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ABSTRACT

Oral exposure of humans by excess amounts of arsenic may cause disturbances of the reproductive system. In the
present study, such exposure was modelled in rats, with the support of sperm principal parameters and histopa-
thological observations. Male Sprague-Dawley rats were randomly divided into three groups where the group I was
served as a normal control, group II was received sodium meta-arsenite as arsenic (10 mg/kg b.w/day) and a combi-
nation of sodium meta- arsenite and sodium selenite (3 mg/kg b.w/day) in group IIl. After 6 weeks, there was no
significant change in testis weight and in total motility of all the three experimental groups, whereas, rapid moving
spermatozoa, moderately moving spermatozoa and slow moving spermatozoa were significantly decreased in arsenic
treated rats as compared to control rats. The other sperm principal parameters like progressiveness, average path
velocity, straightness linear velocity (VSL), curvilinear velocity (VCL), straightness, linearity sperm head elongation
ratio, area, linearity amplitude of lateral head department (ALH) and beat cross frequency (BCF) were found to be
reduced in arsenic intoxicated rats. These results are not correlated with the histological studies. On oral admini-
stration of selenium ameliorated the adverse effects of arsenic as compared to arsenic alone treated rats. Our findings
clearly demonstrate that administration of selenium could prevent some of the deleterious effects of arsenic in the
testis.
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INTRODUCTION higher affinity with sulthydryl group. Since, it has el-
ectrophilic nature and capable of generating reactive
oxygen species, oxidative stress is the major contributor

Arsenic is ubiquitous in the environment as a result for arsenic toxicity (Michael et al., 2005; Nandi et al.,
of natural and anthropogenic activities (ATSDR, 1993). 2006).

Groundwater contamination with arsenic is reported to Due to the high concentration of polyunsaturated fa-
be the largest arsenic calamity in the World (Nord- tty acids and low antioxidant capacity, male germ cells
strom, 2002; Lubin et al., 2007; Halem et al., 2009; Kar become susceptible to oxidative stress and reproduc-
et al., 2010). Other vehicles of arsenic are agricultural tive failure. Enhanced production of reactive oxygen spe-
applications such as insecticides, herbicides, fungicides, cies (ROS) in the testis has the propensity to cause a
wood preservatives and by-products of fossil fuels significant alteration in testis physiology (Sabbir et al.,
(Akter et al., 2005; Das et al.,, 2004). A large number of 2011; Maa et al., 2008).

studies have reported the associations between arsenic Arsenic has been designated as an endocrine dis-
exposure and multiple adverse health effects, e.g. can- ruptor (ED), mainly due to its adverse effect on the re-
cer, diabetes, skin diseases, cardiovascular system, male productive system such as impair male fertility, de-
infertility and neurological disorders (Carrillo et al., 2014; grade semen quality and cause testicular degeneration,
Hsu et al., 2013; Bhattacharje et al, 2013; Tsuji et al., seminiferous tubular (ST) damage and ultimately, re-
2014; Tanrikut et al., 2014). productive failure (Sarkar et al., 2003).

The acute and chronic toxicities of arsenic are largely However, the supplementation of antioxidants can be
dependent on its chemical form and physical state. The useful to inhibit oxidative damage. Selenium is an ess-
trivalent form of arsenic is considered to be the most ential dietary trace element, which acts as an antioxi-
potent toxicant than pentavalent form, because of its dant (Penglase et al., 2014). Testes and epididymis con-
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tain high concentrations of selenium indicating its vital
role during spermatogenesis to improve semen quality.
Some studies showed that selenium deficiency may lead
to various reproductive disorders, e.g. seminiferous tu-
bule degeneration, poor spermatozoa integrity, reduced
numbers of spermatozoa within the seminiferous tubu-
les, and reduced sperm motility (Messaoudi et al., 2010;
Ursini et al., 1999). Moreover, selenium is an antagonist
of arsenic.

In spite of few studies on the protective effects of
selenium against the toxicity of metals in the male re-
productive system of experimental animals (Said et al.,
2010). To the best of our knowledge, no compre-
hensive study concerning the protective effect of sele-
nium on reproductive toxicity of arsenic. Therefore, the
present study was designed to investigate the amelio-
rating effects of selenium on arsenic induced reproduc-
tive toxicity in rats.

MATERIALS AND METHODS

Chemicals and Reagents

Selenium and sodium meta-arsenite were purchased
from Sigma Chemical Co. (St. Louis, MO, USA). The
rest of the chemicals utilized in the present study were
obtained from local firms, South Korea and were of
analytical grade.

Animals

Adult male Sprague Dawley rats (4 weeks old) were
obtained from the Central Lab, Seoul, Korea and hou-
sed in solid bottom polypropylene cages under stan-
dard environmental conditions (12 h light/dark cycle;
50+10% humidity; temperature 23+2C). Commercial pe-
llet diet and water were fed ad libitum. The care and
treatment of rats were in accordance with the guide-
lines established by the Korean National Institute of
Health at the Korean Academy of Medical Sciences and
were approved by the Institutional Animal Care and
Use Committee (IACUC) of Konkuk University (KU-
14308).

Preparation and Administration of Arsenic and Selenium

Arsenic and selenium dose selection in the present
study was based on the previous reports (Messarah et
al., 2012; Sarkozi et al., 2012). Arsenic as sodium meta-
arsenite at a dose of 10 mg/kg b.w/day was dissolved
in water and treated orally. Selenium as sodium sele-
nite was dissolved in water and each rat received daily
1 mL at a dose of 3 mg/kg b.w/day administrated ora-
lly just after exposure to arsenic by intragastric intuba-
tion throughout the experimental period.

Experimental Time Line

The rats were randomly divided into three groups of
six rats in each group. Group I: Normal control rats,
Group II: Normal rats received arsenic as sodium me-
ta-arsenite and Group III: Normal rats received arsenic
with co-administration of selenium.

At the end of experimental period, rats were anes-
thetized by intraperitoneal injection of 1 mL of 4 %
avertin and epididymis and testis were dissected out,
subjected for sperm quality and histology studies res-
pectively.

Measurement of Sperm Motility, Velocity, Movements
and Morphology

After the animal sacrifice, a cauda epididymis was
pricked few times with pointed forceps, and sperm we-
re released into 2 mL of Hanks balanced salt solution
(phenol red free) at 37C. The solution containing the
sperms was centrifuged at 1,000 rpm for 3 min. 20 uL
aliquot spermatozoa were positioned into a pre-wa-
rmed slide glass and examined by computer assisted
semen analysis (CASA, Hamilton Thorne, Beverly, MA,
USA) system. Percentage of motile sperm, movement
velocity such as rapid, medium, slow, and static, and
movement characteristics such as progressiveness, ave-
rage path velocity (VAP), straight line velocity (VSL),
curvilinear velocity (VCL), ALH, BCF, sperm head elon-
gation, and area rate were measured for normal con-
trol and experimental rats.

Histopathological Examination of Testis

For qualitative analysis of testis histology, the tissue
samples were fixed for 48 h in bouin solution and
dehydrated by passing successfully in different mixture
of ethyl alcohol and water, cleaned in xylene and em-
bedded in paraffin. Sections of the testis tissues (5~6 pm
thick) were prepared by using a rotary microtome and
stained with hematoxylin and eosin dye, which was
mounted in a neutral deparaffined xylene medium for
microscopical observations.

Statistical Analysis

The data for various sperm functional parameters
were analyzed using analysis of variance (ANOVA), and
the group means were compared by Duncan’s multiple
range test (DMRT). Values were considered statistically
significant if p<0.05 (Duncan 1957).

RESULTS

Effect of Selenium and Arsenic on Testis Weight and
Sperm Motility
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Fig. 1. Changes in the testis weight and sperm motility in normal control and experimental rats. (A) testis weight and (B) total motility.
(C) spermatozoa with rapid, (D) medium and (E) slow motility. N: normal control, As: Arsenic, As + Se: arsenic and selenium. All the values
are expressed as meanstS.D. of 6 rats in each group. Values not sharing a common superscript letter *~° differ significantly at p<0.05.

Fig. 1 shows the testis weight and sperm motility of
normal control and experimental rats. There were no
significant changes in the testis weight and total sperm
motility in all the experimental groups. But, the indi-
cators of other motility parameters such as rapid mo-
ving sperm and moderately moving sperm were sig-

nificantly decreased in arsenic alone treated rats as com-
pared to the control rats. Administration of selenium at
a dose of 3 mg/kg b.w to arsenic intoxicated rats sig-
nificantly increased the rapid moving sperm and mo-
derately moving sperm to near normal. In contrast to
the above results, the slow moving sperm were sig-
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nificantly increased in selenium along with arsenic trea-
ted groups than the other two groups.

Effect of Selenium and Arsenic on Detailed Motion
Characteristics

Fig. 2 depicts the changes in the progressiveness, ave-
rage path velocity, straightness linear velocity (VSL)
and curvilinear velocity (VCL) of control and experi-
mental rats. The detailed motion characteristics were sig-
nificantly decreased in arsenic alone treated rats when
compared with that control rats. Treatment of selenium
alleviated the negative effects of arsenic as compared
to arsenic alone treated rats.

Changes in Motion and Morphological Index

Fig. 3 illustrates the effect of selenium on the chan-
ges of straightness, linearity, sperm head elongation
ratio and area in arsenic intoxicated rats. The motion
and morphological index were significantly reduced in
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toxicity of sperm when compared with control rats.
Selenium exerts its positive effect in arsenic intoxicated
rats via the improvement of the changes in motion and
morphological index.

Effect of Selenium and Arsenic on ALH and BCF

As shown in Fig 4, linearity amplitude of lateral
head department (ALH) and beat cross frequency (BCF)
were significantly decreased in arsenic alone treated
rats. Upon oral administration of selenium along with
arsenic significantly increased the levels of linearity
amplitude of lateral head department (ALH) and beat
cross frequency (BCF) when compared to arsenic alone
treated rats.

Effect of Selenium and Arsenic on Histopathological
Studies

There were no pathological changes observed in his-
tological structure such as cell death, degeneration, or
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Fig. 2. Changes in the detailed motion characteristics in normal control and experimental rats. (A) progressiveness, (B) VAP (average path
velocity), (C) VSL (straight line velocity) and (D) VCL (curve linear velocity). N: normal control, As: arsenic, As + Se: arsenic and selenium.
All the values are expressed as means+S.D. of 6 rats in each group. Values not sharing a common superscript letter ™ differ significantly

at p<0.05.
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Fig. 3. Changes in the motion and morphological index between the control and experimental rats. (A) STR (straightness), (B) LIN (linearity),
(C) elongation and (D) area (head size). N: normal control, As: arsenic, As + Se: arsenic and selenium. All the values are expressed as
means+S.D. of 6 rats in each group. Values not sharing a common superscript letter. ™ differ significantly at p<0.05.
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Fig. 4. Changes in ALH and BCF in normal control and experimental rats. (A) ALH (lateral head department) and (B) BCF (beat cross
frequency). N: normal control, As: arsenic, As + Se: arsenic and selenium. All the values are expressed as means+S.D. of 6 rats in each group.
Values not sharing a common superscript letter. *~° differ significantly at p<0.05.

hypertrophy in testis exposed to arsenic. All experi-
mental groups showed normal histological structure of

the seminiferous tubules and normal spermatogenesis
as shown in Fig. 5.
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Fig. 5. Hematoxylin and eosin-stained sections of rat testis. (A) normal control rat testis, (B) arsenic (10 mg/kg) treated rat testis, and (C)

arsenic + selenium (3 mg/kg) treated rat testis.

DISCUSSION

To date, there is a little information available on
arsenic induced male infertility in testis. Besides, the
potential ability of selenium to attenuate reproductive
toxicity has not yet been investigated. Animal models
provide an attractive alternate for humans to carry out
the toxicological study involved in spermatogenesis
(Elangovan et al., 2006). We observed the testis weight
of rats exposed to arsenic did not show any significant
change, indicating that the general condition of the rats
was within normal range. Sperm motility, sperm mo-
tion characteristics parameters such as VCL, VAP, VSL,
linearity (LIN), and straightness (STR) has been reliable
parameters to evaluate the sperm quality (Won Young
Lee et al., 2014). A statistically significant decrease in
sperm motility was observed in arsenic intoxicated rats
under the present set of experimental conditions. The
decrease in sperm motility in arsenic treated rats might
be due to the toxic effect of arsenic on the flagellum,
the important machinery for sperm motility (Sharpe et
al, 1992). In addition to this, the toxicity of arsenic
was further justified by a decrease in detailed motion
characteristics, morphological index, ALH and BCF
through CASA analysis.

In our present study, detailed motion characteristics
were found to be significantly decreased in arsenic
groups as compared to control groups. However, sp-
erm perturbations are not seem to be correlated with
the histological studies in the testis. There were no
morphological degenerative changes observed at the
tissue level in histological sections would suggest that
onset of tissue damage is delay, because of male germ
cells are very sensitive and attractive to arsenic.

Increasing evidence has showed that mature sperms
are enriched with polyunsaturated fatty acids in which
the effect of oxidative stress is prominent (Kaur and

Bansal, 2004). Increased sperm membrane lipid peroxi-
dation (LPO) induced by arsenic has been shown to
impede sperm progress motility and increase percent
total sperm abnormalities as well as cause a dramatic
loss in the fertilizing potential of sperm (Kao et al.,
2008). The decreased sperm functional parameters ob-
served with arsenic may be a direct outcome of increa-
sed and consistent LPO and altered membrane pro-
perties that lead to germ cell death at different stages
of development (Cummins et al.,, 1994). Our results in-
dicated that non-pathological condition coupled with
abnormal in sperm quality parameters in arsenic-treat-
ed rats as compared to control rats.

Moreover, mammalian sperm contain a large amount
of thiol-rich protamines in their nuclear chromatin, and
sulthydryl group in the sperm flagellum, which are
thought to be involved in stability and in the main-
tenance of motility. As arsenic is known to be a thiol-
inhibiting substance and ROS creator, the decrease in
motility and its detailed features might be due to high
concentration of arsenic in the epididymis where the
sperm undergoes the process of maturation and acqui-
res motility. Our results corroborated with previous
findings which demonstrated that arsenic decreased sp-
erm counts and motility in mice following oral ex-
posure to arsenic (Pant et al.,, 2004; Garima and Madhu,
2012).

Accordingly, among the main approaches used to
ameliorate arsenic induced male infertility is the use of
agents with powerful antioxidant properties. The effect
of selenium on spermatogenesis has been demonstrated
in animal experiments (Ren et al., 2012; Yue et al., 2010;
Shia et al., 2014). However, reports on the relationships
between selenium and arsenic induced infertility were
inconsistent. Recent studies have reported that selenium
showed significant protective effects against liver da-
mage induced by arsenic (Messarah et al., 2012).

In this study, we observed the possible protective
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role of selenium against male infertility in arsenic into-
xicated rats. Several mechanisms could be operating in
the protective action of selenium, which could result,
for example, in changed absorption of the arsenic or in
a change in their action and distribution in the or-
ganism and within target organs (Sah et al., 2013; Pei et
al., 2008). The protective mechanisms of selenium com-
pound and selanoproteins are well known for their
ability to scavenge ROS and enhancement antioxidant
system in arsenic induced tissue damage (Rana and
Verma, 1997). Our results were complementary for pre-
vious studies in line with the hepatoprotective role of
selenium against arsenic toxicity.

CONCLUSION

In conclusion, this study demonstrates that exposure
to arsenic provoked male infertility and did not have
any pathological changes in testis tissue as reflected by
the normal histology. However, selenium treatment cou-
ld protect testis against arsenic toxicity by improve-
ment of semen quality. Further, biochemical investiga-
tions are warranted to ascertain the precise mecha-
nisms of its action and extrapolating the data to hu-
mans. On the basis of this study, it should be taken
into consideration that the nutritional supplementation
of selenium may act as a protective agent against arse-
nic induced male infertility.
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