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Introduction: The declining trend of male reproductive health in recent times has raised concern among
investigators and the contribution of environmental toxicants to this public health disorder has not been
sufficiently evaluated in our setting. Objective: To evaluate the seminal plasma levels of lead (Pb), cadmium
(Cd), zinc (Zn), and serum testosterone of nonoccupationally exposed infertile males. Materials and
Methods: A total of 70 infertile males investigated for infertility and 50 men of proven fertility were
evaluated. The seminal plasma Pb, Cd, and Zn levels were determined by atomic absorption
spectrophotometer (Buck Scientific Model VGP-210, Germany), while the serum testosterone was
assayed by Enzyme-linked immunosorbent assay (ELISA) technique using reagent supplied by
Diagnostic Products Monobind Inc. Lake Forest, CA 92630, USA). Semen analyses were performed
using standard techniques as recommended by the World Health Organization. The results were
compared between infertile and fertile groups using unpaired Students t test. Results: Mean seminal
plasma Pb, Cd, and Cd/Zn ratio were significantly higher (P<0.001) in infertile males than controls. Cd/Zn
ratio (r=−0.242; P<0.04) correlated negatively (P<0.001) with serum testosterone. Mean serum Zn level
was significantly lower (P<0.001) in infertile men than controls, but the difference in the level of serum
testosterone was not significant (P<0.415). Conclusion: Evaluation of seminal plasma Cd, Pb, Zn, and Cd/Zn
ratio may be considered in a comprehensive investigation of the infertile men while informed risk
modeling to preventing exposure to toxic metals may help to mitigate their health consequences.
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INTRODUCTION

The declining trend of male reproductive health since the
past few decades has raised concerns among investigators
all over the world. The situation is more worrisome in the
so-called infertility belt of sub-Saharan Africa.[1] Although
many factors such as lifestyle, stress, sexually transmitted
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infections, and obesity are believed to be responsible for
declining semen quality, environmental toxicants are
thought to play a significant role in deteriorating male
reproductive health.[2]

The sexual accessory glands secrete several elements such
as enzymes, lipids, macro, and micro-elements into the
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seminal plasma, which are met for the development and
physiological functions of spermatozoa. Zinc (Zn) is very
important for optimal physiological functions such as
growth, reproduction, DNA synthesis, cell division,
gene expression, wound healing, and immune system.[3-
5]. Zinc is reported to be higher in seminal plasma than
blood because of the several roles it plays in the sperm’s
functional properties. Examples of such roles include
anti-inflammation, anti-oxidation, lipid flexibility, and
sperm membrane stabilization, aid spermatozoa
capacitation, acrosome reaction, and embryo
implantation.[6,7]. According to the World Health
Organization estimates, one-third of the world
population is deficient in Zn. Africa, South Asia, and
Western Pacific are the most affected regions.[8] Despite
the high prevalence of Zn deficiency in humans, less
attention has been given to its impact on male fertility
potential.[9] Male infertility is influenced by Zn because of
the several physiological roles in testicular development,
spermatogenesis, and sperm quality.[10,11].

Cadmium (Cd) is a ubiquitous environmental pollutant
that possesses a risk to human health. It is of concern
because almost everybody in the general population is
exposed in one or the other to the toxic metal via food
supply and environmental exposure.[12] The toxic metal
can accumulate in the body over a lifetime and negatively
impact reproduction. It was recommended that mitigating
efforts should be implemented to reduce the risks
associated with Cd exposure.[12]. Toxic effects of Cd
action come from interactions with essential elements
such as Zn. These interactions occur at different stages;
absorption, distribution, and excretion of both metals as
well as at the sites of biological function.[13,14]. Exposure
to Cd can results in the disturbance of Zn concentration
while dietary Zn intake also affects Cd absorption,
accumulation, and toxicity. Therefore, adequate Zn
levels in the body can mitigate Cd toxicity while Zn
deficiency enhances Cd accumulation and toxicity.[13].

Studies in parts of Nigeria indicate that Cd concentrations
are high in the soil, food, and water [15-16], and food is
grown on soil that contains high levels of Cd is a potential
human health risk as a result of transmission in the food
chain.[12,17]. Our group previously reported higher Cd and
lower Zn levels in the seminal plasma of infertile men.[18].

The impact of several mitigating measures to preventing
the adverse reproductive health consequences of Cd
toxicity requires periodic evaluation. This study seeks
to determine the seminal plasma levels of Cd, Zn, Cd/
Zn ratio, and their associations with serum testosterone
levels in men investigated for infertility.
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MATERIALS AND METHODS

Study design and population

This is a cross-sectional study of males investigated for
infertility in tertiary fertility clinics in Benin City. The
study participants were between the ages of 25 and 45
years and comprised of 70 consecutive subjects who met
the inclusion criteria and were evaluated for infertility
because their partners were unable to conceive after one
or more years of unprotected intercourse. The control
group comprised of males without chronic clinical
illnesses and had their baby within the last 1 year.

Sample size determination

The sample size (N) was determined using the sample size
determination formula for health studies [19] and 4.0%
prevalence of male infertility in Ilorin.[20]

N = Z2P (1 – P)
D2

N = 1.962 X 0.04 (1-0.04)
0.052

N= 59 minimum sample sizes

Therefore a minimum of 70 test samples and 50 controls
was used for this study.

Ethical consideration

All study participants were enlightened on the nature of
the study and informed consent was obtained before
specimens were collected. The study protocol was
reviewed and approved by the Ethics committee of the
Edo State Ministry of Health (Reference number:
HM.1208.355; dated: 26th October 2017).

Inclusion criteria

All male subjects aged 25 to 45years evaluated for infertility
and consented to be enrolled without physical
abnormalities or chronic illnesses were included in the
study. They had no history of trace element
supplementation in the last six months. Subjects
without chronic clinical illnesses and had their babies
within the last 1 year, whose seminal fluid analysis
showed over 15 million sperm cells per milliliter semen
according to World Health Organization (WHO) criteria
were included and used as controls,[21].

Exclusion criteria

Individuals with known pathological or congenital
conditions such as hypertension, diabetes mellitus,
Fertility Science and Research | Vol 7 | Issue 2 | July-December 2020
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sexually transmitted diseases, testicular varicocele, and
genital warts were excluded. Besides, individuals
currently on antioxidant supplementation, smokers,
alcoholics, and those with known endocrine disease
and physical abnormality were excluded from the study.

Data collection

Qualitative data were collected using a semi-structured,
self-administered questionnaire. The questionnaires
consisted of three sections with open-ended questions
and probes aimed at exploring the socio-demographic
profile. Section A (Socio-Demographic characteristics),
Section B (Exposure, awareness, and protection), and
Section C (Medical/family history). The questionnaire
was distributed among the study participants.

Sample collection

Semen samples were collected in a sterile trace element-
free container by self or assisted masturbation after at least
72 hours of sexual abstinence (without the use of
spermicidal lubricants). The specimens were delivered
to the laboratory within 30 minutes of ejaculation. Two
specimens were collected at different visits within 2
months for analysis and the mean value of the
determinations was used. This is because spermatozoa
are specialized cells that exhibit a diverse array of
biological characteristics. The semen analyses results
could be subjective and prone to intra and inter-
observer variability. Also, the sperm quality of an
individual can vary widely due to the duration of
abstinence from coitus, febrile illness stress, and
method of specimen collection. A blood sample was
also collected the same morning semen was submitted.
Five milliliters of blood was collected in a plain container.
This was allowed to clot and serum separated after
centrifugation at 3000 rpm for 10 minutes. The serum
was kept at −20°C until analysis was done.

Routine semen analysis

After the liquefaction, the semen specimens were assessed
for volume, appearance, pH, and viscosity. Routine semen
analysis was performed microscopically with a special
interest in sperm concentration, % motility, and %
morphology. Based on the sperm concentration/count
according to WHO criteria,[21] the overall samples were
therefore grouped into the following categories: 20
normospermia; ≥ 15 million sperm cells per milliliter
semen, 30 oligozoospermias; ≤ 15million sperm cells per
milliliter semen, and 20 azoospermia; absence of sperm
cells in the ejaculate. Thereafter, samples were centrifuged
and the supernatant seminal fluid was separated into
another trace element-free clean and sterile plastic
Fertility Science and Research | Vol 7 | Issue 2 | July-December 2020
container. The seminal fluid plasma was then stored at
−20C before assay of measured variables within 2 weeks.

The seminal fluid CD, Pb, and Zn was determined by
Atomic Absorption Spectrophotometer and serum
testosterone was assayed by Enzyme-linked
immunosorbent assay (ELISA) technique using reagent
supplied by Monobind Diagnostics Inc, Lake Forest, CA
USA.

Measurement of cadmium, lead, and zinc

The seminal fluid Cd and Pb were assayed using atomic
absorption spectroscopy (AAS) (Buck Scientific Model
VGP-210, Germany). Exactly 2mL of each sample were
digested with a mixture of 4mL HNO3 and H2SO4 (ratio
4:1) and heated 4 hours daily slightly in a water bath at a
temperature of 80C to ensure complete digestion. The
digested samples were then taken for AAS analysis. The
metal content of the digested samples was determined by
aspiration (air/acetylene flame) using atomic absorption
spectroscopy at appropriate wavelengths of 217.0 nm and
228.8 nm for Pb and Cd, respectively. For seminal fluid
zinc assay was done by diluting seminal fluid 1:4 with de-
ionized water/nitric acid and analyzed using AAS.
Certified Cd, Pb, and Zn reference solutions for atomic
spectrometry were used as controls (Sigma-Aldrich Co,
LLC, USA). Intraindividual variability was controlled by
ensuring that samples were analyzed in duplicates and the
sample mean was used for statistical analysis. Similarly, the
analyses were done by the same person to avoid inter-
individual variation.

Statistical analysis

Data from the study were analyzed using SPSS version
23.0 software (SPSS Chicago, IL, USA). The comparisons
of mean values of measured parameters between infertile
males and controls were performed using unpaired
student t test, Categorical data were compared using
Chi-square and Pearson’s correlation coefficient was
used correlate measured elements with serum
testosterone. The statistical significance level was set at
P<0.05.

RESULTS

Results obtained were presented as mean± standard error
of mean (SEM). The mean age of study participants was
40.78 ± 6.60 while the mean age of the control subjects
was 40.28 ± 6.10.

Table 1 shows the mean concentration of seminal plasma
Cd, Pb, Zn, and serum testosterone levels in infertile
177
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males and control subjects. Seminal lead, Cd levels, and
Cd/Zn ratio were significantly higher in infertile males (P
< 0.001) than with controls while seminal plasma zinc was
significantly lower (P < 0.001) in infertile males than
control subjects but the difference in serum testosterone
between infertile and control subjects was not significant
(P < 0.415).

Table 2 shows the mean concentrations of seminal
plasma lead, Cd, Zn, and serum testosterone among
azoospermia, oligozoospermia, normozoospermic,
and control subjects. The seminal lead was significantly
(P < 0.001) higher in azoospermic men than
oligozoospermic and normozoospermic men, whereas
values in oligozoospermic, when compared with
normozoospermic men, were significantly higher (P <
0.01) than control subjects. Seminal Cd level was
significantly higher (P < 0.01) in azoospermic men
than oligozoospermic, normozoospermic and control
subjects, whereas values in oligozoospermic,
normozoospermic men and control subjects were not
significantly different. Serum Zn level was significantly
lower (P < 0.001) in azoospermic and oligozoospermic
when compared with normozoospermic men and control
subjects. Seminal plasma Cd/Zn ratio inversely correlated
(r=−0.242; P < 0.04) with serum testosterone
Table 2: Comparison of cadmium, lead, zinc, and testosterone levels

Variables Azoospermia
(No sperm cell)

(n = 20)

Oligozoospermia
(<15 × 106/mL)

(n = 30)
Lead(μg/L) 1.11 ± 0.03* 0.38 ± 0.04*, †
Cadmium(μg/L) 0.082 ± 0.03† 0.019 ± 0.05†,‡

Zinc(μg/mL) 1.76 ± 0.002* 1.66 ± 0.004*

Testosterone(ng/mL) 4.10 ± 0.2† 4.18 ± 0.01†

*P < 0.001; †P < 0.01, ‡P > 0.05.

Table 3: Correlations between the levels of measured elements and

Elements Infertile male
Cadmium/testosterone R = −0.215;
Zinc/testosterone r = 0.236; P
Cd/Zn ratio/testosterone r = −0.242;

Table 1: Comparison of seminal fluid cadmium, lead, zinc, and
serum testosterone levels between infertile and fertile males
(mean± SD)

Toxic metals Infertile males Fertile males P value
Age (Years) 40.78 ± 6.60 40.28 ± 6.10 0.9
BMI(Kg/m2) 26.08 ± 3.61 25.96 ± 2.01 0.8
Lead (μg/L) 1.12 ± 0.01 0.07 ± 0.02 <0.001
Cadmium(μg/L) 0.47 ± 0.03 0.01 ± 0.00 <0.001
Zinc (μg/mL) 0.82 ± 0.02 1.51 ± 0.03 <0.001
Cd/Zn Ratio 0.56 ± 0.01 0.01 ± 0.001 <0.001
Testosterone(ng/mL) 4.85 ± 0.19 5.18 ± 0.24 < 0.415
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concentrations while seminal plasma Zn (r= 0.242;
P < 0.04) correlated positively with and serum
testosterone concentration (Table 3). Table 4 shows the
effect seminal plasma Zn concentrations on measured
sperm indices among study participants. Sperm
concentration, motility, and morphology were
significantly (P < 0.001) lower among males with
seminal plasma Zn less than 1.4 μg/mL than those
with seminal plasma Zn greater than 1.4 μg/mL.
Table 5 shows that age of study participants had no
significant effect on seminal plasma levels of Pb, Cd,
and Zn.

DISCUSSION

The diagnosis of male factor infertility has a tremendous
impact on the physical and emotional health and quality of
life of affected couples. The decline in semen quality over
the past 60 years has become a public health challenge all
over the world. This is particularly important in the so-
called infertility belt of sub-Saharan Africa.[22]. The
proportion of infertile men in our setting may be larger
than reported and this may limit the opportunities for
patient education about the causes, diagnosis, and
treatment of male infertility.[23]. This is so because men
are less likely to pursue medical evaluation than women,
probably due to social reasons, fear, cultural norms, or
lack of health insurance coverage.[23]. Also, not much
attention is paid to male infertility by both
governments and donor organizations rather more
funds are donated toward birth control than infertility
in Nigeria.

This study evaluated the levels of seminal plasma Pb, Cd,
Zn, and serum testosterone among infertile males who are
not occupationally exposed to toxic metals. The overall
results of this study indicate that the concentrations of Cd,
according to sperm concentrations

Normozoospermia
(>15 × 106//mL)

(n = 20)

Controls
(n = 50)

P value

0.26 ± 0.05‡ 0.06 ± 0.08 0.001
0.012 ± 0.03‡ 0.010 ± 0.03 0.01
2.00 ± 0.003‡ 2.06 ± 0.002 0.001

5.00 ± 0.20‡ 5.18 ± 0.24 0.01

serum testosterone among infertile and control subjects.

s(n = 70) Fertile subjects(n = 50)
P = 0.06 R = −0.72; P = 0.60
= 0.05 r = 0.83; P = 0.60

P = 0.04 r = 0.152; P = 0.40
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Table 4: Effect of seminal plasma zinc on sperm indices among males investigated for infertility

Sperm parameters Seminal plasma zinc <1.4μg/mL (n = 50) Seminal plasma zinc >1.4μg/mL (n = 20) P value
Sperm concentration(x106/mL) 7.48 ± 0.6 67.5 ± 9.2 0.001
Motility (%) 29.8 ± 2.6 62.1 ± 2.5 0.001
Morphology (%) 2.82 ± 0.02 3.91 ± 0.01 0.001

Table 5: Effect of age on seminal plasma lead, cadmium, and zinc levels among males evaluated for infertility

Parameters Age < 30 years (n = 19) Age > 30 years (n = 51) P value
Lead(μg/L) 1.09 ± 0.01 1.10 ± 0.01 0.5
Cadmium(μg/L) 0.45 ± 0.02 0.48 ± 0.02 0.2
Zinc(μg/mL) 0.86 ± 0.03 0.89 ± 0.02 0.2
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Pb, and Cd/Zn ratio was significantly higher while zinc
and serum testosterone levels significantly were lower
among infertile men than control subjects. This is in
agreement with previous studies.[18,24-26]. Several
environmental factors have been associated with the
risk of male infertility.[27]. Cadmium has been
recognized as an endocrine disruptor by binding to
androgen and estrogen receptors thereby inhibiting
steroidogenesis and spermatogenesis, which may affect
semen quality.[28,29]. Cadmium and lead are two well-
known toxic metals to which humans are exposed
either occupationally or environmentally. They impact
negatively on male fertility potentials.[30]. They are
present in the environment and accumulate in the body
over a lifetime.[31]. Toxic metals have the potential to
induce oxidative stress via disruption of the lipid
membrane, and spermatozoa rich in poly-unsaturated
fatty acids are readily susceptible to oxidative damage.
Cadmium is a nonessential trace element that does not
contribute to the growth of humans and plants.[32,33], but
plays an antagonistic role to zinc utilization, induce
oxidative stress, impair p53 protein suppression of
cancer and modification of DNA repair.[34,35]. Human
beings are exposed to Cd via food intake, drinking water,
contaminated soil, inhalation of tobacco smoke, or
particulate matter from ambient air.[36].

Cadmium has been reported to affect sex hormone levels,
a situation that was attributed to the effect of Cd on the
hypothalamic-pituitary-gonadal axis outside the Leydig
cells.[37]. Cadmium is capable of entering the chromatin
of developing spermatozoa and also affects microtubules
and mitochondrial function of sperms which may explain
the adverse effect on sperm quality.[38]. Cadmium has
been reported to have a toxic effect on many enzymes
dependent on iron as a co-factor, one of these being
cytochrome P450[39], and Leydig cells are reported to
contain ten times more of P450 than Sertoli cells. This
may explain why it is more sensitive to increased Cd level.
It should be noted that cytochrome P450 is required for
Fertility Science and Research | Vol 7 | Issue 2 | July-December 2020
the adequate function of 17-α-hydroxylase, a key enzyme
in the steroidogenic pathway that produces androgens; its
disruption may well interfere with testicular
steroidogenesis, consequently reduced fertility.[26].

The study participants had no history of occupational
exposure to Cd and lead. This is an indication that low-
level exposure to environmental toxic metals may be
implicated in the poor semen quality. It was earlier
reported that environmental Cd and lead exposure
levels depending on duration may lead to disruption of
both hypothalamus and pituitary glands functions in both
experimental animals and humans which may result in
hormonal imbalance and hence poor spermatogenesis
and sperm development.[40]. This may account for the
observed association between Cd/Zn ratio with serum
testosterone. A significant association was previously
observed between Cd, Pb, and sperm quality by our
group.[18,26].

The role of increased seminal plasma Cd levels is poorly
understood in occupationally unexposed males.[28]. In
experimental studies, it was reported that testicular
dysfunction was the major finding when cadmium was
injected into mice. It was observed that environmental Cd
and Pb exposure levels depending on duration may lead to
disruption of both hypothalamus and pituitary glands
functions in both experimental animals and humans
which may result in hormonal imbalance.[40], hence the
significantly lower level of serum testosterone among the
infertile men in comparison to the control subjects. When
gonadotropins interact with specific receptors on the
reproductive cell surface they stimulate gonadal
steroidogenesis and gametogenesis, but increased toxic
metal concentrations in the tissue have been observed to
interact with these receptors on the surface of the cell
membrane thereby preventing the gonadotropins from
binding to receptors[28] or cause an increase in the
production of reactive oxygen species that affect
membrane integrity.[41]. This interaction impairs
179
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gonadotropic binding, steroidogenesis, and gamete
growth.

The observed significantly lower Zn levels in azoospermic
and oligozoospermic than normozoospermic men and
control subjects, and Zn-positive correlation with serum
testosterone level is consistent with previous studies
elsewhere.[41-44]. Zinc activates secretion and action
of testosterone and can lead to increased efficiency of
spermatogenic machinery and an increased number of
germ cells in the seminiferous tubules.[27,42]. Zinc
provides a protective role against Cd accumulation,
made possible by competition between them at
different stages of absorption, distribution, excretion,
and the sites of biological actions. Exposure to Cd can
lead to the disturbance of Zn concentration while Zn
deficiency can lead to Cd accumulation.[45]. Several factors
have been associated with low levels of Zn in seminal
plasma. Inflammation has been observed to impact the
secretory function of the prostate[46] and the
accumulation of toxic metals in the testicular tissues
may reduce Zn levels in semen.[47,48]. A low Zn/Cd
ratio was reported to decrease the immune response of
the semen or/and testis.[46]. Other factors that could
reduce the seminal plasma Zn concentration are
prostatitis, and frequent ejaculation.[49]. The level of Zn
is naturally high in the testis and it helps to prevent tissue
injury by stressors such as Cd, fluoride, and heat.[3]. Zinc
also plays a role in the adjustment of the spermatogonial
proliferation and the meiosis of germ cells during early
spermatogenesis.[50]. A low Zn concentration disturbs the
fatty acid composition of the testis and impairs normal
endocrine control of the testis.[51]. The catabolism of lipid
present in the sperm-middle piece that provides energy
for the motion to spermatozoa is impaired at low-Zn
concentration.[3]. It should be stated that Cd has a similar
chemical composition and valency to several essential
elements such as Zn, iron, and calcium therefore can
be absorbed by cells via ionic and “molecular
mimicry”[3,52]. Besides, Cd and Zn bind to the same
proteins (albumin and metallothionein) in the body and
compete for uptake into the cells.[13].

Earlier investigators had noted that zinc deficiency lowers
plasma testosterone levels and that Zn is needed for the
normal functioning of the hypothalamus-pituitary-
gonadal axis. A clinical study indicated that adult males
who were Zn deficient showed a disorder of testosterone
synthesis in the Leydig cell since zinc plays a major role
in the 5α reductase enzyme that is necessary for the
transformation of testosterone into a biologically active
form, 5α dihydro-testosterone.[53]. Zinc affects oxygen
180
consumption of the spermatozoa in seminal plasma and
also influences head-tail attachment or detachment and
nuclear chromatin condensation/ decondensation.[53].

Testicular zinc is crucial for normal spermatogenesis
and sperm physiology; it maintains genomic integrity in
the sperm and fixes attachment of sperm head to tail.[54].

The observed effect of low Zn levels on sperm indices
aligns with previous studies[55,56] and was reported to be
due to low Zn in diet. An association of low zinc
concentration with poor sperm parameters has been
previously reported.[57]. Conversely, several authors
have also reported no significant association between
Zn levels and semen quality.[58,59]. No association
between age of participants and Pb, Cd, and Zn among
males evaluated for infertility.

Treatment options for toxic metal toxicity in infertile
males are evolving. There is currently no consensus
regarding the treatment of toxic metal toxicity since
not many human studies have been done. However,
clinical protocols are available for the use of
Ethylenediaminetetracetic acid (EDTA), 2,3-dimercapto-
1-propanesulfonic acid (DMPS), and Dimercaptosuccinic
acid (DMSA) chelators, which had proved to be
therapeutically beneficial.[28]. Adequate evaluation,
informed risk modeling to preventing exposure to toxic
metals may help to mitigate their health consequences [12].

CONCLUSION

Seminal plasma Pd and Cd may represent reproductive
toxicants in non-occupationally exposed infertile males,
lower levels of seminal plasma Zn and serum testosterone
may also be implicated in male infertility since adequate
Zn concentration in seminal plasma and serum
testosterone levels are needed for male reproductive
health. Seminal plasma levels of Pb, Cd, and Zn may
be included in the routine evaluation of the infertile male
subjects.
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