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Abstract
Background: Nicotine is a major toxic and hazardous component of cigarette smoke, and
it has been widely used in nicotine replacement therapy (NRT). This study was aimed to investigate
the effects of chronic low-dose nicotine on sperm characteristics and reproductive organ integrity
in adolescent male Sprague–Dawley rats.
Methods: Twelve rats were equally divided into two groups. Group I received normal
saline, and group II received 0.6 mg/kg body weight nicotine intraperitoneally for 28 consecutive
days. At the end of the experimental period, sperm was collected for sperm characteristic
evaluation, and the testes and prostate were isolated for biochemical and morphological analysis.
The effects of nicotine on the body and reproductive organ weights of the animals were evaluated.
Results: Chronic nicotine treatment significantly (P < 0.05) altered the sperm count,
motility, viability, and morphology, and remarkably increased the malondialdehyde (P < 0.001)
and advanced oxidation protein product (P < 0.05) levels in the testes and prostate of nicotinetreated group compared to control group. Moreover, nicotine caused a significant decrease
(P < 0.05) in the superoxide dismutase activity of the testes. No significant differences were
observed in the reduced glutathione level in both of the testes and prostate of nicotine group
compared with control group. Nicotine also induced histopathological alteration in the testes.
Conclusion: A low-dose nicotine exposure at 0.6 mg/kg caused detrimental effects on
sperm characteristics and induced oxidative stress in the testes and prostate.
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Introduction
Smoking has been frequently associated
with male infertility (1, 2). It reduces sperm
density in ardent smokers compared with nonsmokers (3). The percentages of motile and
normal sperms are also reported to be lower
among male smokers because of the increased

generation of reactive oxygen species (ROS) (4).
The effect of nicotine on the male reproductive
system is a rising concern, as a previous study
indicated that nicotine caused a decrease in the
number of spermatocytes and spermatids (5).
The testes are sensitive to cigarette
smoke, and long-term exposure to it alters the
morphology of spermatogenic cells and sperm
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production and suppresses spermatogenesis,
thus directly leading to male infertility (6).
Impaired spermatogenesis is also a result of the
degeneration of spermatogenic and Sertoli cells
due to nicotine (7). Male accessory sex organs,
such as the prostate, are not spared from being
a target of nicotine, which impairs the secretory
process of this organ (8). Disruption in this
secretory process affects semen and sperm
qualities to the extent that DNA fragmentation
occurs in sperm cells (9).
Nicotine has been widely used in various
types of nicotine replacement therapy (NRT)
(10). The dose of nicotine used in nicotine
transdermal patch and nasal spray (TPN) is
comparable with the estimated intake of nicotine
by smoking 16 cigarettes (11). Therefore, the dose
of nicotine in TPN is almost similar to the intake
of nicotine by a light smoker (5).
Thus, the present study aimed to examine
the effects of a chronic low dose of nicotine on
the sperm characteristics, oxidative stress, and
morphological changes in the testes and the
prostate of adolescent male Sprague–Dawley
rats.

Materials and Methods
Nicotine Preparation
Nicotine hydrogen tartrate (95% nicotine)
was used in the study (Sigma, USA). It is partially
soluble in water and freely soluble in saline.
Animals and Treatment
Male Sprague–Dawley rats (n = 12)
weighing 200–250 g were obtained from
Synertec Scientific, Malaysia. The rats were
divided into two equal groups with ad libitum
access to rat chow and drinking water. All
animals were maintained in polypropylene cages
at an ambient temperature of 27 ± 2 °C with
a 12 hours/12 hours light/dark condition. The
experiment was conducted in accordance with
the Guidelines of the Universiti Kebangsaan
Malaysia on the care and use of laboratory
animals (UKMAEC No.: FSK/BIOMED/2012/
SATIRAH/12-DEC./486-DEC.-2012-DEC.-2014).
The study design was experimental. Fourteen
male rats were randomised into two groups.
Group I received normal saline, and group II
received 0.6 mg/kg body weight of nicotine by
intraperitoneal injection for 28 consecutive days
(12) to induce reproductive damage.

At the end of the study, all rats were
anesthetised with sodium thiopental and
dissected. The weights of the prostate, seminal
vesicle, cauda epididymis, and testes were
recorded. Sperm was collected from the left and
right cauda epididymis by immediately placing
the cauda epididymis in 2 mL of Hank’s Buffered
Salt Solution enriched with 0.5 % bovine serum
albumin (Sigma Chemicals, St. Louis, USA) and
pre-warmed at 37 °C. Both cauda epididymis
were minced and centrifuged at 1000 rpm at
4 °C for 3 minutes. The testes and the prostate
were homogenised in 1.15% potassium chloride
solution and centrifuged at 4 °C for 20 minutes.
The homogenates were used for further
biochemical analysis.
Biochemical Assays
The levels of lipid malondialdehyde (MDA)
were determined by the method of Stocks and
Dormandy (13), advanced oxidation protein
product (AOPP) by the method by Witko et al.
(14), superoxide dismutase (SOD) activity by
the method of Beyer and Fridovich (15), and
reduced glutathione (GSH) levels by the method
of Ellman (16).
Sperm Characteristic Analysis
Sperm count was calculated by a Makler
Counting Chamber. About 10 µL of sperm
suspension was taken and calculated for all grids
under a 10x magnification of a light microscope.
Sperm count was expressed as x 106 cells/mL.
Sperm motility was evaluated by counting the
motile and the non-motile sperms and assessed
up to 200 sperms under a 10x magnification
of a light microscope. Data are shown as the
percentage of sperm motility. Sperm viability was
determined by a routine gold standard method
suggested by the World Health Organisation (17).
Morphological Analysis of Male
Reproductive Organs
The testes and the prostate were fixed with
10% formalin solution, dehydrated in graded
ethanol, and embedded in paraffin wax. Both the
testes and the prostate tissues were sectioned at
5 µm and stained with hematoxylin and eosin.
The slides were evaluated under light microscopy
at 10x and 40x magnifications.
Statistical Analysis
Statistical analysis was performed using the
Statistical Package for Social Sciences version
19.0. The differences between the control group
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and the treated group were statistically evaluated
using independent t-test. All of the results were
expressed as the mean (SD).

SOD activity in the testes and an insignificant
decrease in the prostate compared with that in
the control group. The MDA levels and AOPP in
the prostate (P < 0.05) and the testes (P < 0.001)
were augmented in the nicotine-treated rats
compared with the non-nicotine treated rats. No
significant changes were observed in the GSH
levels in the testes and the prostate.

Results
Weight of the Body and Reproductive
Organs

Histopathology of the Reproductive
Organs

Table 1 indicates that treatment with
nicotine did not cause any significant changes
(P > 0.05) in the weight of the body and
reproductive organs, such as the prostate,
seminal vesicle, caudal epididymis, and testes.

Testes
Figure 1A and Figure 1B illustrate the
normal architecture of the seminiferous
tubules and the spermatogenesis process.
The seminiferous tubules contain abundant
spermatogenic cells, which are surrounded by
peritubular myoid cells, and the Leydig cells
are located in the interstitial tissue between the
seminiferous tubules (1B). Figure 1C and Figure
1D show that the spermatogenesis process
is reduced in the lumen of the seminiferous
tubules. Some of the seminiferous tubules
exhibit a complete absence of spermatogenic
cells, acinus, and fibromuscular stroma with
normal secretory epithelium. The architecture of
the seminiferous tubules is markedly shrunken

Sperm Characteristics
Table 2 shows the significant decline of
the sperm count, sperm motility, and sperm
viability (P < 0.05) in the nicotine-treated groups
compared with the control group. A significant
increase in the abnormal sperm morphology was
found in the nicotine group (P < 0.001).
Antioxidant Status and Oxidative
Damage Markers in the Reproductive
Organs
Table 3 shows that treatment with nicotine
caused a significant (P < 0.05) decrease in the

Table 1. Body and reproductive organ weight in normal and nicotine rats for 28 days of treatment
Experimental groups
Organs (g)

t-statistic
(df = 12)

P-valueb

Control groupa
(n = 7)

Nicotine groupa
(n = 7)

270.83 (37.80)

279.20 (19.71)

3.817

0.128

0.57 (0.08)

0.49 (0.15)

1.418

0.682

Seminal vesicle

0.74 (0.23)

0.65 (0.15)

2.173

0.368

Cauda epididymis

0.48 (0.07)

0.46 (0.11)

1.307

0.754

Testes

2.58 (0.22)

2.67 (0.49)

1.037

0.996

Final body weight
Prostate

Mean (SD). bIndependent t-test. n: Number of sample. t: t-statistics. df: Degree of freedom.

a

Table 2. Sperm characteristics in normal and nicotine rats for 28 days of treatment
Experimental groups
Sperm characteristics

t-statistic
(df = 12)

P-valueb

13.05 (0.35)

3.986

0.002

58.67 (2.37)

44.13 (1.27)

3.632

0.003

65.58 (3.14)

34.50 (1.95)

2.273

0.022

3.17 (0.40)

8.92 (0.51)

3.093

<0.001

Control groupa
(n = 7)

Nicotine groupa
(n = 7)

Sperm count (X106/ml)

15.28 (0.52)

Sperm motility (%)
Sperm viability (%)
Abnormal sperm morphology (%)

Mean (SD). bIndependent t-test. n: Number of sample. t: t-statistics. df: Degree of freedom.

a
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Table 3. Oxidative stress markers in reproductive organs in normal and nicotine rats for 28 days of
treatment.
Testis

Prostate

Experimental groups
Control
group
(n = 7)

Nicotine
group
(n = 7)

2.16 (0.44)

1.44 (0.40)

106.52 (13.91)

MDA (nmol/g protein)
AOPP (µmol/g protein)

SOD (U/min/mg protein)
GSH (nmol/mg protein)

Experimental groups
Control
group
(n = 7)

Nicotine
group
(n = 7)

0.017

15.71 (3.34)

18.69 (2.54)

0.054

111.52 (7.41)

0.074

0.16 (0.03)

0.15 (0.06)

0.231

0.68 (0.11)

1.57 (0.18)

<0.001

2.39 (0.92)

4.22 (1.37)

0.013

48.23 (2.23)

57.04 (2.85)

<0.001

265.15 (38.19)

191.47 (21.52)

0.025

P-valueb

P-valueb

SOD: Superoxide dismutase. GSH = Glutathione. MDA = Malondialdehyde. AOPP = Advanced oxidation protein products.
a
Mean (SD). bIndependent t-test. n: Number of sample. t: t-statistics. df: Degree of freedom.

Figure 1. Testes: Histology of the testes of control and nicotine groups (H&E staining)
(Magnification A and C ~ 10×; Magnification B and D ~ 40×). Figure 1A shows that normal
architecture of the seminiferous tubules and spermatogenesis process. Figure 1B shows that
the seminiferous tubules contain of abundant spermatogenic cells (G) and spermatozoa (S),
which has surrounded by peritubular myoid cells (MY) and leydig cells (L) were located in
the interstitial tissue between the seminiferous tubules. Figure 1C shows that architecture
of seminiferous tubules were markedly shrunken and distorted (DT) and spermatozoa
production was reduced in the lumen of seminiferous tubules (AS). Figure 1D shows that
some of the seminiferous tubules show complete absence of spermatogenic cells and
spermatozoa (AS).
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and distorted. Some of the seminiferous tubules
exhibit a complete absence of spermatogenic
cells (Figure 1D).
Prostate
Figure 2A and Figure 2B illustrate the
normal prostate gland, which consists of the
acinus and fibromuscular stroma with normal
secretory epithelium, from control group. The
prostate exhibits no change in histology in the
nicotine-treated group (Figure 2C and Figure
2D).

Discussion
Researchers have reported the detrimental
effect of cigarette smoking on male fertility (18,

19, 20). Nicotine exposure reduces the weight
of the testis and the number of spermatocytes
and spermatids. Nicotine also affects the
testosterone level, pituitary gonadotropins, and
testicular antioxidant status. Moreover, nicotine
contributes to ROS generation in the testis (21).
SOD protects tissues against oxygen free
radicals by catalysing the deletion of superoxide
radical (O2−), which harms the membrane
and biological structures (22). GSH is an
important inhibitor of free radical mediated lipid
peroxidation. It is involved in several reactions
in the body and is one of the most prominent
non-enzymatic antioxidant (23). SOD and
GSH are important in scavenging the enzyme
that eliminates the toxic free radicals in vivo
(24). Unlike in the control group, the SOD

Figure 2. Prostate: Histology of the prostate of control and nicotine groups (H&E staining)
(Magnification A and C ~ 10×; Magnification B and D ~ 40×). Figure 2A and Figure 2B
illustrated that normal prostate of the control group. Figure 2B shows that prostate gland
consists of acinus (A) and fibromuscular stroma (FS), secretory epithelium (SE). Figure 2C
and Figure 2D show that normal acinus, fibromuscular stroma and secretory epithelium
from the nicotine treated group. No changes were found in the prostate of nicotine treated
group.
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enzyme activities significantly decreased in
the nicotine-treated group of the testes. This
result is consistent with that in a previous study
indicating the decreased SOD level upon nicotine
exposure in a dose-dependent manner (25).
Our finding also shows no significant change in
GSH in both groups. This result is interestingly
consistent with that in a study reporting no
significant changes in blood ROS and GSH levels
in a 6 mg/kg body weight nicotine treatment
despite a significant decrease in SOD and
catalase levels (26).
In
the
present
study,
nicotine
administration significantly altered the MDA and
AOPP levels in the testes and the prostate, and
this result indicates that the protein oxidation
and lipid peroxidation processes in the testicular
tissues were due to the generation of free radicals
(27). The findings in this study demonstrate that
a chronic low dose of nicotine induces oxidative
stress through free radical-mediated lipid
peroxidation and protein oxidation in the testes
and the prostate.
The chronic administration of nicotine in
male Sprague–Dawley rats in this study caused
adverse effects on the sperm characteristics.
Nicotine significantly decreased sperm count,
sperm motility, and sperm viability while
increasing the percentage of sperm with
abnormal morphology. This study supports a
previous study showing that the administration
of nicotine lowered sperm motility and decreased
live sperm and sperm with normal morphology
in a 5 mg/kg body weight nicotine exposure (28).
The histopathological findings showed
that chronic low-dose nicotine caused sloughed
off and reduced spermatogenic cells and
spermatozoa. Testicular damage occurred
because of the increased generation of ROS by
nicotine, which attacked the polyunsaturated
fatty acids (PUFA) in the testes membrane,
thus leading to the loss of testicular structure
and function. Moreover, the reduction of
spermatogenic cells and sperm could be due to
the interference in the testosterone hormone
by nicotine. Nicotine induced protein oxidation
in the androgenic enzymes and disrupted the
production of testosterone hormones (19).
Therefore, the testicular structural damage and
the disruption of the testes function may be due
to nicotine-induced oxidative damage. These
results agree with those of Mahanem et al. (29),
in which the administration of nicotine at a
5 mg/kg body weight induced testicular damage.

Spermatozoa are susceptible to oxidative
stress-induced damage because of the presence
of large quantities of PUFA in their membrane,
especially diPUFA (phospholipids esterified
with two PUFAS), which is especially found in
the retina and certain parts of the brain aside
from the sperm (30). The abnormal morphology
of the sperm structure can be linked to the lipid
peroxidation damage to the PUFA component
caused by free radicals (31). Abnormal sperm
production may be due to the disruption of
spermatogenesis by nicotine action (19).
The testes and the prostate are closely
related to sperm quality and play an important
role in male fertility. The oxidative damage and
the morphological alterations of the testes are
associated with the reduction in sperm quality
(32). The prostate secretes fluids that make up
the semen and provides nutrient to the sperm.
Lipid peroxidation of the prostate may affect the
secretion of semen and the sperm characteristics.
According to Zhang et al. (3), when the
semen volume decreases, sperm density and
sperm viability also decrease. Therefore, any
alteration in the structure and function of these
reproductive organs can lead to male infertility
by affecting the sperm quality.

Conclusion
Chronic nicotine treatment at a dose of
0.6 mg/kg has detrimental effect on sperm
characteristics and can cause oxidative damage
to the testes and the prostate.
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