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ABSTRACT

The aim of the present study was to elucidate the possible protective role of vitamin E and / or sodium selenite on
mercuric chloride-induced oxidative stress and histopathological changes in the lung tissue of the rats. Adult male
albino Wistar rats were exposed to mercuric chloride (1.0 mg/kg day) for four weeks. Treatment with mercuric
chloride led to oxidative stress by enhancing MDA level and also decreasing superoxide dismutase (SOD), catalase
(CAT) glutathione peroxidase (GPx) and glutathione S transferaz (GST) activities. However, mercuric chloride
exposure resulted in histopathological changes in the lung tissue in the rats. MDA level and SOD, CAT GPx and
GST activities and histopathological changes modulated in concomitantly supplementation of vitamin E (100 mg/kg

day) and /or sodium selenite (0.25 mg/kg day) to mercuric chloride-treated groups.
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INTRODUCTION

Mercury is the third most dangerous heavy metal
and its toxicity causes serious risks to health
through unfavorable pathological and biochemical
effects (Othman et al. 2014). Mercury is found
extensively in many environmental and certain
occupational settings (Bridges et al. 2014). It may
cause serious damage in various organs as a result
of accidental and / or occupational exposures.
Mercuric chloride is one of the most toxic forms
of mercury and is primarily nephrotoxic (Moraes-
Silva 2014). 1t is well known as hematotoxic
(Durak et al. 2010), hepatotoxic (Joshi et al. 2014;
Othman et al. 2014), neurotoxic (Moraes-Silva et
al. 2014), nephrotoxic (Aslanturk et al. 2014) and
genotoxic (Rozgaj et al. 2005) and exerts negative
effects on the reproductive system in male rat
(Kalender et al. 2013).

“Author for correspondence: ayseogutcu@gmail.com

Mercury exposure encourages formation of
reactive oxygen species (ROS) (Perottoni et al.
2004). Excessive production of ROS due to
mercuric chloride treatment causes oxidative
stress (Haibo et al. 2011). Oxidative stress is
defined as an imbalance between the production
of ROS and their elimination by antioxidant
systems. This imbalance causes severe damage of
important biomolecules and organs (Durackova
2010). Many studies have focused on the possible
protective effects of various antioxidant agents on
oxidative damage caused by heavy metals
(Oguzturk et al. 2012; Joshi et al. 2014; Garcia-
Nifio and Pedraza Chaverri 2014; Othman et al.
2014). Selenium (Se), an essential trace element,
plays key regulator role in a variety of biological
pathways, including particularly in the oxidative
stress defence system (Ahsan et al. 2014). Vitamin
E is reported as the most effective fat soluble
antioxidant and is known to have been
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demonstrated helpful in some disease processes. It
protects the body’s biological systems due to
preventions of lipid peroxidation by scavenging
free radicals ability in lipoprotein membranes (Al
Attar 2011). Several studies have reported that
vitamin E and selenium play beneficial role
against adverse effects of toxic compounds in
various organ (Kalender et al. 2013; Dezfouli et
al. 2014; Ranjan et al. 2014; Hassani et al. 2015).
However, vitamin E and selenium are not only
effective against oxidative damage alone, but also
have a synergistic effect when they are used
together (Schwenke and Behr 1998). Therefore,
this study was designed to evaluate the potential
protective roles of the two antioxidants, vitamin E
and sodium selenite, against oxidative damage and
histopathological changes in the lung tissue by
mercuric chloride-induced in male rats.

MATERIAL AND METHODS

Chemicals

Mercuric chloride (HgCl,, 99% purity) and
sodium selenite (Na,SeOs, 99% purity) were
purchased from Sigma Aldrich (Germany).
Vitamin E (DL-o-tocopherol acetate; 500 mg DL-
a-tocopherol acetate per ml) was obtained from
Merck (Germany).

Experimental design

Forty-eight male Wistar albino rats, weighing
between 300 and 320 g, were obtained from the
Gazi University Laboratory Animals Growing and
Experimental Research Center. Rats were
maintained at the controlled temperature (22 + 3)
and 12 h alternate light and dark conditions, fed
with the standard diet and water ad libitum and
acclimatized for 10 days to the laboratory
conditions. All the experimental procedures were
approved by the Gazi University Committee on
the Ethics of Animal Experimentation (G.U. ET -
10.026).

Experimental animals were randomly divided into
eight groups, each consisting of six rats. Group 1
rats received 1.0 mL/kg bw corn oil per day, per
oral (p.0.); group 2, rats were treated with vitamin
E p.o. (100 mg/kg bw per day in corn oil); group 3
rats received sodium selenite p.o. (0.25 mg/kg bw
per day in distilled water); group 4 animals
received vitamin E + sodium selenite p.o. (100
mg/kg bw + 0.25 mg/kg bw per day, respectively);
group 5 rats were treated with mercuric chloride

p.o. (1.0 mg/kg bw per day in distilled water); in
group 6 animals received both vitamin E and
mercuric chloride p.o. (100 mg/kg bw + 1.0 mg/kg
bw per day, respectively); in group 7 rats received
sodium selenite + mercuric chloride p.o. (0.25
mg/kg bw + 1.0 mg/kg bw per day, respectively);
and, group 8 rats were treated with vitamin E +
sodium selenite + mercuric chloride p.o. (100
mg/kg bw + 0.25 mg/kg + 1.0 mg/kg bw per day,
respectively). These compounds were
administered to the adult rats for four weeks.

Assessment of Oxidative Stress Biomarkers
Malondialdehyde (MDA) level was determined
using the thiobarbituric acid (TBA) test according
to a previously described method by Ohkawa et al.
(1979). Absorbance was measured at 532 nm to
evaluate the MDA content. The MDA content was
expressed as nmol/mg protein.

Superoxide dismutase (SOD) activity was
performed according to Marklund and Marklund
(1974). SOD activity was expressed as U/mg
protein. Catalase (CAT) activity was measured
according to the method of Aebi (1984). The
enzyme activity was expressed as mmol/mg
protein. Glutathione peroxidase (GPx) activity
was estimated using H,0, as substrate according
to Paglia and Valentine (1967). GPx activity was
expressed as umol /mg protein. Glutathione S
transferaz (GST) activity was performed by
measuring the formation of GSH (glutathione) and
the 1-chloro-2,4-dinitrobenzene (CDNB)
conjugate according to Habig et al. (1974). The
enzyme activity was expressed as nmol/mg
protein. Protein content of the lung homogenates
was determined according to the method of Lowry
et al. (1951) using bovine serum albumin (BSA)
as standard.

Histological Assay

The lung tissues were collected, and fixed in
Bouin solution, dehydrated using a graded ethanol
series and embedded in paraffin and then
sectioned at 6-7 um thickness. Sections were
stained with hematoxylin and eosin. The tissue
sections were evaluated under light microscope
(Olympus BX51, Tokyo, Japan) and photographed
with a digital camera (Olympus E-330, Olympus
Optical Co. Ltd., Japan).

Statistical Analysis
A computer program SPSS 11.0 was used for the
statistical analysis. Differences between the group
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means were analyzed using one-way analysis of
variance (ANOVA), followed by Tukey’s
procedure for multiple comparisons. All data were
presented as means * SD. Results were considered
statistically significant when P-value was <0.05.

RESULTS

Oxidative Stress Biomarkers

There was no significant difference in the MDA
level and SOD, CAT, GPx and GST activities in
vitamin E-treated group, sodium selenite-treated
group and vitamin E plus sodium selenite-treated
group compared to control group. A significant
increase in the level of MDA was observed in
mercuric chloride-treated group, vitamin E plus
mercuric chloride-treated group, sodium selenite
plus mercuric chloride-treated group, vitamin E
plus sodium selenite plus mercuric chloride-

treated group rats as compared with the control
group rat. However, decreases were recorded in
the SOD, CAT, GPx and GST activities of the
mercuric chloride-, vitamin E plus mercuric
chloride-, sodium selenite plus mercuric chloride-
and vitamin E plus sodium selenite plus mercuric
chloride-treated groups relative to that of the
control group.

A significant decline was observed in the MDA
level of vitamin E plus mercuric chloride-, sodium
selenite plus mercuric chloride-, vitamin E plus
sodium selenite plus mercuric chloride-treated
group rats when compared with that in the
mercuric chloride-treated group rat. However, the
SOD, CAT, GPx and GST activities of the vitamin
E plus mercuric chloride-, sodium selenite plus
mercuric chloride-, vitamin E plus sodium selenite
plus mercuric chloride-treated group rats were
relatively higher compared to the mercuric
chloride-treated group rat (p < 0.05, Table 1).

Table 1 - Effects of exposure to mercuric chloride on the antioxidant enzyme activities and MDA level in lung

tissue of rats.

Groups MDA SOD CAT GPx GST
(nmol/mg protein)  (U/mg protein) (mmol/mg protein) (umeol /mg protein) (nmol/mg protein)

Control 0.024+0.00041 5.465+0.24 3.311+0.17 4.546+0.12 0.041+0.001

Vitamin E 0.024+0.001 5.365+0.18 3.316+0.15 4.416+0.22 0.042+0.001

Sodium selenite 0.02410.0006 5.485+0.17 3.33110.14 4.408+0.18 0.044+0.001

viaminE 0.024+0.0007 5.406+0.12 3.283+0.18 4.360+0.23 0.044+0.001

+Sodium selenite

Mercuric chloride 0.031+0.0014%P¢4  3.243+0.15*>¢¢  1.000+0.08*>¢4  2.251+0.15*>¢¢  (0.032+0.001%¢4

Vitamink . 0.026+0.0006*°%¢¢  4,375+0.18*PC4¢ 2 040+0.122PC4e  3478+0.15%0¢d¢ 0 037+0,00120cde

+Mercuric chloride

Sodium selenite 0.02740.00112P°%°  454+014°b%0¢ 1 886+0,042000¢ 3 345+0,18%09%°  (,038+0,0012P0

+Mercuric chloride

Vitamin E

+Sodium selenite 0.026+0.0009%P¢4¢ 4 .23+0.1420¢%¢ 2 038+0.13%>¢4¢  3521+0.16%P¢¢  0.037+0.001%*PC%e

+HgCl,

Values are mean + Standard Deviation (SD) of six rats in each group. Significance at P<0.05.

3Comparison of control and other groups. "Comparison of vitamin E -treated group and other groups. ‘Comparison of sodium
selenite -treated group and other groups. “Comparison of vitamin E plus sodium selenite -treated group and other groups.
*Comparison of mercuric chloride -treated group and other groups.

Histopathological findings

The samples of the lung tissues from all the groups
were processed for histopathological assessment,
which showed the lung in the control group,
vitamin E-treated group, sodium selenite-treated
group, and vitamin E plus sodium selenite-treated
group animals as normal (Fig. 1A). Edema,
hemorrhage, interalveolar septa thickening,
infiltration of inflammatory cells, fibrosis were
observed in the lung tissues of mercuric chloride-

treated rats (Fig. 1B-C). However, when mercuric
chloride was given vitamin E or sodium selenite
infiltration of inflammatory cells, interalveolar
septa thickening and degeneration of terminal
bronchioles epithelium were observed (Fig. 1D-E)
respectively. In vitamin E plus sodium selenite
plus mercuric chloride-treated group, more
moderate interalveolar septa thickening was
observed compared to the mercuric chloride
treated group (Fig. 1F).
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Figure 1 - (A) Lung section of control rats, x200. (B-C) Lung sections of mercuric chloride-treated
rats showing edema (%), hemorrhage (=), interalveolar septa thickening (%), infiltration
of inflammatory cells (), fibrosis (3), x200. (D-E respectively) Lung section of vitamin
E + mercuric chloride - and sodium selenite + mercuric chloride -treated rats showing
infiltration of inflammatory cells (), interalveolar septa thickening (X) and degeneration
of bronchioles epithelium (=), x200. (F) Lung section of vitamin E + sodium selenite +
mercuric chloride -treated rats showing more moderate interalveolar septa thickening (X),
x200.
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DISCUSSION

Mercury is one of the most widespread heavy
metals, which are used in agriculture,
pharmacology and industry (Agha et al. 2014).
Heavy metals enter into the human body through
the lungs, stomach or skin and their presence may
cause serious toxicity (Jarup 2003; Alissa and
Ferns 2011). The presence of mercuric chloride in
the Dbiological tissues leads to many adverse
alterations that affect the health of the organism
(Othman et al. 2014). Heavy metals are persistent
and widespread pollutants that affect the structure
and function of several organs by generating
oxidative stress (Garcia-Nifio and Pedraza
Chaverri 2014). Mercuric compounds enhance
generation of many reactive oxygen species, such
as superoxide and hydrogen peroxides, which
cause lipid peroxidation, resulting in oxidative
tissue damage. Oxidative stress refers to extreme
generation of reactive oxygen species (Haibo et al.
2011). Malondialdehyde is a stable metabolite of
lipid peroxidation induced by the oxidative stress
in the cells (Boroushaki et al. 2014). MDA is one
of the most potential biomarker of the degree of
lipid peroxidation (Sener et al. 2007).

The present study demonstrated that mercuric
chloride resulted a significant increase in the MDA
level in the lung tissue, indicative of the generation
of lipid peroxides. Previous studies have shown
that heavy metals induced elevated MDA level in
the lung tissue (Sener et al. 2003; Sener et al.
2007; Karaca and Eraslan 2013). Enhanced level
of lipid peroxidation was also reported in mercuric
chloride toxicity (Kalender et al. 2013; Aslanturk
et al. 2014; Othman et al. 2014; Agha et al. 2014).
The escalation of lung MDA level may be due to
the adverse effect of mercuric chloride on cell
membrane. However, the enhanced MDA level
might be conclusion of increased formation of free
radicals. Mercury chloride-induced elevated MDA
level could be used as a marker of mercuric
chloride damage (Aslanturk et al. 2014).

The endogenous antioxidant enzymes such as
SOD, CAT, GPx and GST present the first line of
cellular antioxidative defense against free-radical
damage (Hassani et al. 2015). Inhibition in the
activities of antioxidant enzymes like SOD, CAT,
GPx and GST in various rat tissues mercuric
chloride-treated was revealed in previously studies
(Gado and Aldahmash 2103; Kalender et al. 2013).
Results showed that there was a statistically
significant decrease in SOD, CAT, GPx and GST

activities in the lung tissues of mercury chloride
treated rats. These enzymes convert free radicals
or reactive oxygen intermediates to non-radical
products (Kanter et al. 2013). Superoxide radicals
are converted to hydrogen peroxide by SOD while
CAT converts hydrogen peroxide into water as a
defence against the oxidative tissue damage (El-
Demerdash 2011). CAT protects the cells from
hydrogen peroxide generated within them and
plays an important role in the acquisition of
tolerance to oxidative stress in the adaptive
response of cells (Mates et al. 1999)

In this study, depletion of SOD and CAT activities
could be due to the increased production of
reactive oxygen species as evident from the
increased LPO levels due to mercuric chloride
treatment. However, some studies have reported
that superoxide radicals could also inhibit CAT
activity and the elevated hydrogen peroxide level
resulting from CAT inhibition could eventually
inhibit SOD activity (Zama et al. 2007). Thus, in
this study, the increased MDA level could be due
to decreased activities of SOD and CAT, the free
radical scavenging enzymes.

GPx is one of the main enzymes that scavenges
harmful reactive oxygen species and presents both
in cytosol and mitochondrial matrix. The major
function of this enzyme is the removal and
detoxification of hydrogen peroxide and lipid
hydroperoxides in the presence of oxidized GSH
(Pappas et al. 2008; Kanbur et al. 2009;
Vijayaprakash et al. 2013). In the present study,
mercury chloride treatmentresulted in decrease of
GPx activity in the rats. Mercuric chloride may
block the GPx activity by disrupting the functional
groups (Hussain et al. 1997). However, the
inhibition of the CAT and GPx activities may be
due to as a defence response used against
excessive hydrogen peroxide produced by the
mercury chloride (Bharathi et al. 2012). Also, the
inhibition of GPx activity might be due to
inactivation of the hydrogen peroxide scavenging
CAT enzyme.

Glutathione S-transferases (GSTs) are a group of
intracellular enzymes with the major function in
the detoxification procedures by catalyzing the
conjugation of glutathione with some endogenous
toxic metabolites and many environmental
pollutants (Nimmo 1987). Elevated oxidative
stress and reduced antioxidant enzyme activities
which are the main causes of lung toxicity of
mercuric chloride (Boroushaki et al. 2014).
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Antioxidant therapy may be regarded as a good
strategy to mitigate the oxidative stress. Vitamin
E may prevent adverse effects of reactive oxygen
radical reactions. The molecular and cellular
protecting mechanism of vitamin E includes either
scavenging of free-radicals or protecting cellular
structure such as membrane and lipid domain and
regulating specific enzymes. It may also inhibit the
generation of lipid peroxidation by blocking the
propagation of chain reaction of lipid peroxidation
in cellular membranes (Hassani et al. 2015).
Several studies have reported that vitamin E can
protect heavy metal-induced tissue and organ
damage (Rao and Sharma 2001; El-Demerdash
2004; Agarwal et al. 2010; Al Attar 2011).
Selenium (Se) is an integral component of the
cellular antioxidant defense system. Sodium
selenite, a common dietary form of selenium, is
regarded as essential in the all mammalian species
nutrition. Selenium has the ability to reduce the
toxicity of several xenobiotics, including heavy
metals (Agha et al. 2014). Many studies have
reported that, when selenium in the form of
sodium selenite is given in combination with
mercury administration, it significantly alleviates
the mercury-induced toxic effects (Kalender et al.
2013; Agha et al. 2014). Selenium possesses an
affinity for mercury higher than that of sulfhydryl
compounds and the protection offered by sodium
selenite in mercury intoxication has been based on
to the formation of Hg—Se-S complex to form a
non-toxic complex (Perottoni et al. 2004). In the
present study, treatment of vitamin E and / or
sodium selenite to the mercuric chloride-treated
rats enhanced SOD, CAT, GPx and GST activities
and reduced malondialdehyde level in the lung
tissue. The declined MDA level along with
elevated antioxidant enzyme activities in
antioxidant groups reflected the decreased
oxidative stress in the lung tissue. This protective
effect of vitamin E and / or sodium selenite could
be due to the major role of sodium selenite and
vitamin E in limiting lipid peroxidation and in
preserving the wholeness and functioning of the
tissues and cells (Ognjanovic et al. 2008). This
effect could also explain the mechanism of
protection that includes the capability of Se to alter
the distribution of mercury in tissues and induces
the formation of the Hg-Se non-toxic complex and
disrupted absorption of mercury in the presence of
vitamin E in the gastrointestinal tract. Earlier
studies have reported that selenium and / or
vitamin E protect against mercury toxicity

(Beyrouty and Chan 2006; Kalender et al. 2013;
Deepmala et al. 2013; Joshi et al. 2014). There are
other studies, which reported that heavy metals
caused histopathological alterations in the lung
tissue (Das et al. 1997; Yoshida et al. 1999;
Onarlioglu et al. 1999; Kaczynska et al. 2011; EI
Bamby et al. 2012; Blum et al. 2014). In the
present study, oral exposure to mercuric chloride
caused histopathological changes like edema,
hemorrhage, infiltration of inflammatory cells,
interalveolar septa thickening, degeneration in
alveoli and bronchioles, fibrosis were observed in
the lung tissue. These changes might be due to the
excessive formation of reactive oxygen species
induced by mercuric chloride. The oxygen radicals
attack the cell membrane and lead to
destabilization and disintegration of  cell
membrane as a result of lipid peroxidation (Stajn
et al. 1997). The reason of histopathological
alterations may be elevated lipid peroxidation
formed by  mercuric  chloride.  These
histopathological changes were more mild in the
vitamin E and / or sodium selenite plus mercuric
chloride-treated group. The light microscopic
findings harmonized with these findings of
biochemical examinations. Consequently, oral
administration of vitamin E and /or sodium
selenite could alleviate the mercuric chloride-
induced lung toxicity.

CONCLUSIONS

In conclusion, results from the present study
suggested mercuric chloride treatment resulted
lipid peroxidation, alterations of enzymatic
antioxidant defense system and histolopathological
changes in the lung tissue of male rats. The
administration of vitamin E and/or sodium selenite
proved to be beneficial in alleviating the mercuric
chloride-induced lung toxicity.
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