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Introduction

Cigarette smoking is a leading cause 
of preventable death and disease 

worldwide (Zavos and Zarmakoupis‑Zavos, 
1999). The major constituents of cigarette 
smoke that affect human health are nicotine, 
tar, and carbon monoxide  (Hammond 
et  al., 2006), while others are however 
not insignificant. Nicotine and tar are 
responsible for the acute and chronic effects 
of tobacco, respectively. Both active and 
passive smoking have the potential to harm 
almost every organ in the body.

Nicotine is one of the most widely used 
licit drugs, as well as one of the most 

insidiously addicting substances, both 
because tolerance develops rapidly and 
most users have extremely long‑lasting 
craving for it when trying to quit (Katzung, 
2001). Of the twenty million smokers 
who attempt quitting every year, only 
less than 10% succeed  (Michael‑Titus 
et  al., 2007). Addiction to nicotine, the 
main psychoactive component of tobacco, 
constitutes one of the most serious health 
problems worldwide  (Michael‑Titus et al., 
2007).

Carbon monoxide (CO) makes up 2%–6% 
of cigarette smoke, and this percentage 
rises in smokers (Mirza et al., 2005). Carbon 
monoxide reduces the oxygen‑carrying 
capacity of the blood, as it competes with 
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oxygen for hemoglobin, leading to tissue hypoxia. 
This acts in synergy with the vasoconstrictive effects 
of nicotine, to increase oxidative stress and tissue 
ischemia, thereby contributing significantly to the 
adverse effects of cigarette smoking on the process of 
spermatogenesis (Ahmadnia et al., 2007).

Oxidative stress, inflammation, atherosclerosis, and 
ischemic processes are potential mechanisms for 
the untoward effects of cigarette smoke  (Swan and 
Lessov‑Schlaggar, 2007). Smoking affects both males 
and females from conception to adulthood. Some 
reproductive studies showed that smoking reduces 
spermatogenesis, and the mature sperm cells that are 
eventually produced have compromised quality and low 
fertilizing capacity (Soares, 2009; Mostafa, 2010). Severe 
chromosomal damage occurs at different phases of 
spermatogenesis in male smokers, which could prevent 
oocyte fertilization and embryogenesis  (Lahdetie, 
1986). Childhood neurological conditions such as 
hyperactivity, learning disabilities, and other behavioral 
disorders have been associated with prenatal exposure 
to cigarette smoke  (Durazzo et  al., 2007). Paternal 
cigarette smoke exposure affects the embryonic ability 
for implantation (Kapawa et al., 2004).

The aim of the current study was to determine the effects 
of cigarette smoke exposure on the histology of the testis 
and epididymis in experimental animals.

Materials and Methods

Laboratory animals
Sixteen Wistar rats with average weight of 125 g were 
used. They were bred under ideal condition in the 
Experimental Animal House of the Department of 
Anatomy, University of Ilorin. Growers mash and 
clean water were provided, and animals were allowed 
to acclimatize for 2 weeks before commencement of the 
experiment.

Exposure to cigarette smoke
The rats were divided into four groups: Group A, B, C, 
and D. Group A served as the Control, and the rats in 
this group were not exposed to cigarette smoke, while 
Groups B, C, and D were exposed to smoke from 1, 2, and 
3 sticks of cigarette (Pall Mall®), respectively, daily for a 
period of 28 days. Four cylindrical buckets were used to 
construct indigenous smoking chambers for the exposure 
procedure (Omotoso et al., 2013). A circular hole of about 
1 cm in diameter was made on the lid of each bucket. The 
cigarettes were suspended in the buckets using threads 
that were tied around them. Lighters were used to light 
up candles and the cigarettes were lit from the candles. 
The lids were opened periodically to prevent suffocation.

Specimen collection
The rats were sacrificed 24 h after the last administration 
by cervical dislocation. An abdominal incision was made 
to deliver the testes and caudal epididymis, which were 
thereafter placed in 10% formal saline, and processed 
for histological studies using hematoxylin and eosin 
staining techniques.

Results

The rats that were exposed to cigarette smoke had 
marked reduction in body weight and growth rate when 
compared to the Control rats [Table 1]. Those exposed 
to three sticks of cigarette had the least growth rate as 
indicated by the lowest record of weight difference in 
this group.

The general architecture of the testes and caudal 
epididymis was distorted mostly in the group exposed 
to the highest concentration of cigarette smoke, with 
signs of disintegration and degeneration of cells 
[Figures 1b‑d and 2b‑d]. These signs included a gradual 
decrease in the population of spermatogenic cells, 
irregular outline and disordered arrangement of the cells, 
breaking off of the flagella from the mature sperms, mild 
reduction in the number of Leydig cells, and reduced 
quantity of mature sperm cells within the lumen of the 
seminiferous tubules and caudal epididymis in exposed 
Wistar rats  [Figure  1b‑d], when compared with the 
Control [Figures 1a and 2a].

Discussion

The development of sperm cells begins with the 
differentiation of spermatogonia in the seminiferous 
tubules, which after series of events transform into 
the mature spermatozoa. For viable spermatozoa with 
reproductive capability to be produced, spermatogenesis 
must go unhindered and undisturbed. An insult to the 
body or specifically directed at the reproductive organs, 
like the testes, could distort spermatogenesis and impair 
reproductive functions in males, due to low or poor 
quality and characteristics of sperm cells. A significant 
correlation exists between cigarette smoking and altered 
reproductive physiology (Ahmadnia et al., 2007).

Various components of tobacco smoke are capable 
of crossing the blood‑testis barrier, thereby inducing 
significant alteration in sperm quality, such as 

Table 1: Changes in weights of experimental rats
Group Final 

weight (g)
Initial 

weight (g)
Weight 

difference (g)
Group A: Control 214.70±9.20 131.25±8.17 83.45
Group B: 1 stick 198.23±2.67 165.48±4.15 32.75
Group C: 2 sticks 196.82±11.01 154.80±1.23 42.02
Group D: 3 sticks 192.27±16.53 161.42±4.44 30.85
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decrease in concentration, morphology, and motility 
of spermatozoa  (Sepaniak et  al., 2005). Although not 
very clear, the mechanisms proposed for the effects 
of cigarette smoke on reproductive function include 
increased oxidative stress and DNA damage (Sepaniak 
et al., 2005). According to Kothari and colleagues (Kothari 
et  al., 2010), smoking is a major exogenous source of 
reactive oxygen species, which are capable of inducing 
lipid peroxidation, DNA damage, and apoptosis of 
sperm cells.

The various histological changes observed in the 
current studies, such as decrease in the number of 
spermatogenic cells, irregular outline and disordered 
arrangement of the cells, breaking off of the flagella 
from the mature sperms, mild reduction in the number 
of Leydig cells, and also a reduction in the density of 
spermatozoa in the lumen of both the seminiferous 
tubules and epididymis of treated rats, were as a result 
of the exposure to cigarette smoke.

With increasing quantity of cigarettes smoked per day, 
the adverse effects on body tissues and organs become 
more evident and deleterious in smokers  (Nadeem 
et al., 2012). The detrimental effects of cigarette smoke 
reported on semen quality were a possible reflection 
of what happens at the cellular and tissue level. 
Histological observation from the current work on the 
seminiferous tubules and epididymis of exposed rats 
showed that with increasing dosage or concentration 
of cigarette smoke, there was a gradual depletion and 
disintegration of the mature sperm cells in the lumens 

of the seminiferous tubules when compared with the 
Control animals. Decrease in the population of mature 
sperm cells could be due to a reduced population 
of early spermatogenic cells series, disruption, or 
destruction or death of growing cells, or some other 
developmental abnormalities occasioned by oxidative 
stress, tissue ischemia, apoptosis, or any of the 
proposed mechanisms.

Abnormal sperm cells are demonstrable by seminalysis, 
in terms of their morphological appearance, life and death 
ratio, concentration or count, motility, and progression. 
An earlier study reported a significant reduction in 
percentage of morphologically normal spermatozoa 
in animals exposed to cigarette smoke (Omotoso et al., 
2011). Other studies also observed induced apoptosis 
of germinal cells, a reduction in the number of germ 
cells and Leydig cells, the diameter of the seminiferous 
tubules, and some other morphometric changes in 
the testes of exposed subjects  (Ahmadnia et  al., 2007; 
Rajpurkar et al., 2010).

A deficiency in the secretory functions of the Leydig 
and Sertoli cells could occur in cigarette smoking, 
resulting in an impaired epididymal sperm maturation 
process and a diminished capacity of the spermatozoa 
to penetrate oocytes  (Kapawa et  al., 2004); and the 
dysfunction of Leydig cells could impair the secretion 
of sex hormones (Yamamoto et al., 1988).

Aside the histological changes reported, animals exposed 
to cigarette smoke in the current study also showed less 
appetite for feeds, with consequent reduction in weight 

Figure 2: Photomicrographs of the caudal epididymis: (a) Group A (Control) 
showed a normal epididymal architecture; (b) Group B: slightly reduced number 

of spermatozoa (c) and basal cells (f) compared with Control. (c) Group C: 
Tubules appeared reduced in diameter, with significant reduction in the population 

of spermatozoa and basal cells; (d) Group D showed significant reduction in 
spermatozoa and basal cells of the caudal epididymis (H and E, ×200)

a b

c d

Figure 1: Photomicrographs of the seminiferous tubules of rats, showing 
A ‑ Spermatogonia, B ‑ Sertoli cells, C ‑ Primary spermatocytes, D ‑ Leydig cells and 

E ‑ Spermatozoa. (a) Group A (Control) showed normal testicular structure. (b) Larger 
spermatogonia and low count of spermatozoa. (c) Mild reduction in spermatogonia, 

more centrally located primary spermatocytes, and irregularly arranged sperm 
cells. (d) Reduced sperm cells and distortions of sperm cells within lumen; slightly 

reduced number of Leydig cells (H and E, ×200)

a b

c d

[Downloaded free from http://www.jecajournal.org on Wednesday, October 4, 2017, IP: 197.210.137.28]



Omotoso, et al.: Cigarette smoke and testicular histology

28	 Journal of Experimental and Clinical Anatomy ‑ Volume 16, Issue 1, January-June 2017

and growth rate. Nicotine is believed to suppress food 
intake by modifying the levels of neuroregulatory 
substances that initiate or suppress feeding (Wack and 
Rodin, 1982); metabolic rate is also increased, thereby 
increasing energy utilization (Audi et al., 2006).

Conclusion

Exposure to cigarette smoke is a threat to male 
reproductive structures and functions and could 
contribute significantly to male infertility.
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