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ALTERATION IN SEMEN CHARACTERISTICS AND TESTICULAR HISTOLOGY OF
MALE WISTAR RATS FOLLOWING EXPOSURE TO CIGARETTE SMOKE
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ABSTRACT
This study was aimed at determining the effects of cigarette smoke and carbon monoxide
exposure on the testes and semen characteristics of rats. Twelve rats were divided equally
into 3 groups: A, B, and C, and were exposed to fresh atmospheric air, cotton wool smoke
and cigarette smoke, respectively. Each rat in Group C was exposed to smoke passively from
one stick of completely burnt cigarette, containing 0.738 g of tobacco, using a customised
smoking chamber; and Group B was exposed to smoke from burnt cotton wool of the same
weight. After 35 days of exposure, the animals were sacrificed and the testes processed for
histology, while the semen quality was assessed using specimen from the caudal epididymis.
In both treated groups B and C, there was a significant reduction in the percentage of
morphologically normal spermatozoa, compared with the Control animals, while only slight
variations existed in other semen parameters. The histological sections showed slight
reduction in the diameter of seminiferous tubules, with decrease in the population of
mature sperm cells in the lumina, and widened interstitial spaces. Both carbon monoxide
and cigarette smoke pose comparable amount of danger to testicular function and male
fertility.
Keywords: cigarette smoke, carbon monoxide, testes, sperm, rats
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INTRODUCTION
It is increasingly clear that cigarette smoking, actively or passively, is detrimental to human
health. Various studies have successfully linked the use of tobacco products to many clinical
conditions, including cardiovascular diseases, metabolic diseases, respiratory conditions,
and cancers, to mention but few. Secondhand, or passive, smoke is a term used for both
sidestream smoke, from the burning end of a cigarette, and mainstream smoke, what is
exhaled from a smoker. There are higher levels of some toxins in sidestream smoke, though
it dilutes quickly as it passes through the air (Cooper and Moley, 2008; National Cancer
Institute, 2006). Both active and passive smoking have the potential to harm almost every
organ in the body, and are associated with the leading causes of mortality (CDC, 2006).
Cigarette smoke is toxic to testicular structure and functions, causing varying degrees of
hypospermatogenesis in the seminiferous tubules (Olatunji-Bello et al, 2008). In heavy
smokers,

it

causes teratozoospermia,

whereas in

light

smokers,

it

leads to

asthenozoospermia (Gaur et al, 2007).
In animal studies, cigarette smoke adversely affects the developmental processes of sperm
cells (Ahmadnia et al, 2007). Degeneration and dissociation of the spermatogenic cells,
thickening and irregularities of the basal lamina, with specific effects on the primary
spermatocytes and sustentacular cells, were noted by Guven et al (1999), and one of the
resultant effects of these is a significant reduction in sperm concentration (Smith and
Ogunfeibo, 2004).
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Studies have also demonstrated that exposure of a woman to cigarette smoke during
pregnancy predisposes her male offspring to abnormal semen parameters (Richthoff et al,
2008; Jensen et al, 2005).
Cigarette smoke has a broad spectrum of oxidant-ionising radiation capable of generating
free radicals in tissues of the body (Borek, 2001); this leads to significant changes in
oxidative status (Ozyurt et al, 2006; Saleh et al, 2002), and lowers the level of endogenous
antioxidants in the body (El-Zayadi, 2004).
Carbon monoxide (CO), an odourless gas produced from the incomplete burning of
combustible materials, is one of the components of tobacco smoke, making up 2-6% of the
smoke; this level increases many folds in smokers (Mirza et al, 2005). CO is also readily
absorbed into the bloodstream, and the hypoxemia it induces could be contributory to its
effects on spermatogenesis (Ahmadnia et al, 2007). The potential mechanisms for the
harmful effects of smoking, therefore, include oxidative stress, inflammation, and ischemic
processes (Swan and Lessov-Schlaggar, 2007). The current study investigated the effects of
cigarette smoke exposure in animal models on the micro-architecture of the testes and
sperm characteristics.
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MATERIALS AND METHODS
Experimental Animals
A total of twelve adult male Wistar rats were used. They were housed in the Animal House
of the Anatomy Department, University of Ilorin. They were fed on rat pellets and water ad
libitum and allowed to acclimatise for 7 days. The animals which weighed on the average
160 g, were randomly divided into 3 groups of 4 animals per group.
Treatment of Animals
Group A animals were exposed to normal fresh atmospheric air, and served as the Control
Group; Group B animals were exposed to smoke from burnt cotton wool weighing 0.738 g;
while Group C animals were exposed to smoke from a stick of Rothmans® cigarette, one
stick per rat. The amount of tobacco in each stick of cigarette was 0.738 g (equal weight
with the cotton wool of Group B), containing 1 mg of nicotine. Smoke of cotton wool served
as a source of carbon monoxide in this study. Exposure of the Wistar rats to smoke was
carried out in a customised Smoking Chamber at 1900 h daily for 35 days.
Specimen Collection
The animals were sacrificed by cervical dislocation 24 hrs after the last administration. The
testes and epididymis were delivered via an abdominal section. While the testes were fixed
in 10% formal saline solution, and appropriately processed for histological section using the
Haematoxylin and Eosin staining techniques (Banchrof et al., 1996), the semen for seminal
analysis was obtained from the caudal epididymis.
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Semen Analysis: Sperm Cell Concentration

The right epididymis was minced with anatomic scizzors in 5 ml of normal saline, placed in a
rocker for 10 min and allowed to incubate at room temperature for 2 min. Thereafter the
supernatant was diluted at 1:100 with a solution containing 5 g sodium bicarbonate and 1
ml formalin (35%). The total number of spermatozoa was counted using the new improved
Neuber’s counting chamber (haemocytometer), expressed as number of sperm cells in
millions/ml (Yokoi and Mayi, 2005).

Sperm Motility

To determine the motility, the fluid from the caudal epididymis was diluted with Tris buffer
solution (Sonmez et al, 2005) to 0.5 ml. An aliquot of this solution was observed under the
light microscope. The mean motility estimation was reported as the final motility score for
each sample, expressed as percentage (%).

Sperm Morphology

The original dilution for motility, 1:20 with 10% neutral buffered formalin (Sigma-Aldrich,
Oakville, ON, Canada), was used. Abnormal features were observed and categorized as tail
defects, neck and middle piece defects, and head defects; and the findings were expressed
as percentage (%) of morphologically normal sperm (Saalu et al, 2010).

Life and Death Ratio
Live and dead sperms were distinguished by adding one drop of Eosin Y stain to one drop of
semen at room temperature, for 1-2 min, and smearing the mixture on a microscopic slide
(Siegel, 1993)
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Statistical analysis of data
The SPSS 15.0 for Windows Evaluation Version was use. Data obtained were expressed as
Means ± SEM, and analysed using the Student’s t-test; the level of significance was taken at
p values < 0.05.

8

West African Journal of Assisted Reproduction 2012
Available online at http://wajar.info/archive.html

RESULTS
Physical Observation
The rats were aggressive during their exposure to the smoke, but calm after administration.
There were cases of falling of furs, and decrease in weight especially during the first two
weeks of exposure. There was no obvious change in the morphology of the testes of the
exposed animals compared with the Control.
Semen Analysis
Results of semen analysis showed increased sperm count in the treatment groups (p˃0.05)
especially the group exposed to cotton wool smoke (Table 2), when compared with the
Control Group. Significant reduction in percentage of morphologically normal spermatozoa
(p<0.05) was noticed in the treatment groups; and animals exposed to smoke from a burnt
cotton wool had the lower percentage of normal spermatozoa compared with those
exposed to cigarette smoke. The differences in sperm motility from one group to another
was minimal and not statistically significance (p˃0.05).
The forward movement of the sperm cells was in the category ‘C’: “Fair Forward Directional
Movement” in animals exposed to smoke from cotton wool (Group B) as well as cigarette
(Group C), compared with the Control animals which had “Excellent Forward Directional
Movement” (Category A).
Histological Observation
Normal testicular architecture was seen in transverse section of the testes of animals in
Control Group; numerous spermatogenic cells were demonstrated in the seminiferous
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tubules at different stages of development; the lumina were filled with many spermatozoa,
and the interstitial space was shown. Animals exposed to cotton wool smoke and cigarette
smoke showed reduced diameter of seminiferous tubules, less population of spermatozoa in
some lumen, compared with others and the Control Group, and wider and scanty interstitial
spaces.
Tables
Groups

Final weight

Initial weight

Difference

A: Control (fresh air)

162 ±9.12

177 ±9.09

-15

B: Cotton Wool

187 ±8.02

192 ±7.82

-5

C: Cigarette Smoke

173 ±1.11

163 ±1.18
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Table 1: Weight of animals

Treatment Groups
Parameters
A:

B:

C:

Sperm concentration (x106/ml)

46.95 ±5.03

57.90 ±7.04**

52.07 ±7.90**

Sperm Morphology (% Normal)

87.77 ±1.32

32.28 ±7.03*

34.06 ±0.65*

Sperm motility (%)

84.53 ±1.56

86.71 ±1.59

84.15 ±3.91

Life and Death Ratio (%)

90.26 ±1.10

87.33 ±1.77

90.95 ±2.24

Progressivity

A

C

C

Table 2: Semen parameters (Mean ±SEM)
*p<0.05: significant statistical difference; **p>0.05: statistical difference not significant
A: Excellent Forward Directional Movement
B: Good Forward Directional Movement
C: Fair Forward Directional Movement
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Figures

Fig1: Photomicrograph of the transverse section of the testis of Control Wistar rats showing normal
microarchitecture, with seminiferous tubules having numerous spermatogenic cells
(S1:spermatogonium, S2:spermatocyte, etc) at different stages of development; the lumina (L) are
filled with many mature spermatozoa (S3); IS: Interstitial space. H&E x100.
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Fig2: Photomicrograph of the transverse section of the testis of animals exposed to smoke of cotton
wool, showing reduced diameter of seminiferous tubules, some of whose lumens (L) are less
populated with spermatozoa, compared with others and the Control Group; the Interstitium (spaces
between tubules) looked wider and scanty cellular component, compared with the Control. H&E
x100.

12

West African Journal of Assisted Reproduction 2012
Available online at http://wajar.info/archive.html

Fig3: Photomicrograph of the transverse section of the testis of animals exposed to cigarette
smoke. One of the seminiferous tubules in this slide showed reduced density of
spermatozoa in the lumen (L) compared with others and the Control Group; some of the
tubules appeared to be reduced in diameter, while the Interstitium (I) looked wider and
scanty, compared with the Control. H&E x100.
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DISCUSSION
The testes are not left out in the number of tissues and organs adversely affected by
cigarette smoke. Cigarette smoking affects the process of spermatogenesis, and the
morphology of sperm cells appears to be a special target (Yamamoto et al, 1998;
Mehrannia, 2007), although, other semen indices such as density, concentration and
motility are equally affected (Hull et al., 2000; Kapawa et al, 2004).
As revealed in this study, exposure to cigarette smoke led to varying degrees of deleterious
effects both on the testes and the quality of semen, with respect to spermatozoa. Studies
on infertile heavy and chronic smokers revealed reduction in semen volume, sperm count,
viability and forward progression when compared with infertile non-smokers; and these
parameters were also much more reduced if compared with fertile non-smokers
(Mehrannia, 2007). The morphology of the spermatozoa in the current study were
particularly affected by the smoke, as the treated groups showed significant reduction in
morphologically normal spermatozoa (p<0.05). The effect on sperm morphology in the
current study could be due to the passive nature of the cigarette smoke exposure. Cotton
wool smoke which was used as a source of carbon monoxide also led to significant
reduction in the percentage of morphologically normal sperms, and hence the increase in
the number of abnormally shaped spermatozoa. In the work of Hung et al (2009), semen
quality and sperm functions were not affected by environmental tobacco smoke, which is a
form of passive smoking.
With the use of intraperitoneal nicotine injection, Asiyah et al (2011) observed significantly
low sperm motility, more dead sperms and more sperm cells with abnormal morphological
features.
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Carbon monoxide, the main constituent of smoke from burnt cotton wool had as much
deleterious effect as cigarette smoke, which also contain carbon monoxide in addition to
the many toxic substances, including nicotine. The reduction in the number of normal cells
would no doubt affect male reproductive function. The “Forward Directional Movement”, or
forward progression, of spermatozoa was affected equally by cigarette smoke and cotton
wool smoke; as they showed only “Fair Forward Directional Movement”. The abnormal
sperm cells could be in form of defects in the tail, neck, middle piece or head of the
spermatozoa. Although adverse effects of smoke on sperm count, motility, and life and
death ratio seemed not to be evident, as this study revealed improved sperm qualities of
these parameters, other factors could be responsible. Perhaps exposure to smoke over a
longer duration might cause more conspicuous adverse effects on the semen parameters.
The shrinkage seen in the histology treated animals could be a gradual effect on the
activities of the seminiferous tubules, and a possible effect on spermatogenesis (OlatunjiBello et al, 2008).
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