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Effects of molybdenum on sperm quality and testis oxidative stress

Xiao-Wei Zhai', Yu-Ling Zhang', Qiao Qi', Yu Bai', Xiao-Li Chen’, Li-Jun Jin', Xue-Gang Ma’',

Run-Zhe Shu?, Zi-Jun Yang' and Feng-Jun Liu"

'College of Animal Science and Technology, Henan University of Science and Technology, Luoyang, PR China, “Monash
Immunology and Stem Cell Laboratories, Monash University, Clayton, Australia

In order to investigate the effects of molybdenum (Mo) on
sperm parameters and testicular oxidative stress, the ICR strain
of adult mice were exposed to different doses of molybdenum
for a sub-acute toxicity test. Compared to the control, our
results showed that the sperm parameters, including the epidi-
dymis index, sperm motility, sperm count, and morphology,
increased by a moderate dose of Mo (25 mg/L), but were nega-
tively affected at high doses (= 100 mg/L). In addition, the
changes of sperm parameters were accompanied with changes
of the superoxide dismutase (SOD) activities, the glutathione
peroxidase (GPx) activities, and the malondialdehyde (MDA)
levels in testes. In conclusion, Mo affects the sperm quality
through regulating the testicular oxidative stress in a complex
manner.

Keywords Molybdenum, mouse, oxidative stress, sperm
parameters, testis

Introduction

A variety of endocrine disrupting chemicals have been
released into the environment in the rapid industrial pro-
gress, which may exert adverse health effects in human
and animals [Carlsen et al. 1992; Khurana et al. 2000; Fried-
mann 2002]. Molybdenum (Mo) is an essential trace
element in animals and humans. It has been identified as
part of the active sites of over 50 enzymes, and may
promote normal cell function possibly by catalyzing a
variety of hydroxylation, oxygen atom transfer and other
oxidation-reduction reactions [Hille et al. 1998]. Molyb-
denum is also an endocrine disruptor and has been widely
present and detected in our food and water [Underwood
1981; Mills and Davis 1987; Kargar et al. 2011; Yu et al.
2011]. In addition, Mo is broadly used in industrial pro-
duction, such as metallurgical processes, the manufacture
of electronic products, glass, ceramics, lubricants, catalysts,
pigments and nano materials [Pandey and Singh 2002;
CDC 2005; Braydich-Stolle et al. 2005; Ema et al. 2010]. Fur-
thermore, Mo is also an environmental pollutant discharged

from uranium processing, combustion processing, contact
lens solutions, and the color additives in cosmetics
[ACGIH 1995]. This wide distribution greatly increases the
risk of animals and humans exposed to the high level of
Mo in the environment. For example, molybdenum concen-
trations have risen to 0.2 mg/L in areas near mining sites,
however, the WHO recommends a maximum level of mol-
ybdenum in drinking water of 0.07 mg/L [WHO 1993].

Excessive amounts of Mo can induce reproductive tox-
icity, especially for male animals and humans [Thomas
and Moss 1951; Sharma et al. 2004; Bersényi et al. 2008].
In rats, ingestion of a high dose of Mo caused decreased
sperm motility, count, morphologic abnormalities, epididy-
mis weight decline, and testis histopathologic changes
[Pandey and Singh 2002, Lyubimov et al. 2004.], and fertility
[Wirth and Mijal 2010]. A reduction in the germ cells and
mature spermatocytes in rabbits has been observed [Bersényi
et al. 2008] as well as a decline in sperm quality and
morphology in humans [Meeker et al. 2008]. However, the
mechanism of Mo affecting the reproductive function of
male animals is still not very clear.

Oxidative stress is a powerful mechanism that can lead to
sperm damage, deformity, and eventually male infertility
[Makker et al. 2009]. Sharma et al. [2004] showed that Mo
induced oxidative stress in crossbred calves. Spalj et al.
[2012] suggested that titanium-molybdenum generated
oxidative stress in mouse fibroblasts cultures. Antioxidants
provide a defense against oxidative stress.

Seminal plasma contains three main enzymatic antioxi-
dants: superoxide dismutase (SOD), catalase (CAT), and glu-
tathione peroxidase (GPx). Spermatozoa possess primarily
enzymatic antioxidants, with SOD being the most predomi-
nant [Makker et al. 2009]. Superoxide dismutase in conju-
gation with CAT and GPx scavenge both intracellular and
extracellular superoxide radicals and inhibit lipid peroxi-
dation [Agarwal and Prabhakaran 2005]. Malondialdehyde
(MDA) is one of the byproducts of lipid peroxidation that
indirectly reflects the level of peroxidation and the degree
of cell injury [Sharma et al. 2004]. This byproduct has
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been used in various biochemical assays to monitor the
degree of oxidative damage sustained by spermatozoa
[Aitken et al. 1989; Aitken and Fisher 1994]. Oxidative
stress can be evaluated by detecting the activities of SOD
and GPx, as well as the MDA level in the tissue. Up to
now, there are no data available for the oxidative stress of tes-
ticular tissue caused by Mo on mice.

This study has been undertaken to evaluate the effect of
orally administered Mo on the sperm parameters of the epi-
didymis index, sperm motility, count, and morphology
changes. The oxidative stress of testis was considered as a
function of the levels of MDA, SOD, and GPx in mice.

Results and Discusssion

The epididymis index, sperm motility, and count are sum-
marized in Table 1. The change in morphology at a range
of Mo concentrations is shown in Figure 1. Molybdenum
at 25 mg/L improved the sperm quality (P <0.01), but Mo
>100 mg/L negatively affected the sperm quality (P < 0.05);
Mo at 12,5 and 50 mg/L did not affect sperm quality
significantly.

As shown in Table 2, compared to control, Mo at =100
mg/L decreased the activities of SOD and GPx, yet the
content of MDA significantly increased. At 25 mg/L Mo
markedly improved the activities of SOD and GPx, but did

Table 1. Effects of molybdenum treatments on sperm parameters in mice.

not change MDA. At a concentration that ranged from
12.5 and 50 mg/L only GPx activity decreased significantly.
The level of SOD and MDA did not markedly change.

The results presented in this study show that the changes
of sperm quality are accompanied by alterations in oxidative
stress in mice exposed to the various oral doses of Mo. Sperm
quality significantly improved and oxidative stress decreased
within the 25 mg/L group. On the contrary, sperm quality
significantly decreased and oxidative damage increased
within the 2100 mg/L group.

Oral administration of 25mg/L Mo significantly
improved the sperm quality as shown by a significant
decrease in the average epididymis index, sperm motility,
and count as well as a significant decrease in the sperm
abnormality rate (Table 1). This is probably due to the
enhancement of testicular function marked by a reduction
in the degree of oxidative stress as shown by a significant
decrease in the activity of both SOD and GPx, and a
considerable increase in MDA in testicular tissue
(Table 2). The effects of Mo on reproductive improvement
have been described in several in vitro studies. Our previous
study showed that at 5 pug/ml Mo is likely to improve the
development of mouse embryos cultured in vitro [Bi et al.
2012]. In contrast, Braydich-Stolle et al. [2005] observed
that in vitro 5 pg/ml and 10 pg/ml of Mo nano-particles
seem to promote plasma membrane leakage of mouse

Mo treatments (mg/L) Epididymis Index*x10~°

Motility (%)

Concentration (x10°/mL) Abnormality rate** (%, n=200)

0 (Control) 2.37+0.06 62.82+0.03
12,5 2.53+0.08 67.18+0.08
25 2.70+0.05° 76.4410.02°
50 2.20+0.07 55.31+0.13
100 2.0040.11° 49.60+0.05°
200 1.97+0.08° 39.5620.04°

5.01+0.08 28.23+1.79
5.90+0.03 24.21+0.87
6.98+0.11° 18.08+1.77°
4.35+0.02 29.60+3.47
3.93+0.05° 37.23+1.69°
3.68+0.02° 49.01+4.43°

Mo: molybdenum; data represent means+SD; compared with the control group, *P<0.05; ®P<0.01; *Epididymis index: epididymis weight/body
weight; ** Abnormality rate: (no. sperm with abnormal morphology/ no. total spermatozoa)x100

Figure 1.

Photomicrographs of the commonly observed abnormal sperms from the 100 mg/L molybdenum dose group. A) normal morphology; B)

big head (arrow heading); C) pin head; D) no tail attached; E) without the main section; F) without characteristic curvature; G) two main sections; H)

rolled into a spiral; and I) no head attached.
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Table 2. Effects of molybdenum treatments on the SOD, GPx, and
MDA levels of testes in mice.

Mo

treatments SOD activities GPx activities MDA contents
(mg/L) (U/mg prot) (U/mg prot) (nM/mg prot)
0 (Control) 221.49+4.43 36.32+0.31 0.9952 +0.0178
12.5 225.85+4.07 42.52 + 1.39° 0.9862 + 0.0207
25 27624 +4.14°  4441+195°  0.9594 +0.0232
50 205.53 +3.59 33.41 +1.10° 1.2273 + 0.0245
100 190.20 + 3.19° 32.17 £+ 0.61° 1.3508 + 0.0270%
200 178.04+3.52°  31.06+021°  1.6129 +0.0540°

Mo: molybdenum; SOD: superoxide dismutase; GPx: glutathione
peroxidase; MDA: malondialdehyde; data represent means + SD;
compared with the control group, *P < 0.05; bp<0.01

spermatogonial stem cell lines. Molybdenum at 2100 mg/L
negatively impacted sperm quality and increased the oxi-
dative damage in testicular tissue. There is little information
in the literature on the in vivo effect of Mo on male mouse
reproductive parameters. However, similar phenomena
have been observed in other animals and humans. Pandey
and Singh [2002] reported a dose-dependent degeneration
of testicular morphology and function with declining
sperm concentration, motility, normal morphology, and
epididymides in rats after oral administration of sodium
molybdate at a dose level of > 30 mg/kg body weight. Simi-
larly, Lyubimov et al. [2004] observed that a significant
reduction of epididymal weight, sperm count, motility, mor-
phologic abnormalities, and histopathologic changes in testis
and epididymis occurred in the rats treated by tetrathiomo-
lybdate at 12 mg/kg/day for 2 months. Bersényi et al. [2008]
revealed a reduction in the number of germ cells and mature
spermatocytes in the testes, and an appearance of a large
number of syncytial giant cells and degenerated cells
among the spermatogenic cells in the seminiferous tubules
of rabbits fed carrots containing 39 mg Mo/kg dry matter
as compared to animals given uncontaminated samples.
Meeker et al. [2008] found dose-dependent trends between
Mo and declined sperm quality and morphology in
humans. In addition, mice exposed to =100 mg/L Mo in
the present study, like the report in bull calves fed by high
dietary intakes of Mo [Thomas and Moss 1951], exhibited
a complete lack of libido, and sterility. This probably reflects
the response to marked damage of the interstitial cells and
germinal epithelium with impaired spermatogenesis in the
testes. The results in our study are consistent with the
above in the effect of Mo on the epididymides, sperm
abnormality, motility, and count. This may be mediated
through oxidative stress in testicular tissue. A significant
decrease in the SOD and GPx level, and an increase in
MDA level, suggests that Mo at a high dose induces oxidative
damage of testicular tissue. The MDA content of testis in-
creased sharply, indicating that a high dose of Mo induces
lipid peroxidation that is directly reflected by increased oxi-
dative stress. Accompanying this, is a significant increase of
MDA and a significant decrease in activities of SOD and
GPx. At this high dosage level a reduction in the capacity
of testis to eliminate radicals and catalyze the conversation

Copyright © 2013 Informa Healthcare USA, Inc.
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of superoxide to oxygen and hydrogen peroxide to protect
the structures and functions of cell membranes from the in-
terference and damage by peroxides is apparent [Ola-Mu-
dathir et al. 2008; Portugal-Cohen et al. 2010]. Similar
phenomena were observed in rabbits. Bersényi et al. [2008]
observed that high dietary Mo (39 mg Mo/kg dry matter)
can generate free radicals or reactive intermediates, resulting
in altering MDA and GPx activity.

In conclusion, molybdenum affects sperm quality
through regulating the testicular oxidative stress in a
complex manner. Male reproductive parameters apparently
improved at moderate doses (25 mg/L), but were signifi-
cantly repressed at high doses (> 100 mg/L). The change
in the levels of SOD, GPx, and MDA indicate that the dual
functions of Mo on sperm quality are likely to be mediated
through oxidative stress in testicular tissue.

Materials and Methods

Chemicals

Unless otherwise stated, all components used in the present
study were procured from Sigma-Aldrich Corp. (St. Louis,
MO, USA).

Animals

All of the following studies were approved by the Animal
Care and Use Committee of Henan University of Science
and Technology. The ICR strain adult (3 to 4 weeks of
age) male mice weighing 30-35 g were used for the acute tox-
icity experiments. All mice used in this study were main-
tained under Good Laboratory Practice (GLP) conditions.
The mice had free access to drinking distilled water and
commercial standard pellet diet.

Exposure of mice to molybdenum

A sub-acute toxicity test was performed in this study. Sixty
healthy ICR strain mice of proven fertility were divided ran-
domly into six groups of 10 animals each. The mice in differ-
ent groups were respectively allowed free access to the
distilled water containing the Mo (as sodium molybdate di-
hydrate) at concentrations of 0, 12.5, 25, 50, 100, or 200 mg/
L for 14 d. These doses were based on a previous study
[Schroeder and Mitchener 1971] and similar to human
exposures [Huang et al. 2011].

Collection of testes and epididymides

The testicular tissues of mice from each group were used for
determination of SOD, GPx, and MDA, and epididymides
for collecting the sperm. The mice were sacrificed by cervical
dislocation on day 14 of the experiment. Testes and epididy-
mides were quickly removed and weighed. The epididymides
were placed into 37°C preheated saline, the cauda epididymis
was lacerated for incubation of sperm. The testes were put in
4°C precooled saline in a refrigerator, then transferred into
—20°C before homogenate preparation.
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Evaluation of sperm parameters

Semen samples were collected after incubation for 30 min,
and semen analysis was conducted following the World
Health Organization protocol [WHO 1999]. Sperm concen-
tration (million sperm per milliliter), percent motile sperm,
and sperm morphology were investigated in this study. The
concentration of immobilized sperm was determined on a
hemacytometer. Sperm motility was evaluated within 1 hr
after collection. Percent motile was the sum of the percen-
tages with rapid linear progression (3 to>4) and slow
linear progression (> 2). Sperm morphology (percent
normal forms) was determined using air-dried smears
stained with a modified Wright-Giemsa stain. At least 200
sperm in four different areas of the slide were evaluated
according to Kruger’s strict criteria [Kruger et al. 1988].

Detection of MDA, SOD, and GPx levels in testes

The testicular tissue stored at —20°C were homogenized at 4°
C after adding pre-cooled 0.9% saline in the ratio of 1:9.
When testicular tissues were disrupted, the homogenate
was centrifuged at 3,000 x g for 10 min at 4°C. The super-
natant was used for the assay of SOD, GPx, and MDA ac-
cording to the instructions for these kits (Nanjing
Jiancheng Bioengineering Institute, China).

Statistical analyses

Five replicates for each experiment were conducted. All of
the data were expressed as the mean + standard deviation
(SD) of the mean and statistically analyzed by single variable
of the general linear model using SPSS Statistics 17. Ditfer-
ences between experimental groups were considered signifi-
cant at P < 0.05 and extreme at P < 0.01.
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