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ABSTRACT 
 

Aim: The current study investigated the anti-oxidant effects of vitamins on lead-induced 
reproductive toxicity in male wistar rats.  
Study Design: A total of 48 male Wistar rats divided into 6 groups of 8 rats per group were used in 
this study. Group 1 served as the positive control and was given normal animal feed and water ad 
libitum. Group 2 was the negative control and was administered 10mg/kg body weight of lead 
acetate (Pb) only, Group 3 was administered with 200mg/kg body weight of vitamin C only, Group 
4 was given 1000IU/kg body weight of vitamin E only, Group 5 was given 10mg/kg body weight of 
lead and 200mg/kg body weight of vitamin C while Group 6 was given 10mg/kg body weight of lead 
and 1000IU/kg body weight of vitamin E. The administration of the test substances lasted for 4 
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weeks after which the animals were sacrificed. Blood samples were collected and assayed for 
reproductive hormones. Semen was also extracted from the testis for the assay of sperm 
parameters while the testis and epididymis were harvested for histological analyses.  
Place and Duration of Study: The study was carried out in the Department of Human Physiology 
of University of Port Harcourt and it lasted for a period of 6 months. 
Results: The results showed that lead significantly decreases the concentration of the reproductive 
hormones, decreases the sperm parameters and destroys the histological architecture of the testis 
and epididymis. The antioxidants were found to ameliorate the damages done by lead on the 
reproduction hormones, sperm parameters and the histology of the testis and epididymis.  
Conclusion: It was therefore concluded that the anti-oxidants may be used as suitable substitutes 
to chelating agents in ameliorating lead-induced toxicity on the reproductive function of male wistar 
rats.  
 

 

Keywords: Antioxidants; hepato-destructive; liver; toxicity; testes and vitamins. 
 

1. INTRODUCTION 
 
Lead is the most important environmental 
toxicant. Globally it is an abundantly distributed, 
important yet dangerous environmental chemical. 
Its important properties like softness, malleability, 
ductility, poor conductibility and resistance to 
corrosion seem to make it difficult to give                      
up its use. Due to its non-biodegradable nature 
and continuous use, its concentration 
accumulates in the environment with increasing 
hazards [1]. 
 
“Lead exposure has been reported to be 
responsible for several adverse effects on health 
such as developmental neurotoxicity, toxicity to 
the blood, kidneys and endocrine systems” [2]. 
“Lead has also been found in various other 
studies to cause deleterious effects on the entire 
reproductive function. For instance, lead was 
found to cause a decline in the activities of 
testicular key steroidogenic enzymes with a 
significant depletion in cholesterol, ascorbic acid 
and reduced glutathione contents in lead-treated 
animals” [3]. “It has also been established to 
cause an undesirable alteration in sperm motility 
and viability, acrosome reaction, chemiotaxis, 
Semen quality and structural abnormality in rats” 
[4]. “Going forward, lead has further been found 
to cause a significant decrease in the testicular 
level of Glutathione peroxidase (GPx), Catalase 
(CAT), and Superoxide dismutase (SOD) and a 
corresponding elevation of the level of 

malondialdehyde (MDA) in both the plasma and 
tissue in lead treated animals” [2,5]. 
 
Antioxidants has been said to have regenerative 
and remediating effects on the tissues of the 
body and hence this study sets to investigate the 
extent to which the deterioration of the 
reproductive organs of wister rats exposed to 
lead can be ameliorated when administered with 
antioxidants like vitamins C and E. 
 

2. MATERIALS AND METHODS 
 
This is an experimental study designed to 
evaluate the possibility or otherwise of anti-
oxidants (Vitamins C and E) to ameliorate the 
damages caused by lead on the reproductive 
system. Forty-eight (48) male rats weighing 
between 137 g-200 g, acquired from the animal 
house of the Department of Human Physiology of 
the Faculty of Basic Medical Sciences, University 
of Port Harcourt were used for the study. The 
procured rats were housed in a cage of six 
compartments one for each group under 
standard laboratory conditions. Animals were 
treated in accordance with Institute for 
Laboratory and Animal Research, Guide for use 
of laboratory animals (1996). 
 
The rats were given access to pellet and tap 
water ad libitum and were acclimatized for two 
weeks then grouped for the study as shown in 
the Table 1. 

 
Table 1. Group wise distribution of daily treatment 

 

Group Description Daily treatment for 28 days 

1 (n=8) Control Distilled water + normal rat feed only 
2 (n=8) Lead group 10 mg/kg body weight of lead only  
3 (n=8) Vitamin C group 200 mg/kg body weight of vitamin C 
4 (n=8) Vitamin E group 1000 IU/kg body weight of vitamin E 
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Group Description Daily treatment for 28 days 

5 (n=8) Lead + vitamin C group 10 mg/kg body weight of lead + 200mg/kg body weight 
of vitamin C 

6 (n=8) Lead + Vitamin E group 10 mg/kg body weight of lead acetate+ 1000 IU/kg 
body weight of vitamin E 

 

The administration of the antioxidants lasted for a 
period of four (4) weeks after which five (5) 
animals from each group were sacrificed under 
chloroform anaesthesia. After the sacrifice, blood 
samples were collected using a 5 ml                      
syringe through cardiac puncture and deposited 
in EDTA (ethylenediaminetetraacetic acid) 
bottles for hormonal analyses. Semen was also 
obtained from the testes for the analysis of 
sperm parameters while the testes and 

epididymis were harvested for histological 
analysis. 
 
Obtained data were analysed using SPSS 
version 20.0. Analysed values were presented in 
tables. Mean comparison (Descriptive analysis) 
was done with One Way ANOVA at a confidence 
limit of 95%. Groups differences were considered 
significant at p<0.05. Results were shown as 
mean ± standard error of mean. 

 

3. RESULTS 
 

Table 2. Effects of anti-oxidants on reproductive hormones, following lead-induced toxicity 
 

Groups FSH (miu/ml) LH (miu/ml) TET (miu/ml) 

Control 0.26±0.08  0.73±0.27  1.51±0.19  
Lead 0.21±0.04

a
  0.67±0.23

a
 1.34±0.02

a
  

Vitamin C 0.45±0.10
a
 1.53±0.39

a
 1.49±0.06  

Vitamin E 0.41±0.09
a
 0.90±0.20

a
  1.47±0.04  

Lead + Vitamin C 0.40±0.03
b
  1.36±1.10

b
  1.35±0.03  

Lead + Vitamin E 0.38±0.09
b
  0.68±0.64  1.32±0.02  

Data are expressed as Mean ± SEM of 5 rats, 
a, b

 are mean significant differences relative to the control and lead 
groups respectively, at p<0.05 

 

Table 3. Effects of anti-oxidants on sperm parameters, following lead-induced toxicity 
 

Groups Viability (%) Normal Morphology 
(%) 

Active 
sperm (%) 

Count 
(Million/ml) 

Control 70.0±2.17  71.0±2.45  66.0±2.00  530.0±26.95  
Lead 62.0±2.10

a
  59.0±1.32

a
  54.0±1.80

a
  230.0±13.59

a
  

Vitamin C 75.0±2.41  75.0±2.90  74.0±3.05
a
  520.0±23.49  

Vitamin E 79.0±3.48
a
  77.0±3.25  66.0±2.02  580.0±35.09

a
  

Lead + Vitamin C 72.0±2.40
b
  68.0±2.03

b
  62.0±2.00

b
  380.0±15.02

b
  

Lead + Vitamin E 80.0±3.58
b
  61.0±2.10  58.0±2.10  320.0±14.76

b
  

Data are expressed as Mean ± SEM of 5 rats, 
a, b

 are Mean significant difference relative to control and Lead 
groups respectively at p<0.05 

 

 
 

Plate 1. Photomicrograph of a section of the Testes of rat (control group) after 30 days period. 
It reveals a histologically normal testis, with seminiferous tubules containing spermatogenic 

cells (spermatogonia, spermatocytes or spermatids) and Sertoli cells. It also reveals interstitial 
spaces containing interstitial cells of Leydig and intact basement membrane. Stain: 

Haematoxylin and Eosin; Magnification: X 400 
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Plate 2. Photomicrograph of a section of the Testes of rat (Lead group) after 30 days period. It 
reveals a histologically distorted testis, showing vacuole (VAC) in the centre of the 

seminiferous tubules. Stain: Haematoxylin and Eosin. Magnification: X 400 
 

 
 

Plate 3. Photomicrograph of a section of the Testes of rat (Lead + Vitamin C group) after 30 
days period. It reveals a histologically normal testis, with seminiferous tubules containing 

spermatogenic cells (spermatogonia, spermatocytes or spermatids) and Sertoli cells. It also 
reveals interstitial spaces containing interstitial cells of Leydig and intact basement 

membrane. Stain: Haematoxylin and Eosin. Magnification: X 400 
 

 
 

Plate 4. Photomicrograph of a section of the Testes of rat (Lead + Vitamin E group) after 30 
days period. It reveals a histologically normal testis, showing seminiferous tubules containing 

spermatogenic cells (spermatogonia, spermatocytes or spermatids) and Sertoli cells. It also 
reveals interstitial spaces containing interstitial cells of Leydig intact basement membrane. 

Stain: Haematoxylin and Eosin. Magnification: X 400 
 

 
 

Plate 5. Photomicrograph of a section of the Testes of rat (Vitamin C group) after 30 days 
period. It reveals a histologically normal testis. Stain: Haematoxylin and Eosin. Magnification: 

X 400 
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Plate 6. Photomicrograph of a section of the Testes of rat (Vitamin E group) after 30 days 
period. It reveals a histologically normal testis. Stain: haematoxylin and eosin; Magnification: x 

400 
 

 
 

Plate 7. Photomicrograph of a section of the Epididymis of rat (Control group) after 30 days 
period. It reveals a histologically normal epididymis, showing spermatozoa (sp), and pseudo 
stratified columnar epithelium. It also shows smooth muscles and connective tissues. Stain: 

haematoxylin and eosin; Magnification: x 400 
 

 
 

Plate 8. Photomicrograph of a section of the Epididymis of rat (Lead group) after 30 days 
period. It reveals a histologically distorted epididymis, showing scanty spermatozoa in the 

lumen and vacuoles replacing matured spermatozoa. Stain: Haematoxylin and Eosin. 
Magnification: X 400 

 

 
 

Plate 9. Photomicrograph of a section of the Epididymis of rat (Lead +Vitamin C group) after 30 
days period. It reveals a histologically normal epididymis, showing presence of pseudo-
stratified columnar epithelium (PCE). Also, the seminiferous tubules containing matured 

spermatozoa (SPZ). Stain: Haematoxylin and Eosin. Magnification: X 400 
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Plate 10. Photomicrograph of a section of the Epididymis of rat (Lead +Vitamin E group) after 
30 days period. It reveals a histologically normal epididymis, showing a remarkable 
improvement in the histology. Stain: Haematoxylin and Eosin. Magnification: X 400 

 

 
 

Plate 11. Photomicrograph of a section of the Epididymis of rat (Vitamin C group) after 30 days 
period. It reveals a histologically normal epididymis. Stain: Haematoxylin and Eosin. 

Magnification: X 400 
 

 
 

Plate 12. Photomicrograph of a section of the Epididymis of rat (Vitamin E group) after 30 days 
period. It reveals a histologically normal epididymis. Stain: Haematoxylin and Eosin. 

Magnification: X 400 
 

4. DISCUSSION 
 

4.1 Effect of Vitamins C and E on the 
Concentration of Reproductive 
Hormones, Following Lead-Induced 
Toxicity 

 

The results showing the effect of 30 days of 
administration of Lead on reproductive hormones 
with respect to the control shows a statistically 
significant decrease in the concentrations of FSH 
and Testosterone, with respect to the control. 
Also, the results showing the effect of 30 days of 
administration of Vitamins C and E on 
reproductive hormones with respect to the 
control reveals that both groups show a 

statistically significant increase in the 
concentrations of FSH and LH while there was a 
non-statistically significant increase in the 
concentration of Testosterone, with respect to 
the control. Finally, the results showing the effect 
of 30 days of administration of Vitamins C and E 
on the concentration of reproductive hormones 
following lead-induced toxicity reveals that in 
Vitamin C group, there was a statistically 
significant increase in the concentrations of FSH 
and LH while there was a non-significant 
increase in the concentration of TET with respect 
to the lead group (lead toxicity). The Vitamin E 
group on the other hand shows a statistically 
significant increase in the concentration of FSH 
and a non-statistically significant increase in the 
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concentration of LH and a non-statistically 
significant decrease in the concentration of TET, 
with respect to the lead group. This means that 
to a very large extent, the vitamins have the 
capability of ameliorating the damage caused by 
lead on the reproductive hormones. 
 

Lead (Pb) is a well-known reproductive system 
toxicant [6]. A study aimed at elucidating the 
mechanism of lead toxicity on reproductive 
hormone in rats showed a decrease in plasma 
Luteinizing hormone (LH) and follicle stimulating 
hormone (FSH) concentrations [7]. However, in 
another study on the effect of lead on the 
concentration of reproductive hormones in rats, 
the level of testosterone in serum was reduced 
without any significant change in LH levels [8]. 
“This result was supported by another study 
which reveals that there was no significant 
change in serum LH values in lead treatment 
animals” [9]. “In a further research by another 
group of researchers in lead-exposed rats, the 
plasma and testicular testosterone dropped by 
about 80%, but plasma LH dropped only by 32%. 
When luteinizing hormone releasing hormone 
(LHRH) stimulated the pituitary, the plasma LH 
level reached to normal range, but plasma 
testosterone remained significantly reduced by 
37%” [10]. “This sharp decrease in the 
testosterone (TET): LH ratio in lead-exposed 
rats, combined with the significant reduction of 
intertubular tissue volume in the testes, were 
indications of the impairment of Leydig cell 
function” [10]. 
 

The pathological changes in Leydig cells brought 
the observed decline in the androgen level [11] 
and it has been reported to alter the metabolic 
function of Sertoli cells [12]. 
 

The gonadotropin releasing hormone (GnRH) 
secreted by the hypothalamus regulates the 
release and secretion of gonadotropins 
(luteinizing hormone and follicle-stimulating 
hormone) from anterior pituitary, which in turn 
regulate testicular functions. 
 

These gonadal steroids as well as the pituitary 
gonadotropins, via feedback regulatory 
mechanisms, further establish physiological 
homeostasis and maintain normal reproductive 
functions. The receptors of FSH are located on 
the membrane of Sertoli cells, while those of LH 
are on the Leydig cells. The luteinizing hormone 
coordinates the synthesis of testosterone, 
maintenance of normal spermatogenesis, sperm 
health and density. The level of androgens level 
of androgens in serum therefore serves as an 
important indicator for reproductive hormone. 

Vitamin C (L-ascorbic acid) is an essential 
nutrient for humans and other mammalian 
species made internally by almost all organisms 
[13]. It is an antioxidant, which decreases 
oxygen, nitrogen, and sulfur centered radicals 
and might therefore protect the body from some 
oxidative stresses [14]. It has been found to be a 
cofactor in several vital enzymatic reactions [15]. 
The main source of vitamin C is fruits and 
vegetables, therefore the plasma vitamin C 
concentration is a marker of fruits and vegetables 
intake.  
 

“The ability of Vitamin C to ameliorate the 
damage caused by lead on male reproduction 
observed from the study may therefore be 
attributable to its antioxidant property. The 
administration of 500 mg/day of vitamin C for one 
month in battery manufacturing workers has 
shown to reduce malondialdehyde concentration 
and nitrite levels, improving antioxidant status 
including erythrocyte osmotic fragility and 
activities of endogenous antioxidant enzymes by 
scavenging the ROS generated due to high 
blood lead levels” [16]. Vitamin E in this study 
was found to have a limited ability to reverse the 
damage caused by lead on the reproductive 
hormones. Studies have demonstrated that 
vitamin E may help to reduce lead-induced 
hepatotoxicity of lead exposed rats and 
ameliorate the oxidative stress status in the brain 
of rats [17]. “Vitamin E scavenges ROS by 
readily donating electrons to ROS in the body 
during oxidative reactions, and become oxidized 
in the process. The scavenging of ROS 
consequently causes the reduction of lipid 
peroxidation and oxidative stress that may cause 
tissue injury. Vitamin E has therefore been found 
to be effective in the treatment of lead-induced 
toxicity, while a combination of vitamins E and C 
has been found to produce synergistic and 
additive effects” [17]. 
 

4.2 Effect of Vitamins C and E on Sperm 
Parameters, Following Lead-Induced 
Toxicity 

 

The results showing the effects of 30 days of 
administration of Lead on sperm parameters with 
respect to the control shows a statistically 
significant decrease in the percentage viability, 
percentage of sperm cells with normal 
morphology, percentage of active sperm cells 
and sperm count. Also, the results showing the 
effect of 30 days of administration of Vitamins C 
and E on sperm parameters with respect to the 
control reveal that the Vitamin C group shows a 
statistically significant increase in the percentage 
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of active sperm cells and a statistically 
insignificant increase in sperm viability and 
percentage normal morphology while the Vitamin 
E group on the other hand shows a statistically 
significant increase in the percentage of viable 
sperm cells and sperm count with respect to the 
control. Finally, the results showing the effect of 
30 days of administration of Vitamins C and E on 
the sperm parameters following lead-induced 
toxicity reveals that Vitamin C show a statistically 
significant increase in the percentage of active 
sperm cells and an insignificant increase in the 
percentage of viable sperm cells and percentage 
of sperms cells with respect to the lead group 
(lead toxicity). Both vitamins were also able to 
cause a statistically significant increase in the 
percentage viability and sperm count. Finally, 
while vitamin C was able to significantly increase 
in the sperm parameters under consideration, 
vitamin E only showed a significant increase in 
sperm viability and count. This could mean that 
to a very large extent, the Vitamins have the 
capability of repairing the damage caused by 
lead on sperm parameters, with vitamin C 
exerting a greater capacity. 
 
Studies have establish that lead toxicity causes a 
reduction in semen volume and density,           
sperm count (oligozoospermia), motility 
(asthenozoospermia), and deterioration in sperm 
chromatin structure as well as increased 
morphological abnormalities of spermatozoa in 
both humans [18] and experimental animals [19]. 
Even though elevated lead levels have been 
reported to be spermatotoxic in both animals and 
man [20], prior attempts to correlate lead levels 
in seminal plasma with human male sub fertility 
produced equivocal results [21]. “For instance, in 
the study conducted by administration of lead 
acetate in rats, resulted in an obvious decline in 
sperm density, significantly reducing sperm 
counts, sperm motility, and increasing the 
amount of anomalous spermatozoa” [22]. “Again, 
similar attempts in occupationally exposed 
cohorts have also been inconclusive” [21]. “In 
fact, some investigators are not convinced that 
human lead exposure does affect semen 
parameters” [23]. “However, a recent study 
contains compelling evidence that even 
moderate exposure to lead has a negative 
impact on human semen quality” [24]. “This study 
is supported by a preliminary data, which 
suggest that a significant fraction of male 
partners from couples with `unexplained' 
infertility exhibit high levels of lead in seminal 
plasma and may in fact represent cases of 
`environmental' infertility” [21]. “Other studies 

indicate that workers exposed to lead had lower 
sperm count and higher teratozospermia count” 
[25]. “A negative correlation between blood lead 
concentrations and poor semen quality has been 
shown” [26]. A work done by on the effect of lead 
toxicity on male albino rats reproduction with 
amelioration by vitamin E and pumpkin seeds oil 
showed significant decrease in number of live 
sperm and increase in number of dead sperm in 
the lead acetate group compared with control 
group.  
 
One mechanism by which lead causes the 
destruction of the sperm parameters is via the 
increase in oxidative stress. This is because 
oxidative stress (OS) has been found to be 
associated with sperm function impairment and 
plays a major role in the etiology of defective 
sperm function [27]. Lead’s direct toxicity on 
testicular histology or its action on the 
hypothalamic-pituitary axis or a combined defect 
involving the gonad and hypothalamic-pituitary 
sites could inhibit spermatogenesis [10]. 
 
The work done by on the effect of vitamin C 
and/or vitamin E treatment on Lead intoxicated 
animals showed a significant increase in 
reproductive hormones and an ameliorative 
effect on the semen quality assessed [28]. 
Vitamin C treatment showed a higher 
ameliorative effect on testosterone, follicle 
stimulating hormone levels, and sperm motility 
and morphology when compared to vitamin E 
treatment. Vitamin C has also been reported to 
protect the cells and sperm from oxidative stress 
and loss of motility, respectively. Vitamin C has 
also been found to inhibit lipid peroxidation, 
regenerate spent Vitamin E and protect against 
hydrogen peroxide induced DNA damage [29]. 
Treatment of lead exposed animals with vitamin 
C and/or vitamin E showed an increase in 
luminal spermatozoa and seminiferous 
epithelium, with Vitamin C treatment potentiating 
better effects. 
  
Vitamin E has been considered as an anti-
sterility vitamin and it is associated with normal 
function of the male reproductive system [30]. 
Vitamin E supplementation has been found to 
have the capacity of attenuating the adverse 
effects of stress on testicular physiology and 
endocrinology [31]. Vitamin E ameliorates 
oxidative stress in spermatozoa helping to 
maintain optimum fertilizing ability [32]. It 
enhances spermatogenesis (total sperm count, 
quality, concentration), sperm membrane fluidity 
and lowers the incidence of abnormal sperm 
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production by inhibition of lipid peroxidation [31]. 
It also protects the spermatozoa from oxidative 
damage, as well as loss of motility, and increase 
sperm function [33]. 
 

The observable difference in the ameliorative 
effect of Vitamin C and Vitamin E on the lead-
exposed animals found in the study could be 
related to the ability of vitamin C to chelate lead, 
thereby reducing leads capacity to substitute zinc 
in zinc mediated processes, recycling vitamin E 
and also directly participating in antioxidant 
activity by helping to replenish glutathione. 
 

4.3 Effect of Vitamins C and E on the 
Histology of the Testes and 
Epididymis Following Lead-Induced 
Toxicity  

 

The results showing the effect of vitamins C and 
E on the histology of the testis and epididymis of 
the rats following 30 days of administration of 
Lead reveals a histologically normal testis and 
epididymis in the vitamins C and E groups with 
respect to the control, a histologically distorted 
testis and epididymis in the lead treated group 
with respect to the control and a histologically 
normal testis and epididymis in the groups 
treated with both lead and vitamins, with respect 
to the lead group. This shows that the anti-
oxidants have the capability of preserving the 
histological architecture of the testis and 
epididymis, when they are exposed to lead 
toxicity. 
 

In a study carried out on the effect of lead on the 
testis of rat, it was found that the testicular weight 
and seminiferous tubular diameter significantly 
decreased following 3 days of lead chloride 
treatment. Also, following 60 days of exposure to 
0.1% lead in drinking water, the histopathological 
results revealed a degeneration of germinal 
epithelium of the testis, with sloughing of germ 
cells into the lumen of seminiferous tubules

 
[34]. 

It has also been reported that lead effects are 
manifested in the reduction of the thickness of 
epithelium and of seminiferous tubule diameter 
(STD) as a consequence of the reduction            
in numbers of prospermatogonia and 
spermatocytes [35]. Many previous studies have 
also shown that reduction of germinal epithelium 
seems to be due to damage of germinal cells 
[36]. A work done to establish the possibility or 
otherwise of vitamin E to repair the testicular 
damage done by lead, it was found that the 
testes in lead + vitamin E group showed a 
normal histological structure of seminiferous 
tubules with complete spermatogenic series 

compared with the lead group [37]. This result 
agreed with that obtained by other researchers 
[38]. 
 
The work done on the histopathological 
examination of the epididymis of the rats 
exposed to lead toxicity revealed that the lead 
group showed focal degeneration with loss of 
spermatogenic series in the same seminiferous 
tubules [39]. These results agreed with that of 
other researchers [40]. The ability of the vitamins 
to preserve the histological architecture of the 
testis and epididymis may be due to their actions 
as antioxidant agents [41]. 
 

5. CONCLUSIONS 
 
The present study provides scientific evidence 
that lead impairs male fertility by significantly 
reducing the concentration of gonadotropic 
hormones as well as adversely affecting the 
sperm parameters and histology of the testis and 
epididymis. The overall resultant effect is a 
reduction in the fertility of male Wistar rats. 
However, vitamins C and E were found to have a 
great capability of reversing the damage caused 
by lead on the reproductive hormones, sperm 
parameters, histology of the testes and 
epididymis, with vitamin C exerting a greater 
capacity. The antioxidants may therefore be used 
as suitable substitutes to chelating agents in the 
amelioration of lead-induced toxicity on the 
reproductive function of male wistar rats. 
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