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ABSTRACT
Metals can adversely affect the size of testis, the normal process of spermatogenesis and quality of semen.
Moreover, metals can lead to decreased or no production of prostaglandin, seminal fluid and endocrinology
of reproductive process and thus results in male infertility. It was also here attempted to characterize the
drastic effects of heavy metals on male infertility, the hormone analysis and genetic determination of
SRY gene as some of infertile human had smaller sized testis. Blood and semen samples were collected
from clinically diagnosed 130 oligozoospermic males throughout D. I. Khan. The patients included had
been married for 3 to 19 years, their wives had normal reproductive capabilities; the couples were living
together for more than 3 years but fertilization had not occurred. Separation of sperm samples from
semen plasma, sperm counting and DNA extraction for assessment of clinical and molecular attributes
was done using standard protocols. Healthy women were used as negative controls. This study revealed
significant concentrations of Zn, Cd, Cr, Pb, Cu. Except Zn and Pb, the other 3 metals were found below
the permissible limit set by WHO. Interestingly, the infertile males having maximum age limit of above 47
years and highest marriage ages during the present study showed comparatively higher concentrations of
all the heavy metals. Zinc was found with highest means values while cadmium was recorded with lowest
concentrations. On comparing severe oligozoospermia with mild/moderate oligozoospermic patients with
respect to semen analysis, it was observed that head, mid-piece and tail defects were comparatively much
higher in severe oligozoospermic individuals than mild/moderate individuals. Similarly, the movement of
sperms, either lateral or forward movement was observed much lesser in severe forms of oligozoospermia
than mild/moderate oligozoospermia. The same observed for the total number of sperms as the sperm
counts were comparatively much smaller in severe oligozoospermic than mild/moderate oligozoospermic
individuals. No mutation/deletion was found, neither in oligozoospermic individuals nor in normal males
in SRY gene, located on Y chromosome. Hence, the presence of heavy metals, even in small quantities in
the bodies of oligozoospermia males can be one of the main causative agents of male infertility.

INTRODUCTION

T

he inability of a man to conceive after one year of
unprotected intercourse can be called as having
subfertility. Proposed causes of infertility in men include
varicocele, obstruction of the spermatic ducts, agglutination
of sperm, high semen viscosity, necrospermia, low volume
of ejaculate, ejaculatory dysfunction, and high sperm
density. Heavy metals are also known for their toxic effects
on living things including human by impairing enzymes
activities and production of free radicals. Since human
body does not need them and is not a part of daily diet,
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consumption of food is one of the major sources of
exposure to these heavy metals globally (CDC, Atlanta,
2003, 2005). Metals can equally disturb both male and
female reproductive systems by inducing the generation of
reactive oxygen species (Nordberg et al., 2007; Symposium
Proceedings, 1992). Infertility thus has affected more
than 15% of those couples who wish to have children
like them and, more than 50% of such cases are because
of male human infertility (Adachi et al., 1992; Mosher,
1985). Metals can adversely affect the size of testis, the
normal process of spermatogenesis and quality of semen.
Moreover, metals can lead to decreased or no production
of prostaglandin, seminal fluid and endocrinology of
reproductive process and thus results in male infertility
(Benoff et al., 2000; Wirth and Mijal, 2010; Apostoli and
Catalani, 2011). The well-known causes leading male
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human infertility are blockage of ejaculatory duct, low
volume of semen, lysis of spermatids, agglutination of
spermatozoa, and impairment in ejaculatory process. Form
molecular point of view, deletions and point mutations in
certain chromosomes are the major causes of male human
infertility. The notable of molecular abnormalities are
microdeletions of Y chromosome and specific deletion
or point mutations of Y chromosomal genes. The
azoospermia factor on Y chromosome is regarded as one
of the most pathogenic factors, leading to male infertility
of varying degree and is the most intensively characterized
region in this regard. Additionally, KLHL10 (Wang et
al., 2006) mutations, responsible for oligozoospermia,
abnormalities in SPATA16 (Karaca et al., 2014) induces
globozoospermia, a frameshift mutation in aurora kinase
C genes (Dale et al., 1994) is responsible for large headed
polyploid spermatozoa or macrozoospermia, HSF2,
belonging to the family of heat-shock transcription factor
and plays a key role in regulating normal spermatogenesis,
induces idiopathic azoospermia in humans when mutated
(Mou et al., 2013). In the same way, SEPT12 (Kuo et al.,
2012), TAF4B (Freiman et al., 2001) and ZMYND15
(Falender et al., 2001) lead to varying degree of infertility
in their mutated forms. Keeping in view the widespread
exposure of humans and known toxic effects of the metals,
an attempt was made during this study to explore the
means concentration of heavy metals both in the blood and
semen samples of male infertile individuals of inhabitants
of D.I. Khan district. The main focus was to characterize
the drastic effects of heavy metals on male infertility, even
at low concentration and genetic determination of SRY
gene as some of infertile human had smaller sized testis.

MATERIALS AND METHODS
Sample collection, preparation and DNA extraction
Blood and semen samples were collected from
clinically diagnosed 120 oligozoospermic males
throughout D. I. Khan and analyzed for the detection of
heavy metals and biochemically characterized for their
hormonal profile. Moreover, the patients were molecular
assessed for the possible role of SRY gene as 10% of the
patients had small size testis for more than 8 years. The
patients included had been married for 3 to 19 years, their
wives had normal reproductive capabilities; the couples
were living together for more than 3 years but fertilization
had not occurred. Separation of sperm samples from semen
plasma for assessment of clinical attributes was done
through centrifugation for 15 min at 1600g (Abdulali et
al., 2003) after washing three times with an equal volume
of M6 solution (per liter, pH=7.5): 0.50% NaCl, 0.04%
KCl, 0.020% CaCl2, 0.015% K3PO4, 0.030% MgSO4,

0.035% NaHCO3, 0.50% HEPES, 0.25% sodium lactate,
35×10-4% sodium pyruvate, 0.12% glucose, 0.45%
bovine serum albumin, 55×10-4% penicillin, and 50×104% streptomycin. Sperms were counted using MMC-SK
Sperm Counting Chamber (Saint Petersburg, Russia). The
study, conducted during September 2017 to May 2019,
was approved by Gomal University Ethical Board and
written consent of both the patients and of the normal
individuals was obtained. For extraction of DNA, 2 ml
venous blood from each individual was drawn and put in
an anticoagulation tube. DNA was extracted by salting-out
method (Miller et al., 1988). The concentration and purity
of DNA were detected using NanoDrop spectrophotometer
Thermo Scientific, UK) and stored at -20°C for further
analysis. Healthy women were used as negative controls
and 20 married men with semen volume ≥3.0, sperm
concentration/ ml ≥50×106, forward motility ≥60%, and
atypical forms ≤40%) were used as healthy controls.
Heavy metal analysis
All samples were digested with mixture of
H2O2+HNO3, mixed with 1: 3 ratios (Abdulali et al., 2003)
at 120°C for 30 minutes and allowed to cool at room
temperature. Each sample was prepared in duplicate and
diluted to a total volume of 12 ml with ultra-pure water
and filtered with 0.45 μm membrane filter for detection
of possible heavy metals. Analytical grade reagents were
used and all the working solutions were prepared by
making dilutions of stack solutions of mg/ml from Perkin
Elmer. The filtered samples were characterized for the
possible presence of Cd, Cr, Pb, Cu and Zn, using atomic
absorption spectrophotometer. The concentrations of
heavy metals were presented in μg/ml.
Genetic determination
The samples for SRY gene located on Y chromosome
were sequenced by the direct Sanger method (Sanger et
al., 1977).

RESULTS
The very important and serious issue of presence of
heavy metals in blood and semen samples of oligozoospermic
males of inhabitants of D.I. Khan district was addressed.
This study revealed significant concentrations of Zn,
Cd, Cr, Pb, Cu. Interestingly, the infertile males having
maximum age limit of above 47 years and highest marriage
ages during the present study showed comparatively higher
concentrations of all the heavy metals. Zinc was found with
highest means values while cadmium was recorded with
lowest concentrations (Table I).
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Table I. Mean concentration of each metal (μg/ml),
both in blood and in semen samples, plus mean of mean
concentration of all the detected 5 heavy metals in each
age group
Age
Group

Type of
sample

18-23
(n=20)

Blood

0.027

0.251

0.066

0.615

2.036

Semen

0.039

0.265

0.028

0.484

2.913

24-29
(n=20)

Blood

0.055

0.437

0.077

0.523

2.483

Semen

0.037

0.530

0.117

0.479

1.628

Blood

0.050

0.525

0.180

0.519

0.695

30-35
(n=20)
36-41
(n=20)
42-47
(n=20)

Cd

Cr

Pb

Cu

Zn

Semen

0.046

0.232

0.229

0.480

1.299

Blood

0.033

0.214

0.145

0.506

0.301

Semen

0.047

0.264

0.110

0.495

0.143

Blood

0.050

0.402

0.062

0.325

1.719

Semen

0.016

0.573

0.231

0.586

2.469

>47
(n=20)

Blood

0.098

0.679

0.245

0.704

2.844

Semen

0.091

0.489

0.222

0.469

1.830

Control
(n=30)

Blood

0.011

0.112

0.017

0.142

0.124

Semen

0.008

0.105

0.010

0.138

0.115

Samples analysis for heavy metals
On analyzing age-wise distribution of all heavy metals
both in blood and semen samples, it was observed that all
the five detected heavy metals were recorded in highest
quantities in above-47 years of age group, followed by and
18-23 years of age groups (mean concentration of 0.767
μg/ml and 0.672 μg/ml respectively (Table I, Figs. 1, 2, 3).
The smallest average-mean concentration of 0.225 μg/ml
of all detected heavy metals were recorded in 36-41 years
of age group (Fig. 3). On determining the quantitative
measurements of each heavy metal in different age groups,
it was found that Cd was recorded in highest quantities in
the above-47 years of age group, both in blood and semen
samples (Table I, Figs. 1 and 2) while the smallest mean
concentration of 0.027 μg/ml in blood samples and 0.016
μg/ml in semen samples were observed in the age group 1823 years and 42-47 years of age groups respectively (Table
I, Figs. 1 and 2). Variations within the group, both in blood
and semen were not significant and the same was observed
among the age groups. Like Cd, Cr was also recorded
in highest quantities in the above-47 years of age group
with mean concentration of 0.68µg/ml for blood samples,
and in 42-47 years of age groups for semen samples with
average mean value of 0.57 μg/ml. The smallest mean
concentrations of 0.21 μg/ml and 0.26 μg/ml were found
in blood and semen samples respectively of 36-41 years
of age groups (Table I, Figs. 1 and 2). Variations among
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the age groups of 18-23 and 24-29 were significant both
in blood and semen samples while for the rest of age
groups the variations were negligible. In the same way,
Pb was observed in comparatively highest amounts in
above-47 years of age group (means conc. of 0.24 μg/ml
for blood and 0.22 μg/ml for semen samples), followed
by 30-35 years (Table I, Figs. 1 and 2) and 36-41 years of
age groups. The smallest mean values of 0.066 μg/ml and
0.028 μg/ml for blood and semen samples, respectively of
Pb were recorded in 18-23 years of age group (Figs. 1 and
2). For Cu, the highest mean concentration (0.70 μg/ml,
Table I, Figs. 1 and 2) of the metal was found in blood
samples of above-47 age group, followed by 0.615 μg/ml
observed in 18-23 years of age group that was interesting.
The lowest concentration of 0.32 μg/ml was observed in
blood samples of the age group 42-47 years, and 0.46 μg/
ml in semen samples of above-47 years. Variations between
the quantitative measurements of the metal in blood and
semen samples were significant (Table I). Regarding the
mean concentration of Zn in blood samples, the highest
concentration of 2.84 μg/ml was observed in above-47
years of age group, followed by 42-47 years of age group
(2.47 μg/ml), while the smallest mean values, both in
blood and semen samples (0.30 μg/ml and 0.14 μg/ml,
respectively) were recorded in 36-41 years of age group
(Table I, Figs. 1 and 3). In semen samples, the highest
mean concentration was interestingly observed in 18-23
years of age group. Interestingly, the mean concentration
of Zn in blood samples varied significantly from that of
semen samples both in the same individual and among the
members of the same age group (Table I).

Fig. 1. Quantitative measurements of 5 detected metals in
blood samples of oligozoospermic males of different age
groups. Mean bar values of 1, 2, 3, 4 and 5 show mean
concentration of Cd, Cr, Pb, Cu, and Zn respectively in age
groups 18-23, 24-29, 30-35, 36-41, 42-47 and above-47,
Dark blue, Blue, Light blue, Yellow, Pink-red and Darkred bars are for 18-23, 24-29, 30-35, 36-41, 42-47 and
above-47 years of age groups, respectively.
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and tail defects were comparatively much higher in
severe oligozoospermic individuals than mild/moderate
individuals (Table II). Similarly, the movement of sperms,
either lateral or forward movement was observed much
lesser in severe forms of oligozoospermia than mild/
moderate oligozoospermia (Table II). In the same way, the
total number of sperms and number of motile sperms were
half the number of sperms in moderate oligozoospermia
(Table II).

Fig. 2. Mean concentration in µg/ml of 5 heavy metals in
semen samples of oligozoospermia males of different age
groups. Mean bar values of 1, 2, 3, 4 and 5 specify mean
values of Cd, Cr, Pb, Cu and Zn respectively in age groups
18-23, 24-29, 30-35, 36-41, 42-47 and above-47, Dark
blue, Blue, Light-blue, Yellow, Pink-red and Dark-red bars
are for 18-23, 24-29, 30-35, 36-41, 42-47 and above-47
years of age groups, respectively.

Table II. Semen analysis of oligozoospermic males in
low sperm and moderate sperm count individuals.
Description

Severe oligo- Moderate olizoospermia gozoospermia
(n=50)
(n=50)

Total No. of sperms (million)

2.0-10

20-48

Motile sperms (percent)

20-27

28-55

No of dead sperms (percent)

50-63

20-50

Lateral movement (percent)

12-20

20-50

Forward movement (percent)

10-14

15-27

Head defects (percent)

28-68

30-65

Mid-piece defects (percent)

30-58

26-55

Tail defects (percent)

28-52

25-45

Characterization of SRY gene
On sequencing the SRY gene of all oligozoospermia
individuals, it was found that like the normal individuals,
all the patients had normal sequence of the gene and no
point mutation or deletion was found. The sequence of
SRY gene of oligozoospermia individuals can be found in
the supplementary data.

DISCUSSION

Fig. 3. A, Quantitative mean concentration of all 5
detected heavy metals in blood samples in each age group.
As indicated above each bar is the mean concentration
of heavy metals and below each bar is the age group. B,
Quantitative mean values of all 5 detected heavy metals
in semen samples in each age group. As mentioned above
each bar is the mean value of heavy metals and age group
is indicated below each bar.

Semen analysis for sperm morphology
On comparing severe oligozoospermia with mild/
moderate oligozoospermic patients with respect to
semen analysis, it was observed that head, mid-piece

Characterization of 120 oligozoospermia patients of
D. I. Khan district was done in terms of analysis of both
blood and semen samples for detection and quantitative
measurements of heavy metals, semen analysis for
morphological defects, and sequencing the SRY gene for
any possible mutation. SRY gene was sequenced because
30% of the patients had smaller sized testes in their
clinical history and that AZF gene of infertile patients was
previously sequenced by the same group of researchers
but the results were not promising and only 2% of the
patients (data not shown) had point mutations in the
AZFc region only. The total number of sperms in severe
oligozoospermic patients were ten times lesser compared
to mild oligozoospermic individuals and this had slight
deviation from general perception. Similarly, the motility
of sperms in severe forms were two times smaller than mild
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oligozoospermic patients. More interestingly, significant
difference was found in the number of dead sperms as
severe type of oligozoospermia had two times more dead
sperms and the movements of alive sperms were also
comparatively lesser than mild/moderate forms and this
was in disagreement with what was previously described
(Mou et al., 2013). In the same way, morphological defects
were found much greater in severe oligozoospermia than
mild and moderate forms of oligozoospermia. Five heavy
metals were detected, either in greater or in less quantities
both in blood and semen samples. Interestingly, all the
5 heavy metals were found in comparatively highest
quantities in the above 47 years of age group, both in
blood and semen samples, possibly the metals had gotten
comparatively more time to accumulate in the body. The
mean values of all heavy metals in combined form were
smallest in 36-41 years of age group. Cadmium is known
to be one of the key players in inducing degeneration
of male reproductive organs (Monsefi et al., 2010). The
metal can lead to decreased concentration of spermatozoa,
diminished motility of sperms and causing damages to
testes (Laskey et al., 1991). Moreover, Cd with blood
concentration of 0.85mg/L to 1.31 mg/L has been shown
to have negative association with sperm motility, sperm
concentration, semen volume and testis size (Siu et al.,
2009a; Xu et al., 1993). The present studies showed
that the highest means concentration of 0.098 µg/ml and
0.09 µg/ml were recorded in blood and semen samples
respectively of above-47 years of age group. Significant
variations were found in the quantitative measurements of
the metal were observed among the age groups in blood
samples. The observed values were intermediate between
the maximum permissible limit (0.05-2.0 µg/g) set by
WHO/FAO (FAO, 1983, 1989; WHO, 1989) and can
cause serious health problems if not considered properly.
The hexavalent chromium is reported be very toxic in
causing stomach problems, skin diseases and mutagenic if
taken into the body (Wirth and Mijal, 2010; Yousef et al.,
2009). In the present study, mean concentrations of Cr was
found comparatively in higher quantities (0.69μg/ml) in
blood samples of age group above-47 years while the same
metal in semen samples was found in its highest amounts
(0.53 μg/ml) in 24-29 years of age group. Due to lack of
facilities, identification of various isotopes of Cr during this
study was not possible. Lead in its chloride form can lead
to diminished sperm motility (Winder, 1993; Robins et al.,
1997). The impact of hazardous effects, even at smaller
concentration, on male reproductive organs have been
investigated and confirmed (Pizent et al., 2012; Ghaffari
and Motlagh, 2011). The permissible limit of Pb in blood
defined by WHO is below 40 µg/ml. Reproductive toxicity
may occur even below the permissible limit of Pb (Winder,
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1993; Robins et al., 1997). In the present studies, the
highest mean concentration of 0.245 μg/ml was observed
in above-47 years that was well well-below the permissible
limit set by WHO. Like Zn, the concentrations of Pb in
blood samples were found comparatively higher than
semen samples. These observed concentrations in 78% of
cases were exceeding the lower permissible limit (0.052.0 µg/g) set by WHO/FAO (FAO, 1983, 1989; WHO,
1989) which is alarming for general public of the region.
Copper is one of the metals required for proper functioning
in hematopoietic process and for normal activities of
various enzymes (Ardakani et al., 2014; Lavranos et
al., 2012). However, it can be lethal if get accumulated
in excessive amounts in human body (Ardakani et al.,
2014). In the present study, the comparatively higher mean
concentration of the metal was found in above 47 years
of age group in blood samples and lowest in 42-47 years
of age group. These findings were comparatively much
smaller than the maximum permissible limit (30 µg/g)
according to WHO/FAO (FAO, 1983, 1989; WHO, 1989),
but is still alarming and can be detrimental to inhabitants
of D. I. Khan. Zinc is one of the vital metals needed for
proper cellular metabolic activities (Pizent et al., 2012).
However, it can be very toxic when found in excessive
quantities (Pizent et al., 2012). The present data showed
equal highest mean concentration in 18-23 and above-47
years of age groups, that was quite interesting, probably
the patients were taking Zn in medicine from external
source. But these values were comparatively smaller than
maximum permissible limit (30-100 µg/g) according to
WHO/FAO (FAO, 1983, 1989; WHO, 1989). Interestingly,
the concentration in blood samples varied significantly
from that of semen samples both in the same individual
and among the members of the same age group. Which
age group possesses highest quantities of all the 5 detected
metals? was also characterized. It was observed that
above-47 years of age group contained the highest amount
of metals in their blood samples, while 42-47 years of
age group contained the highest quantities of all metals in
their semen samples. The smallest quantities were found
in the age group 36-41 years. These findings showed
that accumulation of heavy metals either need time to be
collected and settled in or the age of hoteling and taking
food outside the home. Furthermore, the inhabitants of the
area take fish extensively as food and it is the main carrier
of introducing the above mentioned heavy metals into the
bodies of people the region in significant quantities.

CONCLUSION
Presence of heavy metals in the bodies of
oligozoospermia males is one of the main causative agents
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of infertility and that locally available fish of river Indus
being used as food component is mainly responsible
of introducing these heavy metals into the bodies of
inhabitants of D. I. Khan.
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