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Abstract

Objective: Tobacco smoking is now increasing rapidly throughout the developing world and is one of the biggest threats to current and future
world health. Several studies have addressed the role of cigarette smoking on semen quality, but the exact mechanisms remain inconclusive. In
order to evaluate the detrimental effects of smoking on semen quality among Saudi subjects, the levels of different seminal parameters in smokers
were compared to non-smokers.

Patients and methods: A total of 159 semen samples (61 smokers and 98 non-smokers) from men attending an infertility clinic for routine
infertility workup were sub-grouped into fertile or infertile and were compared based on standard semen analysis (according to WHO guidelines),
content of metals (magnesium, zinc and cadmium) and plasma membrane Ca2+-ATPase activity of sperms.

Results: Cadmium concentration was found significantly higher in smokers than in non-smokers either in fertile or infertile group (2.9±0.4 vs
1.4±0.7; 2.9±0.5 vs 1.3±0.7 μg L−1; respectively). Together with this increase in seminal Cd a significant decrease in Ca2+-ATPase activity
(21.5±2.8 vs 33.71±1.2; 20.7±1.5 vs 35.07±2.9 mmol min−1 mg−1 protein, pb0.05), decrease in seminal zinc (109.8±8.1 vs 189.7±9.9 mg
L−1, pb0.01) and decrease in sperm motility (41.9%±2.9 vs 46.01%±2.5; 9.8%±2.4 vs 15.3%±2.7, pb0.05) were found.

Conclusion: Our data demonstrate that cigarette smoking affects both Ca2+-ATPase activity and motility of the spermatozoa. These effects
may be attributed to increased seminal cadmium and reduced zinc concentrations.
© 2008 The Canadian Society of Clinical Chemists. Published by Elsevier Inc. All rights reserved.
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Introduction

Major changes in the seminal fluid components appear to be
related to abnormal spermatozoal function and fertilizing
capacity [1]. Several studies over the past two decades have
suggested that the quality of semen is declining in industrialized
countries throughout the world, arousing concern about male
fertility in the future. That decline in semen quality including a
decrease in sperm concentration and semen volume in normal
men over a relatively short period of time suggests that the cause
(s) are more likely to be environmental rather than genetic [2].

Studies have revealed the presence of upwards of 4000
chemicals in cigarettes; many are toxic and around 40 cause
cancer [3]. Many of these chemicals may be referred to as toxic
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heavy metals [4]. Among them, cadmium is of major interest
since it is tightly associated with respiratory stress and injures of
the respiratory tract, lung cancers, nephropathy and proteinurea,
osteomalacia and osteoporosis and male infertility [5–10].

Several experimental studies in rats and mice have provided
evidence that Cd disrupts spermatogenesis, damages supporting
testicular tissue, and reduces male fertility [11–13]; but the
mechanisms that lead to these effects remain unknown. Cad-
mium toxicity in animal cells has been endorsed by interference
with essential metals including calcium, magnesium and zinc
which are primary determinants of sperm cell function [14–17].

Ca2+ is considered a prime regulator of sperm motility,
capacitation and in the initiation of the acrosome reaction pro-
cesses [18–21]. In addition, Feng and coworkers found that
calcium plays a role in cell growth and differentiation during
spermatogenesis [22]. Whereas Zn is thought to be one of the
factors that affect spermatozoa motility in seminal plasma, it
. Published by Elsevier Inc. All rights reserved.
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exerts this effect by controlling Ca2+–Mg2+-ATPase enzyme
activity [15].

The objective of the present study is to study the effect of
smoking on the quality of semen and to investigate the possible
relationship between semen quality and the concentration of
microelements specially cadmium, magnesium and zinc. We
also aimed at investigating the effect of smoking on plasma
membrane Ca2+-ATPase of sperms of fertile and infertile
subjects.

Materials and methods

This study were undertaken in Jeddah, Kingdom of Saudi
Arabia and lasted for 18 months. A total number of 159 ran-
domly recruited men attending an infertility clinic for routine
infertility workup were included in the study. They were divided
according to their cigarette smoking habit into 61 smokers and
98 non-smokers. Seventy subjects were considered infertile
since they had no child after a period of unprotected intercourse
for more than one year and had an abnormal semen analysis
(Table 1). The rest 89 subjects were considered fertile since their
female partner had conceived within the last two years. A
detailed background history and physical examination were
done on subjects.

Semen specimens were collected through masturbation after
3 days abstinence. Semen samples were incubated for 30 min at
37 °C for liquefaction. A routine semen analysis was performed
upon liquefaction according to WHO to measure volume, pH,
sperm concentration, motility and morphology [23]. The re-
maining semen sample was centrifuged at 1000 ×g for 10 min;
the seminal plasma was separated for three equal parts and
stored at −80 °C until further analyses.

Determination of magnesium (Mg), calcium (Ca), zinc (Zn)
and cadmium (Cd) was carried out according to a method of
Beaty using Perkin Elmer Atomic absorption spectrophot-
Table 1
Effects of smoking on seminal parameters and microelements in fertile and
infertile subjects

Parameters Fertile(N=89) Infertile (N=70)

SM (n=23) Non-SM
(n=66)

SM (n=38) Non-SM
(n=32)

Age (years) 34.9±1.8 33.5±0.9 37.1±1.4 37.1±1.2
Body weight (kg) 72.3±14.5 69.7±17.7 75.8±17.2 78.1±19.4
Volume (mL) 3.05±0.3 3.3±0.2 2.8±1.9 2.4±1.3
Seminal Ph 7.9±0.2 7.8±0.2 7.7±0.3 7.8±0.2
Count (million) 114.0±7.9 130.1±8.1 3.0±0.7 ⁎ 5.3±1.13
Motility (%) 41.9±2.9 ⁎ 46.0±2.5 9.8±2.4 ⁎ 15.3±2.7
Abnormal
morphology (%)

47.7±3.6 42.3±2.4 66.1±5.6 61.8±5.9

Magnesium
(μg L−1)

123.2±6.3 130.2±1.3 132.3±2.5 132.9±2.4

Calcium (μg L−1) 21.7±3.1 18.6±5.2 19.5±2.7 18.1±3.1
Cadmium (μg L−1) 2.9±0.4 ⁎⁎ 1.4±0.7 2.9±0.5 ⁎⁎ 1.3±0.7
Zinc (mg L−1) 109.8±1.1 ⁎⁎ 189.7±3.8 107.3±1.7 ⁎⁎ 170.9±0.9

SM = smokers.
Non-SM = non-smokers.
⁎ Pb0.05.
⁎⁎ Pb0.01.
ometer model 3100 with the HGA-600 Graphite Furnace, and
the Model 3100 Enhanced Data System [24]. Plasma membrane
Ca2+-ATPase activity of sperm was determined by measuring of
inorganic phosphate (Pi), released into seminal plasma from
ATP according to the method of Lin and Morales [25].

Statistical analysis

Statistical analysis of the data was performed using software
SPSS v. 13.0 for Windows (SPSS Inc., Chicago, IL). Student's
t-test was used to check significant differences between groups
with variables normally distributed; when not, a non-parametric
Mann–Whitney U-test was performed. Correlation tests were
performed by the Pearson or Spearman correlation coefficient
following the distribution of the variables. Values of pb0.05
were considered significant. All results were expressed as mean±
standard error mean (SEM).

Results

The age of fertile subjects ranged from 26 to 42 years with
mean of 33.9±2.7 years; whereas the age of the infertile subject
ranged from 29–45 years with mean of 37.1±2.0 years. There
was no correlation between age, weight, diet, place of birth,
smoking type, seminal fluid pH with other parameters studied.

The number of coitus of fertile subjects ranged from 2 to 6
times per week with mean of 4±2 times; whereas the number of
coitus of the infertile subjects ranged from 1 to 5 times per week
with mean of 3±2 times. The difference was significant bet-
ween the two groups (pb0.001).

The mean value of seminal fluid volume did not show any
significant difference between smokers and non-smokers in
both fertile and infertile groups. For fertile group, spermatozoa
count did not differ significantly between smokers and non-
smoker. In other hand, the number of sperms in the infertile
smokers group was significantly lower than that of the infertile
non-smokers group (Table 1).

The motility of spermatozoa was significantly lower in fertile
smokers and infertile smokers than that of fertile non-smokers
and infertile non-smoker group (Table 1). The mean value of
sperm abnormal morphology and seminal fluid pH did not show
any significant difference between smokers and non-smokers in
both fertile and infertile groups (Table 1).

Smoking was found associated with significantly reduced
level of zinc and significantly increased cadmium levels in
fertile and infertile groups (Table 1). Meanwhile, the seminal
content of magnesium and calcium did not reach statistical
significant difference between smokers and non-smokers in
neither the fertile nor the infertile groups (Table 1). There was a
significantly lower plasma membrane Ca2+-ATPase activity in
smokers than non-smokers either in fertile or infertile subjects
(Fig. 1).

Discussion

Cigarette smoking is an important cause of increased
mortality and morbidity in developed countries and the



Fig. 1. Spermatozoal plasma membrane Ca2+-ATPase activity in fertile smokers,
non-smokers; and infertile smokers, non-smokers.
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prevalence is increasing in the developing world as well.
Fertility problems are more likely in couples who smoke and
maternal smoking in pregnancy is associated with intrauterine
growth retardation [26].

In Saudi Arabia, a recent survey has showed that 22.3%
(34% males, 11.1% females) of 1505 adolescents were found
current cigarette smokers, 5.8% of them (11.1% males, 0.7%
females) were daily smokers [27]. Numerous studies were
carried out in Saudi Arabia to demonstrated the effect of
smoking on health [28–36], however, no study investigated the
effect of tobacco smoking on male infertility.

Several investigations have been conducted on the relation-
ship between cigarette smoking and male infertility, but few
studies have indicated the direct effect of heavy metals on semen
quality. Cigarette smoke contains up to 6.67 μg cadmium/
cigarette [37]. For a 70-kg human, this data indicates that up to
13 μg/kg cadmium per week could be inhaled from smoking 20
cigarettes per day [38]. Recently, a study on human subjects has
found that cigarette smoking enhances the levels of Cd and Pb in
seminal plasma and blood and the extent of oxidative damage
associated with a decrease in components of the anti-oxidant
defenses in the sperm of infertile males [39].Moreover, Chia and
his team found that cigarette smoking appears to affect sperm
density, especially in heavy smokers and they concluded that
cadmium present in cigarettes could be a possible causative
agent for the low sperm density among smokers [40].

In the present study, a significant increase in cadmium
concentration was found in smokers compared to non-smoker
either in fertile or infertile subjects; that increase was accom-
panied by a decrease in sperm quality (count, and motility),
seminal zinc, seminal magnesium ion concentrations and plasma
membrane Ca2+-ATPase activity of sperms. The data presented
here is consistent with that of Omu and coworkers. They
suggested that the high levels of cadmium in smokers with
asthenozoospermia were evidence of the possible toxic effect of
this trace element and this may be one of the causes of astheno-
zoospermia [1]. In addition, our results are consistent with other
research groups found the mean cadmium concentrations in
seminal plasma of normospermic patients were higher in
smokers compared with non-smokers [41–43].
Calcium plays a predominant role in regulating many func-
tional processes of spermatogenesis and fertilization including
acrosome reaction and motility [44,45]. Ca2+ gradients across
the plasma membrane, required for Ca2+ homeostasis and sig-
naling, are maintained in part by plasma membrane Ca2+-
ATPase activity [22,46]. In somatic cells, Ca2+-ATPase activity
was found to be affected by heavy metals specially cadmium.
Cadmium induces extensive membrane damage including a
significant decrease in the activities of membrane bound
ATPases (Na+/K+-ATPase, Ca2+-ATPase, Mg2+-ATPase), the
indicators of membrane function in testis, lymphocytes, muscle
cells, liver, and kidney [47–49]. Moreover, cadmium ion has
been found to be a non-competitive inhibitor of red cell Ca2+-
ATPase activity [50].

Our finding that Ca2+-ATPase activity is significantly re-
duced in smokers which was associated with increased cadmium
concentration and decreased motility suggests an association of
smoking and sperm motility. Based on these data, our results
may support previous data [45] on the role of plasma membrane
Ca2+-ATPase activity in the regulation of spermatozoa motility.

Cadmium is a natural antagonist to zinc [42,43]. Zinc is
essential for living organisms as more than 300 enzymes require
Zn for their activity including that of the oxidant defense system
[51]. It also plays an important role in the DNA replication,
transcription, and protein synthesis, influencing cell division
and differentiation [52,53]. Zinc deficiency or depletion is
regarded as a grave side effect of cigarette smoking [54]. In
addition, it is suggested that the reduction in seminal zinc
secretion may jeopardize the content of chromatin zinc, and
thereby the stability of the sperm chromatin. This may then
contribute to reproductive failure or have consequences for fetal
development [14,54]. On the other hand, Zinc therapy was
found to improve sperm quality by modulating the putative
effect of cadmium through its enhancement of T-helper 2 cyto-
kine expression (seminal IL-4) and down-regulation of T-helper
1 cytokines (TNF-alpha and IFN-gamma) [55].

Our data showed a significant decrease in zinc ion
concentration among smokers group compared with non-smoker
group irrespective of their fertility status which challenge with
the result obtained by Eggert-Kruse et al. that showed no
statistically significant relationship of zinc in seminal plasma or
serum with semen quality parameters [56].

Moreover, Zn has been reported to play an important role in
the regulation of Ca2+-pumps through its ability to control Ca2+-
ATPase activity that regulate intracellular Ca2+ in animal cells
[15–17]. In the present study, the lower seminal Zn levels in the
smokers were associated with lower plasma membrane Ca2+-
ATPase activity of sperms. These results are in agreement with
that of Eberle and coworkers who found that zinc deficiency
caused a significant decline in the activity of the Ca–Mg-
ATPase in erythrocytes membranes [57]. Taken together, these
data may support previous data on the effect of zinc on sperm
motility, sperm chromatin integrity and capacitation.

Similar to zinc, magnesium is a crucial element in cell phy-
siology which is present in a high concentration in semen.
Magnesium is important for nearly all enzymatic systems, as it
modifies specific enzyme substrates and plays a fundamental
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role as a cofactor in more than 300 enzymatic reactions in-
volving energy metabolism (ATP synthesis and utiliziation) and
nucleic acid synthesis [58]. In addition, magnesium may play a
role in spermatogenesis, in particular in sperm motility [59]. In
agreement with previous results by Wong and coworkers, we
found insignificant decrease in Mg concentrations in fertile
smokers than fertile non-smokers that was consistent with
reduced spermatozoa motility [59].

In summary, we suggest that the deleterious effects of
smoking on semen quality especially spermatozoa motility
may be due to changes occurred in plasma membrane Ca2+-
ATPase activity of sperms which is involved in maintaining
motility of the spermatozoa. These effects may be attributed to
increased seminal content of cadmium and reduced seminal
zinc concentration.
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