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Introduction 

 Heavy metal toxicity is a major threat to public health throughout 

the world. Considerably, Lead affects almost all the major organ 

systems of the body.1 Several kinds of research have associated lead to 

a wide range of adverse reproductive outcomes. In men, lead can reduce 

the libido and affect spermatogenesis reducing the quality of sperm.2 

Human exposure to lead through the environment has increased several 

folds due to its wide range of applications in industries, cosmetics, and 

medicine. As shown by several studies, lead-induced toxicity is through 

oxidative stress mechanisms as a result of the production of reactive 

oxygen species (ROS).3 

Infertility is a global health issue that affects approximately 10% -15% 

of couples trying to conceive and male factor infertility accounts for 

almost half of the cases.4 
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Lead is revealed to have unfavorable results on reproductive function, 

particularly in males.5 Therefore, this study is one of the concerted 

efforts in search of alternative ideal curative substances against the 

deleterious effects of lead-acetate-induced nephrotoxicity particularly 

in males. 

Among many medicinal plants, Nigella sativa (Ranunculaceae 

herbaceous plant), is a medicinally promising herb that has been 

researched and is well-known for its pharmacological benefits. The 

seeds of Nigella sativa known as black seed or black cumin are being 

used as medicine globally having anti-oxidant, anti-fertility, anti‐
inflammatory gastro-protective, anti-tumor, anti‐anxiety, and anti-

microbial properties.6,7 Black seed has an active effect on reproductive 

functions and infertility treatment as it has been demonstrated to cause 

significant improvements in reproductive parameters such as sperm 

count, semen qualities, Leydig cells count, follicular development, 

corpus luteum, and gonadotropic hormones like testosterone and 

progesterone.8 Nigella sativa has many different chemical ingredients 

including thymoquinone (30-48%), flavonoids, anthocyanins, alkaloids, 

and essential fatty acids, particularly linoleic and oleic acids.9 

Thymoquinone (TQ), the main antioxidant constituent of Nigella sativa 

seed oil has shown beneficial effects on semen quality and reproductive 

functions. Several reports have shown that TQ plays a role to increase 

Leydig cell number and testosterone levels which eventually improved 

spermatogenesis.9,10,11 Thymoquinone also exerts marked antioxidant 

characteristics which could ameliorate the spermatogenesis impairment 
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Lead reproductive toxicity has been reported in men. Nigella sativa seed and its active component, 

thymoquinone have been used in traditional pharmacopeia as natural remedy to promote 

reproductive health. This study investigated the ameliorative potential of Thymoquinone (TQ) on 

male reproductive functions in lead acetate (PbA)-induced reproductive toxicity in Wistar rats. 

Thirty male Wistar rats weighing 100–120 g were randomly divided into six groups (n=5); Control 

(distilled water, 0.2 ml/day), PbA, PbA+5 mg/kg TQ, PbA+3.75 mg/kg TQ, PbA+2.5 mg/kg and 

5 mg/kg TQ. TQ was given orally at varying doses daily for 8 weeks while PbA (15 mg/Kg) was 

administered intraperitoneally once per week for 8 weeks. Hypothalamic-pituitary-testicular 

hormones, sperm analysis, and histological studies of the testis and epididymis were conducted 

and data were analyzed. A significant decrease (p˂0.05) in GnRH, FSH, LH, and testosterone in 

PbA, PbA+3.75 mg/kg TQ, and PbA+2.5 mg/kg TQ when compared with the control group. 

However, GnRH, FSH, LH, and testosterone significantly increased (p<0.05) in PbA+5 mg/kg 

TQ and PbA+3.75 mg/kg TQ when compared with PbA treated group. Sperm count, motility, 

viability, and morphology showed significant decrease in PbA treated group when compared with 

the control, while these were significantly ameliorated following TQ administration. 

Cytoarchitectural distortions observed in the testis and epididymis in PbA-treated groups were 

equally improved with TQ administration. Lead acetate induces reproductive toxicity in male 

Wistar rats via a reduction in hypothalamic-pituitary-testicular hormones, sperm parameters as 

well as distortion of both testicular and epididymal cytoarchitectures. However, Thymoquinone 

ameliorated these anomalies. 
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caused by testicular injury through oxidative stress.12 However, the role 

of TQ against lead acetate-induced nephrotoxicity in male Wistar rats 

has not been fully elucidated. Therefore, the present study investigated 

the ameliorative role of TQ on male reproductive functions in lead 

acetate-induced reproductive toxicity in male Wistar rats.  

 

Materials and Methods 

Experimental animals 

Thirty male Wistar rats (100-120 grams) were housed in well-ventilated 

cages in the Animal House Unit of the College of Health Sciences, Osun 

State University, Osogbo, with constant 12-h light 12-h dark cycle. The 

animals had free access to standard pelletized rat feed and clean water 

ad libitum and were allowed two weeks of acclimatization. All the 

procedures in this study followed the College of Health Sciences, 

Research Ethics Committee, Osun State University, Osogbo, with 

reference number: uniosunhrec2022B/022  

 

Experimental design 

The animals were weighed and randomly shared into six groups of five 

animals each. Control group (A) and group F were given 0.2 ml/kg of 

distilled water and 5 mg/kg of Thymoquinone (TQ) respectively. 

Reproductive toxicity was induced intraperitoneal by administration of 

Lead acetate-PbA (15 mg/kg) in groups B (PbA only), C (PbA+5 mg/kg 

TQ), D (PbA+3.75 mg/kg TQ) and E (PbA+2.5 mg/kg TQ). PbA was 

administered once per week and TQ daily throughout the duration (56 

days) of the study. The dosage of PbA was in concordance with the 

method of Gosh et al.,13 with little modification while that of 

Thymoquinone follows the method of Tekeoglu et al.,14 

 

Sacrifice and Sample Collection 

The rats were sacrificed on the 56th day by intraperitoneal injection of 

120 mg/kg of sodium thiopentone anesthesia.15 Blood samples for 

serum hormonal assay were collected from each animal via cardiac 

puncture into the plain bottle. Reproductive organs were excised, 

cleared of fatty and connective tissues, and weighed to the nearest 

milligram. Organs for histological studies were preserved in Bouin's 

fluid. 

 

Sperm analysi:  

Sperm characteristics analysis was conducted on the spermatozoa 

collected from caudal epididymis using an Olympus research 

microscope (Olympus, Japan) under the x40 objective lens of the 

microscope. Progressive motility was assessed immediately and scored 

to the nearest percentage. A sperm viability study (percentage of live 

sperm) was done using the eosin/nigrosin staining technique.16 The live 

sperm cells were unstained while the non-motile (dead) sperm absorbed 

the stain. Sperm count and morphology were done using the method 

established by Seed et al.17 

 

Hormone assay 

Enzyme-linked Immunosorbent Assay (ELISA) kits (Calbiotech, USA) 

were used to determine the concentration of GnRH, testosterone, LH, 

and FSH, in the serum samples collected.  

 

Histological studies 

The testis and epididymis were fixed in Bouin's fluid before being 

dehydrated in descending grades of alcohol, cleared in chloroform, and 

impregnated in paraffin. Then 5-6 µm sections were placed into the 

grease-free slides, de-paraffinized in xylene, and stained with 

hematoxylin and eosin. Morphological changes were then observed 

under a light microscope at x400 magnification. This was carried out 

according to the previous method of Adedokun et al.18 

Statistical Analysis: Data is expressed as mean ± standard error of the 

mean (SEM). Statistical comparisons were performed using a Student 

t-test and one-way analysis of variance (ANOVA). Differences between 

the groups with a p-value < 0.05 were considered significant. Data were 

analyzed with the use of GraphPad Prism Version 5.0 for Windows 

(GraphPad® Software, San Diego, CA, USA).  

 

Results and Discussion 

Effects of Thymoquinone on Relative Reproductive Organs weight in 

Lead acetate-Induced Reproductive Toxicity in Male Wistar Rats 

There was no significant difference in the relative mean weight of testis 

and epididymis in groups B to F when compared with the control (Table 

1).  

Lead poisoning, one of the most prominent poisonings among heavy 

metals has been implicated in male reproductive dysfunctions by 

several studies.19,20,21 However, Thymoquinone, the main constituent of 

Nigella sativa seed oil has been reported to demonstrate significant 

improvement in semen qualities, reproductive functions, and sexual 

hormones.9,10,11 This study examined the ameliorative potentials of 

Thymoquinone on male reproductive functions in lead acetate-induced 

reproductive toxicity in male Wistar rats. 

In this study, the relative mean testicular and epididymal weight of 

Wistar rats showed no significant differences across the different 

treatment groups when compared to the control group. This finding is 

partly consistent with the study of Wadi et al.,22 who reported no 

significant differences in testicular weight in lead-induced repro-

toxicity; however, reported that the high-dose treatment significantly 

decreased the epididymal weight, suggesting the tendency of this 

toxicant to induce underweight or even emaciation in mammals. The 

weight of the male reproductive organs usually provides a useful 

reproductive risk assessment in experimental studies.23 

 

Effects of Thymoquinone on Sperm Parameters in Lead acetate-Induced 

Reproductive Toxicity in Male Wistar Rats 

There was a significant decrease in percentage sperm motility, viability, 

morphology, and count in PbA treated group, PbA+5 mg/kg TQ, 

PbA+3.75 mg/kg TQ, and PbA+2.5 mg/kg TQ compared to the control. 

However, sperm motility, viability, morphology, and count in PbA+5 

mg/kg TQ, PbA+3.75 mg/kg TQ, PbA+2.5 mg/kg TQ and 5 mg/kg TQ 

groups significantly increased when compared with PbA treated group 

(Table 2). 

Sperm acquire their motile ability during their epididymal transit and in 

the normal course, all caudal epididymal spermatozoa are motile.24 

PbA-induced repro-toxicity on caudal epididymal sperm motility, 

viability, count, and morphology as shown in this study demonstrate 

moderate to severe interference with functional competence and 

structural integrity of the spermatozoa. These observations may be a 

result of the decreased antioxidant levels, increase in reactive oxygen 

species (ROS) generation, and interruption on the hypothalamic-

pituitary axis caused by PbA as earlier observed by other 

researchers.25,26 This is equally in line with previous reports that lead to 

significant decreases in sperm indices causing reproductive 

toxicity.27,28,29 However, TQ reverses all the adverse effects observed on 

the sperm indices. Nigella sativa oil and its active constituents have 

been reported by several authors to improve sperm parameters.12,30,31 

Mahdavi et al.,31 reported that the antioxidant properties of 

Thymoquinone may be responsible for the neutralized free radicals in 

semen and improved sperm parameters. 

 

Table1: Effect of Thymoquinone on Testicular and Epididymal 

weight in lead acetate-induced reproductive toxicity in male 

Wistar Rats 
 

Groups Relative 

Testicular 

weight (%) 

Relative 

Epididymal 

Weight (%) 

A (Control)  0.99 ± 0.16 0.14 ± 0.02 

B (PbA) 0.91 ± 0.32 0.18 ± 0.05 

C (PbA+5  mg/kg TQ) 0.83 ± 0.04 0.14 ± 0.01 

D (PbA+3.75 mg/kg TQ) 0.69 ± 0.16 0.13 ± 0.03 

E (PbA+2.5 mg/kg TQ)      0.68 ± 0.07 0.12 ± 0.02 

F (5 mg/kg TQ) 0.71 ± 0.0 0.18 ± 0.04 

No significant difference 
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Table 2: Effect of Thymoquinone on sperm parameters in lead acetate-induced reproductive toxicity in male Wistar Rats 
 

Groups           Motility (%) Viability (%) Count (x106/mL) Morphology (%) 

A (Control) 80.00 ± 2.04 76.25 ± 2.39 213.00 ± 11.81 89.00 ± 1.29 

B (PbA) 45.00 ± 2.04a 50.00 ± 2.04a 103.40 ± 4.93a 59.75 ± 4.03a 

C (PbA+5 mg/kg TQ) 68.75 ± 1.25ab 66.25 ± 1.25ab 193.50 ± 4.51ab 76.50 ± 5.12a 

D (PbA+3.75 mg/kg TQ)  61.25 ± 3.14ab 62.50 ± 2.50ab 142.30 ± 4.82ab 71.50 ± 1.85a 

E (PbA+2.5 mg/kg TQ) 60.00 ± 2.04ab 61.25 ± 2.39ab 132.50 ± 6.45ab 61.25 ± 2.09a 

F (5 mg/kg TQ)           80.00 ± 2.04b  73.35 ± 2.39b 217.50 ± 13.10b 85.25 ± 3.25b 

a: significant decrease (P<0.05) when compared with the control group. 

b: significant increase (P<0.05) when compared with PbA groups. 

 

 

Effects of Thymoquinone on hypothalamic-pituitary-testicular 

Hormones in Lead acetate-Induced Reproductive Toxicity in Male 

Wistar Rats 

There was a significant decrease (p ˂ 0.05) in GnRH in PbA, PbA + 

3.75 mg/kg TQ, and PbA+ 2.5 mg/kg TQ treated groups when compared 

with the control group. No significant difference was observed in 

gonadotropin-releasing GnRH in PbA+ 5mg/kg TQ and 5 mg/kg TQ 

treated groups when compared with the control. However, there was a 

significant increase (p ˂ 0.05) in GnRH in PbA + 5 mg/kg TQ, PbA + 

3.75 mg/kg TQ, 5 mg/kg TQ treated groups when compared with PbA 

treated groups. Conversely, no significant difference in the level of 

GnRH in the PbA+2.5 mg/kg TQ-treated group when compared with 

PbA-treated groups (Figure 1) 

LH showed a significant decrease (p ˂ 0.05) in PbA, PbA + 5 mg/kg 

TQ, PbA+3.75 mg/kg TQ, and PbA + 2.5 mg/kg TQ when compared 

with control. There was a significant increase (P ˂ 0.05) in LH level in 

PbA + 5 mg/kg TQ, PbA+3.75 mg/kg TQ, and 5 mg/kg TQ when 

compared with PbA treated groups. While no significant difference in 

LH was observed in PbA + 2.5 mg/kg TQ when compared with PbA 

treated group (Figure 2). However, no significant difference was 

observed in LH level in 5 mg/kg TQ when compared with the control. 

There was a significant decrease (p ˂ 0.05) in Follicle stimulating 

hormone (FSH) in PbA, PbA+ 3.75 mg/kg TQ, PbA + 2.5 mg/kg TQ 

when compared with control. There was no FSH in PbA + 5 mg/kg TQ 

and 5 mg/kg TQ when compared with the control. A significant increase 

(P ˂ 0.05) in the level of FSH was observed in PbA+ 5 mg/kg TQ and 

5 mg/kg TQ when compared with PbA-treated groups. However, no 

significant difference in FSH levels in PbA+3.75 mg/kg TQ and PbA + 

2.5 mg/kg TQ when compared with PbA-treated groups (Figure 3). 
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Figure 1: Effects of thymoquinone (TQ) on Gonadotropin-

releasing hormone (GnRH) in lead acetate-induced reproductive 

toxicity in male Wistar Rats. 
a: significant decrease (p ˂  0.05) when compared with the control group. 

b: significant increase (p ˂ 0.05) when compared with PbA treated 

group. 

 

 
Figure 2: Effect of thymoquinone (TQ) on Luteinizing hormone 

(LH) in lead acetate-induced reproductive toxicity in male 

Wistar Rats. 
a: significant decrease (p ˂ 0.05) when compared with the control. 

b: significant increase (p ˂ 0.05) when compared with pbA treated 

group 
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Figure 3: Effects of thymoquinone (TQ) in Follicle stimulating 

hormone (FSH) on lead acetate-induced reproductive toxicity in 

male Wistar Rats. 
a: implies a significant decrease (p ˂ 0.05) when compared with the 

control. 

b: implies a significant increase (p ˂ 0.05) when compared with PbA-

treated groups. 
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Figure 4: Effects of thymoquinone (TQ) on Testosterone in lead 

acetate-induced reproductive toxicity in male Wistar Rats. 
a: implies a significant decrease (p ˂ 0.05) when compared with the 

control. 

b: implies a significant increase (p ˂ 0.05) when compared with PbA 

group 

 

There was a significant decrease (P ˂  0.05) in Testosterone in PbA, PbA 

+ 5 mg/kg TQ, PbA+3.75 mg/kg TQ, PbA + 2.5 mg/kg TQ when 

compared with control groups. However, testosterone in PbA+ 5 mg/kg 

TQ, PbA+3.75 mg/kg TQ, PbA + 2.5 mg/kg TQ, 5 mg/kg TQ treated 

groups significantly increased when compared with PbA treated groups 

(Figure 4). 

The mechanisms through which Pb2+ causes reproductive damages are 

oxidative stress, decrease antioxidant levels, direct toxic effects on 

sperm cells, and alteration in the hypothalamic–pituitary–testicular 

axis.32,33,34 Thymoquinone has been reported to improve sexual 

hormones9 and reproductive characteristics.11 

Serum, GnRH, testosterone FSH, and LH analyzed in this study showed 

significant reduction. This is in line with the report of Sokol et al.,35 and 

Alawa et al.36 Administration of Thymoquinone ameliorated all the 

hormonal insufficiencies caused by PbA. The decreased serum FSH 

level may be attributed to the deleterious action of PbA on the pituitary-

testis axis, causing hormonal disruption and the modulation of Sertoli 

cell function such as the depletion of Sertoli cell numbers or disruption 

of blood-testis-barrier,37 which in turn may disrupt spermatogenesis.38 

Studies suggest that the decreased LH level is due to Pb-induced 

disorders in the hypothalamic control of pituitary hormone secretions, 

which depicts a disruption in the gonadotropin-releasing hormone 

(GnRH) secretion from the hypothalamus and disrupting LH release.21 

Together with FSH and LH, testosterone is necessary for the 

development, growth, and normal functioning of the testes and the 

secretory activities of the reproductive organs.39 The secretion of 

testosterone by Leydig cells is dependent upon the secretion of 

Luteinizing hormone (LH) by the pituitary gland.40 Testicular function 

and the male reproductive system are almost entirely controlled by 

testosterone.41 

 

Effects of Thymoquinone on Testicular and epididymal histology in 

Lead acetate-Induced Reproductive Toxicity in Male Wistar Rats 

Histopathological studies of the testis in groups C, D, and F show no 

effect of PbA-induced repro-toxicity when compared with control while 

groups B and E show moderate and severe maturation arrest in the 

seminal tubules respectively when compared with control (Figure 5). 

Epididymal histology shows a loosely packed epididymal duct with 

empty spermatozoa in groups B and E when compared with the control 

(Figure 6). 

Histopathology studies showed germinal epithelial depletion of the 

seminiferous tubule with maturation arrest as well as loosely packed 

epididymal ducts with empty luminal spermatozoa. This was reversed 

by TQ treatment.  

Studies have substantiated that thymoquinone's potent antioxidant 

properties are capable of scavenging reactive oxygen species (ROS).42 

Amelioration of hypothalamic pituitary testicular hormones negatively 

affected by PbA in this study is an indication that thymoquinone is 

capable of stimulating the hypothalamus and Leydig cells in the testis 

for the production of GnRH and testosterone respectively. 

 

 
A (Control): Normal testicular architecture, Seminiferous 

tubules, and normal maturation stages with the presence of 

spermatozoa within their lumen (White arrow). (H &E) ×400 

 

 
D (PbA + 3.75 mg/Kg TQ): Normal testicular architecture, 

seminiferous tubules and maturation stages. (H &E) ×400 

 

 
B (PbA): Few seminiferous tubules showing maturation arrest 

(Black arrow) (H &E) ×400 

 

 
E (PbA + 2.5 mg/Kg TQ):Few seminiferous tubules showing 

maturation arrest (Black arrow) (H &E) ×400 
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C (PbA +5mg/Kg TQ): Normal testicular architecture, 

Seminiferous tubules, and maturation stages. (H &E) ×400 

 

 
F(5 mg/KgTQ): Normal testicular architecture, Seminiferous 

tubules and maturation stages (H &E) ×400 

 

Figure 5: Photomicrograph of Testicular Section 

 

 
A (Control): Normal  epididymal ducts lined by normal epithelial 

and smooth muscle layer, the  ducts  are seen storing spermatozoa 

within the lumen (white arrow) (H & E) ×400 

 

 
D (PbA + 3.75 mg/Kg TQ):Normal epididymal ducts with 

luminal spermatozoan storage(White arrow) (H &E) ×400 

 

 

 
B (PbA): ducts with empty luminal spermatozoa (Black arrow) (H 

& E) ×400 

 

 

 
E (PbA + 2.5 mg/Kg TQ): Loosely packed ducts (White arrow) 

with empty luminal spermatozoa (Black arrow)(H & E) ×400 

 

 

 
C (PbA + 5 mg/Kg TQ):  Normal epididymal ducts with luminal 

spermatozoan storage (White arrow) (H &E) ×400 

 

 

 
F (5 mg/Kg TQ): Normal epididymal ducts with spermatozoan 

storage (White arrow) (H &E) ×400 

 

Figure 6: Photomicrographs of Epididymal Section 
 

Conclusion 

Thymoquinone ameliorated the reproductive toxicity induced by lead 

acetate in male Wistar rats, suggesting thymoquinone is a possible 

therapeutic agent in improving male reproductive functions in PbA 

toxicities. 
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