
 

229 
Journal of Anatomical Sciences 2022 Vol. 13 No. 2                       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ABSTRACT 

Bisphenol A (BFA), which is one of the most widely used industrial chemicals in the 

production of plastic has been implicated with male infertility and achieved this through 

increased in reactive oxygen species and oxidative stress. Melatonin 

and phoenix dactylifera (date palm) have been shown to have many beneficial medicinal 

properties, including antioxidant effects. The aim of the study to was evaluate the effects of 

melatonin and Phoenix dactylifera on antioxidant enzyme and hormones (androgens) 

associated with bisphenol-A induced testicular toxicity in male Wistar rats. Twenty-five (25) 

adults’ male Wistar rats with a weight range of 120–150 g were randomly divided into five 

groups of five rats each. Group 1 received distilled water, orally, Group 2 received BFA only; 

4 mg/kg orally, Group 3 received BFA; 4 mg/kg plus melatonin; 10mg/kg, orally, Group 4 

received BFA; 4mg/kg plus Phoenix dactilyfera; 500mg/kg, orally and Group 5 received 

BFA; 4mg/kg plus melatonin; 10mg/kg and Phoenix dactilyfera; 500mg/kg, orally. The 

administration was done for 14 days. The animals were humanely sacrificed using 

chloroform 24 hours after last administration. Blood samples were taken by cardiac puncture 

for hormonal assay and biochemical analysis. The data were presented as mean ± SEM and 

analyzed by ANOVA using the SPSS package version 25 software. Differences were 

considered significant at p<0.05. Bisphenol A administration caused a significant increase in 

the testosterone and follicle-stimulating hormones and increased MDA levels with a 

corresponding decrease in SOD and MDA levels. However, administration of melatonin 

and phoenix dactylifera showed significant attenuation of adrogenous hormones and 

intracellular antioxidant enzymes. Melatonin and Phoenix dactylifera showed powerful 

modulating effects against environmental pollutant Bisphenol A induced infertility in Male 

Wistar rats. 
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INTRODUCTION 

 Infertility is a global health issue affecting 

millions of people of reproductive age 

worldwide1. Available data indicates that 

48 million couples and 186 million 

persons are subjects of infertility 

globally2. Infertility is a disease of the 

reproductive system defined by the lack of 

ability of a non-contraceptive couple to 

conceive after more than 12 months of 

regular unprotected sexual intercourse. 

Primary infertility is the inability to have 

any pregnancy, while secondary infertility 

is the inability to have a pregnancy after a 

successful conception1. Infertility may 

occur due to many factors including male 

factors, female factors, or a combination of 

both or unexplained causes3.  Males and 

females apart other causes like, 

environmental and lifestyle factors such as 

smoking, excessive alcohol intake, obesity, 

exposure to environmental pollutants and 

industrial chemicals like Bisphenol A 

(BPA) which is an endocrine-disrupting 

chemical, have been associated with low 

fertility4. 

Bisphenol A (BFA) is one of the most 

widely used industrial chemicals in the 

production of plastic materials5; prolonged 

exposure to BFA is said to have harmful 

effects on the male reproductive system 

due to increased reactive oxygen species 

level and oxidative stress (OS)6. Several 

research groups and pharmacological 

approaches in the past years have focused 

their investigations on preventing and 

reverting male infertility7.  

Melatonin is an endogenous hormone 

derived from tryptophan, which was first 

found in the vertebrate pineal gland8. It 

regulates many critical biological 

functions, including sleep, circadian 

rhythm, reproduction, immunity, and 

oncostatin processes 9,10,11. Melatonin 

exerts an antioxidant effect on organs and 

an anti-apoptotic effect on cells12 and can 

quickly move across the cell membrane 

blood–brain barrier, protecting various 

biomolecules by detoxifying Reactive 

oxygen species (ROS) and reactive 

nitrogen species (RNS) 13. It enhances the 

antioxidant defense system by increasing 

the expression of antioxidant enzymes 14. 

The role of melatonin in reproduction in 

many species is related to seasonal 

reproductive cycles. In man, it has been 

demonstrated that changes in the pineal 

gland's melatonin secretion can modulate 

the reproductive neuroendocrine axis 15. 

Phoenix dactylifera (Date palm) fruit is 

one of the plants suggested in traditional 

medicine to improve fertility potential. 

Date palm fruits were traditionally claimed 

to be aphrodisiacs and fertility enhancers 

and have been used in the Middle East as a 

natural medicine for the treatment of male 

infertility and promoting fertility in 

women 16. The Iranian traditional medicine 

reveals that date palm has refreshing and 

nutritional value and is beneficial for 

treating infertility in both males and 

females. However, it is widely used to 

treat male infertility 17. Date palm fruit 

extract (DPFE) has been shown to contain 

a high concentration of antioxidant 

compounds 18 and may be a suitable and 

cost-effective alternative to conventional 

drugs for the protection of fertility 

potential 19. BPA widespread presence in 

several daily-used products and its 

detection in several human tissues and 

body fluids have raised many concerns 

about its potential association with human 

disorders such as cancer, cardiovascular 

diseases, obesity, diabetes, and 

reproductive disorders 20,21. Although BPA 

may be toxic to other organs, attention has 

been paid to its reproductive and 

endocrine-disrupting effects 22,23,6. 

Therefore, the study aimed at evaluating 

the effects of melatonin and Phoenix 

dactylifera (Date palm) on hormone and 

antioxidant enzymes associated with 

bisphenol A induced testicular and 

androgen toxicity in Male Wistar rats. 
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MATERIALS AND METHODS 

The following materials were used in the 

study; Plastic Cages, Spectrophotometer 

auto analyzer, blood sample containers, 

Centrifuge, Temperature controlled 

refrigerator, Microwave oven, humidity 

chamber, , MRC spectrophotometer. 

Bioactive compounds and drugs used in 

this study were: Melatonin M5250-1G 

(Sigma Aldrich, USA), Bisphenol A 

(Sigma Aldrich, USA), Haematoxylin and 

Eosin Stain (H&E), and Periodic Acid 

Schiff stain were used in the study. 

Source of Animal and Management: 

Twenty-five male Wistar rats weighing 

120-150g, were obtained from the Animal 

Housing Facility, Faculty of Basic Medical 

Sciences College of Medical 

Sciences Rivers State University Port 

Harcourt, Nigeria.  

 

 

 

 

 

 

 

 

 

 

 

 

 

They were acclimatized for two weeks 

before starting the experiment. During this 

period, the rats were housed in metal cages 

at room temperature, maintained under a 

12-hour light/dark cycle, and had free 

access to standard rat chow and water until 

the end of the experiment. All rats were 

handled according to the standard guide 

for the care and use of laboratory animals. 

Acquisition and extraction of Phoenix 

dactilyfera fruits: Fresh fruits of Phoenix 

dactilyfera (date palm) was purchased 

from Mile Three (3) market, Port-

Harcourt. The fruits were washed, air 

dried, minced and powdered using 

laboratory mortar. 1000g of the powdered 

leaves was extracted in 1.5 liters of 80% 

ethanol using a soxhlet extractor. These 

were further filtered using a Whatman 

filter paper (24mm). The filtrate was dried 

in a laboratory water bath set at 68°C and 

total yield of (55.8g) was obtained per 

1000g of the powdered fruits. 

Animal Grouping and treatment procedure: Twenty-five rats were randomly divided into 

five groups, as shown in table 1.0 below: 

Table 1: Animal grouping and treatment protocol 

GROUPS TREATMENT  

1 Control group (distilled water, orally for 14 days).  

2 Bisphenol A group (BFA; 4 mg/kg orally for 14 days).  

3 Treatment group I BFA; 4 mg/kg + Melatonin; 10 mg/kg, orally for 14 days. 

4 Treatment group II (BFA; 4mg/kg + Date palm; 500mg/kg, orally for 14 days). 

5 Treatment group III (BFA; 4mg/kg + Melatonin; 10mg/kg + Date palm; 500mg/kg, 

orally for 14 days). 

N= five rats per group, the treatment duration is once daily for 14 days. 
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Sample collection: The administration was 

by gavage using oral metal cannulas. The 

body weights of the rats were measured just 

before administration, after seven days of 

administration, and after 14 days. The rats 

were sacrificed after 14 days of 

administration. At the end of the 

experiment, the animals were humanely 

sacrificed using chloroform, 24 hours after 

the last administration. Blood samples were 

taken by cardiac puncture from all groups 

for hormonal assay (androgens) and 

biochemical assay (antioxidants/enzymes). 

Estimation of serum testosterone and 

follicle stimulating hormone: The serum 

samples obtained were analyzed to 

determine the concentration of testosterone 

and follicle stimulating hormone. Analysis 

was carried out via the tube-based enzyme 

immunosorbent assay (EIA). The protocol 

used in hormone testing followed the 

method described by the kit manufacturers 

(Immunometric Limited UK) and met the 

WHO research program standards for 

reproductive studies. 

Estimation of antioxidant enzymes 

(Malondialdehyde (MDA), Superoxide 

Dismutase (SOD) and Glutathione 

peroxidase (GPx): The enzyme activity of 

glutathione peroxidase (GPX), super 

peroxide dismutase (SOD), and serum level 

of malondialdehyde (MDA) was assayed 

using spectrophotometry respectively. The 

protocol used in biochemical/enzyme assay 

followed the method described by the kit 

manufacturers (Immunometric Limited UK) 

and met the WHO research program 

standards for reproductive studies. 

 

 

 

 

 

Statistical analysis: The data were 

presented as mean values ± SEM. ANOVA 

was carried out on the Statistical Package 

for the Social Sciences (SPSS version 17), 

and we checked for significant differences 

between the results. Differences were 

considered significant at p<0.05. 

RESULTS 

Effect of melatonin and Phoenix 

dactylifera on testosterone and follicle 

stimulating hormone serum levels of 

bisphenol-induced toxicity in Wistar rats: 

The results obtained in table 2 showed that 

serum testosterone and follicle-stimulating 

hormone levels were significantly increased 

(p<0.05) with treatment with Bisphenol. At 

the same time, bisphenol treatment with 

melatonin and date palm extract treatment 

showed a significant reduction in (p<0.05) 

the testosterone and follicle-stimulating 

hormone. Co-administration of Bisphenol 

treatment with melatonin and date palm 

extract showed a normalized level of 

testosterone and follicle-stimulating 

hormone (figure 1, 2).  
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Effect of Melatonin and Phoenix 

dactylifera on the Serum Lipid 

Peroxidation Biomarker 

(Malondialdehyde) Levels of Bisphenol 

induced Toxicity in Wistar rats: The 

result obtained indicate that serum level of 

Malondialdehyde was significantly 

increased (P<0.05) upon administration of 

bisphenol (table 3). While treatment with 

melatonin and date palm extract showed a 

slight increase but not significantly different 

(P<0.05) from the control group (figure 3). 

The effect of Melatonin and Phoenix 

dactylifera on the Serum antioxidant 

enzyme Levels of Bisphenol induced 

Toxicity in Wistar rats: The result showed 

that serum levels of GPX and SOD 

significantly decreased (P>0.05) upon 

administration of Bisphenol (table 3). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In comparison, treatment with melatonin 

and date palm showed an increase in serum 

GPX significantly different from (P<0.05) 

in the bisphenol group. Co-administrative 

therapy with melatonin and date palm 

extract caused an increase in GPX levels 

quite different (P<0.05) from the control 

group (figure 4). Treatment with melatonin 

and date palm extract showed an increase in 

the serum level of SOD, which is not 

significantly different (P<0.05) from the 

control group. Co-administrative treatment 

with melatonin and date palm extract 

showed an increase in SOD levels 

insignificantly different  

(P<0.05) from the control group (figure 5).  

Table 2:  Effect of Melatonin and Phoenix dactylifera on Testosterone and Follicle  

  Stimulating Hormone Serum Levels of Bisphenol induced Toxicity in  

  Wistar Rats. 

GROUP TET (MIU/ML) FSH (mIU/ML) 

1 1.26 ± 0.03               0.24 ± 0.02 

2 1.69 ± 0.34* 1.35 ± 0.21*  

3 1.44 ± 0.26 0.82 ± 0.17 

4 1.45 ± 0.04 0.55 ± 0.12 

5 1.29 ± 0.06 0.42 ± 0.06  

Values expressed as mean ± SEM; n = 5 

*Denote significant variation (p<0.05) from control. 
 

 

Table 3:   Mean Serum GPX, SOD and MDA Levels of Wistar Rats Treated with  

  Bisphenol A, Melatonin and Phoenix dactylifera  

GROUP GPX (U/L) SOD (U/ML) MDA (UMOL/L) 

1 0.64 ± 0.01 0.35 ± 0.03 0.51 ± 0.06 

2 0.38 ± 0.01* 0.24 ± 0.05* 0.91 ± 0.07* 

3 0.52 ± 0.08 0.32 ± 0.06  0.57 ± 0.03 

4 0.61 ± 0.01 0.33 ± 0.08 0.48 ± 0.04 

5 0.72 ± 0.00 0.37 ± 0.05 0.45 ± 0.05 

Values expressed as mean ± SEM; n = 5; for free radicals and antioxidants of Wistar rats. 

*Denote significant variation (p<0.05) from control. 
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DISCUSSION 

The findings showed that the serum levels 

of testosterone and follicle-stimulating 

hormone (FSH) increased significantly in 

the group treated with bisphenol A 

compared to the control group. This finding 

disagrees with 24,26. They further reported 

that BFA caused a reduction in testosterone 

and follicle-stimulating hormone, which 

contributed to the defects in 

spermatogenesis and sperm maturation. A 

decrease in serum testosterone levels has 

also been reported following the exposure of 

adult male Wistar rats to environmentally 

relevant doses of BFA in the studies by 25. 

They stated that BFA induced modulations 

in Leydig's steroidogenetic functions, 

thereby inhibiting testosterone production.  

However, there was significant elevation in 

FSH levels following treatment with 

bisphenol A in this study.  

 

They clearly showed that BFA exhibited 

anti-androgenic actions in the treated rats. 

Significant over secretion of testosterone 

and follicle stimulating hormones has been 

associated with testicular damage and 

spermatogenesis abnormalities 27. The 

normalization of serum testosterone and 

follicle stimulating hormone levels 

following administration of melatonin is 

consistent with the findings of 28,29, they 

further explained that melatonin regulates 

many neuroendocrine functions and inhibits 

testosterone, follicle-stimulating hormone 

secretion by acting on the hypothalamo-

pituitary secretion axis. There is a functional 

relationship and regulation between the 

pineal gland and the testes. Melatonin has 

also been shown to normalise testosterone 

levels of Wistar rats following bisphenol A 

induced toxicity in the study conducted by 
30.  Testosterone plays a key role in the 

process of spermatocyte meiosis, it is 

suggested that modulation of testosterone 

level by melatonin protects the meiosis of 

spermatocytes and the production of normal 

sperm quality, and this effect might be 

attributed to its capacity to control cellular 

redox state 30,31. Date palm administration 

significantly improved the testosterone 

serum levels compared to the bisphenol A 

treated group. This corresponds with the 

studies by 32 who revealed that the steroids 

and flavonoid content of the extract might 

be the cause of this normalisation, as 

steroids are reported to decrease 

testosterone levels. Flavonoids are also 

reported to decrease plasma testosterone 

levels in Wistar rats 33,34 This also indicates 

that the extract could affect spermatogenesis 

as testosterone is necessary for the normal 

development of spermatogenic cells 35. 

The results obtained from the enzyme assay 

showed a significant increase in 

Malondialdehyde (MDA) activities causing 

a reduction in antioxidant enzymes such as 

Superoxide dismutase (SOD) and 

Glutathione peroxidase (GPX) in the 

Bisphenol A group showed increase in lipid 

peroxidation and reactive oxygen species 

(ROS), which leads to oxidative stress in 

testicular tissue. These clarifications are in 

accordance with the studies reported by 
7,26,36. It could be inferred that SOD 

converted the superoxide anion radicals into 

hydrogen peroxide, which accumulated in 

the testes due to its reduced elimination. 

Elevated testicular MDA levels have been 

suggested to be responsible for the 

pathologic lipid peroxidation of the 

spermatozoa membrane and the reduction of 

sperm motility 26.  

The preventive antioxidant-promoting 

effects of Melatonin were reflected in the 

treatment groups, which maintained the 

antioxidant enzyme activities, thus lessening 

BPA-induced oxidative stress in the 

testicular tissue of Wistar rats.  This finding 

tallies with that of 37,38 as melatonin 

successfully enhanced the antioxidant 

defence system by increasing the expression 

of antioxidant enzymes, which prevented 

the deterioration of cellular membranes and 

reduced mitochondria lipid peroxidation in 

the rats treated with bisphenol A.  

Antioxidant enzyme activities were also 

maintained in the treatment groups after the 

administration of date palm. This agrees 
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with the report by 39.  Date fruit extract was 

found to significantly inhibit lipid 

peroxidation and protein oxidation and 

exhibit potent superoxide and hydroxyl 

radical scavenging activity 39. This present 

study confirmed the free radical scavenging 

activity of date palms and suggested their 

usefulness in solving male fertility 

problems. 

CONCLUSION 

Melatonin and Phoenix dactylifera have 

shown powerful modulating effects against 

environmental pollutant Bisphenol A 

induced infertility in Male Wistar rats. 
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