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mechanism by which nicotine causes male 
infertility is poorly understood.

   Increased oxidative stress results from 
excess generation of reactive chemical 
species called free radicals from a number of 
sources and/or from decreased enzymic and 
non-enzymic antioxidant defenses.[5] Free 
radicals and other reactive species have been 
implicated in the progression of not <100 
diff erent diseases.[6] Thus, the interest in free 
radicals and oxidative stress has grown in 
recent times.

  Elevated oxidative stress has been associated 
with an imbalance in the activity of the cardiac 
autonomic nervous system[7] and several 
other heart diseases.[8] Oxidative stress is 
also associated with high frequencies of 
single- and double-strand deoxyribonucleic 
acid (DNA) breaks[9] leading to decreased 
fertilization rates and poor embryo cleavage 
and quality since infertility cases have been 
associated with sperm samples containing a 
high frequency of damaged DNA.[10]

  INTRODUCTION

Nicotine intake through cigareĴ e smoking 
has become a very common occurrence and 
a serious health and economic issue in most 
societies. It is documented that tobacco usage, 
according to the World Health Organization, is 
associated with approximately one-third of the 
world’s population older than 15 years of age.[1]

Infertility which is a major health issue 
among couples of child-bearing age is 
also on the increase with approximately 
half of known causes of primary infertility 
attributed to male factor.[2]   Studies have 
implicated nicotine as one of the main 
pharmacological substances responsible 
for inducing infertility due to cigarette 
smoking. These studies have shown that 
nicotine aff ects sperm function by depressing 
the sperm count motility, viability, normal 
morphology and reduce the weight of 
the testis.[3,4] Fertility studies also reveal a 
signifi cant decrease in the libido of male 
rats treated with nicotine.[4] However, the 
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 Nicotine has been documented to alter the oxidant and 
antioxidant balance in rat lymphocyte in a dose and time 
dependent manner[11] and alters lipid peroxidation and 
antioxidant enzyme in plasma and ovaries of female rats.[12] 
It is still uncertain if nicotine, the main pharmacological 
active substance in tobacco, is responsible for various 
deleterious eff ects due to free radical production because 
evidence has shown nicotine to have both antioxidant 
eff ects and pro-oxidant eff ects.[13] However, no study has 
investigated the eff ect of nicotine on male reproductive 
organs oxidant and antioxidant balance in rats despite the 
involvement of oxidative stress in male infertility.

The present study was therefore designed to investigate 
the eff ects of nicotine on oxidant and antioxidant balance 
in some reproductive organs of male albino rats during 
treatment and withdrawal periods.

MATERIALS AND METHODS

Treatments
Nicotine preparation
Nicotine hydrogen tartrate with product number 26,140 
(95% nicotine) was purchased from BDH Chemical Ltd., 
Poole, England. The nicotine dosage prepared in normal 
saline for each group of animals was delivered at 0.5 mg/kg 
and 1.0 mg/kg body weight (BW). The working solutions 
were stored in foil-wrapped glass boĴ le at 4°C for no longer 
than 10 days.

The dosage used in this studies i.e. 0.5 mg/kg BW and 
1.0 mg/kg BW was chosen in relation to human studies to be 
the amount of nicotine absorbed by taking 10 and 20 cigareĴ es 
respectively. This dosage was administered to mimic what 
obtains in tobacco smoking.[14]

Animal treatment
A total of 40 Wistar rats of comparable weights (150-180 g) 
were used for the study. They were housed in well-ventilated 
cages maintained at 25 ± 2°C, on a 12-h light-dark cycle. The 
rats were fed on standard rat chow and tap water without 
restriction. They were acclimatized for 2 weeks before the 
experimental period. Procedures involving animals and 
their care were performed in accordance with the guidelines 
of the Institution Animal Ethics CommiĴ ee and the National 
Institutes of Health for the care and use of animals.

The rats were assigned randomly to one of the five 
experimental groups as follows with eight rats per group 
and treated orally using oral cannula. Group I, which 
served as the control and received 0.2 ml/kg normal saline, 
Groups II and III received 0.5 mg/kg and 1.0 mg/kg BW of 
nicotine respectively for 30 days. The fourth and fi Ğ h groups 
were administered with 0.5 mg/kg and 1.0 mg/kg BW of 

nicotine for 30 days, but were leĞ  untreated for another 
30 days. The laĴ er two groups served as recovery groups.

Organ collection
The animals were dissected and the organs of interest; testes 
and epididymis were removed, cleared of adherent tissues 
for lipid peroxidation and anti-oxidant assay.

Lipid peroxidation and anti-oxidant assay
Tissue malondialdehyde (MDA), superoxide dismutase (SOD), 
catalase (CAT), glutathione peroxidase (GPx) and glutathione 
reductase (GSH-R) levels were assayed using standard 
laboratory methods described in previous studies.[15,16]

Determination of nitric oxide (NO) level
For the estimation of NO production, biochemical 
assessment of stable NO oxidative metabolites, nitrite and 
nitrate was performed. Assessment of nitrite and nitrate 
levels was based on the Griess method.[17] Data in this study 
presents the sum of nitrite and nitrate levels, which are NO 
metabolites.

Statistical analysis
Analysis of data was conducted with Statistical Package for 
Social Sciences SoĞ ware (Version 13.0; SPSS Inc., IL, USA) 
for windows. Results were expressed as the mean ± SEM 
followed by pairwise comparison between test and control 
groups using Student’s t-test. Diff erences between groups 
were considered to be signifi cant at P < 0.05.

RESULTS

Eff ect of nicotine on mean testicular and epididymal GPx
Rats treated with 0.5 mg/kg BW and 1.0 mg/kg BW showed 
a signifi cant decrease (P < 0.05) in the mean testicular GPx. 
However, an insignifi cant decrease (P > 0.05) was observed 
in the recovery group of treatment when values were 
compared with the control as shown in Figure 1.

The results showed that nicotine caused an insignifi cant 
decrease (P < 0.05) in the mean epididymal GPx for both 
0.5 mg/kg BW and 1.0 mg/kg BW treated group when 
compared with the control group. This trend was also 
recorded for the recovery group as shown in Figure 1.

Eff ect of nicotine on mean testicular and epididymal 
GSH-R
Oral administration of 0.5 mg/kg BW and 1.0 mg/kg BW of 
nicotine signifi cantly decrease (P < 0.05) the mean testicular 
GSH-R when compared with the control counterpart. 
Although, this observation is dose dependent. Rats in the 
recovery groups of these treatment showed an insignifi cant 
decrease (P > 0.05) in their mean testicular reductase when 
compared with the control as shown in Figure 2.
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The results showed an insignificant (P > 0.05) and a 
signifi cant decrease (P < 0.05) in the mean epididymal GSH-R 
level for 0.5 mg/kg BW and 1.0 mg/kg BW respectively when 
compared with the control. However, the recovery group 
showed an insignifi cant decrease when values are compared 
with the control group as shown in Figure 2.

Eff ect of nicotine on mean testicular and epididymal SOD
Results showed that oral administration of 0.5 mg/kg BW 
nicotine and 1.0 mg/kg BW nicotine signifi cantly decreased 
(P < 0.05) the mean testicular SOD when compared 
with the control group. Although, this observation is 
dose dependent. Rats in the recovery groups of these 
treatments showed an insignifi cant decrease in the mean 
testicular SOD when compared with the control as shown 
in Figure 3.
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Figure 1: Tissue glutathione peroxidase level in male rats treated with 
nicotine. Values are expressed as mean ± SEM of 8 rats. *P < 0.05 
versus control
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Figure 3: Tissue superoxide dismutase level in male rats treated with 
nicotine. Values are expressed as mean ± SEM of 8 rats. *P < 0.05 
versus control

Oral administration of nicotine caused an insignifi cant 
and signifi cant decrease (P < 0.05) in the mean epididymal 
SOD for 0.5 mg/kg BW and 1.0 mg/kg BW respectively. The 
recovery groups showed an insignifi cant decrease (P > 0.05) 
in the epididymal SOD when values were compared with 
the control group as shown in Figure 3.

Eff ect of nicotine on mean testicular and epididymal CAT
The mean testicular CAT level of rats treated with 0.5 mg/kg 
BW and 1.0 mg/kg BW was signifi cantly decreased (P < 0.05) 
when compared with their control. This decrease was 
dose-dependent. There was an insignificant decrease 
(P > 0.05) in the mean testicular CAT level when compared 
with the control group as shown in Figure 4.

There was no signifi cant (P > 0.05) change in the mean 
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Figure 2: Tissue glutathione reductase level in male rats treated with 
nicotine. Values are expressed as mean ± SEM of 8 rats. *P < 0.05 
versus control
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Figure 4: Tissue catalase level in male rats treated with nicotine. 
Values are expressed as mean ± SEM of 8 rats. *P < 0.05 versus 
control
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Figure 6: Tissue malondialdehyde level in male rats treated with 
nicotine. Values are expressed as mean ± SEM of 8 rats. *P < 0.05 
versus control

DISCUSSION

The present data showed that nicotine administration 
produced marked oxidative impact on the testis as evident 
by the signifi cant increase in testicular lipid peroxidation 
and NO level as well as a signifi cant decrease in antioxidants 
including GPx CAT, SOD and GSH-R activities. This might 
suggest an inhibitory action of nicotine on enzymatic 
antioxidants in testes.

GPx is reported to have a broad protective spectrum that 
metabolizes hydroperoxides. The suppression of the level 
of GPx was observed in this study. However, the epididymal 
GPx of rats was not signifi cantly reduced, indicating that the 
eff ect of nicotine on the epididymis was not pronounced. 
Similarly, the recovery groups showed comparable values 
with the control indicating that the eff ect of nicotine on GPx 
could be ameliorated by nicotine cessation.

In this study, nicotine inhibited GSH-R level in the testicular 
tissues in vivo compared with the control group. The 
epididymal GSH-R of rats was also signifi cantly reduced 
only in the high treated group, however, the recovery groups 
showed comparable values with the control indicating that 
this eff ect of nicotine on GSH-R could be ameliorated by 
nicotine cessation.

The decrease in testicular GPx levels in nicotine-treated rats 
might also be in part, aĴ ributed to the inhibition of GSH-R 
levels, this is responsible for regeneration of GPx from its 
oxidized form.

This study also suggests that the activity of SOD which 
catalyzes the dismutation of superoxide (O2

−) radical to 
hydrogen peroxide (H2O2)[18] was down-regulated in the 
testis in both the low and high treated group, although these 
eff ects were dose dependent. Epididymal SOD was reduced 

epididymal CAT level in both treatment groups. The 
recovery groups also showed an insignifi cant decrease in the 
mean epididymal CAT level when values were compared 
with the control as shown in Figure 4.

Eff ect of nicotine on mean testicular and epididymal NO
The mean testicular NO level of rats treated with 
0.5 mg/kg BW and 1.0 mg/kg BW was significantly 
increased (P < 0.05) when compared with their control. 
This decrease was dose-dependent. There was an 
insignifi cant increase (P > 0.05) in the mean testicular NO 
level when compared with the control group as shown 
in Figure 5.

There was no signifi cant (P > 0.05) change in the mean 
epididymal NO level in both treatment groups. The 
recovery groups also showed an insignifi cant decrease in 
the mean epididymal NO level when values were compared 
with the control as shown in Figure 5.

Eff ect of nicotine on mean testicular and epididymal MDA
The mean testicular MDA level of rats treated with 
0.5 mg/kg BW and 1.0 mg/kg BW was signifi cantly increased 
(P < 0.05) when compared with their control. This increase 
was dose-dependent. There was an insignifi cant increase 
(P < 0.05) in the mean testicular MDA level of the recovery 
groups when compared with the control group as shown 
in Figure 6.

The results showed the 0.5 mg/kg BW group showed an 
insignifi cant increase (P > 0.05) while 1.0 mg/kg BW showed 
a signifi cant increase (P < 0.05) in the mean epididymal MDA 
level when values were compared with the control. The 
recovery groups showed an insignifi cant decrease (P > 0.05) 
in the mean epididymal MDA level when values were 
compared with their respective treated groups as shown 
in Figure 6.
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Figure 5: Tissue nitric oxide level in male rats treated with nicotine. 
Values are expressed as mean ± SEM of 8 rats. *P < 0.05 versus 
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only in the high treated group indicating that low level of 
nicotine had no signifi cant eff ect on epididymal activities 
of SOD. The recovery groups showed similar values with 
the control indicating that the eff ect of nicotine on SOD 
could be ameliorated by nicotine withdrawal. The observed 
decrease in the testicular SOD level may be a consequence of 
decreased de novo synthesis of enzyme proteins or oxidative 
inactivation of enzyme protein.

The inhibition of testicular SOD activity might also 
be attributed to either hyperglycemia as reported by 
Sharpe et al. who found that glucose induced oxidative 
stress in diff erent tissues and/or due to loss of enzyme 
cofactors namely copper and zinc.[19] In addition, previous 
studies have also indicated an increase in glucose level 
with nicotine administration.[20] Administration of nicotine 
significantly decreased CAT activity in the testes. The 
primary role of CAT is to scavenge H2O2 that has been 
generated by free radicals.[21] The recovery groups showed 
similar values with the control indicating that the eff ect 
of nicotine on CAT could be ameliorated by nicotine 
withdrawal.

This study also demonstrated that nicotine administration 
is associate with an increase NO level in the testes. This 
observation is in consonance with the previous study.[22]

Nicotine treated rats showed an elevation in MDA level 
when compared with the control group. An increased 
MDA concentration might be a consequence of decreased 
production of antioxidants in the nicotine treated rats’ 
tissues thereby shiĞ ing the delicate balance in favor of ROS 
thus leading to a plethora of pathologic damage to sperm 
cells and concomitant loss of function. Lipid peroxidation 
of unsaturated faĴ y acids is a frequently used indicator 
of increased oxidative stress and subsequent oxidative 
damage.[11] The reduced level of SOD and CAT activity 
might generate excessive H2O2, which could give rise 
to other ROS such as hydroxyl radicals.[6] This fi nding 
corresponds with earlier studies when the rats were exposed 
to cigareĴ e smoke for 45[23] and 60 days.[24] The eff ects of 
nicotine appear to be signifi cant in the testis, but not so in 
the epididymis in this study. This might be that the tissues 
of the testis are more susceptible and vulnerable to oxidative 
stress and damage than the epididymis. This study further 
shows that down-regulation of antioxidant enzyme levels in 
the treated rats is a mechanism by which nicotine induces 
infertility in male. This study also confi rmed that oxidative 
stress might be a mechanism by which nicotine causes 
infertility in male rats.
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