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Abstract

Introduction: Infertility is common among couples of child-bearing age and ap-
proximately half of known causes of primary infertility are attributable to male fac-
tor. It is still unclear whether the injurious effects of cigarette smoking on sperm
characteristics and infertility are due to nicotine. Therefore, the present study invest-
tigated the effects of orally administered of nicotine on sperm characteristics and
libido in adult male albino rats. The study also sought nicotine effects on fertility
rate, litter size and weight in female animals cohabited with nicotine treated male
rats.

Methods: Forty male and twenty-five female rats were used for the study. The male
rats were divided into five groups and were treated for a period of 30 days with
nicotine 0.5 mg/kg (low dose) and 1.0 mg/kg (high dose) per body weight while the
control rats received 0.2 ml/kg normal saline. The fourth and fifth groups were
gavaged with 0.5 mg/kg and 1.0 mg/kg body weight of nicotine but were left untreat-
ed for another 30 days. These groups served as the recovery groups. At the end of
each experimental period, sperm analysis, fertility study, litter weight and size were
determined.

Results: Sperm motility and count significantly decreased (P<0.05) while the per-
centage of abnormality significantly increased (P<0.05) in both treatment groups.
However, there was an insignificant decrease (P>0.05) in the viability and semen
volume of the treated groups. Fertility studies revealed that nicotine reduced libido in
male rats, litter weight and number delivered by the untreated female during the
experiments.

Conclusion: The present study showed that nicotine has a dose-dependent deleteri-
ous effect on the sperm characteristics and that fertility is ameliorated by nicotine
cessation in male rats.

Keywords: Fertility, Litter weight, Nicotine, Rat, Smoking, Sperm.

To cite this article: Oyeyipo IP, Raji Y, Emikpe BO, Bolarinwa AF. Effects of Nicotine on
Sperm Characteristics and Fertility Profile in Adult Male Rats: A Possible Role of Cessation.
J Reprod Infertil. 2011;12(3):201-207.

Introduction

I nfertility is common among couples of child-
bearing age. Approximately half of known
causes of primary infertility are attributable to
male factor (1, 2). However the etiology of male
factors infertility is poorly understood. While

some individuals may be genetically predisposed
to be sub-fertile (3), there are major epigenetic
factors which are implicated as potential causes of
male infertility. The male reproductive system is
known to be highly sensitive to many chemicals

J Reprod Infertil. 2011;12(3):201-207

Arul-mmmy/:dny wouy papeojumod


http://www.jri.ir

JRI Effect of Nicotin on Sperm and Fertility Profile

and drugs which have been found to pose adverse
effects on male reproductive capacity under cer-
tain conditions (4).

The health consequences of cigarette smoking
and the use of tobacco products are well known.
These are an important cause of increased mortal-
ity and morbidity in the developed countries and
the prevalence is increasing in the developing
world as well (5). Despite the increasing know-
ledge on the adverse reproductive effects of smok-
ing, it is relatively unclear whether or not, nico-
tine has the same effects on male reproductive
activities especially in apparently reproductively
active subjects.

Nicotine can be consumed in different forms
ranging from smokeless tobacco products such as
snuff and chewing tobacco to the more often
consumed form: smoked tobacco. Cigarette to-
bacco contains several substances (6). Carbohy-
drates and proteins are the most representative
components but alkaloids are significantly present
as well. Nicotine, in particular, represents 90% -
95% of the total alkaloids. Nicotine is a highly
toxic substance and it is absorbed quickly through
the respiratory tract, oral mucosa and skin. Ap-
proximately 80%-90% of nicotine is metabolized
by the liver, but the kidney and lungs are involved
as well (7).

Cigarette smoking is not only a potent cause of
lung cancer but also has been associated with low
birth weight, preterm delivery and abortion in
women who are addicted to it. It also causes
menstrual irregularities, pregnancy complications,
and decreased fertility in women (8). Moreover,
cigarette smoking inhibits spermatogenesis and
causes decreased steroidogenesis in men (9, 10).
Cigarette smoking has also been shown to have
anti-estrogenic effects in women (11). In males,
the effects of smoking on androgen is important,
given the recent interest in the association be-
tween low androgen levels, the metabolic syn-
drome and coronary heart disease (12). Other
adverse effects of smoking include premature
ejaculation and reduced penile erection; however,
these depend on individual sensitivity or suscepti-
bility (12).

It has been previously demonstrated that expos-
ure to reference cigarette smoke resulted in re-
duced birth weight in rats under experimental con-
dition (13, 14) while oral administration of nico-

tine have been associated with testicular degener-
ation, disorganization of the cytoarchitecture and
decreased serum testosterone levels (15). In add-
ition, nicotine has been shown to have adverse
effects on fertility potentials of female albino rats
by reducing the weight and disorganizing the
histology of some vital visceral and reproductive
organs (16).

In spite of the growing knowledge on the ad-
verse reproductive effects of smoking, it is rela-
tively unclear whether or not, nicotine has the
same effects on male reproductive activities as it
relates to its effects on sperm cells, male fertility
indices and subsequent effects of cessation on
these reproductive parameters. The present study
was, therefore, designed to investigate the effects
of nicotine on reproductive functions during treat-
ment and recovery periods.

Methods

Nicotine preparation: Nicotine hydrogen tartrate
(95% Nicotine) (BDH Chemicals Ltd., Poole,
England) was used in the study. The nicotine
dosage freshly prepared in normal saline for each
group of animals was delivered at 0.5 mg/kg and
1.0 mg/kg per body weight. The working solutions
were stored in foil-wrapped glass bottle at 4°C for
no longer than ten days.

Animals and treatments: Experiments were per-
formed on forty male and twenty-five female
Sprague-Dawley rats, 2 - 2.5 month old and
whose average weight ranged between 150 g and
180 g obtained from the Animal House, College
of Medicine, University of Ibadan, Oyo State,
Nigeria. Animals were divided into five equal
groups with ad libitum access to rat chow and
drinking water. Animals were also maintained in a
well-ventilated room with a 12/12-hour light/ dark
condition at room temperature. The experiment
was conducted in accordance with the Guidelines
of the U.S. National Institute of Health (NIH) on
the care and use of laboratory animals. The male
animals in the five groups were treated for 30
days and they included the control group that
received 0.2 ml/kg normal saline, 0.5 mg/kg
nicotine-treated group, 1.0 mg/kg nicotine-treated
group, 0.5 mg/kg nicotine-treated group but left
untreated for another 30 days and 1.0 mg/kg
nicotine-treated group but left untreated for an-
other 30 days.
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Libido test: To observe the libido-oriented
mounting behaviour, non-estrous untreated female
rats were paired on the 30" day at 6.00 pm. The
male rats assuming the copulatory position over
the female rats, but failing to achieve intromission
was considered as a mount (17). Male rats from
each group were chosen and suitably marked. The
rats were placed in a clear aquarium and were
allowed to acclimatize for 15 minutes. After
wards a non-estrous female rat was introduced
into the arena. The number of mounts were
recorded for 15 minutes. This process was also
done for the recovery groups.

Fertility studies: A total of 25 untreated fertile,
prestrous female rats were used for the fertility
test. Five untreated female rats were cohabited
with a male rat from one of the five male groups
on the 31* day of treatment except the recovery
groups whose cohabitation commenced on the 31
day of the recovery period. All animals were
cohabited for 5 days according to earlier studies
(17). The presence of a vaginal plug was accepted
as the index for a positive mating and it was taken
as day one of pregnancy (18). A fertility test was
calculated using the following formula:

Pregnancy Females X 100

Mated females (19)

The number of litters delivered and their body
weights were determined.

Semen collection: The left testis was removed
along with its epididymis. The caudal epididymis
was separated from the testis and lacerated to
collect the semen with a microscope slide for
semen characteristics evaluation as previously de-
scribed (20).

Sperm characteristics analysis: Progressive motil-
ity was tested immediately. Semen was squeezed
on a pre-warmed slide, two drops of warm 2.9%
sodium citrate was added to it. This was then
covered with a cover slip, examined and scored
under the microscope using x40 objective with
reduced light (21).

A viability study (percentage of live spermato-
zoa) was done using eosin/nigrosin stain. Semen
was squeezed onto a microscope slide and two
drops of the stain were added. The motile (live)
sperm cells were unstained while the non-motile
(dead) sperms absorbed the stain. The stained and
the unstained sperm cells were counted using x40

% Fertility Success =
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microscope objectives and an average value for
each was recorded from which percentage viabil-
ity was calculated.

Sperm morphology was evaluated by staining
the sperm smears on microscope slides with two
drops of Walls and Ewas stain after they were air-
dried. The slides were examined under the micro-
scope under oil immersion with x100 objective.
The abnormal sperm cells were counted and the
percentage calculated according to the method
described by Wyrobek and Bruce (22). The epi-
didymis was immersed in 5 m/ normal saline in a
measuring cylinder and the volume displaced was
taken as the volume of the epididymis. Sperm
count was done under a microscope with the aid
of the improved Neubauer hemocytometer. Count-
ing was done in five Thoma chambers (23).

Statistical analysis: The results are presented as
mean = SEM for each group. The differences
among groups were analyzed using one-way an-
alysis of variance (ANOVA) followed by Dun-
can’s multiple range Post hoc test for pairwise
comparisons. For sperm abnormalities, the data
was analyzed using 7’ test. All statistical compari-
sons and tests were performed using SPSS (SPSS
Inc., Chicago, IL., USA) for Windows.

Results
Effect of nicotine on semen characteristics

Motility: Daily oral nicotine administration of 0.5
mg/kg and 1.0 mg/kg per body weight for a period
of four weeks significantly decreased (P<0.05) the
progressive motility of the sperm when compared
with the control group. Although, this observation
was dose-dependent. Rats in the recovery groups
of these treatments also showed a decrease in their
mean progressive motility when compared with
the controls as shown in Table 1.

Epididymal sperm count: The mean sperm counts
per epididymal volume of rats administered with
0.5 mg/kg and 1.0 mg/kg body weight significant-
ly decreased (P<0.05) when compared with the
controls. This decrease was dose-dependent.
There was also a decrease in the mean epididymal
sperm counts of the recovery groups for 0.5 mg/kg
and 1.0 mg/kg B.W. as shown in Table 1.

Viability (live/dead ratio): An insignificant de-
crease (P>0.05) was recorded for the mean per-
centage of live sperms in rats treated with both
0.5 mg/kg and 1.0 mg/kg body weight treated

J Reprod Infertil, Vol 12, No 3, Jul/ Sept 2011 [ 203

Arul-mmmy/:dny wouy papeojumod


http://www.jri.ir

JRIP; ‘ffect of Nicotin on Sperm and Fertility Profile

Table 1. Semen parameters of experimental rats treated with nicotine

Dose Motility (%) I;:;:(/)]zoe/z:;l Volume (1) (xcl((;lsl;:;l)

Control 91.00£2.00* 96.80+1.47%  520+0.00° 103.60 + 8.8 *
0.5 mg/kg B.W. 60.00+632°%  92.60+3.32"  5.18+0.04° 71.80 +5.20°
1.0 mg/kg B.W. 44.00+4.90° 9120+6.65*  5.16+0.05° 51.40+5.20"
0.5 mg/kg B.W. recovery 82.00+4.00*° 94.60 £2.58% 5.18+0.04 % 93.40+6.50°
1.0 mg/kg B.W. recovery ~ 68.00+7.48°  91.00+3.74®  5.18+0.04° 70.80 + 3.60 °

Values are expressed as Means + SEM of 8 rats per group. Means in columns with different superscript letters are

significantly different; p<0.05

groups when compared with the controls. How-
ever, the same trend was recorded for the recovery
groups of both treatment regimens when com-
pared with the control group as shown in Table 1.

Epididymal volume: The results showed that nico-
tine caused an insignificant decrease (P>0.05) in
the epididymal volume for both 0.5 mg/kg and
10.0 mg/kg B.W. nicotine treated groups when
compared with the control group. This trend was
also recorded for the recovery groups of these
treatments when compared with the control group
as shown in Table 1.

Morphology: The most common abnormality en-
countered during the morphological examination
of the sperms in the rats that received the two
daily doses of nicotine was the “curve tail” which
accounted for 60% of the observed abnormalities.
Though, there seemed to be a dose-dependent
morphological abnormality. The observed “curve
tail” abnormality was statistically significant
(P<0.05) when compared with the controls. The
recovery groups showed fewer occurrences of the
morphological aberration as recorded in the Table
2 and Figure 1.

Effect of nicotine in male fertility

Libido score: Rats treated with 0.5 mg/kg and
1.0 mg/kg B.W. nicotine for four weeks had a
significant decrease (P<0.01) in their libido when
compared with their control counterparts. The
observed decrease was dose-dependent (Table 3).
The recovery groups for these treatments also had
a significant decrease (P<0.01) in their libido
when compared with the control group (Table 3).

Fertility percentage: The female rats used for
mating in the control group had 100% fertility rate
while 0.5 mg/kg and 1.0 mg/kg B.W. nicotine-
treated rats had 40% and 0% fertility rates,
respectively. The recovery group for 0.5 mg/kg
B.W. had a fertility rate of 80% while the recovery

group for 1.0 mg/kg B.W. had a fertility rate of
60% (Table 3). Female rats cohabited with male
rats from the high-dose group did not conceive
throughout the study period. However, these ef-
fects were reversible after nicotine was withdrawn
from the rats.

Litter weight: Female rats used for mating in the
control group produced an average litter size of
6.24 £ 0.1. An average of 5.3 + 0.1 litter weight
was produced by female rats used to mate male
rats that received 0.5 mg/kg B.W. (low dose)
nicotine. The recovery group of 0.5 mg/kg B.W

Figure 1. Photomicrograph showing sperm from the cauda
epididymis of male albino rats; A: normal sperm from the
control rats; B-F: sperm showing defects in morphology
after nicotine treatment; B: tail less sperm; C: Curve tail;
D: Headless sperm; E: looped tail; F: coiled tail (arrow)
(eosin/ nigrosin Mag. X100)
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Table 2. Sperm abnormalities of experimental rats treated with nicotine

Sperm parameters Control 05Bm§//kg 1.0 mg/kg B.W. B. (p)VS :Zfo/lfiry 1.0 :ng’ii rl; W.
Tailless head 2 4 5 4 6
Headless sperm 2 3 4 5
Rudimentary tail 2 6 10 1 2
Curved tail 10 38 60 21 20
Curved midpiece 3 6 7 4 6
Bend midpiece 5 5 8 4 3
Coiled-tail 1 3 2 2 2
Swapped-tail 1 3 2 1 1
Total number of 2 68 99 41 53
abnormal sperm

Total number of normal 379 342 301 359 347
sperm

% of Abnormal cells 6.87° 19.88° 32.89°¢ 11.42 15.27¢

Numbers in rows with different superscript letters are significantly different; p<0.01

and 1.0 mg/kg B.W. nicotine-treated rats had 5.47
+ 0.33 and 5.15+0.05 litter weights, respectively
(Table 3).

Litter size: Female rats used for mating in the
control group had an average litter size of 7.80 +
0.4. An average litter size of 4.50 + 0.5 was
produced by female rats used in mating the 0.5
mg/kg B.W. treated animals. The recovery groups
of 0.5 mg/kg B.W. and 1.0 mg/kg B.W. treated rats
had an average litter size of 6.33 + 0.5 and 3.50 +
0.5, respectively (Table 3).

Discussion

The results of this investigation demonstrated
that nicotine has deleterious effects on the repro-
ductive functions of male rats, sufficient to cause
reversible infertility. Rats were used in this study
because rats have been shown to have a well-
defined reproductive system and all the com-
pounds, that have been used to cause anti-fertility
effects in males have been found to be active in

rats (24). The present study indicates that
nicotine-treatment in male rats could affect the
weight and number of the litter delivered by
untreated female rats.

Male Sprague-Dawley rats treated with nicotine
for 30 days had a decreased sperm motility.

Viability (percentage of live sperms) was also
reduced in rats with the two different doses of
nicotine used in the study in a dose-dependent
manner. The reduction in sperm viability agreed
with reduction in the progressive sperm motility
because immobile sperms were considered dead
as they took up the Eosin/Nigrosin stain when the
smear was examined. This result may also be due
to the effect of nicotine on the epididymis by
acting as a spermatoxic agent on maturing or
matured spermatozoa (25).

The epididymal sperm count of the rats treated
with nicotine, 0.5 mg/kg and 1.0 mg/kg body
weight, was significantly reduced when compared
with their control counterparts. This decrease in

Table 3. Fertility potentials of experimental rats treated with nicotine

Dose Libido score Litter size Litter weight (g) fl; i:iclftl;tz(‘g')
Control 1140+ 1.01%  7.80+0.40° 6.24 +0.10 * 100 ®

0.5 mg/kg B.W. 6.80+1.94° 450 +0.50° 530+0.10° 40°
1.0 mg/kg B.W. 3.80+0.75° 0.00 +0.00 ° 0.00 +0.00 ° 0°

0.5 mg/kg B.W. recovery 820+232* 6.33+0.47° 547+£033% 80°

1.0 mg/kg B.W. recovery  7.00 +£2.09° 3.50+£0.50° 5.15+0.05° 60°

Values are expressed as Means+SEM of 8 rats per group. Means in columns with different superscript letters are

significantly different; p<0.05
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epididymal sperm count could be connected to the
decrease in the serum testosterone level reported
in our previous study (15). Testosterone was re-
ported to act on the seminiferous tubules to
initiate and maintain spermatogenesis (26). The
arrest of spermatogenesis may probably occur as a
consequence of reduction in serum testosterone
which had been shown to be essential for the
completion of meiotic division during spermato-
genesis. It was shown that nicotine could adverse-
ly affect cell division. There was an appreciable
increase in the epididymal sperm count of rats in
the recovery group showing that the effect of
nicotine on sperm count may be ameliorated by
nicotine cessation.

The most prominent morphological abnormal-
ities observed in the nicotine-treated rats were
curve tail, rudimentary tail, curve mid-piece and
bent mid-piece forms. These secondary abnormal-
ities usually occur during epididymal transit, mat-
uration and storage of sperm during which period
the spermatozoa develop motility (27). The recov-
ery groups showed a decrease in the occurrence of
these abnormalities which further showed that the
rats had recovered from the deleterious effect of
nicotine.

Fertility studies show a significant decrease in
the libido score of rats treated with nicotine. This
is probably associated with the decrease in the
serum testosterone level as observed in our
previous study (15) because testosterone has been
associated with increased sexuality, physical and
mental energy, stamina and vitality (28). High
testosterone has also been shown to account for
increased sperm count, fertility, as well as sexual
drive (29).

The decrease in the average litter size produced
by the untreated female rats used in mating the
treated male rats might be due to the effects of
nicotine on the progressive epididymal sperm
motility. This study showed, for the first time, the
recovery of male fertility after cessation of nico-
tine in adult male albino rats as the libido score,
fertility rate, litter weight and size significantly
increased showing an improved fertility index.

Conclusion
The present investigation shows that nicotine
reduces fertility in adult male rats and adversely
affect litters” weight and size delivered by

untreated female rats. The data also indicate that
nicotine withdrawal for a particular period of time
could ameliorate the observed effects. However,
further investigation is encouraged to confirm the
role and mechanisms of action that nicotine leaves
on male infertility.
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