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ABSTRACT

The aim of this study was to evaluate lead and cadmium levels in seminal plasma of men with idio-
pathic oligoasthenoteratoozoospermia in comparison to fertile healthy controls and to correlate these lev-
els with conventional semen parameters, sperm hypo-osmotic swelling (HOS) percentage, sperm DNA
fragmentation percentage, and semen reactive oxygen species (ROS) levels. Sixty infertile male patients
with idiopathic oligo and/or asthenoteratoozoospermia and sixty healthy fertile men (control group) were
included in the study. Lead and cadmium levels in seminal plasma, semen parameters, sperm HOS, sperm
DNA fragmentation percentage and semen ROS assay were measured in all subjects. There was a signifi-
cant increase in seminal lead and cadmium levels among infertile males in comparison to controls. There
were significant negative correlations between seminal lead and cadmium levels on one hand and certain
semen parameters especially progressive sperm motility and vitality (HOS). Importantly, significant posi-
tive correlations were noted between seminal lead and cadmium levels on one hand and sperm DNA frag-
mentation percentage and semen ROS level in infertile men and controls on the other hand. Thus, men
with idiopathic male infertility had higher levels of lead and cadmium in their semen which correlated
with impairment of sperm motility and vitality percentages and more importantly with higher sperm DNA

fragmentation% and semen ROS level.
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INTRODUCTION

Toxicological exposure to lead and cad-
mium is a public health problem due to
the broad exposure to these toxic sub-
stances among the general population
(Gonzalez-Estecha et al., 2011). The im-
proper disposal of household, industrial,
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and hospital waste, industrial pollution,
air pollution and the use of chemicals in
agriculture have compromised the quality
of air, water and soil (El-zohairy et al.,
1995).

Globally, human fecundity appears to
be on the decline, a situation that cannot
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be attributed solely to an increase in con-
traception (Benoff et al., 2009). While the
exact causes of the decline in semen quali-
ty are not yet known, environmental fac-
tors have been considered to play an im-
portant role (Li et al, 2010). Many
environmental agents have been postulat-
ed to be contributory to this decline in
male reproductive health (Skakkebaek et
al., 2001). Studies of the effects of environ-
mental agents on semen quality have
largely focused on organic toxicants
with potential endocrine disrupting activi-
ty, but heavy and transition metal endo-
crine disruptors may be influential as well
( El-Shafei et al., 2011).

Lead (Pb) and Cadmium (Cd) are two
of the known reproductive toxicants to
which humans are exposed either occupa-
tionally or environmentally (Xu et al,
2003; Wirth and Mijal, 2010). Pb has
been known to affect multiple organs and
can affect reproduction in males and fe-
males (Anis et al., 2007; Fatima et al.,
2010). Several studies suggested that
the testis and reproductive organs may
be exquisitely sensitive to Cd that may
lead to profound testicular damage with-
out affecting other organ systems (Takigu-
chi and Yoshihara, 2006). Moreover, Cd
and Pb were demonstrated to be elevat-
ed in the seminal plasma and testes of
infertile men with or without varicocele
(Benoff et al.,, 2000; Benoff and Gilbert.,
2001).
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Abnormalities in the male genome char-
acterized by damaged sperm DNA may be
indicative for male factor infertility re-
gardless of routine semen parameters (Sa-
dek et al., 2011). Xu et al. (2003) demon-
strated that exposure to heavy metals
was associated with oxidative DNA dam-
age in human sperm. However, most of
these studies were based on occupational
exposure or in smokers while few stud-
ies were concerned with the environ-
mental exposure that may have more long
term impacts on human health, particular-
ly in a country with non-existent or un-
enforced occupational safety and health
standards (Inhorn et al.,2008) .

Male factor accounts for nearly half
of all infertility cases (WHO,2000) The
term “idiopathic infertility” designates
diagnosis by exclusion, after elimination
of all other possible or probable causes of
infertility. In idiopathic male infertility,
female partner must be evidently free
from any cause of infertility, semen con-
ventional parameters are subnormal and
men clinical examination reveal no spe-
cific etiology as varicocele, maldescend-
ed testes, male accessory gland infec-
tion, hypogonadism...etc (Sigman et al.,
1997). These patients represent the larg-
est group of men attending fertility
clinics. They are classified according to
semen findings by the terminology, of
idiopathic oligo, astheno and/or terato-
zoospermia (Nieschlag and Leifke, 2000).
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This study aimed to evaluate the level of
Pb and Cd in seminal plasma of men with
idiopathic oligoasthenoteratozoospermia
in comparison with fertile controls; corre-
late these levels with conventional sperm
parameters especially sperm concentra-
tion, sperm progressive motility,vitality
and sperm morphology percentages;and
clarify possible relation between these lev-
els and sperm DNA damage and semen
ROS levels.

MATERIAL AND METHODS

It is a case control hospital based study.
It was conducted during December 2009
to December 2010.

Subjects :

Sixty oligoasthenoteratozoospermia
matched men from Assuit city were re-
cruited randomly from the Andrology
Unit, of Dermatology and Andrology De-
partment, Assiut University Hospital. Ex-
clusion criteria included; varicocele, geni-
tal infection, undescended testis, testicular
atrophy, chronic systemic diseases, female
factor infertility and smoking. We meant
to exclude all factors that might impair se-
men quality to highlight the impact of Pb
and Cd on semen parameters. They were
compared with 60 matched healthy men
with proven fertility as controls. Among
patients and controls those with special
habits or occupational exposure to heavy
metals were excluded.
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The Scientific Research Ethics Commit-
tee of Assiut Faculty of Medicine ap-
proved the study. The steps and aim of the
research were explained to participants
before signing an informed consent.

The cases were subjected to history
taking, clinical examination and semen
analysis. In their semen, sperm hypo-
osmotic swelling (HOS) test, sperm
DNA fragmentation, ROS, Cd as well as
Pb concentrations were assessed.

1- History taking and clinical examina-
tion :

Each participant completed an exten-
sive questionnaire regarding his occupa-
tion, residence, social status and smok-
ing habits. Full detailed medical history
was taken from all participants with
special emphasis on reproductive histo-
ry. They were also subjected to thor-
ough general medical and genital ex-
amination.

2- Conventional semen analysis :

All semen samples were collected by
masturbation in polypropylene containers
after three to five days of sexual absti-
nence. After liquefaction at 37°C, conven-
tional semen analysis was carried out ac-
cording to World Health Organization
guidelines (WHO, 1999). The evaluation
included semen volume, sperm concentra-
tion, sperm morphology, and sperm motil-
ity; taking in consideration: liquefaction
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time, pH, odour, viscosity, and presence
of pus or epithelial cells.

3- Sperm hypo-osmotic swelling
(HOS) test (Al-Mogazy et al., 1993)

It was performed by mixing 0.1 ml
sperm suspension with 1 ml hypoosmotic
solution (equal parts of 150 mOsm/kg
fructose and 150 mOsm/kg sodium cit-
rate), followed by incubation for 30 min-
utes at 37°C. After incubation, 200-300
spermatozoa were examined by phase-
contrast microscopy at 400 x. where HOS-
reacted sperms with swollen or curled
tails was calculated.

4- Sperm DNA fragmentation (Wald et
al., 2004)

The sperm DNA fragmentation index
was performed on flow-cytometry model
PAS DAKO-Cytomation by the kit sup-
plied by Coulter (DNA Prep, BECKMAN-
COULTER Inc. Fulterton, CA, USA) in the
Clinical Pathology Department, Faculty of
Medicine, Assiut University, based on the
fluorescence emission from individual
sperm cells after staining with propidium
iodide (PI) and excitation with a 488 nm
argon laser. The measurement is based
upon the ability of PI to bind histochemi-
cally to DNA under appropriate staining
conditions. Semen samples were diluted
with phosphate buffered saline (PBS) with
pH 7.4 to 2 x 106 sperm /ml (in semen sam-
ples with sperm concentration higher than
2 mil/ml). Fifty micro liters (50 pL) of se-
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men samples were incubated in a tube
with 100 pl of lysing reagent for 15 sec-
onds then two ml of PI were added and
mixed with them and immediately after
staining, tube acquisition was done by
flow-cytometry. The intensity of the fluo-
rescence emission corresponds to the
DNA content. Sperm DNA fragmentation
percentage was calculated after acquisi-
tion of 5000 sperms. Flowcytometry dis-
play a constant bimodal non-artifactual
DNA pattern confirming the existence of
two distinct populations, the main popula-
tion is represented by a peak followed by
a shoulder which is the marginal popula-
tion. The marginal population represents
a sperm group altered in the nuclear con-
densation (DNA fragmentation), yielding
unstable chromatin which appears more
stainable (Figures 1, 2).

5- Semen ROS level (Wang et al., 2003)

ROS levels were measured by detecting
the chemiluminescence activity using the
luminol "5-amino-2, 3 dihydro-1, 4 phtala-
zindione" reagent (CgH,N30,) supplied by
(MP Biomedicals, Eschwege, Germany).
Liquefied semen specimens were centri-
fuged at 300 rpm for 7 minutes and the su-
pernatant seminal plasma was removed
and placed into sterile acid washed, metal-
ion free tube, and stored frozen at -20°C
for metal analysis. The pellet was
washed twice with phosphate buffer sa-
line (PBS, pH 7.4) by centrifugation at
300 g for 5 min and re-suspended in
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PBS at a concentration of 20 x 106
sperm/ml. Ten ml of luminol used as a
probe was added to the aliquot. ROS
levels were assessed by measuring chem-
iluminiscence activity with an Autolam-
at Luminometer (Berthold technologies,
Bad-wildbad, Germany) in the integrat-
ed mode for 15 min. The results were ex-
pressed as Relative Light Unit (RLU)/20
million spermatozoa.

6- Metal analysis (Pant et al., 2003)

One ml of seminal plasma was di-
gested twice with 5 ml of acid mixture
(6HNO;: 1HCIO4) in a glass tube. Se-
men samples with inadequate volume
were diluted and multiplied by dilu-
tion factor. The residue was dissolved in
Iml 1% HNO;then applied to air-
acetylene flame atomic absorption spec-
trophotometer (Buck model 210 VGP,
Buck Scientific, Inc, Norwalk CT, USA)
with hollow cathode lamp (8 mA cur-
rent), from Chemistry Department, Fa-
culty of Science, Assiut University for
detection of Pb (wavelength 283.2nm)
and Cd (wavelength 228.9nm). A sample
blank was prepared with each set of
samples to control for possible metals
contamination  from external sources.
Two determinations were made for each
sample. The accuracy and precision of the
analytical methods were tested with stan-
dard reference materials were obtained
from Sigma Chemical Co. (St.Louis, Mo,

USA).
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Statistical analysis

The data was analyzed using SPSS
software package version 17 (SPSS Inc.,
Chicago, IL, USA). Descriptive statistics
were done in the form of mean and SD.
Unpaired t-test was used to compare nu-
merical parametric data where Mann-
Whitney test was used to compare non
parametric data. Pearson correlation test
analyzed correlations between different
quantitative variables. P<0.05 was set as
statistically significant.

RESULTS

The patients and controls were com-
parable as regards age (34.63 + 6.47 vs
32.5 £ 6.1 years), body mass index (24.27
+ 3.09 kg/m2 vs 25.84 + 2.4 kg/m?2). They
all belonged to the same environment.
Among patients group, 46 men were pre-
sented with primary infertility with a
mean duration of 7.1 * 3.8 years and 14
men were presented with secondary infer-
tility with a mean duration of 5.6 * 2.3
years.

Semen volume, sperm concentration,
normal sperm morphology progressive
sperm motility, and HOS percentages
showed significant decrease while sperm
DNA fragmentation percentage showed
significant increase in infertile men se-
men samples compared with the con-
trols (Table 1). Seminal plasma lead and
cadmium levels showed significant in-
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crease in infertile men compared with the
controls (Table 2).

In infertile oligoasthenoteratozoosper-
mia (OAT) men, there was significant pos-
itive correlation between either seminal
Pb or Cd levels with sperm DNA frag-
mentation percentage (r=0.754, P=0.001,
r=0.898, P=0.001), seminal ROS level
(r=0.749, P=0.001, r=0.891, P=0.001) (fig-
ures 3,4). On the other hand, they had
significant negative  correlation with
sperm concentration (r=-0.377, P=0.003,
r=-0.382, P=0.003), sperm motility (r=-
732, P=0.001, r=-0.813, P=0.001), sperm
vitality = (r=-0.742, P=0.001, r=-0.838,
P=0.001), normal sperm morphology (r=-
0.714, P=0.001, r=-0.820, P=0.001).

DISCUSSION

Several studies have indicated a world-
wide decreasing trend in average sperm
count and sperm quality (Li et al.,2010),
raising the possibility of a causative role
for environmental exposures such as
et al.,, 2003).
About 25 % of infertile male patients are

heavy metals (Danadevi

classified according to semen findings by
the terminology, to idiopathic oligo, asthe-
no and/or teratozoospermia (Sigman et
al.,, 1997; Nieschlag and Leifke, 2000). At
least half of these cases of idiopathic male
infertility may be attributable to various
environmental and occupational expo-
sures (Akinloye et al., 2006).
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Previous studies concerned with the
effect of Pb and Cd on reproductive
function in males focused on passive
changes induced by exposure to heavy
metals on histology and function of
testes in animals (Cheng and Mruk,
2002; Martynowicz et al., 2005; Rodriguez-
Estival et al., 2011), or semen parameters;
in humans and animals (Saarenen et al.,
1989; Xu et al.,, 1993; Kuo et al., 1997; Al-
exander et al., 1998; Pant et al., 2003), with
fewer studies on the effect of these
metals on pregnancy rate. Although
blood tests are standard procedure for
toxicological study of heavy metals ex-
posure, recent data indicated that they
may not adequately reveal heavy metals
accumulation in the male reproductive
tract. Consequently, seminal heavy metals
concentrations could provide a better
measure of reproductive toxicity caused
by heavy metals exposure (Wu et al,
2008).

In the present study, patients with
idiopathic oligo and/or asthenoteratoo-
zoospermia were thoroughly investigated
to exclude any possible factor that might
impair semen parameters. This allowed
highlighting the impact of basic envi-
ronmental exposure to heavy metals (Pb
and Cd) on the reproductive function.
This had been illustrated through compar-
ison of semen parameters and levels of
heavy metals in those patients versus fer-
tile controls.
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The current study revealed a significant
increase in seminal Pb and Cd levels in se-
men of patients with idiopathic oligo and /
or asthenoteratoozoospermia compared
with the fertile controls. This is consistent
with results of different studies from dif-
ferent countries (Kuo et al., 1997; Alexan-
der et al., 1998; Pant et al., 2003; Akinloye
et al., 2006; Wu et al., 2008).

Semen volume was significantly low-
er in infertile oligo and / or asthenoter-
atoozoospermia men compared with the
controls. This might be due to the
adverse effect of high level of heavy
metals in seminal plasma which is secret-
ed from prostate and seminal vesicles.
Different studies reported impaired se-
cretory function of accessory sexual
glands by Pb and Cd exposure in either
experimental animals (Cullen et al., 1993)
or humans (Wildt et al., 1983; Xu et al.,
1993; Alexander et al., 1998; Telisman et
al., 2000; Akinloye et al., 2006; Acharya et
al., 2008).

There were significant decreases in
sperm concentration and total sperm
count in patients compared to controls
in this study, with a significant negative
correlation found between semen Pb and
Cd and sperm concentration. Kuo et al.
(1997) as well as Alexander et al. (1998)
observed an inverse relationship be-
tween Pb concentration and sperm con-
centration in lead battery workers. Pant
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et al. (2003)
tive correlation between seminal Pb and

added a significant nega-

Cd concentration and sperm concentra-
tion in oligoasthenteratooozoospermic
men. Moreover, Xu et al. (2003), Akinloye
et al. (2006) and Wu et al. (2008) reported a
significant inverse correlation between

Cd and semen quality.

Cheng and Mruk (2002), Martynow-
icz et al. (2005) and Rodriguez-Estival
et al. (2011) pointed out that the nega-
tive impact of these metals on sperm
concentration and count might be due
to their deleterious effect on testicular
structure and function. On the other
hand, Saarenen et al. (1989) reported no
association between seminal Pb or Cd
concentration and sperm concentration
(in healthy men of general population and
in smokers respectively). Similarly, Xu et
al. (1993) failed to establish a relationship
between heavy metal seminal concentra-
tion and semen quality.

There was negative correlation be-
tween seminal Pb and Cd levels on one
hand and normal sperm morphology per-
centage on the other hand. However, these
correlations were significant only with se-
men Pb in patients. Leoni et al. (2002) re-
ported positive correlation between Cd
level in blood and abnormal sperm mor-
phology, also Acharya et al. (2008) found
a decrease in the percentage of sperm cells
with normal morphology in mice injected
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with Cd. Similar results were reported in
another two studies on animals exposed to
Cd (El-Demerdash et al., 2004; Oliveira et
al., 2009).

There was a significant negative
correlation between seminal Pb and Cd
levels and progressive sperm motility
and vitality, this is going with results
of Pant et al. (2003). Leoni et al. (2002)
suggested that sperm motility is a sensi-
tive parameter to Cd toxicity. Cd was
shown to disturb microtubules sliding
and assembly (Kanous et al., 1993), to af-
fect sperm mitochondrial function and
structure (Oliveira et al., 2009), to com-
pete with calcium for calmodulin bind-
ing; which is important for sperm motil-
ity resulting in decreased sperm motility
(El-Demerdash et al., 2004; Schlingmann
et al., 2007). Moreover, Cd may lead to
premature acrosome reaction in sperms by
competition for calcium binding sites (Le-
oni et al., 2002; Oliveira et al., 2009). Late-
ly, Mendiola et al. (2011) reported posi-
tive association between the percentage of
immotile spermatozoa and seminal plas-
ma levels of Pb and Cd.

There was negative significant correla-
tion between sperm vitality as measured
by HOS on one hand and each of Pb and
Cd on the other hand. This is consistent
with prior findings of the effect of Cd on
sperm viability in vitro which showed that
the vitality of ram sperm was significantly
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affected by exposure to Cd (Leoni et al.,
2002). The oxidative stress induced by Pb
and/or Cd may explain the reduction in
sperm vitality (Kiziler et al., 2007, Ham-
madeh et al., 2008).

Sperm DNA integrity evaluation and
semen ROS assay are recognized as meas-
ures of sperm fertilizing capacity that may
have better diagnostic and prognostic ca-
pabilities than standard sperm parameters
(Sharma et al., 1999; Saleh et al.,2002). One
of the main findings of this study was that
there was a significant positive correlation
between ROS level and the seminal plas-
ma level of Pb and Cd. Results from previ-
ous studies support these findings (Kiziler
et al.,, 2007; Ognjanovic et al., 2010). Pb
and Cd are known to induce the produc-
tion of nitric oxide (NO) and ROS; mostly
superoxide anion radica(O,-), hydrogen
peroxide (H,O,) and hydroxyl radical
(OH.); affecting sperm motility by peroxi-
dation of membrane lipids reducing phos-
phorylation of axonemal proteins or by re-
ducing ATP levels (de Lamirande and
Gagnon, 1992; Droge , 2002; Herndndez-
Ochoa et al., 2006; Kiziler et al., 2007; Oli-
veira et al. 2009). Furthermore, they are as-
sociated with a decrease in components of
the anti-oxidant defenses in the sperm of
infertile males (Kiziler et al., 2007), and
DNA damage in sperms (Ognjanovic et
al., 2010).

There was a significant positive corre-
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lation between sperm DNA fragmenta-
tion percentage and seminal Pb and Cd.
Previously, Xu et al. (2003) suggested that
oxidative DNA damage in human sperm
is related to seminal Cd which is consis-
tent with this study. However, their data
did not conclusively indicate that Pb in se-
men induces oxidative DNA damage in
human sperm. This might be due to the
lower mean concentrations of Pb and Cd
in seminal plasma of their patients com-
pared to that among patients and controls
of this study.

Others reported that Pb induces al-
terations in sperm chromatin structure
in occupationally / environmentally ex-
posed men (Wildt et al., 1983; Herndndez-
Ochoa et al.,, 2005), smokers (Hsu et al.,
2009) and laboratory animals (Moriwaki
et al., 2008). Only Herndndez-Ochoa et al.
(2006) pointed out that Pb reaches the
sperm nucleus in the epididymis by
binding to nuclear sulfhydryl groups
from DNA-protamine complex delaying
the nuclear decondensation in vitro
that might be the cause for fertilization
failure observed after Pb exposure.
Also, these authors suggested that Pb
compromise on sperm chromatin struc-
ture depends on the timing of its in-
corporation into sperm nuclei during

spermatogenesis, epididymal maturation
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or even at ejaculation.

As in case of Pb, studies also reported
that Cd exposure induced sperm DNA
fragmentation in animals (Moriwaki et al.,
2008; Oliveira et al., 2009) and in smokers
(Potts et al., 1999; Zenzes, 2000). Monsefi
et al. (2010) suggested that the mecha-
nism by which Cd increases DNA frag-
mentation is through inhibiting sperm
chromatin condensation reflecting the de-
fective chromatin packaging during sper-
miogenesis, generating ROS with oxida-
tive DNA. However, Sergerie et al. (2000)
showed that presence of Cd in semen or
blood was not related with increased
sperm DNA fragmentation.

It is concluded that infertile oligoas-
thenoteretoozospermia men had higher
levels of seminal Pb and Cd correlated
with impaired seminal variables, semen
ROS level and sperm DNA fragmentation.
This may reflect a higher concentration in
the reproductive tract of those men and an
increased susceptibility of impaired fertili-
ty capacity secondary to basic environ-
mental exposure to heavy metals. Further
long-term studies in larger-sized random
population are needed to evaluate the ef-
fect of heavy metals and other environ-
mental toxins on male reproductive ca-

pacity.
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Table (1): Comparison between semen variables in the investigated groups.

Semen variables Infertile patients Control group P-value
(n=60) (n=60)
Semen volume (ml)
Range 1-4 2-4
Mean = SD 2.08 £ 0.84 2.52+0.53 <0.05
Sperm Concentration (mil/ml)
Range 2-150 20 —-220
Median 20 65 <0.01"
Mean + SD 53.4+56.02 78.83 £53.51
Normal sperm morphology (%)
Range 0-60 50-77
Mean = SD 34.83 £ 12.51 63.53 £6.46 <0.001
Progressive sperm motility (%)
Range 0-40 40 - 65
Mean = SD 23.17 +11.7 53.33 £7.23 <0.001
Sperm HOS test (%)
Range 20-75 60 - 90
Mean = SD 56.77 +14.64 79.77 £ 7.04 <0.001
Sperm DNA fragmentation (%)
Range 6.8- 255 35-114
Mean £ SD 13.95+£6.210 6.24 +£1.85 <0.001
Semen ROS level ( RLU)
Range 1229 - 7600 180 - 898
Mean = SD 3062 + 1625 359.83 £217.66 <0.001
: Mann-Whitney test " RLU = Relative Light Unit
Table (2) : Semen lead and cadmium levels in the investigated groups.
Semen heavy metals level Infertile patients Control group P-value
(n=60) (n=60)
Semen lead (ng/L)
Range 32-60 17 -28
Mean = SD 44.4 + 8.6 21.7+2.6 <0.001
Semen cadmium (pg/L)
Range 32-43 21-34
Mean = SD 3.77+ 0.294 2.774 £ 0.514 <0.001
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Figure (1): Flow cytometer scatter plot (left) and histogram (right) of a control subject.
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Figure (2): Flow cytometer scatter plot (left) and histogram (right) of an infertile subject.
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- Sperm DNA fragmentation % in this infertile man was 16 %.
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Figure (3): Correlation between semen Cadmium level and sperm DNA fragmentation
% in infertile men.
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Figure (4): Correlation between semen lead and ROS levels in infertile men.
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