols, which are a class of chemical 

phenolic compounds (Gulcin, 2020). Vitamin E 

is a fat-soluble vitamin that has antioxidant 

properties to protect body cells, from free-

radical and ROS damage. They are the best-

known and most widely used antioxidants. The 

first line of cell membranes protection against 

oxidation is vitamin E (Niki, 2014). 

Melatonin is a potent antioxidant that is 

endogenously secreted (Gunata et al., 2020). 

Melatonin is an important free-radical 

scavenger and antioxidant that can directly 

scavenge excessive ROS and can enhance the 

function of the antioxidant enzyme system (Cen 

et al., 2020). 

The mitochondria have been identified 

as a target for melatonin actions, and melatonin 

protects against mitochondrial oxidative 

damage under various pathological conditions 

(Chen et al., 2015). Reports also showed that 

melatonin interacts with lipid bilayers, reduces 

lipid peroxidation, and stabilizes the internal 
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mitochondrial membrane, thereby improving 

the activity of the electron transport chain 

(ETC) (Reiter et al., 2014). 

The present study aims to evaluate 

bisphenol A-induced laboratory and 

histopathological alterations in the reproductive 

organs (testicles) of albino rats and the value of 

melatonin and vitamin E in the protection 

against BPA-induced testicular toxicity. 

MATERIAL AND METHODS 

This research was authorized by the 

Institutional Research Board of the Mansoura 

Faculty of Medicine, Mansoura University 

(MS. 19.09.800.R1).              

 Chemicals:  
Bisphenol A: (>99%, liquid 50gm bottle).  

Melatonin:  powder, 250 mg in a glass bottle, 

dissolved in ethanol: 50 mg/mL.   

Vitamin E: α-Tocopherol the active liquid 

form of Vit E in a glass bottle contains 100g. 

Corn oil: liquid form, 2.5 L in a bottle. 

All reagents were purchased from 

Sigma Aldrich
™

 (Saint Louis, MO, USA). 

 Animals: 

This study was conducted on forty-two 

male Sprague Dawley rats, 8 weeks old. Their 

weights ranged from 200–220 g. They were 

obtained from the animal house, Faculty of 

Pharmacy, Mansoura University, Egypt.  

Under normal laboratory conditions, 

including appropriate temperature (22±2
o
C), 

good lighting (12 hours light/dark cycle), and 

good aeration, the animals were housed in clean 

cages. A normal laboratory diet and tap water 

was given to them. 

 Instruments: 

Standard light microscopy (binocular, 

OPTICA) attached to a digital camera (Canon 5 

megapixels, 3.2x optical zoom). Needles, 

syringes, scalpels, test tubes, and glass slides 

were purchased from the animal house, Faculty 

of Pharmacy. 

 Experimental Design: 
This experimental work was conducted in the 

Faculty of Pharmacy, Mansoura University. 

The rats were randomly divided into six groups; 

each group contains seven rats as follow:  

Group 1: rats received ordinary food and water 

and serve as a negative control group. 

Group 2: rats received 0.2 mL of corn oil (the 

vehicle of BPA) by the intraperitoneal route 

and serve as the vehicle control group. 

Group 3: rats were given BPA dissolved in 

corn oil at 50 mg/kg body weight 3 days a week 

for 3 weeks by intraperitoneal injection 

(Othman et al., 2014). 

Group 4: rats were treated with vitamin E 100 

mg/kg body weight body orally by a gavage 

needle followed by BPA 50 mg/kg dissolved in 

corn oil by intraperitoneal injection 3 days a 

week for 3 weeks (Amraoui et al., 2018). 

Group 5: rats were given melatonin 10 mg/kg 

body weight by intraperitoneal route followed 

by BPA 50 mg/kg body weight dissolved in 

corn oil by intraperitoneal injection 3 days a 

week for 3 weeks (Othman et al., 2014). 

Group 6: rats were treated with vitamin E 100 

mg/kg body weight body orally by a gavage 

needle and melatonin 10 mg/kg body weight by 

intraperitoneal route followed by BPA 50 

mg/kg body weight dissolved in corn oil by 

intraperitoneal injection 3 days a week for 3 

weeks (Amraoui et al., 2018).  

Sperm was obtained at the end of the 

experiment as follows; the epididymis of both 

testes was separated and cut free of fat and put 

at 37° C in physiological saline. In the proximal 

and distal cauda of each epididymis, there will 

be three deep cuts. The tissue is removed after 5 

minutes of incubation at 37°C, and the sperm 

suspensions are gently combined and preserved 

at 37°C. Also, rats’ blood will be obtained, left 

to clot and unhaemolysed serum will be 

separated for serum testosterone, male adult 

rats will be sacrificed; testicles will be removed 

and examined. 

Assessment of the effects of bisphenol 

A, Vit E, and melatonin on testicular tissue was 

done through laboratory investigations 

(testosterone level & sperm parameters), 

assessment of Glutathione Peroxidase (GPX) 

activity, and histopathological examination of 

the testis.  

Testicular function assessment:  
Measurements of serum testosterone levels: 

The serum testosterone level was estimated by 

a commercially available radioimmunoassay kit 
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(rat testosterone RIA kit, IMMUNOTECH, 

USA).  

Sperm count: The epididymal sperm samples 

were collected in physiological saline by 

separating known weights of cauda epididymis 

in the ratio of 1:10 weight by volume. The 

suspension was filtered using an 80μm  

stainless mesh.  Using the improved Neubauer 

cytometer, the epididymal sperm count was 

obtained by cytometry and was represented as a 

million/mL suspension.  

Sperm morphology: With 10 μl of eosin-

nigrosin dye, 10 μl of sperm suspension was 

applied and a dense smear was made on the 

slides. The eosin stain is excluded from normal 

live sperm and appears white, while "dead" 

sperm takes up eosin and appears pinkish. The 

percentage of irregular sperm morphology was 

measured. 

Sperm motility:  Sperm motility was identified 

using the Sönmez et al (2005) method. By 

using a pipette, fluid was taken from the caudal 

epididymis and diluted with a 2 mL Tris buffer 

solution. The system was pre-warmed (35 ° C), 

three separate fields were tested, and the mean 

value was reported as the final motility score. 

Assessment of Glutathione peroxidase (GSH 

Px) activity: The activity of glutathione 

peroxidase (GSH-Px) was assessed as described 

by Paglia and Valentine (1967). GSSG derived 

from GSH was calculated in this method due to 

GSH-Px in the presence of NADPH and GSH-

R. GSH-Px activity was measured from the 

change in NADPH concentration with time 

using Ꜫ= 6270M
−1

cm
−1

. 

Histopathological evaluation:  
Both testicles were cut, soaked 

overnight in the Bouin fixative, and embedded 

in paraffin. Sections (5 um in thickness) were 

cut from the top to the end of the testis at 

intervals of 200 um and then stained with 

hematoxylin and eosin. With a standard light 

microscope, all parts were histopathologically 

examined. A digital camera captured the 

images. 

2.2. Statistical analysis: 
The collected data were coded, 

processed, and analyzed using the Statistical 

Package of Social Science (SPSS) program for 

windows (version 16). Quantitative data were 

presented as mean ± standard deviation (SD). 

The normality of data was tested using 

Kolmogrove -Smirnoff test. The Independent t-

test was used on comparing two groups. For 

comparing more than two groups, a one-way 

ANOVA test was used. P-value ≤ 0.05 was 

considered to be significant in two-sided 

statistical tests. If p-value ≤ 0.05, we reject the 

null hypothesis (H0) and conclude that there is 

a significant difference between groups. 

RESULTS 

No toxic manifestations or mortality 

among the studied animals were reported 

during the experimental period.  

The effect of BPA on albino rats’ 

reproductive function parameters is illustrated 

in table (1). The reproductive functions in the 

BPA group were significantly reduced 

compared to the negative and vehicle control 

groups (p < 0.001). Sperm count, sperm 

motility, serum testosterone level, and 

glutathione peroxidase (GPX) were 

significantly decreased while abnormal sperm 

morphology was significantly increased 

compared to negative and vehicle control 

groups.
Table (1):  The effect of BPA on albino rats’ reproductive function parameters and glutathione peroxidase 

activity compared to control groups. 
Reproductive function parameters 

 Mean ± SD 

Negative control 

group (n = 7) 

Vehicle control 

group (n = 7) 

BPA group 

(n = 7) 

P value 

Abnormal sperm morphology (%) 2.3 ± 0.5
 c
 2.7 ± 0.8

c
 19.1 ± 4.4

a,b
 < 0.001* 

Sperm count (10
6
 / ml) 144.1 ± 12.3

 c
 135.0 ± 10.3

 c
 60.8 ± 10.5

 a,b
 < 0.001* 

Sperm motility (%) 92.9 ± 2.7
 c
 92.1 ± 2.7

 c
 52.1 ± 4.9

 a,b
 < 0.001* 

Serum testosterone (ng / dl) 255.8 ± 25.2
 c
 219.7 ± 25.4

 c
 73.8 ± 12.3

 a,b
 < 0.001* 

Glutathione Peroxidase (GPX) (U/ g) 134.2 ± 13.3
 c
 127.3 ± 11.4

 c
 54.6 ± 12.1

 a,b
 < 0.001* 

* Significant if P ≤ 0.05                                                                  a significant difference versus the negative control group 

b significant difference versus the vehicle control group              c significant difference versus BPA group 
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Microscopic examination of H&E 

stained testicular sections from the negative 

control group (Fig. 1 A, B) and vehicle control 

group (Fig. 1 C, D) showing regular crossly 

sectioned seminiferous tubules lined with 

germinal epithelium, several layers of 

spermatocytes, spermatids hanged to Sertoli 

cells, and spermatozoa in the lumen. Narrow 

interstitial space seen in between seminiferous 

tubules consists of loose areolar connective 

tissue containing the interstitial cells (Leydig 

cells). Testicular sections from the group 

received BPA showing widened lumen of some 

crossly sectioned seminiferous tubules free 

from spermatozoa (Fig. 1 E), the vacuolated 

epithelium (Fig. 1 F), separated epithelial lining 

from the basement membrane, and congested 

blood vessels (Fig. 1 G, H).  

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Microscopic pictures of H&E stained testicular sections from negative control group (A&B) and vehicle control 

group (C&D) showing regular crossly sectioned seminiferous tubules lined with germinal epithelium, several layers of 

spermatocytes, spermatids hanged to Sertoli cells, and spermatozoa in the lumen. Narrow interstitial space seen in between 

seminiferous tubules consists of loose areolar connective tissue containing the interstitial cells (Leydig cells). Testicular 

sections from the group received BPA showing widened lumen of some crossly sectioned seminiferous tubules (black 

arrows) free from spermatozoa (E), vacuolated epithelium (arrowheads) (F), separated epithelial lining from the basement 

membrane (yellow arrows), and congested blood vessel (red arrow) (G&H). X:100 (A, C, E, G)  X:400 bar 50 (B, D, F, H). 

 

The effect of vitamin E, melatonin, and 

combined vitamin E + melatonin antioxidants 

on BPA induced reproductive dysfunctions, are 

showed in the table (2). Reproductive function 

parameters and glutathione peroxidase activity 

were significantly improved after 

administration of vitamin E and melatonin 

antioxidants compared to the BPA group. 
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Table (2): Studying the effect of antioxidants (vitamin E, melatonin, and vitamin E + melatonin) on BPA 

induced reproductive dysfunctions: 
Reproductive function parameters 

 Mean ± SD 

BPA  

(n = 7) 

BPA+vitamin E 

(n = 7) 

BPA + Melatonin 

(n = 7) 

BPA+vit E + 

Melatonin(n = 7) P value * 

Abnormal sperm morphology (%) 

 

 

19.1 ± 4.4 

 

 

7.7 ± 1.7 

 

 

13.71 ± 2.3 

 

 

5.6 ± 1.0 

 

P1 <0.001 

P2 =0.013 

P3 <0.001 

Sperm count (106 / ml) 

 

60.8 ± 10.5 

 

100.2 ± 8.8 

 

82.3 ± 9.9 

 

116.9 ± 13.7 

 

P1 <0.001 

P2 =0.002 

P3 <0.001 

Sperm motility (%) 

 

52.1 ± 4.9 

 

74.3 ± 4.5 

 

64.3 ± 6.7 

 

85.0 ± 4.1 

 

P1 <0.001 

P2 =0.002 

P3 <0.001 

Serum testosterone (ng / dl) 

 

73.8 ± 12.3 

 

155.2 ± 19.6 

 

138.0 ± 21.1 

 

189.4 ± 23.8 

 

P1 <0.001 

P2 <0.001 

P3 <0.001 

Glutathione Peroxidase (GPX) (U/ g) 

 

54.6 ± 12.1 

 

82.8 ± 11.3 

 

71.5 ± 10.5 

 

96.3 ± 11.3 

 

P1 =0.001 

P2 =0.016 

P3 <0.001 

* Significant if P ≤ 0.05 P1: for comparison between BPA + vitamin E group and BPA group P2: for comparison between 

BPA + Melatonin group and BPA group P3: for comparison between BPA + Vit E + Melatonin group and BPA group. 
 

Microscopic pictures of H&E stained 

testicular sections from the treated group with 

melatonin (Fig. 2 A, B) showing moderate 

interstitial edema and vacuolated epithelial 

lining. Testicular sections from the group 

received vitamin E showing mild interstitial 

edema, widened lumen of a few crossly 

sectioned seminiferous tubules free from 

spermatozoa and vacuolated epithelial lining 

(Fig. 2 C, D). Testicular sections from the 

group received melatonin+vitamin E showing 

an improved histological picture of 

seminiferous tubules with narrowed interstitial 

space in between (Fig. 2 E, F). 
 

 
Figure 2: Microscopic pictures of H&E stained testicular sections from the treated group with melatonin (A, B) showing 

moderate interstitial edema (blue arrows) and vacuolated epithelial lining (arrowheads). Testicular sections from the group 

received vitamin E showing mild interstitial edema (blue arrows), widened lumen of few crossly sectioned seminiferous 

tubules (black arrows) free from spermatozoa, and vacuolated epithelial lining (arrowheads) (C, D). Testicular sections 

from the group received melatonin+vitamin E showing an improved histological picture of seminiferous tubules with 

narrowed interstitial space in between (blue arrows) (E&F). X:100 bar 100 (A, C, E) and X:400 bar 50 (B, D, F). 
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Reproductive function parameters 

improved in animal groups receiving 

antioxidants together with BPA. Abnormal 

sperm morphology decreased significantly in 

BPA +melatonin+vitamin E (5.6%) then 

BPA+vitamin E (7.7%) then BPA +melatonin 

(13.7%) (figure 3). Figure (4) shows the mean 

effect of different antioxidants on albino rats’ 

sperm count; BPA +melatonin+vitamin E 

showed the highest sperm count 116.9 (10
6
 / 

ml) then BPA + vitamin E 100.2 (10
6
 / ml) then 

BPA +melatonin 82.3 (10
6
 / ml). Sperm 

motility was improved significantly in BPA 

+melatonin+vitamin E (85 %) then BPA + 

vitamin E (74.3%) then BPA +melatonin (64.3 

%) (figure 5). Serum testosterone level 

increased significantly in in BPA 

+melatonin+vitamin E (189.4 ng / dl) then BPA 

+ vitamin E (155.2 ng / dl) then BPA 

+melatonin (138 ng / dl) (figure 6). Glutathione 

Peroxidase (GPX) activity was (96.3 U/ g) in 

BPA +melatonin+vitamin E, (82.8 U/ g) in 

BPA + vitamin E and (71.5 U/ g) in BPA 

+melatonin (figure 7). 

  
Figure 3. Mean effect of different antioxidants on albino 

rats’ sperm morphology 

Figure 4. Mean effect of different antioxidants on albino 

rats’ sperm count 

  
Figure 5. Mean effect of different antioxidants on albino 

rats’ sperm motility 

Figure 6. Mean effect of different antioxidants on albino 

rats’ serum testosterone level 

 
Figure 7. Mean effect of different antioxidants on albino rats’ Glutathione Peroxidase (GPX) level. 
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DISCUSSION 

It has been documented that bisphenol A 

(BPA) causes male reproductive dysfunction 

and can cause severe estrogenic effects, 

including changes in serum hormones and 

testicular lesions (Olukole et al., 2020). 

The present results indicate that BPA 

caused testicular dysfunctions; these results 

were obtained from biochemical and 

histopathological studies. Antioxidants have an 

important role in protecting against BPA 

induced oxidative stress (Amjad et al., 2020). 

We focused on the role of vitamin E and 

melatonin antioxidants; on BPA-induced 

testicular oxidative stress. 

In the current study, BPA caused a 

significant reduction in reproductive function 

parameters assessed by abnormal sperm 

morphology, sperm count, sperm motility, and 

serum testosterone level. These findings agree 

with the reports of some studies (Ahbab et al. 

2017; Yang et al., 2019; Zahra et al., 2020) that 

reported a significant decrease in the 

testosterone level. Moreover, Testicular 

function and sperm production can be impaired 

by a decrease in testosterone concentrations.  

Testosterone plays a key role in the 

initiation and maintenance of spermatogenesis, 

differentiation of male genital organs, and the 

production of secondary sexual characteristics.  

Any factor affecting the viability of Leydig cells 

and/or interfering with testicular steroidogenesis 

may cause endocrine regulation of 

spermatogenesis to be disrupted and impair 

fertility (Selvaraju et al., 2020).  

Tests are considered to be highly 

sensitive to oxidative stress due to the presence 

of abundant polyunsaturated fatty acids. To 

counteract the effects of ROS, the testes contain 

a high concentration of antioxidant defense 

systems that prevent cell damage. BPA caused 

toxic effects to the testicular tissue of exposed 

rats by decreasing the activity of catalase (CAT) 

and lowering the level of glutathione (GSH) and 

elevating the level of (malondialdehyde) MDA 

(Khalaf et al., 2019).  
Bisphenol A may inhibit the growth of 

Sertoli Cells by concomitantly inducing ROS 

production, loss of mitochondrial membrane 

potential, apoptosis, autophagy, and necrosis 

that provide insight into the underlying 

mechanisms of BPA toxicity in male 

reproduction (Zhang et al., 2017). Testosterone 

levels decrease when low BPA concentrations 

impair the gene encoding steroidogenic 

enzymes like StAR, P450scc, 3β-HSD, 

Cyp17a1, Cyp19a1, and 17β-HSD in Leydig 

cells (Xu et al., 2020).  

Increased production of reactive oxygen 

species (ROS), mitochondrial dysfunction, 

intracellular Ca
2+

 overload, and rat Sertoli cell 

apoptosis can be caused by high BPA 

concentrations (Wang et al., 2017). Bisphenol A 

induced oxidative stress in the rats’ testicles as 

evidenced by decrease glutathione peroxidase 

activity. These findings were consistent with 

(Anjum et al. 2011; Ullah et al., 2018) who 

noticed that the function of antioxidant enzymes 

was significantly reduced and the levels of 

reactive oxygen species (ROS) in the testicular 

tissues were significantly elevated.  

The present histopathological findings 

(after 3 weeks) of the BPA -treated group 

showed widened lumen of some crossly 

sectioned seminiferous tubules that were free 

from spermatozoa, vacuolated epithelium, 

separated epithelial lining from the basement 

membrane, and congested blood vessels. The 

above findings were consistent with the study 

by Olukole, et al. (2020); Zahra et al. (2020) 

who reported spermatogenic cell vacuolization, 

sloughing, and reduction, testicular atrophy with 

substantial loss of spermatogenesis in most 

seminiferous tubules. In addition, interstitial 

bleeding, vacuolated, degenerated, and poorly 

formed Leydig cells were observed. 

Several antioxidant substances have 

been studied for their protective effects against 

BPA induced oxidative stress. For instance, 

Asparagus officinalis extract, cinnamon 

treatment, N-acetylcysteine, and boron (Acaroz 

et al., 2019). 

Administration of melatonin and vitamin E 

antioxidants can protect against BPA induced 

testicular dysfunction. They improved the 

reproductive function parameters assessed by 

sperm count, sperm motility, and serum 

testosterone level. These findings were in 
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agreement with Mehranjani et al (2018) who 

reported that many toxic effects of Bisphenol A 

on the testis may be compensated for by vitamin 

E as a substantial decrease in the total volume of 

the testis, the volume and diameter of the 

seminiferous tubule, the thickness of the 

basement membrane, the sperm count, the 

spermatocyte and Sertoli cells, the level of 

serum testosterone and counteract the oxidative 

stress induced by BPA. 

By elevating the levels of superoxide 

dismutase (SOD), catalase (CAT), and 

decreased glutathione (GSH) in the blood of 

BPA-exposed albino rats in vivo, vitamin E 

restored the enzymatic antioxidant defenses by 

scavenging free radicals (Nimisha and 

Sendhilvadivu, 2018).  After administration of 

vitamin E, the levels of thiobarbituric acid 

reactive substances (TBARS) in the blood of 

BPA-exposed rats decreased, suggesting 

decreased lipid peroxidation (LPO) levels (Avci 

et al., 2016). 

Kumar et al (2021) stated that melatonin is a 

strong molecule that rescued testicular damage 

caused by the BPA as evident by disrupted 

histoarchitecture, increased oxidative stress, 

inflammation, apoptosis through the modulation 

of oxidative sensor proteins in the male golden 

hamster Mesocricetus auratus. 

Olukole et al. (2018) recorded that sub-acute 

oral administration of BPA induced serum 

testosterone level alterations and induced 

morphological prostate gland lesions in rats, 

whereas these results were improved by 

concomitant treatment with intra-peritoneal 

melatonin injection.  

Melatonin and vitamin E antioxidants 

administration reduced oxidative stress as 

evidenced by increased the activity of 

glutathione peroxidase. This was in agreement 

with Othman et al (2014) who observed that 

treatment with melatonin resulted in a 

substantial decrease in the levels of 

malondialdehyde (MDA) and H2O2 and a 

significant increase in testicular SOD and CAT 

activity in epididymal sperm in comparison to 

control rats.   

Group treated with melatonin showed 

moderate interstitial edema and vacuolated 

epithelial lining. These findings are in 

conformity with Olukole et al. (2019) who 

reported that melatonin protects against BPA-

induced alterations in the male reproductive 

system by specifically impacting the antioxidant 

pathway and by inhibiting necrosis. Concurrent 

melatonin administration has been able to 

preserve the interstitial tissue of the testicles. 

Vitamin E improved the histological features 

of the testis. Testicular sections from the group 

received vitamin E showing mild interstitial 

edema, widened lumen of few crossly sectioned 

seminiferous tubules free from spermatozoa, 

and vacuolated epithelial lining.  

Testicular sections from the group received 

melatonin+vitamin E showing an improved 

histological picture of seminiferous tubules with 

narrowed interstitial space in between. The 

administration of combined melatonin and 

vitamin E together provide better protection for 

testicular function than the administration of 

each one alone.  This was confirmed by the 

significant improvement in reproductive 

function parameters assessed by sperm count, 

sperm motility, serum testosterone level, 

increased glutathione peroxidase activity, and 

less histopathological testicular damage. 

CONCLUSION 

The current study investigates the effects 

of BPA on the male testicular functions in adult 

male rats. The results suggest that BPA affects 

significantly the reproductive function 

parameters and induced oxidative stress. Co-

treatment with antioxidants melatonin and 

vitamin E ameliorated the increased level of 

ROS in testes of rats and improved the 

reproductive function parameters and the 

histopathological alterations induced by BPA. 

Future studies are needed to investigate the 

molecular mechanisms by which BPA affects 

reproductive functions and the impact of 

antioxidants to overcome BPA toxicity.  
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